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Introduction: Vaccination is the most effective measure for prevention against infectious diseases in patients with systemic lupus erythematosus (SLE). Therefore, it is important to know SLE patients' attitudes toward influenza and pneumococcal vaccination. This study aimed to investigate the attitude toward influenza and pneumococcal vaccination among SLE patients in Southwest China and its influencing factors.

Methods: A web-based questionnaire was conducted to collect data regarding SLE patients' demographics, history of infections, medications, comorbidities, attitudes toward infection and vaccination, rates of influenza and pneumococcal vaccination, and role of health professionals in promoting vaccination. Univariate and multivariate logistic regression analyses were conducted to assess the vaccination willingness-associated factors.

Results: A total of 251 patients participated in the survey and 240 questionnaires were completed and statistically analyzed. The influenza and pneumococcal vaccination rates were 8.3 and 1.7%, respectively. The top three reasons for non-vaccination were worrying about the SLE exacerbation or flare resulting from the vaccine or its adjuvants, being concerned about adverse events, and the lack of awareness of vaccine availability. More than half of the participants were willing to be vaccinated against influenza (56.2%) and pneumococcus (52.9%). Factors associated to the willingness to receive the influenza vaccine and pneumococcal vaccine were being afraid of infection, believing in the efficacy of influenza vaccination, lower family income, less perceived care from family members, perceived susceptibility to pneumococcal infection, and perceiving influenza and pneumococcal vaccination as beneficial for health.

Conclusions: The influenza and pneumococcal vaccination rates are low among SLE patients in Southwest China. The positive perspective of vaccination on health represented the most impacting factor on their willingness to undergo influenza and pneumococcal vaccination. Non-vaccinated patients were mainly concerned about exacerbation of the disease or adverse events caused by vaccines. It is important to improve the compliance with the guideline-recommended roles of health professionals and to promote the collaboration between rheumatology and primary care teams.

KEYWORDS
  vaccination, influenza, pneumococcus, infectious diseases, systemic lupus erythematosus, questionnaire


Introduction

Systemic lupus erythematosus (SLE) represents a heterogeneous systemic autoimmune disease, which involves multiple organs and systems. Patients with SLE have a higher risk of infectious diseases and infection-related morbidity and mortality due to their aberrant immune system, comorbidities and the use of immunosuppressive therapy, despite the improvement in the management of SLE (1–3). The risks of developing severe infections (defined as infections necessitating hospitalization) and invasive pneumococcal infection in SLE are 2.1 times and 13 times higher in patients with SLE compared with the general population (4, 5). In China, infection is the leading cause of mortality in patients with SLE (6–8).

Patients with rheumatic diseases have a higher risk of morbidity and mortality from vaccine-preventable infections (9). Among the causes of death in patients with SLE, vaccine-preventable infection might be a modifiable cause. Examples include the influenza virus and Streptococcus pneumoniae, two vaccine-preventable respiratory pathogens that represent significant causes of morbidity and mortality in SLE (5, 10, 11). Thus, it is essential to provide vaccines against influenza and pneumococcus to patients with SLE. These vaccines have been confirmed to be safe and effective and are strongly recommended by European League Against Rheumatism (EULAR) for the majority of patients with autoimmune inflammatory rheumatic diseases, including SLE, particularly those treated with immunosuppressive therapy (12, 13). Annual inactivated influenza vaccination in a single dose is recommended to SLE patients by Canadian Rheumatology Association (14). Meanwhile, pneumococcal vaccination has been designated among the 20 quality measures in the care of SLE patients (15). While influenza vaccine is recommended to be taken yearly, pneumococcal vaccine is taken by a stepwise vaccination strategy, in which the 13-valent pneumococcal conjugate vaccine (PCV13) is administered followed after 8 weeks by the 23-valent pneumococcal polysaccharide vaccine (PPSV23) #1, and then by PPSV23 #2 after at least 5 years (12). For SLE patients, both influenza and pneumococcal vaccinations have been reported to be efficacious and safe (9, 16).

Despite current recommendations, the vaccination coverage in a few countries is unsatisfactory (16–18). A previous review of 12 cross-sectional studies (2578 patients) showed that the pooled proportion of reported influenza vaccination rates, defined as receiving influenza vaccination within 1 year of the study, was 40.0% (95%CI: 33.7–46.5%) (16). The vaccination coverage for pneumococcus was reported to be 25–60% (17, 18), and only 40% of SLE patients were up-to-date on both vaccines (18).

This suboptimal status of influenza and pneumococcal vaccination rates is associated with many factors. For example, the lack of doctor recommendation, efficacy or safety concerns and lack of time were reported to be the most common reasons for not receiving influenza or pneumococcal vaccines in SLE patients (19). A recent study reported that the rheumatologist's patient volume was the most important predictor of pneumococcal vaccination (20), indicating that doctor's recommendation and awareness of the importance of vaccination in infection prevention are essential to promote pneumococcal vaccination. In addition, the vaccination behavior of patients can also be affected by vaccine hesitancy. Vaccine hesitancy is commonly used to describe those who are unsure about or unwilling to receive recommended vaccination due to concerns and doubts about the vaccines, despite the availability of vaccination services (21). Vaccine hesitancy leads to suboptimal coverage of the recommended vaccines and was identified by the World Health Organization (WHO) as one of the top 10 threats to global health in 2019 (22).

Vaccine-hesitant individuals may change their vaccination attitudes and behaviors. Information on the utilization and attitudes toward influenza and pneumococcal vaccination can be useful to guide implementation strategies to improve the vaccination coverage among SLE patients. However, the attitudes of SLE patients toward vaccination and factors relating to vaccination willingness have not been thoroughly investigated. Therefore, in this work, we conducted a survey to estimate the influenza and pneumococcal vaccination rates in SLE patients in Southwest China. We investigated their attitudes toward vaccination and explored the factors influencing vaccination willingness.



Materials and methods


Study design and population

In this cross-sectional study, we conducted a web-based questionnaire among SLE patients. The inclusion criteria were as follows: (1) SLE diagnosed by a rheumatologist, using the 1997 American College of Rheumatology (ACR) classification criteria for SLE (23); (2) no < 18 years old. The exclusion criteria were as follows: (1) difficulty reading or understanding Chinese; (2) severe cognitive impairment; (3) unwillingness to take part in the survey.

This study was conducted according to the principles of the Declaration of Helsinki and was approved by the Ethics Committee of West China Hospital (approval number: 20210046). All participants were informed of the purpose of the survey and provided written informed consent before filling out the questionnaire.



Data collection

The survey was conducted between August 2021 and November 2021. We started by contacting the organizer of the Sichuan SLE patient club to introduce the objective, methods and requirements of this study. After obtaining approval, we distributed the survey link to the members of the patient club, including the questionnaire, written introduction and informed consent of the study. The study was completely anonymous, and the patients were free to decide whether to participate, and they could withdraw from the study at any time. To guarantee the data completeness, the online questionnaire could not be submitted if there were any missing data.



Questionnaire

The study tool was a self-administered questionnaire and was developed after a thorough literature review and using the findings of earlier studies. The draft questionnaire was reviewed by three experts (two rheumatologists and one physician) to ensure the accuracy of the questions. We also invited two SLE patients to assess the readability of the questionnaire before distribution. The questionnaire included items pertaining to demographic and socioeconomic characteristics, history of infections, medications, comorbidities, attitudes toward infection and vaccination, history of influenza and pneumococcal vaccination, reasons for non-vaccination and the role of health professionals in promoting vaccination. The choices of the vaccination willingness included refuse all, refuse but unsure, refuse some, delay, accept some, accept but unsure and accept all. The first four choices were considered to represent vaccination unwillingness, while the last three choices were considered to represent vaccination willingness. For the correct answer on vaccination, the item was “can patients with SLE receive vaccination?”, and the choices included: (1) yes, all kinds of vaccines; (2) yes, some kinds of vaccines (correct answer); (3) no; (4) do not know. The choices of the other items were yes/no or agree/disagree.



Statistical analysis

Continuous data were presented as the mean ± standard deviation or median and interquartile range, while categorical data were presented as absolute count and relative frequency. The age and duration of illness were categorized into quintiles for further analysis. To identify the predictors for vaccination willingness, we calculated the odds ratios (OR) using logistic regression models with willingness to vaccinate as the outcome and the predictors as covariates. The factors were further analyzed in a logistic regression model if P < 0.10 in the univariate analysis. A two-sided p-value of < 0.05 was considered statistically significant. We used the SPSS software version 25 (IBM, Chicago, USA) for statistical analysis.




Results


Participants' characteristics and vaccination status

A total of 251 patients participated in the survey and 240 questionnaires were completed (Table 1). The median age was 32, and 95.4% of the patients were female. The median duration of disease was 79.5 months. Among the participants, 88.3% reported suffering from infections (62.1% for respiratory infection, 47.9% for cutaneous infection and 54.2% for urinary infection) at least once. Emergency room visits and hospitalization due to infections were reported in 79 (32.9%) and 83 (34.6%) patients, respectively, and the median number of hospitalizations was 2 (IQR = 1–5). All the participants had received immunosuppressants since the diagnosis. Instead of health professionals, media was reported as the primary information source of vaccination. The influenza vaccination rate was 8.3%, and 30% of the vaccinated patients received the influenza vaccine every year. Among those who received the influenza vaccines, 90% approved the efficiency of vaccines, and 70% had the plan to continue with vaccination (Table 2). The pneumococcal vaccination rate was 1.7%, among which 50% approved the efficiency of vaccines, and 75% had the plan to continue with vaccination. No adverse events were reported in either vaccine (Table 2).


TABLE 1 Characteristics of the participants.

[image: Table 1]


TABLE 2 Vaccination rate and information source about influenza and pneumococcal vaccines in SLE patients.
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Attitudes toward influenza vaccination

A total of 67.9% of the patients considered themselves susceptible to influenza infection, and 93.8% believed that influenza would lead to serious consequences. Among the patients, 77.1% were afraid of being infected with influenza, and 87.5% had heard of the influenza vaccine. Only a few patients affirmed the safety (21.7%) and effectiveness (22.2%) of the influenza vaccine, and 56.2% were willing to receive it. The top three reasons for not receiving the influenza vaccine were worrying about the exacerbation or flare of SLE caused by the vaccine or its adjuvants [98 (40.8%)], being concerned about adverse events [91 (37.9%)] and the lack of awareness of vaccine availability [82 (34.2%)], as listed in Table 3.


TABLE 3 Knowledge and attitudes regarding infections and vaccines in SLE patients.
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Attitudes toward pneumococcal vaccination

A total of 63.0% of the patients considered themselves susceptible to S. pneumoniae infection, and 97.5% of patients believed that S. pneumoniae would result in serious consequences. Among the included patients, 83.8% were afraid of being infected, 27.5% had heard of the pneumococcal vaccine, and 52.9% were willing to receive the vaccine. The top three reasons for not receiving the pneumococcal vaccine were the lack of awareness of vaccine availability [127 (52.9%)], worrying about the exacerbation or flare of SLE by the vaccine or its adjuvants [90 (37.5%)] and being concerned about adverse events [88 (36.7%)], as listed in Table 3.



The role of health professionals in infection management and vaccination promotion

Only 8.4 and 2.0% of the patients have been recommended to receive influenza and pneumococcal vaccinations by health professionals, respectively. More than half of the participants reported having not received service on infection management from health professionals, such as evaluating the immunization history (65.4%), giving suggestions on the vaccination (82.1%) and explaining matters requiring attention regarding vaccination in SLE patients (73.3%).



Factors associated with the willingness to vaccination

The following factors were related to the willingness to receive influenza vaccination in the univariate analysis (P < 0.10): marital status, comorbidities, correct answer on vaccination, susceptibility to infection, being afraid of infection, being concerned that infection will lead to serious consequences, safety of influenza vaccine, efficacy of influenza vaccine, considering vaccination beneficial for health, suggestions on vaccination by health professionals, and recommendation for influenza vaccination by health professionals. Meanwhile, the following factors were associated with willingness to receive pneumococcal vaccination in the univariate analysis (P < 0.10): family income per month, perceived care from family members, correct answer on vaccination, susceptibility to infection, safety of pneumococcal vaccine, efficacy of pneumococcal vaccine and considering vaccination beneficial for health, as listed in Table 4.


TABLE 4 Univariate analysis of factors associated with willingness to get influenza and pneumococcal vaccination among SLE patients.
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In the multivariate analysis, being afraid of infection with influenza, believing in the efficacy of the vaccine and perceiving influenza vaccine as beneficial for health were associated with the willingness to receive the influenza vaccine (Table 5), while lower family income, less perceived care from family members, perceived susceptibility to pneumococcal infection and perceiving pneumococcal vaccine as beneficial for health were associated with the willingness to receive the pneumococcal vaccine (Table 6).


TABLE 5 Multivariate analysis of factors associated with willingness to get influenza vaccination among SLE patients.

[image: Table 5]


TABLE 6 Multivariate analysis of factors associated with willingness to get pneumococcal vaccination among SLE patients.
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Discussion

There were three major findings arising from our study. First, we found that the influenza and pneumococcal vaccine coverage were suboptimal among SLE patients in Southwest China. Second, the main reasons for non-vaccination were worrying about the SLE exacerbation or flare resulting from the vaccine or its adjuvants, being concerned about adverse events and the lack of awareness of vaccine availability. Third, the most important factor associated with patients' willingness to receive the influenza or pneumococcal vaccine was perceiving influenza or pneumococcal vaccination as beneficial for health. Finally, only a small proportion of health professionals provided vaccination-related assessment, recommendation, and education.

In this study, all the participants had received immunosuppressants since the diagnosis, but the vaccination coverage of influenza and pneumococcus was low. A small proportion (8.3%) of the participants had taken the influenza vaccine, and only 6 patients declared receiving the influenza vaccine every year, which is proposed by the guidelines. Only 1.7% of the participants had received pneumococcal vaccination. Overall, the vaccination coverage of influenza and pneumococcal among the SLE patients in our study was much lower than that reported in other studies. A systemic review (16) revealed that the pooled proportion of influenza vaccination within 1 year was 40.0%, while the pooled ever-vaccination rate was 60.2%. In an intervention study (20), the baseline PCV13 vaccination rate, PPSV23 vaccination rate and combination vaccination rate were reported to be 2, 8, and 10%, respectively. The coverage of pneumococcal vaccines was 25, 32.2, and 32.8% among SLE patients from Latin America (17), Germany (24) and the United States (19). However, the results of our study are higher than those of a previous study conducted in Southern China in 2017. Jiang et al. reported 0.4% and 0% vaccination rates for influenza and pneumococcal vaccines, respectively (25). This may be explained by the outbreak of COVID-19, which has raised awareness of vaccination among the public, and the promotion of chronic disease management in the Chinese rheumatology field. In fact, more than half of the participants in our study claimed that they had consulted health professionals about vaccination. Chronic disease management is a transdisciplinary care model, in which rheumatologists with allied health professionals (e.g., nurses, psychologists, pharmacists) provide consultation, regular monitoring, risk assessment and comprehensive interventions to delay the disease progress, reduce complications, maintain the functionality, improve the quality of life (QoL) and reduce medical costs. This care model has been adopted by an increasing number of health professionals in mainland China, giving more SLE patients access to health education and consultation provided by rheumatology nurses.

Our findings showed that there were complicated reasons why SLE patients did not receive the vaccines recommended by the guidelines. The main reason for not receiving influenza vaccine was concerns about its safety. Other reasons included worrying about the possibility of SLE exacerbation or flare by the vaccine of its adjuvants and adverse events as well as the lack of awareness of vaccines that can be received by SLE patients. The proportion of patients with rheumatic diseases who thought influenza vaccine would worsen their disease and listed it as a reason for non-vaccination was higher in our study compared with previous studies (26, 27). A meta-analysis reported that the most common reasons for influenza non-vaccination were the lack of doctor recommendation or medical prescription (57.4%) as well as concerns over the efficacy or safety of the vaccine (12.7%) (16), which is a little different from our study. Among our participants, only 9.6% listed the lack of doctor recommendation as a reason for non-vaccination. Our results illustrated that providing information about vaccine safety is more needed than direct recommendations. As for the pneumococcal vaccine, the lack of awareness of the vaccine that can be received by SLE patients was listed as the main reason for not taking the pneumococcal vaccine. The most common reason cited by patients who did not receive PPSV23 was “not recommended” (72%), followed by “no reason given” (24%) and “do not like shots” (4%) (28). These were similar to what was reported in another study: lack of recommendation (87%), lack of time (7%) and efficacy or safety concerns (4%) (16). These concerns should be taken seriously, as they can influence the vaccination behavior of SLE patients.

Influenza vaccine and PPSV23 are optional vaccines and not free in China. Therefore, patients with autoimmune inflammatory rheumatic diseases or under immunosuppressive treatment undergoing vaccination need pay the bill by themselves. But the cost can be reimbursed by medical insurance. The cost was reported as a public barrier to vaccination (29). In our study, the percentage of nonvaccinated patients who listed cost as the reason for not receiving the vaccine was 15% for influenza vaccine and 5.1% for the pneumococcal vaccine. Our findings were consistent with two other studies in China (24, 30), which indicates that cost was less concerning than other factors.

Our regression analysis showed that SLE patients with a higher willingness to receive the influenza vaccine were more likely to be afraid of influenza infection, believe in the efficacy of the vaccine and consider getting the influenza vaccine to be beneficial for their health. According to a study on patients with rheumatic disease, vaccination barriers included perceptions that infections would not be serious problems and that they would not benefit from vaccination (25). Another study showed that concerns about the efficacy of the influenza vaccine were more prevalent in rheumatic disease patients who had never been vaccinated against influenza (26). These results illustrated emphasizing the risk of influenza infection and positive aspects of influenza vaccination to be essential for promoting vaccination willingness. In our study, lower family income, less perceived care from family members, perceived susceptibility to pneumococcus infection and perceiving the pneumococcal vaccine as beneficial for health were predictors for the willingness to receive the pneumococcal vaccine. Patients might be more independent if they lack the economical and/or mental support from family, which makes them pay more attention to their health. A study on COVID-19 vaccination also found the probability of vaccine hesitancy among the high-income population to be higher than that in the low-income population (31). This may be because high-income people have more resources to create better living environments and obtain more personal protective equipment, so they feel that good protection can replace vaccination (31). However, considering the different features between pneumococcal and vaccination and the freely provided and better known COVID-19 vaccination, the impact of socioeconomic factors on the vaccination willingness should be further investigated. Factors influencing the acceptance of recommended vaccines include the individuals' perception of their susceptibility to diseases and the severity of vaccine-preventable diseases along with vaccine safety and efficacy concerns (19, 21, 32). We found that SLE patients were more concerned about the positive effects of the vaccination, which indicates that education emphasized the efficacy of vaccines.

The active involvement of health professionals is critical for infection management and vaccination promotion. It is suggested that the vaccination status and indications for further vaccination should be assessed yearly by the rheumatology team (12). However, our findings showed that only 34.6% of the participants had been asked about the vaccination status by health professionals, and the proportion of patients who were assessed by a rheumatologist, delegated for vaccination status assessment, was 26.3%. It has been demonstrated that better knowledge about vaccination and its recommendation by a treating specialist were positively associated with an improved vaccination rate among patients with autoimmune inflammatory rheumatic diseases (33, 34). Nevertheless, only a small number of participants (8.8% for influenza and 2.1% for pneumococcus) in our study declared that the vaccine was proposed to them by health professionals, indicating that health professionals were less aware of the importance of vaccination and lack of the initiative in vaccine recommendation, especially the pneumococcal vaccine. Kernder et al. reported that vaccination counseling, as one of the indices of the quality of care, predicted better outcomes in SLE patients (35). Explaining the individualized vaccination programme to the patients by rheumatology team was listed as an overarching principle in the 2019 EULAR recommendations (12). However, our survey found that the main information source about the influenza and pneumococcal vaccines for those who heard of it was the media. As we all know, some of the information from media is not verified by professionals, so there is a possibility that SLE patients may get misled regarding vaccination. Our results indicated the importance of health professionals taking a more active part in the dissemination of information on vaccination among SLE patients through media. Vaccination counseling provided by trained health professionals can be integrated into standard care of SLE patients.

Collaboration between rheumatology and primary care teams is critical to support the implementation of vaccination and maximize its rate. In China, all vaccinations are undertaken in primary care. Thus, the physician's awareness of the necessity of vaccination and capability to complete assessment and recommendation are critical to promote vaccination in SLE patients. However, most of the primary care staff have insufficient knowledge on the management of SLE and have difficulty proposing suggestions on vaccination. A recent study found that the volume of SLE patients seen by rheumatologists is strongly associated with the likelihood that the patients will have PPSV23 recommended and delivered (28). Rheumatologists usually have a larger SLE patient volume than physicians, which makes the former more experienced with the management of SLE complexities and more sensitive to the importance of preventive care (28). The rheumatology team and primary care team can cooperate in assessing the risk of infection, identifying the indications for vaccinations and informing the patients about the risk/benefit ratio of vaccines. Meanwhile, training programmes regarding infection management of patients with autoimmune inflammatory rheumatic diseases should be developed for primary care health professionals. Moreover, decision aids and electronic alert systems can be developed to promote assessing the vaccination need of SLE patients and recommending vaccination for eligible ones.

Our study has some limitations. First, the data were self-reported and therefore susceptible to recall bias. Second, we included SLE patients via a web-based approach, which could result in a selection bias that only the patients interested in vaccination took part in the survey. In addition, we only included the patients who had joined a patient club in Southwest China, which was not representative of the population of SLE patients in China. Finally, the sample size was small, and it is possible that many of the negative findings were due to insufficient numbers to detect the differences between groups.

In conclusion, the coverage rates of influenza and pneumococcal vaccination were both low among SLE patients in Southwest China. The positive perspective of vaccination on health represented the most effective factor on the willingness to receive influenza and pneumococcal vaccines, which indicates the significance of providing detailed and convincing information on the health benefits of vaccines. Our findings also suggest a growing attention toward vaccination in SLE patients and the importance of cooperation between rheumatology specialists and primary healthcare physicians both in the management of infection and educating patients regarding the risk of infection, effectiveness and benefits of vaccination.
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Introduction: Enhancing human papillomavirus (HPV) vaccine uptake rates to protect women's health is an important public health issue worldwide. China has taken a series of measures in recent years to promote HPV vaccination among school-aged girls, but the vaccine uptake rate remains low. Investigating the factors influencing vaccination-related decision-making of adolescent girls' parents is key to solving the problem. This study aimed to examine the influence of sociocultural-psychological predictors, including exposure to HPV-related stories (positive/negative), affective reactions (pride/regret), injunctive norms on the Internet and perceived moral obligation, on parents' HPV vaccination-related decision-making for girls aged 13–15 years in mainland China.

Methods: A cross-sectional online survey using quota sampling was conducted in February 2022. Four hundred and five valid and qualified questionnaires were obtained. Partial least squares structural equation modeling was performed by SmartPLS 3 (i) to evaluate the reliability and validity of the measurement models of 11 constructs, and (ii) to test the effect relationships of the sociocultural–psychological predictors on parents' intention to vaccinate their daughters.

Results: The study findings showed that parental decision-making regarding HPV vaccination was influenced by sociocultural and psychological factors. At the level of individual psychological factors, exposure to positive stories was significantly associated with perceived vaccine effectiveness (β = 0.331, t = 8.448, p < 0.001), which strongly predicted the attitude toward vaccination (β = 0.521, t = 8.133, p < 0.001); anticipated pride had more positive influence on vaccination-related decision-making (β = 0.156, t = 2.176, p < 0.05) than anticipated regret. In terms of social influence, injunctive norms on the Internet had a significantly positive influence on vaccination intention (β = 0.127, t = 2.382, p < 0.05), similar to descriptive norms (β = 0.135, t = 3.358, p < 0.01). Perceived moral obligation at the cultural level was the strongest predictor of parental decision-making regarding HPV vaccination (β = 0.193, t = 2.139, p < 0.05).

Discussion: This study is the first in mainland China to systematically examine the sociocultural-psychological predictors of parents' decision-making to vaccinate their 13–15-year-old daughters against HPV. A new extended TPB model with a sociocultural-psychological approach was developed. This model can support the investigation of factors affecting HPV vaccine uptake rates in the mainland Chinese population and similar populations and help to understand the differences in vaccination-related decision-making between Eastern and Western cultures. Furthermore, the study provided some suggestions for HPV vaccination communication campaigns targeting adolescent girls' parents.

KEYWORDS
 HPV vaccination, parental vaccination decision-making, mainland China, extended TPB model, exposure to stories, moral obligation, anticipated affective reactions


Introduction

As the country with the largest population, China had a crude cervical cancer incidence of 15.6 per 100,000 women in 2020 and 51,600 deaths due to cervical cancer in 2019 (1). Although the bivalent HPV vaccine was first licensed in most developed countries in 2006, it was not commercially available in mainland China until July 2016 (2, 3). Mainland China supplies three types of HPV vaccines: bivalent (Cervarix, Cecolin), quadrivalent (Gardasil), and 9-valent (Gardasil 9) vaccines, which have protective effects against high-risk HPV types 16 and 18 that are known to significantly increase the risk of cervical, vaginal, and vulvar cancer in women. Moreover, HPV vaccines are currently only available for females aged 9–45, except the 9-valent vaccine, which is only available for females aged 16–26 years. They are not approved for men in mainland China.

According to the national routine vaccine report data, the number of HPV vaccine doses administered in mainland China increased from 3.417 million in 2018 to 12.279 million in 2020 (4), but the actual coverage rate of the HPV vaccine remains low. The vaccination rate is <3% for adolescent girls and <6% for the whole population (5).

World Health Organization (WHO) suggested that 90% of girls should be fully vaccinated against HPV by 15 years of age by 2030 (6). In recent years, the Chinese government has attached great importance to the promotion of HPV vaccination and recently implemented the policy of free vaccination with the bivalent vaccine for middle school-aged girls in several pilot cities (7). Despite these efforts, China is still a long way from achieving a high HPV vaccine uptake rate in eligible adolescent girls because of inadequate availability of vaccine and various barriers to vaccine acceptance (8). Parents are usually the decision-makers regarding HPV vaccination for their 13–15-year-old daughters. Thus, Understanding predictors of parental decision-making for adolescent daughters' HPV vaccination can inform strategies to increase vaccination uptake in mainland China. Previous studies have investigated the vaccine hesitancy of mainland Chinese parents, and found that the level of knowledge, the daughters' age, awareness of HPV infection risks, vaccine safety and efficacy, peer influence, and costs were significant influencing factors (9–13). However, most studies have been descriptive, and have lacked a systematic explanation of the factors influencing parents' HPV vaccination intention for their adolescent daughters.


The extended theory of planned behavior model

The theory of planned behavior (TPB) is a representative theory about the relationship between attitude and behavior in the field of social psychology. It posits that attitude, subjective norms, and perceived behavioral control (PBC) are the three mutually influencing factors that affect a person's behavioral intention, which is in turn the factor that most directly influences actual behavior. Attitude toward a behavior refers to an individual's overall evaluation of a behavior. Subjective norms are described as an individual's perceived social expectations for a behavior. PBC is defined as an individual's perceived confidence in performing it, and it is commonly measured as self-efficacy in performing a behavior (14).

Since Ajzen suggested that the TPB model is open to expansion (14), many researchers have proposed the additional new predictors to improve the explanatory power of the original model (15–17). Compared with other theory models of health behavior, the extended TPB model has the advantage of incorporating the influence factors at the social level in addition to psychological aspects, which has been widely used as a theoretical framework to examine vaccination intention and behavior in different populations and contexts around the world (18–25).

A large number of studies in Western countries have confirmed the explanatory power of attitude, subjective norms, and PBC on parental HPV vaccination intention for their children. Other determinants, including media use, perceptions of HPV infection and vaccination risks, descriptive norms, and anticipated regret have also been included in extended TPB models to explore their impact on behavioral intention (26–33). There have been many studies of vaccination hesitancy in Western countries based on the TPB model, but they have not fully explained parental HPV-vaccination-related decision-making in the social and cultural contexts of mainland China.

China has a different social culture from Western societies, as it emphasizes collectivism and child-centered family traditions, greater obedience to authority, and a higher tolerance for uncertainty (34). This leads to corresponding psychological characteristics. Therefore, Chinese parental HPV vaccination decision-making is influenced by both individual-level psychological factors and the sociocultural context at the super-individual level. It is necessary to explore sociocultural psychological factors adapted to the local situation to predict Chinese parents' intention to vaccinate their 13–15-year-old daughters.



Influence of parents' stories exposure on attitude toward vaccination

Attitude is the strongest predictor of vaccination intention in the TPB model. The established TPB model emphasizes the cognitive antecedents of vaccination attitude, e.g., risk perception, but ignores the factors affecting the cognitive antecedents. Recent studies have shown that exposure to messages from different channels can shape people's knowledge and attitudes toward HPV vaccines (35–39). HPV vaccination-related stories in the messages may be an effective tool in influencing people to vaccinate or not (40). Among the HPV vaccination-related information that parents are exposed to through various channels, there are generally two types of stories: positive and negative. Positive stories convey that HPV vaccination can be beneficial to women's health; negative stories emphasize the different degrees of personal safety accidents caused by HPV vaccination. In one study, compared with participants exposed to positive messages, those who were exposed to negative messages about HPV vaccination perceived the vaccine as less safe, took more negative attitudes toward vaccination, and expressed less willingness to vaccinate (41). However, how the exposure to positive and negative stories in social media have shaped mainland Chinese parents' vaccination risk perception and attitudes toward HPV vaccination is poorly understood.



Influence of anticipated emotional reactions on vaccination intention

The variable of attitude in TPB model only emphasizes the cognitive component, and ignores the emotional component that influences health behavioral intention and decision-making (42–45). Anticipated emotional reactions are defined as people's expectations of the affective responses they are likely to experience after performing a particular behavior, and are centered around self-conscious emotions such as pride, regret, and guilty (44, 46). Some previous studies have investigated the effect of anticipated regret of not being vaccinated, and have shown that it has a significant effect on HPV vaccination intention (29, 46–50). However, the role of the positive affective reaction of anticipated pride if vaccinated has been less frequently discussed. These two factors at the psychological level have not been evaluated in studies of mainland Chinese parents' HPV vaccination decision-making.



The effects of descriptive and injunctive norms on vaccination intention

The variable of subjective norms in the TPB model emphasizes the social and cultural factors affecting individuals' health-related decision-making. It includes two aspects: descriptive norms (copying others' behavior) and injunctive norms (behaving as others expect). Descriptive norms has been proven to be a significant influence factor on vaccination attention (18, 51), while injunctive norms (behaving as others expect) has a weak effect. Moreover, most studies have only investigated one of these aspects in the survey, and few have simultaneously validated and compared the impacts of both aspects. In the Chinese society centered with collectivism, the demands and expectations of social groups are an important source of influence in shaping people's behavior. As the development of the Internet technology expands the scope of primary groups, it is necessary to discuss the impact of the injunctive norms of social groups on the Internet on parental vaccination intention in this study.



Perceived moral obligation predicting vaccination intention

Ajzen suggested that moral norms, along with attitude, subjective norms, and PBC, directly affect intentions (14). Several studies have paid attention to parents' moral obligation to vaccinate their children (52–54), but this type of research is lacking in the context of mainland Chinese parents in the collectivistic and child-centered culture. In Chinese culture, the whole society creates a family culture based on close parent-child relationships, parents are responsible for nurturing and preparing their children to achieve socialization goals (55, 56). Currently, Chinese parents generally present a consensus on ethical responsibility: everything is for the child and the best for the child. With improvements in the socioeconomic status of Chinese families and the popularity of scientific parenting ideology, Chinese parents are willing to adopt scientific methods to manage their children's health and strive to improve their own “quality of care” (57). It is important to include the cultural factor of moral obligation in the model to understand the Chinese phenomenon.



The current study

Based on the local situation in mainland China, this study aimed to assess the impact of sociocultural-psychological predictors affecting mainland Chinese parents' decision-making regarding HPV vaccination for their adolescent daughters. We aimed to test the relationships between the influence of exposure to positive or negative stories and perceived vaccination risk, including vaccine effectiveness and vaccine side-effects, and attitude toward vaccination. Further, we aimed to explore the effects of three levels of psycho-emotional, social norm, and cultural influences, namely, anticipated emotional reactions (anticipated regret and pride), injunctive norms on the Internet, and perceived moral obligation, on parents' vaccination intention for their daughters. We proposed following hypothesis:

H1: Exposure to positive stories has a positive influence on perceived vaccine effectiveness.

H2: Exposure to negative stories has a positive influence on perceived vaccine side-effects.

H3: Perceived vaccine effectiveness has a positive influence on attitude toward vaccination.

H4: Perceived vaccine side-effects has a negative influence on attitude toward vaccination.

H5: Perceived infection risk has a positive influence on attitude toward vaccination.

H6: Attitude toward vaccination has a positive influence on vaccination intention.

H7: Anticipated regret has a positive influence on vaccination intention.

H8: Anticipated pride has a positive influence on vaccination intention.

H9: Descriptive norms has a positive influence on vaccination intention.

H10: Injunctive norms on the Internet has a positive influence on vaccination intention.

H11: Perceived moral obligation has a positive influence on vaccination intention.

H12: Self-efficacy for vaccination has a positive influence on vaccination intention.

Based on Hypotheses 1–12 as proposed above, Figure 1 presents the theoretical framework of this study.


[image: Figure 1]
FIGURE 1
 Extended theoretical framework of the theory of planned behavior model.





Methods


Data and sample

In February 2022, a cross-sectional anonymous online survey of mainland Chinese parents of adolescent girls aged 13–15 years was conducted on a professional online research platform (Survey Plus). Quota sampling based on the educational level and vaccination status (yes/no) was used to ensure that the samples adequately represented the specific demographic characteristics of general Chinese parents. At the beginning of the questionnaire, the participants were given an explanation of the study purpose and procedures. Participation in the study was voluntary, and the participants could withdraw at any time without any consequence.

To obtain qualified data, we included several quality control procedures in the questionnaire system, including an Internet Protocol duplicate check avoiding multiple answers by one participant, an answering time of at least 15 min, an attention test preventing participants from answering indiscreetly, and a logical relationship check to identify unqualified questionnaires with contradictory answers. After rigorous data check and cleaning, 405 valid questionnaire responses were obtained. Of the total survey respondents, 30.4% were male and 69.6% were female. This sex ratio is reasonable as in Chinese families, mothers are often responsible for the daily lives and health of their children. The average age of the respondents was 39.1 years (standard deviation = 3.36). Table 1 shows the demographic characteristics of the total sample, including sex, educational level, region, average monthly household income, and daughter's HPV vaccination status.


TABLE 1 Sociodemographic data of the respondents.
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Measures
 
Exposure to positive stories

Adapted from previous research (40), the variable of exposure to positive stories on HPV vaccination-related information was measured using a multiple-choice question with seven options: Have you heard the stories that HPV vaccination can prevent (1) genital warts; (2) HPV infection; (3) an abnormal Pap smear; (4) an HPV-related health problem; (5) death from an HPV-related cancer; (6) another HPV-related health problem; or (7) none of these? We assigned a different score to each option according to its positiveness: one point for the first, second, and sixth options; two points for the third option; three points for the fourth option; four points for the fifth option; and zero points for the seventh option. Finally, we used the summed total score of each parent as an index to measure the positiveness of the information to which each parent had been exposed.



Exposure to negative stories

The parents indicated the content of negative stories describing people being harmed by HPV vaccine using a multiple-choice question with five response options: Have you heard the stories that HPV vaccine (1) had mild side-effects; (2) had serious temporary harms; (3) had serious long-lasting harms; (4) caused death; or (5) had other harms? We assigned a different score to each option according to its negativity: one point for the first and fourth options, two points for the second option, three points for the third option, and zero points for the fifth option. Finally, we used a summed total score for each parent as an index to measure the negativity of the HPV vaccination-related information to which each parent had been exposed.



Seven-point Likert Scales for constructs

In addition to the above two variables, 11 other constructs were measured.

Based on the findings in the literature, localized modifications were made to the scales, and the scales were translated into Chinese. Seven-point Likert scales were used. Items below the factor loading value threshold were eliminated. The details of the scales for the study constructs were provided in the Appendix.




Data analysis

Partial least squares structural equation modeling (PLS-SEM) has been demonstrated to be effective for verifying complex influence relationships in path models with latent variables (58). Our research model comprised 12 direct influence hypotheses, and the study aimed to establish an expanded TPB model to explore the influencing factors of and mechanism underlying parents' decision-making regarding HPV vaccination for their 13–15-year-old daughters in the sociocultural context of mainland China. Therefore, the PLS-SEM was suitable for this study. The tool of SmartPLS 3 was used for model analysis in the research. The whole data analysis consisted of two parts: measurement model evaluation and structure model evaluation (59–61). Cronbach's α and composite reliability were used to test the reliability of the 11 constructs, and the average variance extracted to test their convergent validity. The Fronell–Larcker criterion and heterotrait–monotrait ratios of correlations were used to check the discriminant validity of measurement models. The part of structure model evaluation verified four sets of cause–effect relationships: (1) between exposure to positive stories and perceived vaccine effectiveness; (2) between exposure to negative stories and perceived vaccine side-effects; (3) between perceived infection risk, perceived vaccine effectiveness, perceived vaccine side-effects, and attitude toward vaccination; and (4) between attitude toward vaccination, subjective norms (descriptive norms and injunctive norms on the Internet), anticipated affective reactions (anticipated regret and anticipated pride), perceived moral obligation, self-efficacy for vaccination, and vaccination intention. The determination coefficient (R2) and the predictive correlation (Q2) were used to indicate the qualification of the four structure models. Variance inflation factors were adopted to examine the multicollinearity issue.




Results


Measurement model evaluation

The first part shows the results of measurement model evaluation that indicate the rationality of the measurement models through reliability, convergent validity, and discriminant validity.

Table 2 presents the results of reliability and convergent validity. The values of Cronbach's α were between 0.815 and 0.977 (cut-off > 0.7), and the composite reliability values ranged from 0.880 to 0.983 (cut-off > 0.7), showing that the internal consistency and reliability of the measurement model were good (62, 63).


TABLE 2 Results of reliability and convergent validity.
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All factor loadings ranged from 0.820 to 0.972, and the average variance extracted values were between 0.710 and 0.940, which are higher than 0.5 (59, 63). This indicates that the convergent validity of the measurement model was good.

The results of the Fornell–Larcker criterion and heterotrait–monotrait ratio of correlation analyses revealed that the measurement model had good discriminant validity among these constructs (Table 3). In Table 3, the square roots of average variances extracted on each construct are greater than the Pearson's correlation coefficients between the constructs (63). All heterotrait–monotrait ratios of correlations ranged from 0.026 to 0.776 (cut-off < 0.85) (64).


TABLE 3 Results of Fornell–Larcker criterion and heterotrait–monotrait ratio of correlation analyses.
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Structure model evaluation

The determination coefficient (R2) was used to confirm the effects of external variables on internal dependent variables (65), and the predictive correlation (Q2) value was used to indicate whether the structural model could accurately predict the data (59). Table 4 shows that the R2 values ranged from 0.110 to 0.542 (cut-off > 0.1), reflecting that the external variables in the model had a notable impact on the internal dependent variables (58). All Q2 values are above 0, indicating that the structural model in this study was highly capable of predicting the data (64, 66).


TABLE 4 Results of R2 and Q2 analyses.
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The bootstrapping resampling method (5,000 resamples) was used to test the statistical significance of the variables. The results are shown in Table 5, Figure 2. Exposure to positive stories was significantly associated with perceived vaccine effectiveness (β = 0.331, t = 8.448, p < 0.001), while exposure to negative stories was significantly associated with perceived vaccine side-effects (β = 0.482, t = 11.119, p < 0.001). This confirmed our H1 and H2. The three variables of perceived vaccine effectiveness, perceived vaccine side-effects, and perceived infection risk were all significantly related to attitude toward vaccination. Among them, perceived vaccine effectiveness and perceived infection risk had positive effects on the attitude toward vaccination, with path coefficients of 0.521 (t = 8.133, p < 0.001) and 0.109 (t = 2.456, p < 0.05), respectively, while perceived vaccine side-effects had a negative effect on the attitude toward vaccination (β = −0.105, t = 2.384, p < 0.05). Thus, our H3, H4, and H5 were supported. Regarding the cause–effect relationships between the seven independent variables and the dependent variable of HPV vaccination intention, except for the variable of anticipated regret, all of the other six variables showed significant effects on HPV vaccination intention. The path coefficients of attitude toward vaccination and anticipated pride to vaccination intention were 0.146 (t = 2.232, p < 0.05) and 0.156 (t = 2.176, p < 0.05) respectively, supporting H6 and H8; the path coefficients of descriptive norms and injunctive norms on the Internet to vaccination intention were 0.135 (t = 3.358, p < 0.01) and 0.127 (t = 2.382, p < 0.05), supporting H9 and H10. H11 and H12 are also supported, as the path coefficients of perceived moral obligation and self-efficacy for vaccination to HPV vaccination intention were 0.193 (t = 2.139, p < 0.05) and 0.170 (t = 2.450, p < 0.05), respectively. Moreover, multicollinearity was mainly detected by the variance inflation factor (67). Appendix Table 1 shows that all variance inflation factors ranged from 1.000 to 2.922, indicating no multicollinearity issue (68).


TABLE 5 Results of hypothesis verification.
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FIGURE 2
 Results of hypothesis testing in the structural equation model. ***p < 0.001; **p < 0.01.





Discussion

Consistent with previous studies (26, 29–31, 69), our findings support the explanatory power of the traditional TPB model. The three core factors of attitude, subjective norms, and PBC all were found to positively affect mainland Chinese parents' decision-making regarding HPV vaccination for their daughters. Mainland Chinese parental decision-making regarding vaccination for children is not entirely a rational trade-off between pros and cons, but is complicated by many social, cultural and psychological factors. A new extended TPB model with a sociocultural-psychological approach was developed to examine the determinants of parental decision-making regarding HPV vaccination in mainland China. This model can support the investigation of factors affecting HPV vaccine uptake rates in the mainland Chinese population and similar populations and help to understand the differences in vaccination-related decision-making between Eastern and Western cultures.

Both perceived infection risk and perceived risks associated with vaccination (vaccine effectiveness and vaccine side-effects) are important factors affecting attitude toward vaccination (70). This study was conducted to answer a fundamental question: Why do people hold such cognitive beliefs? Our findings further reveal that the type of HPV vaccination-related stories/information (negative vs. positive) had a substantial impact on parents' perception of the risk associated with vaccination. When the parents were exposed to more positive stories about HPV vaccination, their perceptions of vaccine effectiveness were stronger (Hypothesis 1); however, the perceived vaccine side-effects were stronger when the parents were exposed to more negative stories (Hypothesis 2). In this study, compared with their perceptions of HPV infection risk and vaccine side-effects, parents' perceptions of vaccine effectiveness had a stronger impact on their attitudes toward vaccination. Therefore, the effects of exposure to negative stories about HPV vaccination are of little concern.

Studies on parental decision-making regarding vaccination in Western countries have shown that anticipated negative affective reactions, such as anticipated regret, anticipated worry, and anticipated anxiety, were significantly associated with increased parental intention to have their children vaccinated (29, 50, 71, 72). But in our mainland Chinese sample, anticipated regret if not vaccinated had no significant effect on parents' vaccination intention (Hypothesis 7), while anticipated pride if vaccinated positively predicted parents' vaccination intention for their daughters (Hypothesis 8).

Some studies have shown that anticipated regret is a key factor affecting parents' decision to vaccinate their daughters in the case of mandatory vaccination or during highly contagious and devastating pandemics (69, 73). HPV vaccines are not included in the scope of compulsory vaccination in mainland China, and Chinese parents, like parents in other countries, believe that their daughters are too young to be infected with HPV and that even if they are infected, they may not necessarily develop cervical cancer (74, 75). This explains why the negative affective reaction of anticipated regret was not found to have a significant impact on parental decisions regarding HPV vaccination for their daughters in our study, as parents considered vaccination neither necessary nor urgent. In addition, negative affective responses tend to be effective for those who have no emotional involvement in health behaviors, as health behaviors are more likely to attract their attention and interest (76). However, the Chinese parents in our survey were mostly mothers, who are highly emotionally involved in the physical health of their daughters, especially in terms of female health issues. The third explanation is that anticipated regret over a future negative outcome that may not necessarily occur may not be enough to enhance parents' willingness to vaccinate their daughters. Instead, the anticipated pride a person may feel immediately after engaging in a health behavior may be a more significant factor influencing decisions related to vaccination (48). As a participant said, “The government does not demand parents to vaccinate daughters against HPV. It is more likely to be recommended by professional authorities or the social media. In other words, if you don't vaccinate your children, you won't be criticized, but if you do, you will be praised.”

In addition to psychological factors, social rules and parenting culture are important factors affecting Chinese parents' decision-making regarding HPV vaccination for their daughters. The result of our study revealed the positive influence of descriptive norms on vaccination intention (Hypothesis 9), which is consistent with those of previous studies (29, 34, 72, 77). Moreover, this study has showed the significant impact of injunctive norms on the Internet (netizens' requirements and expectations of decision-makers) on parents' decision-making regarding vaccinating their daughters (Hypothesis 10).

Since the 1980's, China has entered the era of market economy, and material life has become extremely rich. The quality of life of children who grew up after the 1990's is much better than that of their parents. Because parents and grandparents place all of their expectations on these children and take care of them meticulously, many of the children are called “little emperors” by the media (78). As prenatal and postnatal care policy has become an important part of China's population development strategy, parenting is no longer a private matter restricted within the family; rather, it has become a public issue that concerns the whole society and is dictated by a set of scientific methods and practical guidelines. Therefore, it is parents' responsibility to fulfill the social requirements and expectations of parenting. Under the influence of such social rules, the significant relationship between the variable of injunctive norms and parental decision-making regarding HPV vaccination is understandable. Additionally, the Internet is increasingly permeating all aspects of people's daily lives, and many life scenarios are built on the Internet. Therefore, in addition to the traditional primary groups emphasized in sociology, such as family and friends, the influence of experts, media, and netizens on the Internet is increasingly highlighted.

The effectiveness of injunctive social norms depends on the Chinese culture of “Wangzichenglong.” Every Chinese parent has a strong sense of ethical responsibility, and the normative value of “everything is for the child” has been deeply embedded in their daily parenting practices. This study also has confirmed a positive relationship between the variable of perceived moral obligation and vaccination decision-making, with this variable showing the strongest impact coefficient among all of the influencing factors (Hypothesis 11). The salient effects of injunctive norms and perceived moral obligation also help us to understand the role of anticipated pride. When parents take the initiative to complete the non-mandatory HPV vaccination for their daughters, they meet the high requirements and expectations of society regarding parenting and fulfill the parental responsibility of “the best for the child.” This elicits a sense of pride— “I am a competent parent”—indicating that this positive affective reaction strengthens the parents' intention to vaccinate their daughters.



Limitations

First, the findings of our study should be verified in different contexts, such as different socioeconomic classes and regions. Although parents with low educational levels and from rural regions were included in this survey, the representation of these populations was insufficient as the majority of our sample belonged to the middle and higher socioeconomic classes. Parents of different socioeconomic classes tend to have different parenting views (57); therefore, future research should include more parents of lower socioeconomic classes, particularly migrant workers and low-income groups, to further verify the applicability of this extended TPB model to the general population.

Second, the subject of this study was the parents' vaccination decision-making only for girls aged 13–15 years old. Decision-making regarding the vaccination of boys was not included. There is no HPV vaccine available for men in mainland China, and most members of the public believe that HPV vaccination is exclusively for women. However, we should be aware that it is a global trend to include men in HPV vaccination programs, which is beneficial to eliminate the adverse effects of HPV infection on human health worldwide. Therefore, future research needs to pay attention to the uniqueness of the vaccination decision-making behavior of parents of school-aged boys and the establishment of new explanatory models of factors affecting this process, and provide effective recommendations for future policy-making on HPV vaccination for the all age-qualified populations including men.

Third, social, cultural, and psychological factors are known to be intertwined, and thus, their effects on parental decision-making regarding HPV vaccination are interdependent. Consistently, this study also found correlations between injunctive norms on the Internet, perceived moral obligation, and anticipated pride. Therefore, future research should further explore the specific relationships between these three variables to enrich the expanded TPB model.

Finally, this study is the first to explore the factors influencing parental vaccination intention, but the findings are still insufficient to help improve the HPV vaccine uptake rate in the target population in mainland China, as there is always a gap between vaccination intention and vaccine uptake (18, 29). Therefore, we suggest that future studies incorporate the vaccine uptake rate into the extended TPB model and conduct continuous sample surveys to identify the factors influencing vaccine uptake and clarify the relationship between vaccination intention and vaccine uptake.



Conclusions and public health implications

The question of how to increase the willingness of parents to vaccinate their school-aged daughters against HPV is an important issue in mainland China. In this study, we found the following answers: (1) parents in mainland China are less exposed to positive stories about HPV vaccines, and their awareness of HPV vaccine efficacy is insufficient, resulting in an insufficiently strong desire to vaccinate their adolescent daughters; (2) parents' sense of ethical responsibility to be good parents and the anticipated pride brought about by their daughters' HPV vaccination has not been effectively encouraged; (3) parents have not felt the expectations and requirements of society, including information and views provided on the Internet, to adopt vaccination behaviors; and (4) the current supply of HPV vaccines in mainland China is not sufficient and the cost is relatively high, which together, discourage parents in mainland China from behavioral intentions of HPV vaccination for their daughters.

This study is the first in mainland China to systematically examine the sociocultural–psychological predictors of parents' decision-making to vaccinate their 13–15-year-old daughters against HPV. An extended TPB model incorporating the variables of exposure to vaccination-related stories (positive/negative), anticipated affective reactions (regret/pride) injunctive norms on the Internet and perceived moral obligation was developed. The findings showed that the cultural predictor of perceived moral obligation had the strongest impact on parents' vaccination intention for their daughters. At the social level, this study newly discovered the positive relationship between the injunctive norms on the Internet and parental vaccination intention. Further, we found that the exposure to positive stories about HPV vaccination positively affected parents' perceived vaccine effectiveness, which in turn had a strong positive impact on their attitudes toward vaccination for their daughters. However, we found a weak impact of exposure to negative stories on parents' attitudes. Importantly, the study demonstrated that the impact of the positive affective response (anticipated pride) on parents' decision-making was stronger than the impact of their attitudes, whereas the negative affective response (anticipated regret) has no significant impact on vaccination intention. Self-efficacy for vaccination also was found to be a powerful factor influencing parental decision-making regarding vaccination.

In a word, the research findings showed that the influence of the sociocultural-psychological predictors on parental decision-making regarding HPV vaccination in the context of China emphasizing collectivism and family culture of “children first.” The study contributed to the research of parents' HPV decision-making considering comprehensively local social culture and individual's affective emotions. Based on these findings, the following suggestions are proposed for future public health campaigns on HPV vaccination.

Communication campaigns for HPV vaccination in mainland China should specifically target the parents of 13–15-year-old girls and actively disseminate positive yet scientific HPV vaccination-related stories mainly on social media or other channels. This could help to enhance parents' understanding of the effectiveness of HPV vaccines in preventing HPV infection and cervical cancer. Further, we found that although exposure to negative stories tended to strengthen parents' perception of vaccine side-effects, they did not have a strong negative impact on attitude toward vaccination; thus, scientific communicators need not worry too much about negative stories on social media.

Furthermore, perceived moral obligation and anticipated pride were found to be the two main factors affecting parents' decision-making regarding vaccination for their daughters. Thus, we suggest that communication contents be designed around these two aspects. On the one hand, communications could highlight the vaccination of daughters against HPV as the responsibility of competent parents; on the other hand, communications could emphasize the sense of pride that daughters' vaccination could elicit in the parents, which would help to further stimulate parents' willingness to vaccinate their daughters.

In terms of social influence, in addition to paying attention to the influence of traditional primary groups, such as relatives and friends, the influence of netizens, experts on the Internet, and social media should also be considered (79). In addition to using social media as a channel for disseminating positive stories to create a favorable environment, health communication campaigns could be implemented to strengthen the influence of online groups and online communities in promoting parents' vaccination intention.

Currently, the shortage of HPV vaccine supply and the high cost of these vaccines in mainland China are barriers to parental decision-making regarding vaccination. Therefore, public health policymakers should strive to eliminate these barriers by increasing the supply of vaccines and fully implementing free vaccination for school-aged girls to improve the self-efficacy of parents and enhance their intention to vaccinate their daughters.
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The development of COVID-19 vaccines has helped limit the extent of the pandemic, which over the past 2 years has claimed the lived of millions of people. The Moderna and Pfizer COVID-19 vaccines were the first to be manufactured using mRNA technology. Since then, other manufacturers have built their own vaccines which utilize adenovirus vector, whole inactivated coronavirus, and protein subunit methods. Given the continued mutation of the SARS-CoV-2 virus, a booster of the COVID-19 vaccine offers additional protection for citizens, especially those with comorbid conditions. However, uptake of the vaccine and booster has faced hurdles. This literature review aims to analyze the acceptance of the COVID-19 booster among different populations throughout the world. Keywords searched include “COVID-19 vaccine rates OR COVID-19 booster rates,” “COVID-19 vaccine hesitancy,” “COVID-19 booster hesitancy,” “reasons against COVID-19 vaccine,” “reasons for COVID-19 vaccine,” and “COVID-19 vaccine acceptance” (for each country). Research articles indexed in PubMed, University of Illinois Urbana-Champaign Library, and Google Scholar were included. Despite the proven effectiveness of the COVID-19 booster, vaccine hesitancy is still causing suboptimal compliance to the primary vaccine and booster, thus slowing down control of the pandemic. Reasons for vaccine hesitancy differ by country and acceptance is affected by misinformation, political circumstances, and cultural values. Among the most common reasons found are distrust in the government, a lack of safety information, and fear of side effects. Uptake of the COVID-19 vaccine has also been delayed in low and middle income countries due to resource allocation and as a result, these countries have fallen behind vaccination benchmarks. The future of COVID-19 vaccination is unknown, but vaccine mandates and additional booster doses are a possibility. Determining the ethical impact that these policies could have will allow for the best implementation.
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1. Introduction

Since January 23rd 2020, the CDC has reported a total of 86,600,000 SARS-CoV-2 (COVID-19) cases in the US, with a death count totaling 1,010,000 (1). Elderly patients and patients with pre-existing chronic conditions (heart failure, obesity, diabetes, liver cirrhosis, chronic kidney disease, cancer, and transplanted organs) have an increased risk of poor COVID-19 outcomes (2). With the increase in mortality rates for these high-risk patients, a COVID-19 vaccine was necessary to decrease the dire outcomes of the virus. On December 11th of 2020, less than a year after the start of the pandemic, an emergency use authorization was approved by the Food and Drug Administration (FDA) for the Pfizer, BioNTech COVID-19 vaccine in the US (3). Since then, three other vaccines have been authorized by the FDA including Moderna, Janssen (Johnson & Johnson), and the Novavax bivalent vaccine. Currently, there are over 10 approved vaccines around the world, each of which work by using mRNA, adenovirus vector, whole inactivated coronavirus, or protein subunit mechanisms (4). All of the approved vaccines have a primary regimen of two doses for optimal efficacy (with the exception of the Johnson & Johnson vaccine which uses a one dose primary regimen). While distribution of the vaccine depends on the country, in total, 68.5% of the world's population has received at least one dose of an approved vaccine (5). These vaccines offered a chance to control the pandemic.

Even with gradually increasing vaccination rates, SARS-CoV-2 has continued to mutate, posing a challenge in containing the pandemic. So far, there have been five major strains of SARS-CoV-2: the Alpha, Beta, Gamma, Delta, and Omicron variants (6). These mutants occur because of a modification to the outer protein on the virus, the spike protein- a surface protein which allows the virus to penetrate host cells. Mutations which lead to a change in conformation of the spike protein could allow the virus to escape detection by immune systems (7, 8). While these mutations pose an additional obstacle in efforts to contain the pandemic, studies have shown that the COVID-19 vaccines are effective at preventing serious illness even in patients infected with the mutant strains (9). However, like any other vaccine, antibody levels from the COVID-19 vaccine fall over time (8, 10). Within 6 months of receiving the complete vaccine course, antibodies to SARS-CoV-2 were found to be substantially decreased, especially in the immunocompromised and elderly populations (11–13). To ensure adequate protection against hospitalization and serious disease, especially in the face of the mutated strains, health organizations around the world have recommended the implementation of booster vaccinations.

Initially, during Phase III clinical trials, 2-dose mRNA COVID-19 vaccines had published effective rates ranging from 78 to 95%, depending on the vaccine developer (10). In the US, only Pfizer (BNT162b2) and Moderna (mRNA-1273) vaccines are available. These vaccines initially showed an effective rate of 94–95% but mutations have changed these values (14). As the Delta variant became more prominent in fall of 2021, the average vaccine effectiveness, 180 days from the last vaccine dose, declined to 76% and then to 34% with the Omicron variant (15, 16). This decrease in vaccination effectiveness can be attributed to natural decreases in antibody titers after vaccination and the gradual accumulation of mutations in SARS-CoV-2 spike proteins per variant (17, 18). The initial optimism of the vaccine faded away as cases rose with variants and hospitals filled up once more with COVID-19 patients. While vaccines have proven to be effective in minimizing disease progression, continued surges in COVID-19 cases have overwhelmed hospitals resources. In an effort to decrease COVID-19 recurrence in communities and ease the ongoing tension on hospitals across the US, the CDC recommends that all those who have received a mRNA vaccine more than 5 months ago, or have received an adenovirus based vaccine more than 2 months ago, also receive the third booster and people ages 5 years or older receive the updated bivalent booster 2 months after their last dose (19, 20). With mutations of SARS-CoV-2, booster vaccinations have become important in maintaining immunity in the general population. Initial studies demonstrate that boosters have been effective in decreasing hospitalizations and emergency room visits due to COVID-19, providing a general decrease in viral transmissibility, and shortening recovery time due to improved immunity (21, 22). Thus, the ability of the booster to prevent hospitalization is a major benefit in ensuring that these patients have favorable outcomes in the event they are infected.

However, given how recent the implementation of booster doses has been, studies regarding the uptake of COVID-19 boosters are limited. Acceptance of vaccines and their boosters have not been universal, and this may have far reaching consequences for the future of the pandemic. This paper aims to review COVID-19 vaccine and booster hesitancy throughout America and worldwide. We discuss the knowledge surrounding COVID-19 and its correlation with vaccine acceptance rate as well as the ethical aspects of the booster and mandatory vaccination.



2. Research methods

This analysis examines and reviews literature from 2020 to 2022 involving the public response to the vaccine and booster and the proposed future of the vaccine. Multiple research search engines of PubMed, University of Illinois Urbana-Champaign Library, and Google Scholar were used. While compiling literature for this review, several methodologies were followed.

For review of COVID-19 vaccine and booster hesitancy, “COVID-19 vaccine rates OR COVID-19 booster rates,” “COVID-19 vaccine hesitancy,” and “COVID-19 booster hesitancy” were searched. To summarize reasons of vaccine hesitancy by country and region, “reasons against COVID-19 vaccine,” “reasons for COVID-19 vaccine,” and “COVID-19 vaccine acceptance” were searched for each country that was analyzed. Results were filtered by article type to examine meta-analyzes, literature reviews, systematic reviews, reviews, clinical trials, and randomized control trials. Literature was then included based on direct relevance to reasons of COVID-19 vaccine or booster hesitancy. Published journal papers were primarily used as the main form of article type as up-to-date literature was the goal of the study.

In addition to the compiled list of literature above, researchers conducted directed searches on topics relating to past vaccination campaigns, prior pandemics, and the method of vaccine rollout in different areas of the world. Special attention was given to different factors which could have affected each country's response to the pandemic and vaccine.

Multiple search engines were used to reduce any possible bias by omission. As mentioned above, PubMed, University of Illinois Urbana-Champaign Library, and Google Scholar were all equally used. PubMed was the primary search engine for our research. Furthermore, minimization of search criteria allowed for inclusion of all relevant papers.



3. Booster acceptance and hesitancy in America

On average, COVID-19 booster uptake in the US was ~43.99%, with the rest being booster hesitant (5). A few factors leading to booster hesitancy in the US could be low vaccine literacy, concern of side effects, and mistrust in the government/big pharmaceutical companies.

Based on the concept of health literacy, vaccine literacy refers to the ability of the individual to understand the health implications that the vaccine provides as well as be aware of resources which can guide them in making decisions regarding the vaccine (23, 24). Low levels of vaccine literacy are associated with a decreased desire to partake in preventative measures (like vaccines). Vaccine literacy is scored on three different subsections. In each subsection, decreased vaccine literacy is associated with increased vaccine hesitancy. Patients who had difficulty in understanding COVID-19 information less frequently engaged in preventative measures (like mask-wearing and hand washing). Those who had trouble accessing sufficient information about the vaccine were also more likely to experience vaccine hesitancy (25). This demonstrates the importance of public health education to increase vaccine uptake as they are seen to be very strongly correlated (25).

Misinformation about the COVID-19 vaccine is an obstacle to vaccine literacy and is a large reason why Americans choose to not be vaccinated (26). It continues to be a driver in the low acceptance rate of the booster. Fact checking and refuting false claims is not enough to counteract misinformation. Rather, to combat the misinformation in the media, individual conversations with a health professional and personal anecdotes have a greater effect in conveying a message (27). Administration of the COVID-19 vaccine series was primarily done in large centers. For the booster shot, and subsequent COVID-19 shots, administering them in a clinic setting will allow patients to have conversations with a trusted physician and allow for the COVID-19 booster to become a part of their regular appointment (28).

Active learning strategies are the most effective method for health education compared to passive reading (29). By invoking strategies such as the “ask-tell-ask” method, physicians can contribute to minimizing the extent that mis-informed narratives have on the decision-making process instead of relying on patients to read brochures and literature. Furthermore, implementing these strategies will also play a role in increasing health literacy and decreasing the effect that false information plays on the vaccine campaign.

Personal experience is a major factor in decision making and the role of anecdotal evidence has been proven to be a large aspect of decision making (30, 31). This has also proved true in the case of the COVID-19 vaccine, especially with the booster. Experiences from the first two doses play into the decision to get the booster dose (28). The most common side effects from the COVID-19 vaccine are fatigue and injection site tenderness (32). In the US, like many countries, concerns of vaccine side effects play into vaccine hesitancy. Though there have been no studies done on the association of booster side effects compared to the original doses, it can be assumed that side effects that do develop are similar between doses. Studies done on reactogenicity of the different vaccines found that heterologous boosting was associated with greater symptoms but that all vaccine combinations showed an acceptable minimal side effect profile (33). Though stories of severe side effects invoke an emotional response and thus stay engrained in memories, greater media attention to the conclusions of controlled scientific studies will emphasize the rare occurrence of severe side effects.

Social media was a unique challenge during the COVID-19 era, and this pandemic is the first major health crisis to be affected on a large scale by social media, 75–80% of Americans look to the internet for health information, often through social media (34). This is relevant to people who are pro-vaccine as well as vaccine hesitant. Betsch et al., found that even a 5–10 min exposure to vaccine critical content leads to increased perceived risk of vaccination and decreases the intention to vaccinate (35). Reasons why social media play such a large role in vaccine perception are multifactorial. One major factor is due to the vivid narrative and imagery that social media is able to create (36). Personal experiences with the first COVID-19 vaccine can be shared on social media and those with negative outcomes (ex: side effects, long term effects, long wait times, etc.) will have a stronger and lasting effect on readers than positive stories. Choosing to share stories and posts that emphasize the negative outcomes of the COVID-19 vaccine creates an over-emphasis of the rare side effects and social media users are skewed in their perception of the occurrences of these negative outcomes (37). Furthermore, it is often difficult for users to determine the scientific accuracy of the postings on social media. Many posts contain no scientific backing and anti-vaxxers will select certain sentences from a study which reinforce their view and fail to summarize a study in its entirety (37). With the contribution of social media in the public perception of vaccinations, social media dissemination of vaccine adverse events results in epidemics that last 150% longer (38). This may be seen during the COVID-19 pandemic as well, as people hesitate to get the booster due to negative perceptions of the vaccine created by stories and posts on social media.

A study showed that 13% of participants reported that they were unsure about whether they would be willing to receive the booster or not while 87% had made a strong decision (39). While the latter may not be able to have their opinion altered, the former may be persuaded either way. Public health education campaigns and effective media tactics play a large role in pushing the uncertain population to one side or another. Mass media messages have limited benefit for a vaccine campaign and to enhance their effect, the message should be tailored to the altruism of receiving the vaccine, emphasis on the dangers of COVID-19, and the regret of not having received the COVID-19 vaccine and booster. However, more effective than a media campaign is the ability to converse with a health professional as mentioned above. This method proves the most effective in increasing turn-over (40). Family doctors and other physicians should take the time to explain the benefits of receiving the COVID-19 booster as this could have a lasting impression on the opinion of the patient.

With the number of changing updates that have surrounded the COVID-19 pandemic, citizens feel uncertain in their confidence in the US government to make decisions in the best interest of the public (41). Statements regarding the response to the COVID-19 pandemic in America such as “The government provided protection to the most vulnerable populations” and “The government clearly communicated to everyone on the best practices to protect themselves” received low scores relative to other countries. When the vaccine was first rolled out, a booster shot was not anticipated. Furthermore, much of the media promised for the end of the pandemic if people received the vaccine. A year after the vaccine was approved, the US government is now encouraging patients to receive a third vaccine. This can promote feelings of confusion and uncertainty regarding what aspects to trust the government and scientific community. Among those who are unwilling to receive the vaccine, 75% of Americans are not confident that the COVID-19 vaccines were properly tested for safety and effectiveness (42). Moreover, as politics play into the administration of the booster- trust in the US government is decreasing even further. In August of 2021, when news of the booster first gained traction, the US government dismissed the booster as a money making scheme for pharmaceutical companies (43). This reflects a sentiment that people share about corporations and political figures, thus reaffirming the thought leads to increased vaccine unwillingness.

The initial campaign for the COVID-19 vaccine in America is very similar to that of the booster. To raise vaccination rates, companies began to offer free incentives for those who got vaccinated. Interestingly, for certain ethnic groups such as Blacks and Latino Americans, monetary incentives to receive the booster have decreased the trust in the vaccine while for the general population, vaccine acceptance modestly increased with monetary incentives (44). This may be attributed to historical accounts where Blacks were exploited and ill-treated by the medical field (44). Monetary incentives may feel like a pay-off and increase suspicion for the safety and benefit of the vaccine. With the booster, public health officials have another chance to methodize how to increase the booster rate. With the lessons learned from the marketing of the vaccine, officials can make sure to market the booster in audience specific ways as we have seen that trends that hold true for one group may not for another.

The attitude of healthcare workers in the US toward the booster dose also plays a role in the acceptance in the general public. In a study directed toward healthcare workers, it was previously found that only 1/3rd of healthcare workers was ready to take the COVID-19 vaccine as soon as it was released. Figure 1 demonstrates COVID-19 vaccination rates in different countries around the world. Down the line, those statistics have improved as the vaccine has been approved for longer. Only ~8% of healthcare workers state that they would be unwilling to take the vaccine 2 months later (9, 45). Among both groups, vaccinated and unvaccinated, 2/3rds of participants stated that it was probable that the booster would need to be administered yearly to combat the variants; however, the percent of healthcare workers who would take the yearly booster varied dramatically, depending on if they received the initial vaccine (45). This could have effects on the general public, especially if there is a growing trend of healthcare workers recognizing that there is a need for the vaccine but still are not willing to get it. As healthcare workers are a model in terms of good health practices, the decrease in vaccine hesitancy in this group may have contributed to the increased uptake in the greater population. Emphasizing prominent civilian groups and their response to the COVID-19 vaccine has been a strategy in the COVID-19 vaccine campaign and looping healthcare professionals in this category can provide additional success (46).
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FIGURE 1
 A country specific visualization of COVID-19 vaccination and booster rates by December 2022.




4. Booster hesitancy and acceptance abroad

Vaccine and booster hesitancy is seen abroad just like it is in the US. However, the rates of vaccine hesitancy and the primary reasons why people abstain from receiving the booster differ between countries. The COVID-19 vaccine booster dose is a relatively new concept and analyzing reasons for vaccine hesitancy during the first two doses can allow for utilization of more effective campaign strategies. It can reasonably be assumed that the same reasons for hesitation for the initial vaccination are still present for the decision of the booster dose. Approaches to addressing vaccine concerns should be individualized for each country and analysis of reasons why people are hesitant to receive the vaccine could aid in creating an individualized plan.

Table 1 shows different countries and the results of various studies of why people chose or did not choose to get the COVID-19 vaccine/booster in that country. These countries were chosen to sample each region of the world according to continent. They were also chosen to demonstrate the differences in reasoning for countries which have theoretically higher acceptance rates and those with lower acceptance rates according to a systematic review done in 2021 (63). The study measured the percent of participants intended to get the COVID-19 vaccine. Though vaccine acceptance rates have changed since then- at that time, Malaysia (94.3%) and China (91.3%) boasted some of the highest vaccine acceptance rates while Jordan (28.4%) and Italy (53.7%) had lower hypothesized vaccine uptakes. Japan and Greece were in the moderate range (63). Other countries such as Brazil and Australia are added to comprehensively evaluate a country from each continent.


TABLE 1 A sample of different countries and the primary reason why citizens there choose to get vaccinated or not get vaccinated.

[image: Table 1]

Since the study and the release of the vaccine, China's vaccination rates have proved to be high at 90.20% for fully vaccinated citizens and 57.21% for boosted citizens (5). This is significantly higher than the rates of the US (80.67 and 39.89%) (5). The top reasons for intending to get vaccinated in China are physician recommendation and protecting friends and family. This sheds some light on the role of cultural norms in healthcare decisions. In China, emphasizing the vaccine/booster's ability to protect loved ones could encourage more citizens to get the COVID-19 vaccine as this is a bigger incentive than personal safety according to the results of the survey. If physicians were to discuss the vaccine with patients, it could contribute to increasing the vaccination rate as their insight is highly respected.

In Malaysia, though the current vaccination rate is not as high as the proposed vaccine acceptance rate was (82.85 and 49.77% for the booster), it still ranks higher than the global average and the US. However, low confidence in the vaccine and mistrust in the government were two of the top reasons that Malaysians chose to not get the vaccine. The implementation of a failed government program likely contributed to the discrepancy in anticipated vaccine hesitancy and actual vaccination rates (57). In February 2021, the Malaysian government proposed the creation of the NIP (National Immunization Program) which aimed to vaccinate 80% of the population by February 2022. Unfortunately in implementation, there was slow roll out of the vaccine and many faced obstacles in attaining the vaccine such as long wait times, logistical difficulties at the vaccination site, and lack of technological competence (64). This led to mistrust in the government which further lent itself to doubts in the effectiveness of the vaccine due to the lack of transparency surrounding the dissemination of the vaccine. COVID-19 vaccinations in Malaysia are a unique case study as the percent of people who were willing to get the vaccine was higher than the percent that received it.

Interestingly, over time, UK, US, Canada, and some European countries saw a drop in vaccine acceptance rates (63). This comes as a surprise as it would be expected that as the vaccine spends more time on the market, vaccine confidence would grow among the population. Government trust was cited as the most important factor in vaccine acceptance in these regions as well which emphasizes the important role of the public perception to the government as multiple countries are seen to be affected by this.

The low vaccine acceptance rate in Italy and Jordan was primarily owing to lack of safety information surrounding the vaccine and a low trust in the medical community (50, 51, 55). This reason is greatly seen in other Arab countries as well. A unique challenge to Jordan was fighting conspiracy theories and misinformation which had spread regarding the COVID-19 vaccine and booster. The anti-vaccination campaign promoted messages such as tracking devices inside the vaccine, DNA altering substances, and more. Given that the mRNA technology was new and many were already frustrated with the government's response to the pandemic, Jordanians were increasingly vulnerable to the anti-vaccination campaigns (55).

Cultural values and circumstances vary between different countries and therefore, reasons for vaccine hesitancy differ between countries. Looking at country specific reasons for vaccine and booster willingness and hesitancy provides evidence that messages advocating the COVID-19 vaccine should be targeted to the specific population it is addressing. In collectivist countries, like Jordan and China, emphasizing the benefits to family and friends might boost vaccination rates while greater transparency about the vaccine and its side effects might prove more effective in Italy. One limitation is that within a country, there are many different areas and provinces with different demographics. Thus, messages may have to be even more specifically tailored to the region for maximum effectiveness. This is exemplified in the vaccine uptake demographics of South Africa. Though each region in South Africa experiences some feelings of doubts about the vaccine side effects and effectiveness, the extent to which these feelings dominate the vaccine climate is dependent on the area of South Africa. Seventy-nine percent of citizens in South Africa who live in a city were willing to try a new vaccine while only 69% in villages were ready to try it (65). South Africa is reported as one of the “most unequal” countries in the world, meaning that income levels are extremely polarized. While regionalization plays a role in COVID-19 vaccine uptake in most countries, it is most evident in a country such as South Africa with wide income differences (66).

Even within countries of seemingly similar demographics, vaccine hesitancy reasons may differ. The same study which looked at the vaccination status of Americans in relation to their willingness to receive the booster also compared those statistics for participants from the UK. They found that more participants in the UK would be willing to receive the vaccine- regardless of if they had received the vaccine or not (67). This may be due to how the government responded to obstacles regarding the vaccine. When it was announced that the AstraZeneca vaccine in the UK and the Johnson & Johnson vaccine in the US posed a danger for blood clots, the US immediately pulled Johnson & Johnson from the market, before putting it back, while the UK adjusted its requirements to suggest that patients with greater risk of blood clots take the Pfizer or Moderna vaccine (68, 69). Policy like this may cause the American public to be fearful and cautious of the US COVID-19 policy. Furthermore, different regions in the same country have a large variation in population so a province-based analysis would be more useful than a country wide analysis, proving to be a limitation in our analysis (70).



5. Ethical discussion of COVID-19 boosters

There is no denying that COVID-19 boosters add an extra layer of immunity and are beneficial in decreasing COVID-19 disease severity. However, studies have already emphasized the global vaccine inequity between high-income and low-income nations. In September 2021, only 0.28% of the world's distributed COVID-19 vaccine doses have been in low-income countries (71). To date, only 28.31% of people in low income countries has received at least one dose whereas 72.8% in high income countries has received at least one dose (72). Offering booster doses in wealthier nations may serve to widen that gap.

Low and middle income countries (LMIC) have had higher mortality rates and transmission rates during the pandemic due to limited protective equipment, insufficient medical resources, and increased comorbid conditions (73). The COVID-19 vaccine offered relief from the consequences of the pandemic, but the dispersion of the vaccine has followed income lines with the poorest populations around the world having been unable to protect themselves with the vaccine. According to the World Health Organization (WHO), efforts to contain the pandemic would require 40% of people in every country to have been vaccinated by the end of 2021 and at least 70% vaccinated by June of 2022 (74, 75). Unfortunately, by the end of 2021, there were 98 countries which did not meet this goal and the majority are in Sub-Saharan Africa with vaccination rates around 10–20% (76, 77). According to projected coverage maps, by June of 2022, only high income and upper middle-income countries will meet the 70% benchmark. Low middle income countries will hover around a 65% mark while low-income countries will lag behind at 13%. By September 2022, as predicted- high income and upper middle income countries passes the 70% benchmark. Lower middle income countries were at 63% and low income countries had the least people vaccinated at 22% (78). Interestingly, low middle income countries were lower than their projection but low income countries performed better than the projection, though still significantly below the benchmark (projection was 13% but achieved 22% by September). This points to improvements in the dispersal of vaccines in LMIC but there changes are still required to achieve vaccine equity.

Since then, COVAX, a global vaccine sharing program, was started with the aim to increase vaccination coverage; unfortunately, it quickly fell behind its goal. This was largely attributed to slow funding, the need for more vaccine manufacturers, and blockages in shipping (77). Even if the doses were distributed more equitably around the globe, their short shelf life and lack of accessibility of citizens would pose additional challenges to lower income countries.

The onset of the booster campaign meant that higher income countries would allocate more vaccines for their citizens which would once again limit the availability of these vaccines for LMICs. If 11 of the richest countries were to provide booster vaccinations for citizens over 50 years of age, it would use ~440 million doses of the global supply (79). Wealthy nations have already begun large scale booster campaigns for anyone, regardless of age, so it is reasonable to assume that more than 440 million doses have been used as boosters. Vaccination of LMICs should be prioritized and greater focus should be given to strategies to increase the vaccination rate worldwide. This would not only be for the benefit of the currently underserved populations in LMIC. Such a shift in the vaccine paradigm would have a long-lasting positive impact on higher income countries as well. SARS-CoV-2 mutations are more likely to occur with higher rates of transmission; LMIC with low vaccination rate will continue to serve as hotspots for SARS-CoV-2 mutations that can quickly spread globally. We have already seen a decrease in effectiveness of the COVID-19 vaccine and further mutations could eventually render the vaccine ineffective (61). The spread of the Omicron variant has been documented to be in part due to global vaccine inequality; higher transmission rates in South Africa led to mutations that in turn spread world-wide (7, 80). The poorest countries will likely need to wait until 2023 before they are able to start offering vaccines to most of their population (81). This may lead to additional mutations as seen with the Omicron variant. Aside from moral considerations, high income countries also have a financial incentive to aid in the global vaccination campaign. For every $1 that high income countries spend on supplying vaccines to LMICs, they will see a return of $4.80 from raw material and goods that come from those countries (71). An increase in COVID-19 infection rates in LMICs means that the supply of raw materials will decrease, thus decreasing production and economies worldwide (71).

Even though the effectiveness of the vaccine has been decreasing with mutants, they are still very effective in preventing serious complications, hospitalizations, and death (82). When administering booster doses, countries stand to gain more from vaccination of the completely unvaccinated. While both are beneficial, the development of strategies to increase vaccination abroad, instead of increasing booster doses at home, may have more of a direct impact on the progress of the pandemic.



6. COVID-19 vaccine/booster mandates

As the COVID-19 pandemic evolves, there is a possibility of recurrent boosters and booster mandates (83). The benefits of mandating vaccination can logically be seen in terms of decreasing COVID-19 related health risks. However, there could be consequences to mandatory vaccinations as well.

Mandatory COVID-19 vaccination has already been put into effect by certain businesses and counties in the US. This is enforced by requiring people to present vaccine certification at entry (84). However, the implementation of mandatory vaccination remains a controversial dilemma and the future of the COVID-19 vaccine requirement is unclear. Abroad, some countries have already implemented mandatory COVID-19 vaccination and these countries can be used as a model to predict the result of this mandate in the US. A study looked at the increase in vaccination once the mandate was put into effect and found that vaccination rates increased 20 days before the implementation of the mandate and this increase in vaccination lasted for up to 40 days after the mandate was placed, specifically in France and Israel, where the pre-mandate vaccination rates were lower than average. However, the increase in vaccine uptake was not seen equally through different age groups. Those under 20 and 20–29-year-olds had the largest response to the mandate as vaccination rates in this age group increased the most. The most responsive age group also depended on what venues were only available to vaccinated people. For example, when nightclubs were restricted in Switzerland, increased vaccination rates was steepest with people under 20 years and it wasn't until more locations were restricted (any location with > 30 people) that vaccination rates increased significantly for other age groups (85). Mandated vaccination could lead to increased vaccine distribution in the US and possibly lead the country to the desired increased vaccination rate (86).

The development and recommendation of a booster dose brings up a greater urgency to settle the matter of mandatory vaccination. Some schools and businesses are requiring the booster dose; however, the CDC currently does not require that individuals take the booster to be considered “fully vaccinated” (87). This definition can create confusion and hesitancy for the encouragement of vaccine mandates. If the US decides to pursue mandatory vaccination, will this only include the initial vaccine doses? Additionally, if the initial two dose series is seen to have decreasing effectiveness over time, is there any benefit to requiring mandatory vaccination without the booster doses? Additional studies of the effectiveness of the COVID-19 vaccine over time will become more important in the decision to require mandatory vaccination or not.

Requiring the COVID-19 vaccine and booster among healthcare workers may have far reaching implications- both at an individual level and societal. There is little doubt that during the pandemic, occupational hazards for healthcare workers were high as they faced a greater exposure to the virus from their patients. Healthcare workers not only have a high risk of contracting the virus from their patient but also subsequently passing the contracted virus to future patients, many of which may have other health challenges making them prone to severe COVID-19 outcomes. By invoking the Hippocratic Oath, a physician's first duty is to “do no harm” to their patient. Mandating the COVID-19 vaccine would ensure that the physician is limiting the risk of COVID-19 transmission to their patient and taking every precaution possible to decrease this risk (88). As we have seen from the influenza vaccine, mandatory vaccination policies among healthcare workers was the most effective way to obtain maximum vaccination rates and minimizing the spread of influenza (89).

Citing the 4 main ethical principles in medicine brings forth an argument against mandatory vaccinations. The concept of patient autonomy has been one to guide medical practice for centuries. While relatively rare, side effects to the COVID-19 vaccine have been seen in a select few patients. Acute myocardial infarction, myocarditis/pericarditis, pulmonary embolism, and stroke have all been reported as adverse events for the vaccine (90). Patients should be informed about the risks as well as be able to make their own decisions regarding the cost and benefit of receiving the vaccine.

Furthermore, as previously discussed, the COVID-19 vaccine being the fastest vaccine to ever have been developed adds to the ethical dilemma of mandatory vaccination. No long term data about the safety of the vaccine/production has come out yet and part of the concern of mandating vaccines could be this gap in certainty. However, this will be a point of debate which doesn't dissipate. According to Morens et al., SARS-CoV-2 is unlikely to be eliminated and a growing need for a universal COVID-19 vaccine is becoming imperative to have broader immunity. Until then, zoonotic coronaviruses can continue to pose a threat and cause periodic outbreaks and endemics (91). In the meantime, until a broader vaccine is created, ongoing booster shots may be necessary to prevent a surge in coronavirus cases. Interestingly, studies have found that there is no difference in willingness to take the COVID-19 vaccine whether it is annual or not (28). However, using data from the influenza virus, vaccination from the flu has increased over the years (92). If the COVID-19 vaccine follows trend, there could be an increase in vaccination rate over time if a dose is needed yearly.

A primary reason for vaccine hesitancy is the lack of safety data, clinical studies, and knowledge about the vaccine. If the vaccine were required yearly, patients might feel more comfortable receiving the vaccine since it has been approved for a longer time. The CDC reports that in 1980, there were only 12.4 million doses of the influenza vaccine administered but by 2020, had increased to 194 million doses. Amount of doses given year to year differ but the overall trend is a strongly increasing trend (92). It can be assumed that over time, the COVID-19 vaccine will follow the same trend and higher vaccination rates will be achieved the longer that the vaccine is on the market and if the vaccine is mandated yearly.



7. Conclusion

It has been 2 years since the global spread of the SARS-CoV-2 virus, but the effects of the pandemic are still being felt around the world. The development of COVID-19 vaccines allowed for a chance to curb the viral spread and maintain a sense of normalcy but vaccine hesitancy and mutations in the spike protein limited the effectiveness of the vaccine. This led to the development of a successful booster dose schedule. Despite the health benefits that vaccines offer, the worldwide vaccination goal has not been reached and vaccine hesitancy to both the first vaccine doses and the booster are widespread. Hesitations for the vaccine include decreased vaccine literacy and scientific misinformation, side effects, and mistrust in the governments/pharmaceutical companies. The primary reasons for vaccine hesitancy differ between countries and analysis of the specific reason in each country can allow for a more targeted vaccine uptake. Countries such as China have high vaccine uptake rates and reasons for this include incentive to protect families and follow physician recommendations. On the other hand, countries like Jordan struggle with government mistrust and misinformation surrounding COVID-19 vaccines which have limited vaccine and booster rates. Additionally, there remains ethical concerns surrounding vaccine mandates and patient autonomy. Finally, the implementation of booster doses by high-income countries poses an additional challenge to ongoing vaccine inequity. Low resource settings have had difficulty in accessing primary COVID-19 vaccination; administration of widespread booster doses in resource rich countries could further the shortage of vaccines for communities in LMIC. As new technologies and policies are being built around the COVID-19 vaccine, continuing to monitor the effectiveness and public perception will prove vital for the future impact of COVID-19 as well as vaccines to come.
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Background and purpose: Recent new mutations and increases in transmission of COVID-19 among adolescents and children highlight the importance of identifying which factors influence parental decisions regarding vaccinating their children. The current study aims to explore whether child vulnerability and parents' attitudes toward vaccines mediate the association between perceived financial well-being and vaccine hesitancy among parents.

Method: A predictive, cross-sectional, multi-country online questionnaire was administered with a convenience sample of 6,073 parents (Australia, 2,734; Iran, 2,447; China, 523; Turkey, 369). Participants completed the Parent Attitude About Child Vaccines (PACV), the Child Vulnerability Scale (CVS), a Financial Well-being (FWB) measure, and Parental Vaccine Hesitancy (PVH) questionnaire.

Results: The current study revealed that perceived financial well-being had significant and negative associations with parents' attitudes toward COVID-19 vaccines and child vulnerability among the Australian sample. Contrary to the Australian findings, results from Chinese participants indicated that financial well-being had significant and positive predictive effects on parent attitudes toward vaccines, child vulnerability, and parental vaccine hesitancy. The results of the Iranian sample revealed that parents' attitudes toward vaccines and child vulnerability significantly and negatively predicted parental vaccine hesitancy.

Conclusion: The current study revealed that a parents' perceived financial well-being had a significant and negative relationship with parental attitudes about vaccines and child vulnerability; however, it did not significantly predict parental vaccine hesitancy among Turkish parents as it did for parents in Australia, Iran, and China. Findings of the study have policy implications for how certain countries may tailor their vaccine-related health messages to parents with low financial wellbeing and parents with vulnerable children.

KEYWORDS
 parental attitudes toward COVID-19 vaccines, child vulnerability, parental vaccine hesitancy, financial well-being, mediation study


Introduction

Nowadays, some countries are preparing to announce the end of the COVID-19 pandemic. However, immunization remains a unique measure for protecting the population against this disease. The increasing number of COVID-19 cases and deaths has led governments worldwide to launch preventive strategies to control the pandemic (1–3) which assisted in flattening the pandemic curve, but there has been a resurgence in cases reported since the economies reopened (4, 5) and new variants emerged (6, 7). One of the strategies to curb the spread of the disease is the development of the COVID-19 vaccines which stimulate the immune system to produce antibodies against the virus (8). Promoting vaccination is crucial, especially among children and adolescents. However, due to the unprecedented speed and scale the vaccines were developed in some countries and settings (1, 9, 10), concerns regarding its effectiveness and safety have emerged (11–13), prompting vaccine hesitancy among healthcare workers (9, 14, 15), parents (16, 17), university students (18, 19), expectant mothers (20), and the general public (21–23).

Vaccine hesitancy is defined as the “delay in acceptance or refusal of vaccination despite availability of vaccination services” (24); p. 4,163. Previous research has linked vaccine hesitancy to age (9, 14, 25), education (26), occupation (9, 14, 27), trust (28–30), religious practices and beliefs (31, 32), vaccine misinformation (33–35), social media (36), miscalculation of risk and lack of knowledge (37), and gender (25, 38). Even though the number of cases of COVID-19 is increasing, vaccine hesitancy seems to be high across countries ranging from 10 to 50% (New Zealand 30%, Portugal 65%, Japan 43.9%, US 22%, and Singapore 33%) (39–43). The lowest rates of vaccine acceptance have been reported in the Middle East, Russia, Africa and several European countries (44).

One of the most significant public health challenges globally is addressing parental vaccine hesitancy, which has been identified previously for polio immunizations (45), measles, mumps and rubella (MMR) (46, 47), routine childhood vaccinations (48), and now for COVID-19 vaccines (26, 49). The acceptance of vaccination for children is highly influenced by parents' attitudes and feelings over the decision to vaccinate which varies from total acceptance to complete refusal (50, 51). Parents often worry about a combination of potential side effects of the vaccine (52–54), fear of compromising their children's immune systems (55), religious beliefs (56), and the fear of autism (57). This is linked to a lack of trust in the government (58, 59), the pharmaceutical industries (60, 61), and health providers (62, 63) as many presume there are motives behind promoting vaccinations (63, 64). These are often associated with newer vaccines (17) or the dissemination of vaccine misinformation from health care providers (59, 65) and the media (66, 67). Interestingly, studies have indicated that fathers, parents who are not vaccinated (68, 69), and negative vaccination experiences (70) play major roles in parents being hesitant about vaccinating their children. Resolving doubts on vaccination to provide higher immunization coverage for children is a critical concern for policymakers. There is a consensus that safe COVID-19 vaccines can end the current pandemic, and vaccine acceptance is as crucial as vaccine safety and effectiveness in the successful pandemic control (44).



Vaccine hesitancy

While vaccine hesitancy can present the individuals' adherence and acceptance of recommended vaccines for themselves (71), parental vaccine hesitancy may indicate that parents accept to vaccinate their children but are concerned about the vaccine's efficacy and safety (72). Vaccine-hesitant individuals may agree to some vaccines while refusing the other recommended vaccine for themselves or their children (73). Several individual, social, and cultural factors can determine the individual and parental willingness to get vaccines for themselves or their children (72). Although personal vaccine hesitancy does not necessarily lead to parental vaccine hesitancy, existing knowledge suggests a significant positive correlation between these two variables (74). Vaccine hesitancy has been identified as a public health challenge during the COVID-19 pandemic. The common personal reasons for refusing COVID-19 vaccines include concerns about safety and effectiveness, as well as the lack of trust in the vaccine's origin. People believe that the vaccines produced in a rush may be very dangerous or useless against COVID-19 (75). Similar to the other vaccines, parental hesitancy to the COVID-19 vaccines is a global public health concern and many studies focused on the factors that determine parents' willingness and intention to vaccinate their children against COVID-19 (76–78). Parental vaccine hesitancy hinders the immunization efforts for children against COVID-19 that aim to protect their health, as well as that of their community. Although some factors such as trust, attitude toward the COVID-19 vaccine safety and effectiveness, the perceived COVID-19 risk by parents, and parental satisfaction with social relations have been identified to be correlated with parental COVID-19 vaccine hesitancy (74, 79), further studies are recommended to investigate the factors affecting parental COVID-19 vaccine hesitancy.



Child vulnerability

Parental hesitancy over vaccination is closely linked to child vulnerability. Child vulnerability is defined as a parent's belief that a child is vulnerable to developmental or behavioral problems, and illness, or death (80). Considering Green and Solnit (81) and Forsyth et al. (80) suggest two underlying concepts that determine parents' perception of their child's vulnerability. These two concepts include the instance in which the child is medically vulnerable because of an existing health condition and the second concept include the instance in which the parents fear that their child may die (80). Past studies have found inconclusive relationship between vaccine hesitancy and child vulnerability variables (82, 83). However, parents of children with asthma, obesity, and other comorbid conditions were more hesitant in vaccinating their children (16) due to the risk of infection and vaccine side effects (70). Some parents who refuse vaccination for their children feel that their children are healthy and less vulnerable to the disease (70). On the contrary, with the increasing awareness on the need for immunization as COVID-19 severity increases and affects the health of vulnerable children, some parents approve vaccination (16).



Perceived financial well-being

Perceived financial well-being or the perception that an individual can fully meet their financial obligations now and in the future, has been found to negatively impact the hesitancy of parents toward vaccination (54, 83, 84). Parents who have low financial well-being tend to have diminished access to healthcare (80) and they are concerned about the cost of vaccinations, or potential medical costs if child experience an adverse reaction. Some studies suggest that parents experiencing financial pressures and stress are more likely to question the necessity and safety of vaccines than parents who have fewer financial concerns and high financial well-being (85). Generally, existing literature indicated that both low (85) and high financial status (86) can be considered as determinant factors of vaccine hesitancy among parents. Vaccination has been highly effective at decreasing the spread of some communicable diseases (87), thus mitigating childhood morbidity and mortality (88). With the new mutations and increased transmission of COVID-19 among young populations (89), it is important for this age group to be vaccinated to prevent further viral spread. In addition, to ensure that the vaccination efforts are at satisfactory levels, there is a need to overcome barriers related to parents' perceptions of low financial well-being and child vulnerability. Considering that research on this area is limited, the current study aims to investigate the relationships between financial well-being and vaccine hesitancy among parents by determining the drivers of hesitancy (83, 90). This study also aims to further explore whether child vulnerability and parent attitudes about vaccines mediate the association between financial well-being and vaccine hesitancy among parents.



Conceptual framework

Based on Roger's protection motivation theory (PMT) (1975, 1983), it is hypothesized that parental vaccine hesitancy is shaped by financial well-being (FWB), parent attitude about child vaccines (PACV), and child vulnerability (CVS). This theory justifies one's motivation to participate in protective behaviors, which are encouraged by threat stimulus (91). Based on PMT, a parent's decision of whether to participate in protective behaviors depends on two cognitive processes: coping and threat appraisal (92). Threat appraisal refers to one's adaptive actions which consist of threat severity, maladaptive rewards, and threat vulnerability (93) whereas coping appraisal indicates the ability of the individual to engage in protective behaviors in the presence of threat, (94) whereas threat appraisal refers to one's adaptive actions consist of threat severity, maladaptive rewards, and threat vulnerability. The uncertainties surrounding the side effects of the COVID-19 vaccine in children have caused increasing levels of fear among parents and may motivate parents to adopt protective behaviors as they may feel that there is no definitive treatment for the disease (95). The fear is further exacerbated by the vulnerability of the children, thus increasing the hesitancy of the vaccine among parents. In order to improve protection motivation, identifying and addressing the causes of reluctance through coping and threat appraisal procedures are needed.



Study hypotheses

In the light of the proposed conceptual research model and literature, the following hypotheses were developed:

Hypothesis 1: Financial well-being (FWB) is positively related to parent attitude about child vaccines (PACV).

Hypothesis 2: Financial well-being (FWB) is negatively related to child vulnerability (CVS).

Hypothesis 3: Financial well-being (FWB) is negatively related to parental vaccine hesitancy (PVH).

Hypothesis 4: Parent attitude about child vaccines (PACV) is negatively related to parental vaccine hesitancy (PVH).

Hypothesis 5: Child vulnerability (CVS) is related to parental vaccine hesitancy (PVH).

Hypothesis 6: Parent attitude about child vaccines (PACV) and child vulnerability (CVS) mediate the negative relationship between financial well-being (FWB) and parental vaccine hesitancy (PVH).



Method


Study design and participants

A cross-sectional, multi-country online study design was used to investigate the relationships between perceived financial wellbeing and parental vaccine hesitancy due to the pandemic, as well as the mediating role of the parents' attitudes toward COVID-19 vaccines and child vulnerability in these relationships (Figure 1). Data were collected over eight weeks, between 8 August 2021 and 1 October 2021. Parental vaccine hesitancy can be determined by a variety of individual and social factors identified in different study settings (44, 96). In this study, data were gathered from Australia, China, Turkey, and Iran which have almost similar COVID-19 vaccine hesitancy ranges (between 30 and 45%) among the general population despite their different socio-economic status (97–100).


[image: Figure 1]
FIGURE 1
 The proposed mediating model.


Inclusion criteria were: being a parent/caregiver of at least one child, having accessibility to a smartphone or another digital device to answer the web-based questionnaire, and having the ability to read the questionnaire items. The participants were recruited from Australia, Iran, China, and Turkey.

Data were gathered using a convenience sampling method along with probability sampling to reduce bias. The online questionnaire was prepared using Google form and a cover letter was included to provide the research aims and relevant information about the study. The questionnaire link was shared via popular messaging apps (e.g., WhatsApp, LinkedIn, Instagram, and Telegram) and in different virtual groups such as work groups, scientific groups, the newsgroup, and other popular groups. The questionnaire cover letter was prepared to introduce the research aims and provide any related information regarding the study. A total of 6,073 parents (Australia, 2,734; Iran, 2,447; China, 523; Turkey, 369) filled out the online questionnaire. The Iranian data were gathered in two phases: 1,187 parents participated in the study during the pre-5th waves of the COVID-19 outbreak, and 1,260 respondents contributed during the post-5th waves. The study participants' characteristics are presented in Table 1.


TABLE 1 Demographic characteristics of respondents and mean (SD) of COVID-19 vaccine hesitancy among parents.
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Measurements
 
Sociodemographic characteristics

The respondents' sociodemographic variables which included age, gender, level of education, living area, child vaccination history, and child COVID-19 history were collected.



Translation procedures

The survey questionnaire contained sociodemographic information, Parent Attitudes about Child Vaccines (PACV), the Child Vulnerability Scale (CVS), Financial Well-being (FWB), and Parental Vaccine Hesitancy (PVH). Beaton et al.'s (101) instruction was used for translation and back-translation procedure. For countries where the first language was not English, all questionnaires were translated into the languages of the countries (Chinese, Persian, and Turkish). All translators were bilingual individuals. Two translators independently translated the questionnaires into the study setting language. The research team then assessed the translated versions and selected the best item translation. Following this step, two other bilingual translators who were “blinded” to the original version of the questionnaire conducted the back-translation procedure independently. The expert committee (consisting of research team members, two nurses, one physician in social medicine, and a methodologist) then checked the back-translated version to ensure the accuracy and equivalence between it and the original questionnaire version. Also, the committee assessed the cross-cultural equivalence and appropriateness of the questionnaire to the study population, as well as the semantic equivalence of the items. No item was changed during the procedure.



The parent attitude about child vaccines (PACV)

To investigate parental perceptions of vaccine safety, the sub-scale of safety and efficiency of the PACV questionnaire was used. The questionnaire consists of 15-item, 3-factor measures (two items on vaccine behavior, four items on beliefs about vaccine safety and efficiency, and nine items on general attitudes). A five-points Likert-scale questionnaire ranging from “strongly agree (5 scores)” to “strongly disagree (1 score)” was used to gather the data. Higher scores indicate more negative attitudes toward the vaccine (102).



The child vulnerability scale (CVS)

In order to investigate the parental perception of child vulnerability. The CVS is an 8-item self-report measure with 2 factors including “child medical condition” and “prior fears that child might die”. Participants were asked to rate their perception on their child's vulnerability using a five-points Likert-scale questionnaire ranging from “strongly agree (5 scores)” to “strongly disagree (1 score).” Higher scores indicated more perceived vulnerability (80).



Financial well-being (FWB)

Perceived financial well-being was measured by five items adapted from the CFPB's Financial Well-Being Scale (103). The CFPB's scale included the concepts of “financial situation” and “capability” and uses a 5-point Likert scale from “strongly agree (1 scores)” to “strongly disagree (5 score)”. Higher scores indicated more perceived financial well-being. A reverse scoring was used for item number 4 (I have money left over at the end of the month)”.



Parental vaccine hesitancy (PVH)

A 10-item, 2-factor measure consisting of “lack of confidence” and “risk” categories was used. The scale is measured on a five-point Likert-type rating scale ranging from “strongly disagree (1 score)” to “strongly agree (5 scores)”. Higher scores indicate more hesitancy (104).




Ethical consideration

The Ethics Committee of Mazandaran University of Medical Sciences, Iran approved the Ethical Considerations of this study (Reference No: IR.MAZUMS.REC.1400.189). In addition, all participants were informed of the purpose of the data collection, and questionnaires were distributed to the respondents only after they provided their consent to participate in the survey. Moreover, the respondents were ensured that their participation was on a voluntary basis and the confidentiality of all collected data was guaranteed.



Data analyses

A series of path analyses were used to explore the direct and indirect associations between parent attitudes about vaccines, child vulnerability, financial well-being, and parental vaccine hesitancy. Observed scale characteristics for all samples in the study were first examined. As recommended by Hair et al. (105), skewness and kurtosis scores were utilized to evaluate the assumption of normality for the study variables. Pearson correlation analysis was then performed to examine the relationships between the variables. In addition, the reliability of the measures was examined utilizing internal reliability (α) estimates. Finally, structural equation modeling was conducted to test the mediating role of parent attitudes about vaccines and child vulnerability in the link between financial well-being and parental vaccine hesitancy. Some model fit statistics, with their decision points, were examined to interoperate the results of path models: comparative fit index (CFI) and Tucker-Lewis index (TLI) scores ≥0.90 = an adequate data–model fit; and the root mean square error of approximation scores (RMSEA; with 90% confidence interval) ≤ 0.10 = an acceptable model fit (106). Before testing the mediation analyses, a series of measurement models were also carried out. Similar to structural modeling, data-model fit statistics were used to evaluate the results of this analysis. Additionally, multiple group analyses were performed to compare the direct and indirect associations between the variables of the study in the samples from different cultures. All study analyses were conducted utilizing SPSS v25 and AMOS v24.




Results

Observed scale characteristics results are presented in Table 2. Skewness and kurtosis scores were at an acceptable range suggesting that all measures in the study had relatively normal distribution. Further, correlation results were examined for each sample of the study, as seen in Table 3.


TABLE 2 Observed scale characteristics.
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TABLE 3 Correlation results for the study variables.

[image: Table 3]

The measurement models were then examined for the latent variables included in the mediation model using confirmatory factor analysis. The results indicated poor-to-adequate data-model fit statistics for each measure included in the study; therefore, modification indices, factor loadings (i.e., regression weights), and residual variances were examined in terms of countries to improve the measurement models. After excluding low loading items, which had regression weights <0.40 (107, 108), the measurement models were rerun. The modified measurement models provided better data-model fit statistics, as shown in Table 4.


TABLE 4 Model fit statistics for the confirmatory factor analyses.

[image: Table 4]

Measurement invariance were established across countries for the latent variables included in the model (109). Measurement invariance was utilized to examine configural, metric, and scalar invariance for countries using multiple-groups confirmatory factor analysis. Findings from these analyses were interpreted utilizing the ΔCFI and ΔRMSEA scores, with scores < 0.01 accepted as evidence of invariance across counties (110). Results from multi-group analyses indicated that measurement models, which were comprised of configural, metric, and scalar invariance, provided good-data model fit statistics across countries, as seen in Table 5. Given the change in the values of the CFI (ΔCFI < 0.01), although measurement invariance was observed at the configural invariance for all measures, it was not observed at the metric and scalar invariance levels for the PACV, FWB, and PVH. Measurement invariance of the CVS was also observed at the configural, metric, and scalar level.


TABLE 5 Model fit statistics for the multi-group confirmatory factor analyses.
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Finally, the mediating role of parent attitudes toward vaccines and child vulnerability in the link between financial wellbeing and parental vaccine hesitancy was tested. The results of the proposed model provided good-data model fit statistics (χ2= 14.52, df = 5, p = 0.01, CFI = 0.99, TLI = 0.98, RMSEA [95% CI] = 0.02 [0.01, 0.03]). In Australia, standardized regression estimates revealed that financial well-being had significant and negative associations with parent attitudes about vaccines and child vulnerability, but was not a significant predictor of parental vaccine hesitancy. Parental vaccine hesitancy was also predicted by parent attitudes about vaccines and child vulnerability. The indirect link of financial well-being with parental vaccine hesitancy through parent attitudes about vaccines and child vulnerability is significant, as shown in Table 6.


TABLE 6 Model paths indicating the direct and indirect associations between the variables of the study.

[image: Table 6]

The results from Chinese participants indicated that financial well-being had significant and positive predictive effects on parent attitudes about vaccines, child vulnerability, and parental vaccine hesitancy. Additionally, parental vaccine hesitancy was predicted by parent attitudes about vaccines and child vulnerability, and these variables mediated the association between financial well-being and parental vaccine hesitancy. The model was then examined with Iranian participants. In the first sample, the model showed that financial well-being had significant and negative associations with parent attitudes about vaccines and child vulnerability, but was not a significant predictor of parental vaccine hesitancy. Although parental vaccine hesitancy was significantly predicted by parent attitudes about vaccines, it did not predict child vulnerability. The indirect link of financial well-being with parental vaccine hesitancy through parent attitudes about vaccines is significant.

The results of the second Iranian sample revealed that financial well-being had significant and negative associations with parent attitudes about vaccines and child vulnerability, but was not a significant predictor of parental vaccine hesitancy. Parent attitudes about vaccines and child vulnerability also significantly and negatively predicted parental vaccine hesitancy. Financial well-being had a significant association with parental vaccine hesitancy through parent attitudes about vaccines and child vulnerability.

Turkish parents' financial well-being had significant and negative relationships with parent attitudes about vaccines and child vulnerability; however, it did not significantly predict parental vaccine hesitancy. Parental vaccine hesitancy, on the other hand, then was significantly predicted by parent attitudes about vaccines. The indirect link of financial well-being with parental vaccine hesitancy through parent attitudes about vaccines is significant, as seen in Table 6.



Discussion

In the present study, we aimed to investigate the mediating role of parent attitudes toward COVID-19 vaccines and child vulnerability in the link between perceived financial well-being and parental vaccine hesitancy.

The current study indicated the mediating role of parent attitudes toward vaccines and child vulnerability in the link between financial well-being and parental vaccine hesitancy as a model in four countries including Australia, China, Iran, and Turkey. The COVID-19 vaccine hesitancy among parents is a worldwide health concern that has been investigated in different countries (17, 83). A wide range of factors that influence parents' vaccine hesitancy have been identified including ethnicity, family income, type of insurance, social media use (83), and uncertainty about vaccines (17, 111). It has been suggested that vaccine safety and effectiveness are two main concerns regarding the COVID-19 vaccine (26, 112). The current study support the findings from previous research. Studies have indicated that an individual's financial comfort can be considered as a predictor factor of vaccine hesitancy (113). Furthermore, attitudes toward vaccine safety and effectiveness predict the willingness of parents to get their children vaccinated against COVID-19 (114). The current study indicated the mediating role of parents' perception of their child's vulnerability in the relationship between financial well-being and vaccine hesitancy. This means that the degree to which the parents perceive their child as vulnerable to infection by COVID-19 can predict their willingness to get their children vaccinated regardless of their financial status. The theory of protection motivation (PMT) can help to explain the current findings. Accordingly, individual fear appraisal can make attitudes change (91). When individuals perceive the susceptibility and the severity of a situation, their knowledge, attitude, and performance may change (115, 116).

The current study revealed that financial well-being had significant and negative associations with parents' attitudes toward the COVID-19 vaccine and child vulnerability among the Australian participants. Generally, Australia has a high vaccine uptake in comparison with other high-income countries such as the US and Canada (117). However, some studies have indicated public concerns over the safety of existing COVID-19 vaccines (118, 119) that can raise parents' concerns regarding the safety and effectiveness of the vaccine for their children. Studies have determined several factors affecting parents' decision on childhood vaccination in Australia that include concerns such as potential side effects and vaccine safety (120). The current findings related to perceived financial well-being and parental vaccine hesitancy in Australia can be explained through past research. For instance, Swaney and Burns (86) found that Australian parents with self-reported higher-socioeconomic status were more likely to be vaccine-hesitant because they perceived themselves as educated and not wanting to control their children's health decisions. Also, they believed their families were safe from disease and vaccines posed a greater risk. Furthermore, they reported a belief that their lifestyle factors can protect them from vaccine-preventable diseases (86).

This study also revealed that parental vaccine hesitancy was predicted by Australian parents' attitudes toward the COVID-19 vaccine and perception of their child's level of vulnerability. One study (121) indicated that although parents expressed a strong desire for protecting their children, almost half of parents did not intend to vaccinate their children because they had concerns about the vaccine's long-term effects on child health and development.

Contrary to the Australian findings, the results of the Chinese participants indicated that perceived financial well-being had significant and positive predictive effects on parent attitudes toward vaccines, child vulnerability, and parental vaccine hesitancy. The findings of a population-based study (n = 2,463) indicated that more than 50% of Chinese parents were hesitant about the COVID-19 vaccine. While mothers were more hesitant, factors like the child's age (under 18 years old), knowledge deficit regarding the COVID-19 vaccinations, and lower awareness of the permission of vaccinating children were the determinants of parental vaccine hesitancy (77). The findings of Lu et al. (26) indicated that out of 3,673 parents more than 87.5% accepted the COVID-19 vaccine for their children. They believed that new vaccines, such as the COVID-19 vaccine, carry more risks than older vaccines. They also found that the parents' income was significantly related to vaccine hesitancy among Chinese parents. Parents with less than average income had lower hesitancy. This finding is supported by the result of the current study which showed that families with higher well-being perception have negative attitude toward the COVID-19 vaccine. The current study also revealed that financial well-being can predict Chinese parents' perceptions of their children's vulnerability. In general, children were considered as a vulnerable group and (122) living in a low-income family makes a child more vulnerable during the COVID-19 pandemic. The findings of a large survey (n = 20,632) conducted in China indicated that individuals with higher socioeconomic status worried less about COVID-19 as they had better education, higher income, and more resources in coping with COVID-19 (123) and therefore, may experience less stress. Published studies have addressed parental stress during the COVID-19 pandemic due to sociodemographic factors (124), their mental health (125), the children's distance education (126), the child's health status (127), and a variety of different factors. Contrary to this, the current study showed that Chinese parents who had the highest level of socioeconomic status perceived their children as more vulnerable to COVID-19.

Data from the Iranian participants revealed that parent' attitudes toward vaccines and child vulnerability significantly and negatively predicted parental vaccine hesitancy. Also, the study indicated that financial well-being had a significant association with parental vaccine hesitancy through parent attitudes about vaccines and child vulnerability. Some studies have investigated Iranian population's COVID-19 vaccination intent and have reported the importance of the role of trust in the healthcare systems (28), believing in COVID-19 vaccine effectiveness, low concern about vaccine safety, greater exposure to cues to vaccinate (128), as well as attitudes and subjective norms about the importance of COVID-19 vaccination, and using social media (129). Furthermore, Iranian intent to get COVID-19 vaccinated has been predicted by their attitudes, perceived COVID-19 infectability, and perceived behavioral control (130). Studies addressed that Iranian parents experienced fear during the COVID-19 outbreak and perceived their children as susceptible to infection (131). The children's vulnerability during the COVID-19 pandemic and following protective behavior was highlighted if the child had a chronic disease (132) or when individuals experienced economic issues (133). Iran has experienced more than five COVID-19 waves to date, and for children under 18 years old, vaccinations have only recently begun in Iran.

The current study revealed that financial well-being had significant and negative relationships with parent attitudes about vaccines and child vulnerability. However, it did not significantly predict parental vaccine hesitancy among Turkish parents. Parental vaccine hesitancy was significantly predictive of parents' attitudes about vaccines, but it did not predict the child's vulnerability. The findings of Ikiisik et al. (99) indicated that almost 90% of parents were hesitant about vaccinating their children with the COVID-19 vaccines. Age and risk perception were the identified factors that influence vaccine hesitancy. Another study indicated that only 36.3% of Turkish parents were willing to have their children receive the COVID-19 vaccine. Advising others to receive the vaccine was a significant predictor of parents' willingness to get the COVID-19 vaccine for their children (78). The correlation between attitude toward the COVID-19 vaccine and vaccine acceptance has been identified among the Turkish population (114). Kilic et al. (134) indicated that increasing fear of the COVID-19 contagion, having relatives infected with COVID-19, increasing perceived health status and life satisfaction, older age, being a male and not being a worker-tradesman increase the probability of having a positive attitude toward COVID-19 vaccine. Another study found that anxiety about the vaccine side effects, uncertainty of the vaccine effectiveness, and distrust of vaccines originating from abroad influence parental COVID-19 vaccine hesitancy (111).

Parental vaccine hesitancy, may also be predicted by the vaccine type and origin (75, 135). Parents may prefer conventional vaccines over mRNA vaccines due to lack of confidence in the mRNA technology and fear of its unknown side effects. Another concern among parents is the possible existence of microchips in some COVID-19 vaccines (135). Some studies showed that the general population trust COVID-19 vaccines manufactured by their government (75) while others may trust vaccines produced by the international, well-known, and specialized drug and vaccine companies. In general, vaccine acceptance is dynamic and time-dependent, and it can be influenced by different potential factors such as vaccine effectiveness, trust, vaccine safety, information, vaccine mandate, and fear (136).



Study limitations

One of the limitations of this study is the use of online data gathering wherein only parents with access to a smartphone or other digital device were not included in the study. Hence, the findings of the current study may not be generalized. Furthermore, the Iranian data were gathered before and during the 5th pandemic wave and now Iran is in its 6th COVID-19 pandemic wave, therefore some findings may not be current. Additionally, the data were gathered between 8 August 2021 and 1 October 2021 and considering the nature of the COVID-19 pandemic and the occurrence of subsequent waves of the disease, the current study variables may have been affected. The COVID-19 vaccine has now been used for a large number of children, hence the phenomenon of parental COVID-19 vaccine hesitancy may have also changed. It is therefore recommended that more studies be conducted to investigate the validity of the proposed model.



Conclusion

Children around the world are considered as a vulnerable group as their health is dependent on parents' or guardians' decisions. With the existence of the COVID-19 virus, vaccination of children is one of the best ways to protect them from the virus and prevent further spread of the disease. Despite the fact that COVID-19 vaccines are considered safe, vaccine hesitancy is common among parents. Vaccine hesitancy in the COVID-19 era is imbued in social, cultural, and historical contexts (137). The current study revealed that parental COVID-19 vaccine hesitancy could be predicted by parental perceptions of their child's vulnerability and their attitudes toward vaccines. Additionally, this study addressed the relationship between financial well-being and vaccine hesitancy, and suggests that consideration should be given to the type of vaccine messaging directed toward parents of varying economic groups regardless of what country they are located. Assessing the parents' vaccine hesitancy is recommended in public education campaigns to promote COVID-19 vaccination for children. Although the hospitalization and mortality rate of children due to COVID-19 infection has not been reported highly in various studies, COVID-19 infection among unvaccinated children can lead to more serious health consequences. In addition, contracting COVID-19 can deprive children of attending school and subsequently cause parents to be absent from work. On a macro scale, this would have adverse impact on the macro-economy.
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Introduction: The coronavirus disease 2019 (COVID-19) caused a global pandemic that resulted in devastating health, economic and social disruption. Pregnant mothers are susceptible to COVID-19 complications due to physiological and immunity changes in pregnancy. We aimed to assess the maternal vaccine acceptance of the COVID-19 vaccine.

Methods: A multi-center study across four teaching hospitals in the Klang Valley, Malaysia was conducted between September 2021 and May 2022. A survey was conducted using a self-administered electronic questionnaire. The survey instruments included; (1) maternal perception and attitude toward COVID-19 vaccination, (2) COVID-19 pregnancy-related anxiety, and 3) generalized anxiety disorder.

Results: The response rate was 96.6%, with a final number for analysis of 1,272. The majority of our women were Malays (89.5%), with a mean age (standard deviation, SD) of 32.2 (4.6). The maternal vaccine acceptance in our study was 77.1%. Household income (p < 0.001), employment status (p = 0.011), and health sector worker (p = 0.001) were independent predictors of maternal willingness to be vaccinated. COVID-19 infection to self or among social contact and greater COVID-19 pregnancy-related anxiety were associated with increased odds of accepting the SARS-CoV-2 vaccine. Women who rely on the internet and social media as a source of vaccine information were more likely to be receptive to vaccination (adjusted odd ratio, AOR 1.63; 95% CI 1.14–2.33). Strong correlations were observed between maternal vaccine acceptance and the positive perception of (1) vaccine information (p < 0.001), (2) protective effects of vaccine (p < 0.001), and (3) getting vaccinated as a societal responsibility (p < 0.001).

Discussion: The high maternal vaccine acceptance rate among urban pregnant women in Malaysia is most likely related to their high socio-economic status. Responsible use of the internet and social media, alongside appropriate counseling by health professionals, is essential in reducing vaccine hesitancy among pregnant women.

KEYWORDS
COVID-19, SARS-CoV-2 vaccine, vaccine acceptance, vaccine hesitancy, pregnancy


1. Introduction

The detection of a novel coronavirus in Wuhan, China, at the end of 2019, had led to a global pandemic that caused distressing health, economic and social impacts (1). As of 15 December 2022, over 645 million people have been infected worldwide, with 6.6 million recorded mortalities (2). Malaysia reported around 4.8 million cases, with a death rate of 0.80% (3, 4). The rapid increase in the number of positive cases and deaths during the pandemic; had caused severe strain on the national health system (5). The risk of severe COVID-19 among pregnant women may be higher than in the general population. Physiological and immunity changes during pregnancy increase the women's susceptibility to severe disease (6). Published data have demonstrated a significant association between pregnancy and increased risk of the need for invasive ventilation, ICU admission, and maternal mortalities (7). In addition, Malaysia recorded 191 maternal deaths from COVID-19 complications in 2021 (8).

COVID-19 vaccines were developed to achieve herd immunity and end the current pandemic. Malaysia started its vaccination program on 24th February 2021, and over 72 million vaccines have been administered, and 84.6% of the eligible individuals have received at least two doses of the COVID-19 vaccine (3). Royal College of Obstetricians and Gynecologists has recommended COVID-19 vaccination in pregnancy based on the latest evidence (9). Recent guideline by the Malaysian Ministry of Health has also advised vaccination against COVID-19 among pregnant women between 14 and 33 weeks of gestation (10). Ministry of Health data demonstrated that 79% of pregnant women who died from COVID-19 complications did not receive any vaccination (8).

Vaccine hesitancy is defined as a delay in acceptance or refusal of vaccines despite the availability of vaccine services (11). Vaccine hesitancy can be a hurdle to a successful vaccination program and is a complex behavior subjected to social, cultural, and religious influence (12). The resurgence of vaccine-preventable illnesses has led the WHO to identify vaccine hesitancy as a major threat to global health (13). Beliefs in vaccine effectiveness and safety, fear of side effects, trust in the vaccine's delivery system, and healthcare workers' recommendations are among the factors influencing vaccine acceptance and hesitancy (14, 15). Vaccine hesitancy may be fueled by health information obtained from various sources, including the Internet and social media platforms, that gained global penetrance as the technology improved (13).

An online survey in sixteen countries involving antenatal women and mothers of young children found that 52.0% of pregnant women and 73.4% of non-pregnant women indicated an intention to receive the vaccine. The strongest predictors of vaccine acceptance included confidence in vaccine safety or effectiveness, worry about COVID-19, and trust in public health agencies/health science (16). A French study demonstrated that only one-third of expectant mothers would be willing to be vaccinated (17). Egloff et al. (18) found that the main reason for not agreeing was being more afraid of the potential side effects of the SARS-CoV-2 vaccine on the fetus than of COVID-19. A cross-sectional study from the USA showed that less than half of the women surveyed were willing to get vaccinated during pregnancy (18).

Our study aimed to evaluate the maternal perception and attitude toward COVID-19 vaccination and the factors influencing vaccine hesitancy among expectant mothers in Malaysia.



2. Methods

We conducted a multi-center cross-sectional study between September 2021 and May 2022, that involved four teaching hospitals across the Klang Valley in Malaysia; (1) Universiti Kebangsaan Malaysia Medical Center, (2) Universiti Malaya Medical Center, (3) Universiti Teknologi MARA Hospital and (4) Universiti Putra Malaysia Teaching Hospital. This study was a research collaboration between four major public universities, with main campuses situated in the Klang Valley. Prior study approval was obtained from the Ethics Committee of each institution.

Our inclusion criteria were pregnant Malaysian women aged 18 and above, and able to understand Bahasa Malaysia. We excluded women with abnormal fetuses or stillbirths from this study. Participants were recruited among expectant mothers who received antenatal care as an outpatient and those who were admitted to the obstetric ward for delivery or other medical complications. The participants were selected through a convenient sampling method by the researchers. Eligible women were invited to complete a self-administered electronic questionnaire through a Google form, which included a consent section, that guaranteed complete individual anonymity during data analysis and research publication. Participation in this study was voluntary and none of the women received any gift or monetary compensation. Socio-demographic and clinical data were included in the data collection.


2.1. Instruments

The survey was conducted in the country's official language, Bahasa Malaysia. Eligible women were provided with a QR code link to the google form. Women who selected the option “I agree to participate” in the consent section, would be provided access to the questionnaire, while those who declined would not be able to proceed further and will be considered non-responders. We did not collect any demographic or clinical data from the non-responders.

We requested all participants to respond to each item in the google form before moving to the subsequent section; to minimize the risk of incomplete data. Those without internet access or who could not use their mobile phones would complete a paper-based questionnaire, and the responses would be transferred electronically by the investigator. The written consent forms of the paper-based respondents would be kept in their respective medical records. The questionnaire consists of several components:


2.1.1. COVID-19 infection and vaccination status

Participants were asked about their history of COVID-19 infection and complications to themselves and their social contacts. We also collected data on (1) the individual's vaccination status, including the number of doses and type of vaccine, and (2) the source of vaccine information.



2.1.2. Maternal perception and attitude toward COVID-19 vaccination and maternal vaccine acceptance

Women were asked about their perception and attitude toward COVID-19 vaccination using a thirteen-item questionnaire. The questionnaire was developed based on literature reviews and discussions among experts, including obstetricians and psychologists. Perception is defined as the way individuals interpret their experiences (19) while attitude refers to a set of emotions, beliefs, and behaviors toward a particular object, person, thing, or event (20).

The participants were asked to rate each statement using a 5-point Likert scale from 1 (strongly disagree) to 5 (strongly agree). Items 1 and 2 addressed the consent and information on vaccination. Items 3–6 covered the protective effect of the vaccine. Items 6–7 were related to maternal anxiety about the side effects of the vaccine on themselves and their babies. Item 8 assessed maternal worry about getting COVID-19 infection despite vaccination. Item 9 addressed maternal preference for post-partum vaccination. Items 10–11 assessed the maternal view on vaccination as a societal responsibility. Items 12–13 addressed vaccine choice and willingness to pay.

For statistical purposes, the individual responses were categorized as “Disagree” (those who responded disagree and strongly disagree i.e., Likert scale score 1–2), “Neutral” (neither agree nor disagree i.e., Likert scale 3), and “Agree” (those who answered agree or strongly agree i.e., Likert scale 4–5).

Maternal vaccine acceptance was calculated based on the number of women who responded “agree” or “strongly agree” (which corresponded to a score of 4 or 5 on the Likert scale) for Item 1 (I agree to be vaccinated).



2.1.3. COVID-19 pregnancy-related anxiety

This questionnaire consists of five items that evaluate maternal anxiety concerning COVID-19 infection to self and baby as well as pregnancy complications such as miscarriage, fetal anomaly, and preterm birth. This questionnaire demonstrated good internal consistency with Cronbach's alpha of 0.928 (21). The total score ranged between 5 to 25, and a 50% cut-off level (score ≥13) indicates greater maternal anxiety.



2.1.4. General anxiety disorder

GAD-7 measures generalized anxiety disorder, social anxiety, panic disorder, and post-traumatic stress disorder. It consists of 7 items, each scored from 0 to 3, with total scores ranging from 0 to 21. The GAD-7 anxiety score is categorized into minimal (0–4), mild (5–9), moderate (10–14), and severe (15–21). The Bahasa Malaysia version of GAD-7 was validated in the primary care setting by Sidik et al. (22) and demonstrated good sensitivity, specificity, and concurrent and convergent validity (22). Women in our cohort who scored ten or above were considered to have a greater level of anxiety.



2.1.5. Face validation

A face validation was conducted before the data collection in one of the centers; Universiti Kebangsaan Malaysia Medical Center. The questionnaire was distributed among twenty women (pregnant and non-pregnant) to assess its suitability. All women reported that the questionnaire was acceptable and easy to understand. The responses from the pregnant participants were not included in the final analysis.




2.2. Statistical analysis

Assuming that the vaccine acceptance rate among our cohort was 50%, The calculated sample size for this study was 384 participants, taking into account a 95% confidence interval, the limit of precision of 5%, with a design effect of 1.0 (23). The study data were analyzed using the Statistical Package of Social Sciences (SPSS) Version 26.0 (IBM Corp., Armonk, NY, USA). Continuous and categorical data were presented as mean (standard deviation, SD) or number, n (percentage, %), respectively.

A Chi-square test and univariate analysis were performed to determine the significant demographic factors associated with maternal vaccine acceptance. In addition, we evaluated the effect of maternal generalized anxiety and COVID-19 pregnancy-related anxiety on vaccine acceptance. All demographic variables with p < 0.10 in the univariate analysis were subsequently entered into the multivariate model. The following factors: maternal age and parity were also included in our model based on their significance in previously published studies (18, 24). The statistical analysis was conducted using Enter method and two-tailed p-value, to produce adjusted odd ratios (AORs) and the corresponding 95% confidence interval.

The reliability of our newly designed 13-item questionnaire was assessed using the Cronbach Alpha. Cronbach's alpha > 0.7 is regarded as satisfactory. The correlations between maternal vaccine acceptance, perception, and attitude toward COVID-19 vaccination were assessed using Spearman's correlation. The correlation scale is as follows; weak (<0.40), moderate (0.40–0.69), and strong ≥ 0.7) (25). We consider a result with a p-value < 0.05 as statistically significant.




3. Results

A total of 1,317 women were recruited with a 96.6% response rate, making the final number for analysis 1,272. The demographics and clinical characteristics are displayed in Table 1. The mean (SD) age for our cohort was 32.2 (4.6) years old, and the majority were Malays (89.5%). Over four-fifths of our respondents had tertiary education, and almost 80% were in employment. Approximately a quarter of our respondents or partners worked in the health sector. Eighty-three percent of our respondents were antenatal mothers with a mean (SD) gestation of 29.9 (7.7) weeks. A third of our cohort was nulliparous, and around 36% had medical or obstetric complications.


TABLE 1 Maternal demographics and clinical characteristics.
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Table 2 depicts the COVID-19 infection and the vaccination status among our cohort. Approximately 64% of the respondents or their social contact had COVID-19 infection. However, the majority of respondents who had COVID-19 infection underwent home quarantine, and just over a third required hospital admission. Almost 98% of respondents completed two doses of the COVID-19 vaccine while only one completely declined vaccination. The majority of respondents received the Pfizer vaccine (70%) followed by Sinovac (20%). The majority of our women obtained their vaccine information from the internet (69.2%) and social media such as Facebook and Instagram (53.7%). Around forty-five percent of respondents consulted health professionals on a matter concerning the COVID-19 vaccine.


TABLE 2 COVID-19 infection and vaccination status.
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Table 3 demonstrates the maternal perceptions of COVID-19 vaccination. The maternal acceptance rate for our cohort was 77.1%. Over two-thirds of women felt they received adequate information on the COVID-19 vaccine, and almost three-quarters of them agreed that vaccination prevents severe disease and reduces the risk of death. Approximately 40% of our respondents were anxious about the vaccine side effects to themselves and potential harm to their babies. As a result, less than a third of women preferred post-partum vaccination. Almost 80% of our cohort agreed that getting vaccinated is a societal responsibility and would recommend COVID-19 vaccination to their family and friends. Around 56% of them would like to be allowed to choose their vaccine, and <30% of women were willing to buy the COVID-19 vaccine.


TABLE 3 Maternal COVID-19 vaccine perceptions and attitudes.
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The associations between maternal characteristics and COVID-19 vaccine acceptance are shown in Table 4. Our final multivariate model is based on the adjustment of the following factors: age, parity, household income, education, employment, and health worker. A greater household income, employment status, and health worker are independent predictors of maternal vaccine acceptance.


TABLE 4 Associations between maternal characteristics and COVID-19 vaccine acceptance.
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Internet and social media use is associated with increased odds of accepting the COVID-19 vaccine among our cohort (p = 0.008). History of COVID-19 to self or among social contact is also a positive predictor for maternal willingness toward COVID-19 vaccination. Mothers who reported a greater COVID-19 pregnancy-related anxiety are twice more likely to accept COVID-19 vaccination, whilst generalized maternal anxiety does not seem to have an impact on maternal vaccine acceptance.

Our 13-item questionnaire demonstrated good internal consistency with a Cronbach's alpha value of 0.872. Table 5 demonstrates Spearman's correlations between various perceptions toward COVID-19 vaccination. There are strong positive correlations between vaccine acceptance and the perceptions of (1) receiving adequate information (0.785, p < 0.001), (2) protective effects of vaccination against the COVID-19 infection and its complications (0.692-0.828, p < 0.001), and (3) getting vaccinated as a societal responsibility (0.777, p < 0.001). Adequate information on vaccination is also significantly correlated with the favorable perceptions of the protective benefits of the COVID-19 vaccine against severe disease (0.733, p < 0.001) and death (0.703, p < 0.001). There is a significant correlation between the perception of vaccination as a societal responsibility and recommending vaccination to family and friends (0.909, p < 0.001). There are moderate correlations between the preference to receive postnatal vaccination and anxiety about the COVID-19 vaccine maternal (0.475, p < 0.001) and fetal side effects (0.514, p < 0.001).


TABLE 5 Spearman's correlation between maternal perceptions and attitudes toward COVID-19 vaccination.
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4. Discussion

COVID-19 vaccine acceptance rate among the general population varies between 22 and 93%, with gender, age, education, and occupation as the significant socio-demographic determinants (26). Pregnant women demonstrate a lower level of acceptance of the COVID-19 vaccine, with rates ranging from 13.7 to 77% (26, 27). A study conducted in Japan during the first year of the pandemic demonstrated a high rate of vaccine hesitancy among pregnant women with primipara twice more likely to be vaccine-hesitant (odd ratio OR 2.38, p = 0.04) (28). The vaccine acceptance of our cohort of urban Malaysian mothers (77.1%) is among the highest reported in the literature.

Older mothers and higher education levels are associated with greater maternal willingness toward COVID-19 vaccination (29, 30). A systematic review by Nindrea et al. (31) found that pregnant women above 35 years were twice more likely to be receptive to the SARS-CoV-2 vaccine (pooled odd ratio, POR 2.01, 95%CI 1.10–2.93) (31). Older women are more likely to develop age-related chronic conditions such as diabetes and cardiovascular disease, which may increase their susceptibility to COVID-19-related morbidity and death, resulting in greater acceptance of vaccination (32). Our study showed that women aged above 35 reported a higher trend of vaccine acceptance, though the result was non-significant.

Previously published data showed a positive association between higher education and maternal vaccine acceptance (18, 31, 33, 34). A more educated individual may have easier access to vaccination facts and be able to interpret them better (31). Meanwhile, a lesser informed person is more likely to be affected by vaccine misinformation which may result in vaccine hesitancy. Our cohort reported increased odds of accepting the COVID-19 vaccine among individuals who received tertiary education; however, the factor was not significant in multivariable analysis.

We found that higher household income and employment were significant determinants of COVID-19 vaccine acceptance. Our study used the cut-off of RM 5000, based on the bottom forty percent (B40) definition of Malaysian household income by the Department of Statistics Malaysia (35). Women in our cohort with higher household income (>RM5000) were twice more likely to be receptive to the SARS-CoV-2 vaccine (p < 0.001). A survey conducted in sixteen countries during the pandemic confirmed the link between low education and low income with vaccine non-acceptance (16). An observational trial from the Global Network for Women and Children's Health Research involving seven low- and middle-income countries also confirmed that those with lower educational status were less willing to be vaccinated (36). Full-time employment likely indicates higher education and income, which explains the greater vaccine reception among employed women in our cohort. Similar to our study, Snazjder et al. (37) found that pregnant women who were employed full-time were twice likely more willing to receive the COVID-19 vaccine (AOR 2.22; 95% CI 1.02, 4.81) (37).

Being a health professional during the COVID-19 pandemic could carry an increased risk for COVID-19 infection due to greater exposure to the SARS-CoV-2 virus. A higher vaccine acceptance rate among healthcare workers than among non-healthcare workers or the general population (38, 39) may be explained by the perceived risk of contracting the infection through direct involvement with COVID-19 patients or a greater level of medical knowledge (39). Health sector employment among our respondents or their partner is also an independent predictor of maternal vaccine acceptance in our cohort. Interestingly, Battarbee et al. (18) found no significant difference in the willingness to be vaccinated among pregnant healthcare professionals and those who are employed in other sectors (18). Our study demonstrated that a history of COVID-19 infection to self or social contact is positively associated with willingness to accept the SARS-CoV-2 vaccine. A global survey conducted during the first year of the pandemic found an increased odd of vaccine acceptance among pregnant women who had lost a loved one to COVID-19 (OR 2.82, 95% CI 2.03–3.94) (16). One's willingness to be vaccinated may be increased by having a personal connection to COVID-19, often motivated by personal stories (40).

Our recently published data indicate that over four-fifths of our obstetric patients expressed worry about the risk of COVID-19 infection to themselves and their babies (21). A study among pregnant individuals in Singapore during the early wave of the pandemic demonstrated that women who associated COVID-19 infection with fetal anomalies and intrauterine fetal death had significantly higher anxiety scores (41). We found a significant increase in the likelihood of vaccine acceptance among mothers who reported greater COVID-19 pregnancy-related anxiety. Our result concurs with that of Kiefer et al. (33), which showed that maternal concern about contracting COVID-19 and its impact on self and pregnancy was associated with a lower odd of COVID-19 vaccine hesitancy (AOR 0.76; 95% CI 0.70–0.82) (33).

Concerns about vaccine safety (to self and fetus), vaccine effectiveness, and vaccine side effects are among the commonly perceived barriers to COVID-19 vaccination among pregnant women (18, 28, 42, 43) and the general population (44). A recent observational study conducted across ten countries in Asia, Africa, and South America found that a decline in the acceptance of the COVID-19 vaccine among the general population was significantly associated with the increased risks of vaccine side effects (44). Battarbee et al. (18) reported that 82% of expectant mothers who were unwilling to be vaccinated during pregnancy, cited vaccine safety as a major concern (18). Interestingly, a survey among female healthcare workers of reproductive age in the USA reported that pregnant participants were six times more likely to delay and twice as likely to decline COVID-19 vaccination (p < 0.05) compared to non-pregnant women. Townsel et al. (45) found that the highest rates of concern were about the safety and effectiveness of the vaccine (45). Similarly, a study by Wang et al. (46) found that pregnancy status had influenced around 44% of non-vaccinated healthcare workers not to receive the SARS-CoV-2 vaccine (46).

In this study, around two-fifths of our respondents expressed concern about the side effects of the COVID-19 vaccine to themselves and potential harm to the baby. Fortunately, these concerns did not seem to influence our cohort's overall maternal vaccine acceptance negatively. Our study found a strong correlation between maternal perception of the protective effects of the COVID-19 vaccine and their willingness to be vaccinated. Women who perceived the vaccine benefited both mother and baby were also less likely to express vaccine hesitancy (AOR 0.25; 95% CI 0.14–0.44) (33). A global survey by Skjefte observed significantly increased odds of maternal vaccine acceptance among those who were confident in the efficacy of the SARS-CoV-2 vaccine (OR 6.68; 95% CI 5.90–7.56) (16). Unsurprisingly, less than a third of our respondents preferred to receive post-partum vaccination, reflecting that a significant proportion of women still were concerned about the potential harm of taking it during pregnancy.

Our study revealed a strong correlation between maternal willingness to be vaccinated and receiving adequate vaccine information. A meta-analysis by Nindrea et al. (31) found that sufficient information on the SARS-CoV-2 vaccine was linked to pregnant women's desire to receive COVID-19 vaccination (POR 1.94, 95% CI 0.94–2.95) (31). Health professionals play a crucial advocative role, especially in relaying credible information to expectant mothers. Keifer et al. (33) demonstrated lower odds of COVID-19 vaccine hesitancy among pregnant women who reported discussing vaccination with their OB/GYN provider (AOR 0.40; 95% CI 0.25–0.62) (33). A similar finding was also observed by Desai et al. (47) that women who had previously discussed the COVID-19 vaccine with a physician were significantly more likely to receive the vaccine during pregnancy (45.8 vs 26.0%, p = 0.04) (47).

Vaccine acceptance may be associated with various factors that differ across cultures, contexts, and settings. For example, in more collective cultures, concern for others and the perception of increased social acceptance may be an essential variable in the willingness to accept COVID-19 vaccination, as shown in Asian countries like China and Japan (48, 49). Fu et al. (48) concluded that appealing to a communal responsibility to protect others via indirect protection is one of the strategies to maintain COVID-19 vaccine uptake (48). Our cohort also reported a similar finding in which a strong positive correlation was observed between vaccine acceptance and the notion of vaccination effort as a societal responsibility. These women were also more likely to recommend the SARS-CoV-2 vaccine to their relatives and friends.

Healthcare providers play a pivotal role as reliable sources of vaccine information with a positive impact on maternal vaccine attitudes and uptake. Around 45% of our women referred to health professionals for vaccine advice. A survey among pregnant women from low- and middle-income countries reported that health professionals were among the most trusted sources of information for vaccination (36). Published data also demonstrated an increased likelihood of receiving vaccines among expectant mothers who had previously discussed COVID-19 with their physicians (30, 31, 47). An Italian study reported that expectant mothers whose main source of vaccine information was their gynecologists were almost three times more likely to receive the COVID-19 vaccine (AOR 2.92; 95% CI 1.58–5.42) (30).

Responsible dissemination of vaccine information is also essential in increasing vaccine uptake in the population. We found that the use of the internet, alongside social media and applications, has a positive influence on maternal vaccine acceptance among pregnant Malaysian women. The internet has been increasingly relied upon as a source of information, especially during the nationwide lockdown. Our local survey before the pandemic indicated that half of the pregnant women obtained their vaccine information from the internet, but the figure increased to around 70% during the COVID-19 outbreak (50). In contrast to traditional media, social media allow individuals to rapidly create and share content globally without editorial oversight. Unfortunately, false and misleading information about COVID-19, potentially dangerous treatments, and eventual vaccination continue to grow on social media platforms (13). As a previous study had demonstrated a direct correlation between exposure to misinformation and vaccine hesitancy (51); it is imperative that accurate and reliable “infodemic” is received by the general population.


4.1. Strengths and limitations

To our knowledge, our study is the first to assess the COVID-19 vaccine acceptance among pregnant women in Malaysia. The multi-centric design allowed us to cover a wider population across the Klang Valley and obtain a large sample, making the results more reliable and accurate.

Our cohort consists of urban women with a relatively high socio-economic status, which may account for the high level of maternal vaccine acceptance. Most of these women would have easy access to technology and vaccine information, contributing to a more positive view of the SARS-CoV-2 vaccine. A high level of knowledge of COVID-19 and good practice among these urban women (52), would have also contributed to the maternal willingness toward COVID-19 vaccination; in keeping with other published data (31, 53).

Our study has several limitations. The cross-sectional design of our research restricts the assessment of maternal vaccine acceptance to a specific point in time. A study by Germann et al. (54) demonstrated that vaccine hesitancy can be dynamic for each individual through the peripartum period (54). Rapidly evolving data on COVID-19 alongside the transition from pandemic to endemic phase will inevitably influence maternal attitudes toward vaccination. A longitudinal study would allow further understanding of this matter.

Although our survey had a high response rate, no data was available on the non-responders. There could be a non-response bias as we were unable to compare their characteristics to that of the participating women. There are a few contributory factors to the selective bias in our study that limit the generalizability of our findings. The convenient sampling in our study meant that our cohort was limited to women who attended teaching hospitals for obstetric care. The services provided by these teaching hospitals are subjected to medical fees, while the healthcare delivered by the public hospitals under the Ministry of Health (MOH), is normally free of charge to Malaysians. As our research did not include participants from government hospitals, we might have missed women with different demographic backgrounds. We also did not include women who attended local antenatal clinics run by the MOH or those who received antenatal care in the private sector.

The proportion of Malay women in our cohort is high (89.6%) in comparison to the general population at 57.8% (55). Our previous study demonstrated that mothers of Malay ethnicity reported a more positive perception of the Malaysian Control Order and a better obstetric care experience during the COVID-19 pandemic. These findings were attributed to the good underlying knowledge of COVID-19 and high regard toward health professionals and authority among Malay women (52). This cultural difference may influence the overall maternal vaccine acceptance in our cohort. We also did not recruit women from rural areas who may have difficulty accessing healthcare. Women who face barriers to accessing healthcare services were more likely to report COVID-19 vaccine hesitancy (26). Our study therefore may not reflect the true level of vaccine hesitancy among Malaysian expectant mothers nationwide. Hence, future research should include non-urban subjects as well as represent the true proportion of the Malaysian multi-ethnic population.




5. Conclusion

The high level of COVID-19 vaccine acceptance observed among Malaysian pregnant women is mainly attributed to their high socio-economic status. Willingness toward the SARS-CoV-2 vaccine is strongly influenced by sufficient vaccine information and maternal belief in its protective benefits, alongside the notion of herd immunity as a communal effort. Health professionals and social media also play a pivotal role in disseminating accurate information on the COVID-19 vaccines to expectant mothers as part of the continuous drive to eliminate COVID-19. These important elements should be considered in planning strategies to improve maternal vaccine uptake and will help the policymaker in future vaccination programs.
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Background: Despite remarkable improvements in child health services utilization, childhood immunization has been poorly implemented in Ethiopia. However, evidence on the coverage of immunization among children from mothers/caregivers with no education (non-educated mothers were the most identified risk for underutilization of services) are scarce. Therefore, this study aimed to assess the determinants of full immunization coverage among children 12–23 months of age from deviant mothers/caregivers in Ethiopia.

Methods: We analyzed data from the 2016 Ethiopia Demographic and Health Survey (EDHS) on a sample of 1,170 children 12–23 months of age identified from deviant mothers/caregivers (mothers/caregivers with no education) through a two-stage stratified sampling. A multilevel mixed-effect binary logistic regression analysis was used to identify the individual and community level determinants of full immunization coverage among children 12–23 months of age with their deviant mothers/caregivers. In the final model, a p-value of <0.05 and adjusted odds ratio (AOR) with 95% confidence interval (CI) were used to select statistically significant determinants of full immunization coverage.

Results: The overall full immunization coverage among children 12–23 months of age identified from deviant mothers/caregivers was 27.4% (95%CI: 25.0, 31.0) in Ethiopia. Deviant mothers/caregivers who are employed (AOR = 1.69, 95%CI: 1.68, 2.45), being in the rich household wealth status (AOR = 2.54, 95%CI: 1.53, 4.22), residing in city (AOR = 5.69, 95%CI: 2.39, 13.61), having one to three (AOR: 3.28, 95% CI: 2.12–5.07) and four and more ANC follow-up during the recent pregnancy (AOR: 3.91, 95% CI: 2.45, 6.24) were the determinants that increased full immunization coverage among children 12–23 months of age.

Conclusions: Full immunization coverage among children 12–23 months of age from non-educated mothers/caregivers was low and far behind the national target of coverage. Therefore, a system-wide intervention should be used to enhance employability, wealth status, and key maternal health services like ANC follow-up among non-educated mothers/caregivers to increase their children's full immunization coverage.
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Background

Immunization has been proven to be one of the most cost-effective health interventions in the world, having successfully averted or eradicated severe childhood diseases (1). Childhood vaccination continues to rise substantially across the globe (2). The global under-five mortality rate has decreased by 59% from 93 deaths per 1,000 live births in 1990 to 38 in 2021 (3). Vaccinations have been found to protect children in poor and middle-income countries against preventable diseases- diphtheria, measles, mumps, pertussis, pneumonia, polio, rotavirus diarrhea, rubella, and tetanus (4–6).

Children are considered fully vaccinated by the World Health Organization when they have had one dose of Bacillus Calmette Guerin (BCG), three doses of diphtheria-tetanus-pertussis (DTP3), three doses of the polio vaccine, three doses of Pneumococcal conjugate vaccine (PCV3), 3–4 doses of Hepatitis B, three doses of Haemophilus influenza type b (Hib), 2–3 doses of rotavirus, one doses of rubella and one dose of measles vaccine by the age of 5 years (7). According to WHO data for 2021, 84% of children received BCG, 86% received DTP3, 51% received PCV3, and 81% received measles vaccination globally (8). Vaccination coverage has improved significantly in several African countries in the last few decades (9).

Ethiopia launched expanded immunization program in 1980 with the aim of reducing mortality, morbidity, and disability of children from vaccine preventable diseases (10). The program has been freely provided by the public health sector in collaboration with other non-governmental organizations and donors in all regions and districts though district-based strategies and long-term outreach service approaches to achieve the national targets (11). Despite the free provision of immunization services in Ethiopia, full immunization coverage has not been achieved as expected (12). The total immunization coverage was 24.3% in 2011 (13) and 38.3% in 2016 (14). As a result, in Ethiopia, many children have not received the benefit of full immunization (15).

Previous empirical studies focusing on full immunization coverage among children 12–23 months of age and have revealed determinants of full immunization coverage. The identified individual and community level factors are socio-demographic and economic variables like mothers' educational level, residence, household wealth index, maternal marital and occupational status, religion, region, age, and distance to the nearest health facility (1, 14, 16–23). Previous obstetric characteristics like having an antenatal care (ANC) visit, place of delivery, parity, number of children and childbirth order were also identified (14, 16–18, 20, 24, 25).

Many studies have shown that education is one of the factors significantly associated with full immunization coverage among children (17–19, 26). These studies suggest that improving mothers' education will contribute to improving immunization coverage. However, according to EDHS 2016 report, nearly 50% of women have never attended school in Ethiopia (27) moreover, it is not easy to go back and attend the education for mothers at this stage. Despite accessing the same limited resources, specific individuals or groups (underserved populations) in every community can find better solutions and practices to overcome limited access than their peers—which are a positive deviant (28, 29).

A study conducted in Ghana using the positive deviance (PD) approach showed that even the poorest regions (deviant regions) with disparate characteristics and social situations could achieve excellent child immunization coverage (30). The study suggests future exploration using newer DHS data from countries with district-level data, thereby having much larger sample sizes. But evidence on the determinants of full immunization coverage among children 12–23 months of age from deviant mothers/caregivers are still scarce, as most existing literature focuses on both educated and uneducated (14, 17, 18, 23, 24, 31).

Consequently, in this study, we employed the PD approaches to identify mothers/caregivers with positive health behaviors (determinants of full immunization coverage) despite an adverse profile (being uneducated) using recent DHS data. As a result, knowing the positive determinants of full immunization coverage among children 12–23 months of age from mothers/caregivers with a high risk for immunization services underutilization (being uneducated) could help health policy implementers and enable the EPI program to optimize child health initiative performance, and ultimately improve children's health through vaccine services utilization improvement in resource-limited settings with high illiteracy in Ethiopia. The finding is also essential for designing better strategies to improve full immunization coverage and meet child health related targets of sustainable development goal 3.2. Therefore, this study aimed to assess determinants of full immunization coverage among children 12–23 months of age from deviant mothers/caregivers in Ethiopia.



Methods


Data sources and context

This analysis was conducted using a cross-sectional data from the EDHS 2016. The EDHS is a nationally representative household survey implemented by the Central Statistical Agency (CSA) of Ethiopia every 5 years (12). Ethiopia was home to more than 120 million people in 2022, of which 16% were children under 5 years (32). Administratively, the country is divided into nine regions [Tigray, Afar, Amhara, Oromia, Benishangul, Gambela, South Nation Nationalities and Peoples' Region (SNNPR), Harari, and Somali] and two City Administrations (Addis Ababa and Dire-Dawa). These nine regions can be divided into developed regions (Tigray, Amhara, Oromia, SNNPR, and Harari) and emerging regions (Afar, Somalia, Benishangul, and Gambela).

A developed region and city administrations have a relatively dense population, better infrastructure, education services and better accessibility to health, including immunization services (33). In contrast, in emerging regions, where scattered pastoralists are the majority. It is common for emerging regions to suffer from inadequate infrastructure, inaccessible health services, droughts, poverty, and a lack of clear and detailed regulations (34).



Sample size and sampling procedures

The Ethiopian CSA performed a population and housing census in 2007, which was utilized as a sample frame for the 2016 EDHS and provided a complete list of 84,915 enumeration areas (27). To select study participants, the EDHS used a two-stage stratified sampling approach. Each stratum had a sample of EAs, which were chosen at random. Accordingly, all children aged 12–23 months who are regular members of the selected households were eligible for the survey. Finally, a total of 1,170 children 12–23 months of age from deviant mothers/caregivers were identified (Figure 1).
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FIGURE 1
 Study sample of children 12–23 months of age with their deviant mothers/caregivers in the 2016 Ethiopia DHS (n = 1,170).




Identification of positive deviant mothers/caregivers

To identify the positive deviance of mothers/caregivers for full immunization coverage among children aged 12–23 months and determinants of being positive deviant, Anderson's behavioral model of health service (35) and other related studies were used (1, 17, 20, 23, 36).

Accordingly, education is the primary determinant of health services utilization. We selected mothers/caregivers with no formal education as a sub-group with a very low likelihood of fully immunizing their children, as mother/caregiver education was the strongest predictor of full immunization coverage after adjusting for the other risk factors associated with full immunization coverage among children in this population. Positive deviant mothers/caregivers were those who reported no formal education but their children fully immunized. Finally, in the analysis, we compared the characteristics of the PD mothers/caregivers to those of their counterparts. Due to significant variations by clusters in the overall full immunization coverage among children aged 12–23 months of age from deviant mothers/caregivers, analysis was stratified by individual and community level.



Measurements of variables

The outcome variable for this study was full vaccination coverage among children 12–23 months of age from deviant mothers/caregiver's which is defined as a child who has had one dose of BCG, three doses of pentavalent, three doses of polio, two doses of Rota, three doses of PCV, and one dose of measles (30). If the child had obtained all of the recommended doses of all vaccines, the immunization status was recoded as “1” and classified as “fully immunized”, or if the child had missed one or more doses, the immunization status was recoded as “0” and was classified as “not fully immunized” (14).

Our study assessed independent variables by considering the individual and community-level variables (1, 6, 14, 18, 20, 23). Individual-level variables include, the age of deviant mother/caregivers recoded in completed years (15–24, 25–34, 35+), employment status (employed, non-employed), religion (muslim, orthodox, and other), marital status (married, not married), household wealth status (poor, middle, and rich), head of household (male, female), sex of child (male, female), health insurance coverage (yes, no), i.e., in Ethiopia, community-based health insurance the only health insurance that has been implemented in all regions at household level (37), educational status of husband (no education, primary, secondary, and above), number of ANC visit (no visit, 1–3 visits, 4+ visits), place of delivery (home, health facility), parity (1, 2–5, 6+), childbirth order (1, 2–5, 6+) and uptake of postnatal care (PNC) (yes, no). The uptake of PNC services was assessed whether women received PNC services within 2 months after delivery, regardless of their place of birth. PNC services were assessed based on the mothers/caregiver's verbal responses during the survey. Therefore, it was categorized as “yes” if a woman had at least one PNC visit; otherwise “no.”

The wealth index is a composite measure of a household's cumulative living standard. It is calculated using readily available data on a household's ownership of certain assets, such as televisions and bicycles, materials used for housing construction, and types of water access and sanitation facilities. The household wealth index was originally classified into five categories (poorest, poorer, middle, richer, and richest) by the DHS, which was done with principal component analysis (12). However, for analysis in this study, we divided wealth status into three categories: poor, average, and rich.

On the other hand, the community-level variables include, place of residence (rural, urban), region (emerging region, developed region, and city administration), the difficulty of getting health services (big problem or not big problem) and media exposure. Deviant mothers/caregiver's media exposure was assessed from the three variables: watching television, listening radio, and reading a newspaper, and labeled as “yes” if a woman has exposure to either of the three media sources at least once a week or “no” if a woman has exposure to none of them.



Data processing and analysis

The STATA software version 16 was used to extract, clean, recode, and analyze the data. The descriptive statistics were presented via tables, figures, and narrations. The EDHS data were collected using multistage stratified cluster sampling techniques; as a result, the data had a hierarchical (individuals were nested within communities) nature. Besides, selected and interviewed deviant mothers/caregivers in the same cluster are more likely to be similar to each other than deviant mothers/caregivers from another cluster. This implies that there is a need to consider the between cluster variability by using advanced models. Therefore, to identify determinants, and to estimate the effect of independent variables on full immunization coverage among children 12–23 months of age with their deviant mothers/caregivers, we used the multilevel binary logistic regression analysis method. The Interclass Correlation Coefficient (ICC) and Median Odds Ratio (MOR) were checked to assess whether there was significant clustering or not (38). Accordingly, we found 48% of ICC in our study which showed that 48% of the variation in full coverage among children 12–23 months of age from deviant mothers/caregivers can be explained by clustering.

Four models were fitted in this study—null model (no explanatory variables), model I (individual-level factors), model II (community-level factors), model III (both individual and community-level factors). The ICC and deviance (-2* log-likelihood ratio) were used to evaluate model comparison and fitness. Model III was selected as the best-fitted model since it had the lowest deviance. The proportion of variance (PCV) explained by the grouping structure in the population was calculated to analyze the variation between clusters (39).

In the bivariable analysis, variables with a p-value < 0.2 were considered for multivariable analysis in each three models. Finally, adjusted odds ratios (AOR) with 95% CI and p-value of ≤ 0.05 in the multivariable analysis were used to declare statistically significant determinants of full immunization coverage among children 12–23 months of age from deviant mothers/caregivers in the final model. Multicollinearity was tested using the variance inflation factor (VIF). There was a VIF of <5 for each independent variable with a mean VIF of 1.85, indicating no significant multicollinearity between independent variables.




Results


Characteristics of study participants

A total of 1,170 children 12–23 months of age with their deviant mothers/caregivers were included in this analysis (Figure 1). The socio-demographic and economic characteristics of these deviant mothers/caregivers and their children 12–23 months of age are presented in Table 1. The mean age of mothers/caregivers was 30 ± 6.5 years, 64.1% were in poor household wealth status and 57.18% were Muslim religion followers. Moreover, 95.2% of the mothers/caregivers are married and of these married 66.3% of their husbands were uneducated. The mean age of children 12–23 months of age was 16.7 ± 3.4 months and half of children were males.


TABLE 1 Socio-demographic and economic characteristics of deviant mothers/caregivers of children aged 12–23 months in Ethiopia, EDHS 2016 (n = 1,170).
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Obstetric characteristics of the deviant mothers/caregivers

Table 2 shows the obstetric characteristics of deviant mothers/caregivers of children aged 12–23 months in Ethiopia. Nearly 45% of deviant mothers/caregivers have not received ANC visits for their recent pregnancy, and 74.5% of the mothers/caregivers gave their recent birth at home. The majority (93.7%) of deviant mothers/caregivers were not received PNC.


TABLE 2 Obstetric characteristics of deviant mothers/caregivers of children aged 12–23 months in Ethiopia, EDHS 2016 (n = 1,170).
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Community-level variables for full immunization coverage

The description of community-level factors of full immunization in Ethiopia are presented in Table 3. In this analysis, only 21.45% of deviant mothers/caregivers had access to all media types (radio, newsletter, and television) more than once a week, and 90.2% were rural dwellers. Nearly 40% of the deviant mothers/caregivers were living closer to health facility.


TABLE 3 Health services related and community-level characteristics of deviant mothers/caregivers of children aged 12–23 months in Ethiopia, EDHS 2016 (n = 1,170).

[image: Table 3]



Full immunization coverage among children 12–23 months of age from deviant mothers/caregivers

The overall full immunization coverage among children 12–23 months of age from deviant mothers/caregivers in Ethiopia was 27.4% (95%CI: 25.0, 31.0). Of those fully immunized, 18.1, 30.6, and 38.8% of children with their deviant mothers/caregivers were residing in emerging regions, developed regions, and city administrations, respectively (Figure 2).
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FIGURE 2
 Full immunization coverage among children 12–23 months of age from deviant mothers/caregivers in the 2016 Ethiopia DHS (n = 1,170).




Measure of variation using random effects and model fitness

There was a significant variation in full immunization coverage among children 12–23 months of age from deviant mothers/caregivers across clustering. The model fitness was checked using the ICC across, Akaike's Information Criterion (AIC) and deviance as presented in Table 4. Then model three (a model with both individual and community level factors) was best (low deviance and AIC) and chosen for the final analysis to identify the determinants of full immunization coverage.


TABLE 4 Random-intercept model of multilevel analysis for full immunization coverage among children 12–23 months of age from deviant mothers/caregivers in Ethiopia, EDHS 2016.
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Factors affecting full immunization coverage among children 12–23 months of age from deviant mothers/caregivers

After adjusting for individual and community level factors, deviant mothers/caregivers who are employed, rich household wealth status, had ANC follow-up, and residing in city administrations were statistically significant determinants of full immunization coverage as presented in Table 5.


TABLE 5 A mixed effect multilevel logistic regression analysis of individual and community-level factors associated with full immunization coverage among deviant mothers/caregiver's children aged 12–23 months in Ethiopia, EDHS 2016 (n = 1,170).
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Hence, the odds of full immunization coverage among children 12–23 months of age from employed deviant mothers/caregivers was 1.69 higher than the odds of full immunization among children 12–23 months of age from non-employed deviant mothers/caregivers (AOR = 1.69, 95% CI: 1.68, 2.45). The odds of full immunization coverage among children aged 12–23 months of deviant mothers/caregivers from wealthy households were 2.54 higher than those from poor households (AOR = 2.54, 95%CI: 1.53, 4.22). The odds of full immunization coverage among children 12–23 months of age from deviant mothers/caregivers who reside in the city administration was 5.69 higher than that of deviant mothers/caregivers who reside in the emerging regions (AOR: 5.69, 95% CI: 2.39, 13.61). The odds of full immunization coverage among children 12–23 months of age from deviant mothers/caregivers who had 1–3 and greater or equal to four ANC follow up were 3.28 (AOR: 3.28, 95% CI: 2.12–5.07) and 3.91 (AOR: 3.91, 95% CI: 2.45, 6.24) higher than their counterparts, respectively.




Discussion

This study identifies determinants that significantly increase the full immunization coverage among children 12–23 months of age from mothers/caregivers at high risk for low vaccine uptake (mothers/caregivers who do not have an education) in Ethiopia. Mothers/caregivers with no formal education are at particularly high risk for low immunization coverage among children aged 12–23 months and are consequently a key target group for improving childhood vaccine utilization. Identifying the positive determinants of PD behavior could be used to guide high-impact interventions to improve children's health in Ethiopia, where a significant proportion of mothers/caregivers are illiterate.

The overall full immunization coverage among children 12–23 months of age from deviant mothers/caregivers was 27.4% (95%CI: 25.0, 31.0). This finding is very low compared to previous studies estimates of full immunization coverage among children aged 12–23 months range from 36 to 77.4% in Ethiopia (1, 14, 17, 18, 23, 31), Kenya (40), Senegal (41), Burkina Faso (21), Nigeria (20), Indonesia (25), and Mozambique (22). This could be due to differences in outcome variable measurement, cultural practices, and study participants; for example, previous studies included both educated and uneducated mothers/caregivers, whereas our study only looked at mothers/caregivers with no formal education. Mothers/caregivers with no formal education may be unaware of the benefits of childhood immunization programs. Furthermore, mothers/caregivers without a formal education are less likely to engage in paid work and are more financially dependent on others. Even though immunization services have been provided freely, obtaining childhood immunization services still has an indirect cost. As a result, they may be unable to access these services for their children. On the other hand the differences in study periods, health system performance differences among countries, and the number of newly introduced vaccines like PCV and Rota incorporated into the definition of full expanded immunization program in Ethiopia can explain the variations (14).

The current study finding revealed that deviant mothers/caregiver's household wealth status, region, employment status, and ANC follow-up were statistically significant determinants of full immunization coverage among children 12–23 months of age from deviant mothers/caregivers and in concert with prior studies risk factor analysis (1, 14, 17, 18, 20, 31, 41).

We found that full immunization coverage among children 12–23 months of age from deviant mothers/caregivers who were employed was higher than those who do not employed. This finding agrees with the results of previous studies conducted in Ethiopia (14, 17), and Nigeria (20). This could be due to employed mothers/caregivers having better information about the benefits of childhood services including immunization, and also, they can cover the indirect cost of accessing the vaccine service. This implies that policymakers should create opportunities for mothers/caregivers to work and to become financially independent.

Our finding revealed that full immunization coverage among children 12–23 months of age from wealthy household deviant mothers/caregivers were higher than those with the poor wealth status supported with findings from other studies conducted Ethiopia (1, 6, 14, 17, 23), Indonesia (25), and Bangladesh (42). This could be inequalities in accessing healthcare between poor and wealthy households. Children from impoverished parents may face challenges in reaching health facilities compared to wealthy households (43); because low-income families had to incur high costs and take their time to maintain their daily lives. The other possible explanation could be that wealthier households have increased childcare practices and better health-seeking behavior (44). In contrast, studies conducted in Pakistan (45) revealed that household wealth status was not statistically associated with full immunization coverage. This could be because immunization is universal, and wealth no longer has as big of an impact on full immunization coverage as it formerly did because immunization offered through the EPI program is free, and public efforts to reach vulnerable mothers and children are continued (14). This implies that policymakers should continue to focus on developing interventions, initiatives, and expanding existing programs aimed at empowering women to develop their income and become economically self-sufficient. Consequently, their children will have better access to health services, including immunization.

In our study, full immunization coverage among children 12–23 months of age from deviant mothers/caregivers who reside in the city administration was higher than that of deviant caregivers who reside in the emerging regions. Similarly, studies conducted in Ethiopia showed that regions are significantly associated with full immunization coverage (6, 17). This could be due to regional differences in vaccine procurement, supply, cold chain, or other logistics issues (46, 47). This might also be due to differences in cultural beliefs, population size, topography, and levels of development, and this could be linked with differences in the availability of healthcare providers, vaccine and commodities. Hence, these regional differences tend to affect the range of childhood immunization uptake across the country (43). This implies that the government should improve infrastructure, i.e., electricity, transportation, and water, as well as health facilities, to increase the accessibility and uptake of full immunization among children in emerging regions.

In this study, fully immunization coverage among children 12–23 months of age from deviant mothers/caregivers who had 1–3 and greater or equal to four ANC follow up was higher than their counterparts. This finding is in line with the results of previous studies conducted in Ethiopia (1, 14, 17, 48, 49), Senegal (41), Nigeria (50), Uganda (51), Pakistan (45), and Indonesia (25). This could be because increased contact with a healthcare facility for ANC would promote full immunization coverage among children, giving mothers more opportunities to learn about child health, particularly the importance of vaccines, and be encouraged to immunized their children by healthcare professionals (52). This implies that policymakers should develop strategies to increase ANC service utilization by improving health facility accessibility and quality, and creating awareness through mass campaigns, which may ultimately increase the full immunization coverage.


Strengths and limitations of the study

The positive deviance approach was used for the first time in Ethiopia to identify positive determinants for full immunization coverage among children 12–23 months of age from deviant mothers/caregivers. Non-educated mothers/caregivers are at high risk of their children's getting full immunization coverage so; identifying determinants using this positive deviance approach can improve the child health services policy in the country which can be transferable to other similar settings. In addition, multilevel analysis was employed to account for the hierarchical nature of the EDHS data to obtain reliable standard errors and estimates. Furthermore, because it is based on national survey data with large sample size, the study has the potential to give evidence for policymakers, program planners, and other stakeholders on how to create relevant interventions at both the national and regional levels to improve full immunization coverage among children. However, the findings of the study are interpreted with some limitations. We cannot show the temporal association between full immunization coverage among children aged 12–23 months of deviant mothers/caregivers and independent variables due to the cross-sectional nature of the survey. Since the EDHS survey relied on the respondents' reports, there might be a chance of recall bias.




Conclusions

In Ethiopia, full immunization coverage among children 12–23 months of age from deviant mothers/caregivers is still low, and far behind the national target of full immunization coverage. The deviant mothers/caregiver's employment status, household wealth status, region, and ANC follow-up were associated with PD behavior and full immunization coverage. The positive deviance approach provides evidence for health policy makers and program implementers to identify determinants facilitating improved health behavior and, ultimately, better child health outcomes despite an acknowledged adverse risk profile. Such strategies and knowledge could facilitate targeted efforts aimed to improve child health outcomes and meet the national targets of child morbidity and mortality. Therefore, improving mothers/caregivers' employability, wealth status, and ANC follow-up will contribute to full immunization coverage improvement among children 12–23 months of age from deviant mothers/caregivers.
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Introduction: The present study explores the reasons of those who have not been vaccinated in the later stage of the vaccine rollout in Spain and its associated determinants.

Methods: Cluster and logistic regression analyses were used to assess differences in claimed reasons for vaccine hesitancy in Spain using two samples of unvaccinated people (18–40 years old) gathered by an online cross-sectional survey from social networks (n = 910) and from a representative panel (n = 963) in October-November 2021.

Results: The main reasons for not being vaccinated were believing that the COVID-19 vaccines had been developed too fast, they were experimental, and they were not safe, endorsed by 68.7% participants in the social network sample and 55.4% in the panel sample. The cluster analysis classified the participants into two groups. Logistic regression showed that Cluster 2 (individuals who reported structural constraints and health-related reasons such as pregnancy or medical recommendation) presented a lower trust in information from health professionals, had a lower willingness to get vaccinated in the future, and avoided less social/family events than those in Cluster 1 (reasons centered in distrust on COVID-19 vaccines, conspiracy thoughts and complacency).

Conclusions: It is important to promote information campaigns that provide reliable information and fight fake news and myths. Future vaccination intention differs in both clusters, so these results are important for developing strategies target to increase vaccination uptake for those who do not reject the COVID-19 vaccine completely.

KEYWORDS
COVID-19, vaccine, hesitancy, public health, behavioral insights


1. Introduction

Spain is one of the leading countries in COVID-19 vaccination adherence. Starting in late December 2020, the country accelerated its vaccination in early 2021, surpassing countries that had made better progress earlier on, such as the USA and the UK (1).

Spain meets the EU objectives in its vaccination strategy (2) with the goal of reducing morbidity and mortality, prioritizing vaccination of the most vulnerable groups and guaranteeing vaccine access and safety. The COVID-19 vaccination campaign in Spain has been considered a success (3), with a much lower percentage of people declining to be vaccinated than other occidental countries.

COVID-19 vaccine acceptance has been monitored from the early stages of the pandemic with the COSMO-Spain study (4) whose results showed an increase of willingness to be vaccinated once the vaccination campaign began, reaching a 94% of vaccine acceptance in October 2021 (https://portalcne.isciii.es/cosmo-spain). This success is multifactorial and could be related to the population's trust in the Spanish national health system, which provides universal healthcare, a long tradition of vaccine compliance and that anti-vaccine advocacy groups have not been as relevant as in other countries (5).

At the time of this study (November 2021), more than 75 million doses of COVID-19 vaccines had been administered in Spain. About 38.2 million people, 80.69% of the Spanish population, had received at least one dose, and more than 37.5 million, 79.1% of the population, had already received the full schedule. In addition, 3.8 million people had received one additional booster dose (6). Nonetheless, according to official statistics almost 7 million people were not vaccinated despite vaccination was available and recommended for them (6). The percentage of the unvaccinated population varies according to the age ranges, with people aged between 18 and 40 years having a lower vaccination rate (6).

Addressing factors influencing COVID-19 vaccine acceptance in population subgroups with low vaccine uptake is of paramount importance. It is necessary to know the viewpoints of people who are hesitant to COVID-19 vaccination, so that interventions to increase vaccination rate can be tailored to the characteristics and reasons of this population.

Vaccination acceptance is a behavior resulting from a complex decision-making process influenced by a wide range of factors (7). The hesitancy of people to be vaccinated is not new and was present before the COVID-19 pandemic. The SAGE Working Group on Vaccine Hesitancy defined it as a “delay in acceptance or refusal of vaccination despite availability of vaccination services” (7). Main determinants of vaccine hesitancy were grouped in the “3Cs” model as Complacency, Convenience and Confidence (7). Complacency entails low risk perception of the disease (7); Convenience or constraints include the physical and psychological barriers to vaccination (8) and Confidence comprises the perception of safety and efficacy of vaccines and the trust in the system in charge of the delivery.

Other factors associated with COVID-19 vaccine hesitancy have been identified, such as health literacy and sociodemographic factors including in addition to age, gender or education level (9–12). There is also an heterogeneous group of reasons for low uptake of COVID-19 vaccines, related to belief in conspiracy theories such as COVID-19 vaccines modify DNA and the speed of development of COVID-19 vaccines; concerns about long term effects, side effects, and unknown future effects on health; or worries related to fertility, pregnancy, and breastfeeding (9, 13, 14).

The present study sought to explore the reasons of those who have not been vaccinated in the later stage of the vaccine rollout in Spain, when COVID-19 vaccines were available for the full adult population, as well as to describe the profile and characteristics of non-vaccinated people and its associated determinants.



2. Material and methods


2.1. Study area and population

This cross-sectional study was carried out in October-November 2021. The survey aimed to assess the reasons for not being vaccinated of COVID-19 in Spain, together with the risk perception, preventive practices, trust on different information sources and health literacy of the unvaccinated population.



2.2. Sampling and data collection

Two different sampling methods were implemented to ensure access to the target population. First, the Spanish population older than 16 years was invited to participate in an online survey disseminated through social networks (WhatsApp, Twitter, LinkedIn, and Facebook) from October 1 to 19th 2021. A non- probabilistic method using a snowball sampling technique was used to reach the participants. The survey was posted on the researchers' social media profiles and sent by WhatsApp with a standard message (“You haven't been vaccinated? We want to hear from you!” https://encuestas.isciii.es/index.php/686837) inviting the population to participate and encouraging them to share the survey link with their contacts. Several national free newspapers echoed the initiative and published the news, including the link to the survey. The invitation link received 5.902 hits, but 4.178 people did not complete the survey and 372 questionnaires presented errors or inconsistencies. Out of the 2.312 fulfilled questionnaires, 1,998 participants were unvaccinated. Only respondents between 18 and 40 years old (N = 910) were included in this analysis (Social networks sample).

At the time of this survey, the number of COVID-19 cases in Spain was 19.884, with a cumulative incidence of 41.90 in the last 14 days (15). The percentage of the population older than 12 years with at least one dose of the vaccines was 90%. The percentage of vaccinated people in the age range between 18 and 40 years old was lower, around 80% (16).

In November 2021, we launched a panel survey with the same questionnaire through a consumer research company matching the Spanish general population in terms of education, gender and area of residence. Participants' age was restricted to the group of 18 to 40 years old. This sample was weighted, with an efficiency of 76.79% and a sampling error of 3.02%. The invitation to complete the panel survey was sent to 19.424 people aged 18–40 years, and 1.775 people who had not been fully vaccinated accepted. Of these, 1.051 participants completed the survey in a valid way, and 963 had not received any vaccination dose (Panel sample).

By the third week of November 2021, the number of COVID-19 cases had increased to 66.004 (17), and more than 75 million doses of COVID-19 vaccines had been administered in Spain. 90.8% of the population older than 12 years had received at least one dose of the vaccines, but people between the ages of 18 and 40 continued to have lower vaccination rates (80%) (6).

The Ethics Committee of the Institute of Health Carlos III approved both studies (CEI PI 61_2021-v2 and CEI PI 59_2020-v2_Ampliación 2021-v2) and participants signed the informed consent.



2.3. Variables

This study is part of a larger project, the COSMO-SPAIN Project (https://portalcne.isciii.es/cosmo-spain) (4), based in the COVID-19 Snapshot Monitoring WHO initiative to conduct behavioral insights studies related to COVID-19 (18). The survey items included in the COSMO-WHO survey tool, originally in English, were translated by professional translators and adapted by the COSMO-SPAIN team.

The questionnaire gathered information about sex (male, female), age, education, living with older people (yes, no) and employment situation.

To explore participants' motives, we used previously stated reasons for hesitation about COVID-19 vaccines (9, 13). Respondents could choose multiple answers from a list of 18 potential reasons and an open option.

Future intention to be vaccinate against COVID-19 was asked “Do you think you will get vaccinated in the future?” (Yes, No, I don't know). Risk perception was measured with the question “How severe would contracting the coronavirus/COVID-19 be for you?” answered in a scale from 1 (not severe) to 5 (very severe).

Preventive behavior was assessed by eight items questioning about basic protective measures recommended at that time by health authorities: “During the last 7 days, which of the following measures have you taken to prevent infection from COVID-19?” Participants were asked to answer (yes/no) to the following measures: wearing facemasks according to norms and recommendations, ventilating closed spaces, using hydro alcoholic gel or disinfectants for cleaning the hands, washing hands often with soap and water, avoiding busy places, ensuring physical distancing (at least 2 m), avoiding social/family events and wearing a facemask outdoors.

Trust in different sources of information was assessed asking: “How much do you trust information about COVID-19 from the following sources?” (Scientists, health professionals, friends, mass media, internet, social networks, government website and the WHO), answered in a scale from 1 (very little trust) to 5 (a lot of trust).

COVID-19 related health literacy (CHL) was measured following the HLS-EU-Q model (19). It includes a general question: “How easy or difficult is it for you to…?” followed by nine specific tasks related to COVID-19 information access, comprehension, appraisal/evaluation, and application/use. Participants rated their perceived difficulty using a four-category Likert-type scale: very difficult (1), difficult (2), easy (3) and very easy. The CHL questionnaire was recently validated in Spain (20).



2.4. Data analysis

All data analyses were carried out separately for each sample. Socio-demographic data and COVID-19 related variables were analyzed using descriptive statistics (frequency, percentages, mean and standard deviation). Two-steps clusters analyses grouped participants according to their reasons for not being vaccinated, using log-likelihood distance between clusters and Schwarz's Bayesian Criterion to determine the optimal number of clusters. To validate the clusters two forward stepwise logistic regression models were performed using clusters as a dependent variable, including socio-demographic and COVID-19 variables. Also, the area under a receiver operating characteristic curve (AUC) was calculated to evaluate the logistic regression predictions. Statistical analysis was executed using SPSS Statistics 27.0.




3. Results

A total of 910 non-vaccinated people were included in the social networks sample (SNS) of which 561 (61.6%) were women. The respondents had a mean age of 32 years (standard deviation, SD: 6.1). Most of them (80.1%) had completed university education and were working (77.5%) at the time of the study. The panel sample (PS) was composed by 963 participants, with a mean age of 29.6 years (SD: 6.3) and women represented half of the sample (490, 50.9%). Most of the participants had a university degree (44.9%) and were employed (55.7%). The characteristics of participants are displayed in Table 1.


TABLE 1 Socio-demographic characteristics of the samples.
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The main reasons mentioned for not being vaccinated in both samples (Table 2) were believe that the COVID-19 vaccines have been developed too quickly, they are experimental, and they are not safe, answered by 68.7% participants in the SNS and 55.4% in the PS. In addition, 46.3% of respondents in the NHS and 28.5% in the SP consider vaccines to be a business. “I am healthy and do not need to be vaccinated” was answered by 44.3% subjects in the SNS and 22.3% participants in the PS. Reasons related to practical barriers such as the vaccination point is too far away and not knowing what to do to get the vaccine, were reported by <5% of the participants in both samples.


TABLE 2 Reasons for not being vaccinated by sample.
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Table 3 shows the variables related to preventive behavior, health literacy, trust in information sources, perceived disease severity and vaccination intention in the future. The most frequent preventive behavior in both samples was wearing face masks according to norms (64.1% in SNS and 78.7% in PS); while the least frequent preventive behavior was avoiding social/family events. Concerning health literacy, respondents from both samples found easiest to understand what to do when they are a close contact of a case of COVID-19. Scientists and health workers, followed by internet and friends were the sources of information considered most trustworthy in both samples. The percentage of participants who thought that they would be vaccinated in the future was 11.2% in the SNS and 30.6% in the PS.


TABLE 3 Preventive behavior, health literacy, trust in information sources, perceived disease severity and vaccination intention.
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Clusters analysis classified participants of each sample into two clusters according to their reasons for not being vaccinated (Figure 1). Cluster 1 gathered participants who answered in a higher proportion than Cluster 2 structural barriers and health-related reasons such as pregnancy, having been previously infected, medical recommendation or other health problems. Cluster 2 grouped participants who mentioned in higher proportion reasons related to distrust on COVID-19 vaccines (safety, efficacy, development, and approval process), conspiracy theories and low risk perception. In the SNS (Figure 1A), Cluster 1 included 562 (61.8%) participants and Cluster 2, 348 (38.2%). In the PS (Figure 1B), Cluster 1 included 400 (41.5%) participants and Cluster 2, 563 (58.5%).


[image: Figure 1]
FIGURE 1
 Cluster analysis grouping participants from the social networks sample (A) and the panel sample (B) according to reasons for not being vaccinated.


The logistic regression models in both samples (Table 4) show that pertaining to Cluster 2 (vs. Cluster 1) is associated with lower trust in information coming from health professionals (OR: 0.73, 95%CI: 0.61–0.87 for the SNS; OR: 0.72, 95%CI: 0.61–0.85 for the PS); not avoiding social or family events (OR: 0.42, 95%CI: 0.19–0.89 for the SNS; OR: 0.53, 95%CI: 0.33–0.85 for the PS); and unwillingness to be vaccinated in the future (for “yes,” OR: 0.16, 95%CI: 0.06–0.44 for the SNS; OR: 0.11, 95%CI: 0.06–0.2 for the PS).


TABLE 4 Logistic regression models for factors associated to belonging to Cluster 2, in each sample.
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In the social networks sample, other significant variables associated with the probability of being in Cluster 2 were lack of trust in information from the World Health Organization, higher trust in information from internet, not avoiding crowded places and not living with older people, with ORs between 1.35 and 0.44. In the panel sample, Cluster 2 was significantly associated to maintaining physical distancing, higher trust in information from online social networks, lower ability to assess the reliability of media COVID-19 vaccine information and lower perceived severity of the disease, with ORs between 1.58 and 0.69.

The AUC was 0.84 (95% CI: 0.82–0.87) for the social networks sample and 0.77 (95% CI: 0.74–0.81) for the panel sample.



4. Discussion

Despite the success of the COVID-19 vaccination campaign in Spain, at the time of this study, almost 10% of the target population was unvaccinated and this percentage increased to around 20% in people aged 18–40 years (6). This is the first nation-wide study in Spain addressing the main reasons for being unvaccinated and its associated factors, using a combination of sampling techniques to ensure access to the intended population (4).

The most frequently argued reasons in both samples were that COVID-19 vaccines have been developed very quickly, they are not safe, or are in an experimental phase. Moreover, thinking that vaccines are a business and that the COVID-19 vaccines do not work were also frequently reported motives for not being vaccinated. These results are in line with previous studies showing that lack of confidence is an important driver of COVID-19 vaccine hesitancy (9, 13–15) including distrust in safety, efficacy and actors involved in vaccine development and administration.

Reasons related to low risk perception (i.e., “I am healthy and do not need to be vaccinated,” “I don't think I will be infected”), pointed also by a large proportion of the participants in both samples, were already found to be associated with low vaccination intention (9, 14). Conspiracy beliefs have also been reported by several authors as drivers of vaccine hesitancy (9, 21–23), but were less frequently mentioned in this study, as well as reasons related to antivaccine arguments such as “I don't believe in vaccines in general” or “I only believe in natural medicine.” Also, motives related with structural barriers (13, 24) were reported by less proportion of participants in this study, maybe due to the structure of the Spanish health system (universal and free) and the efforts implemented to make the vaccine accessible by the Spanish vaccine strategy (3).

The cluster analysis revealed that participants can accurately be classified into two groups according to their reasons for not getting vaccinated. Clusters were similar for the two samples. Both groups referred vaccines safety concerns as the main reason for being unvaccinated. However, Cluster 1 comprised individuals who reported in higher proportion than those in Cluster 2 constraints mainly related to health-related reasons, such as pregnancy, medical recommendation, having been infected and fear of vaccine side effects. The fear of side effects has been found to be one of the most important determinants of reluctance to COVID-19 vaccination (9) and, according to Eberhardt and Ling (13), may be related to concerns that side effects would interfere with work or childcare. COVID-19 vaccination hesitancy in pregnant women was probably due to worries about possible adverse reactions and negative effects on the fetus and breastfeeding that faced many physicians at the beginning of the COVID-19 vaccination (13, 25, 26).

Cluster 2 gathered participants whose reasons centered in distrust on COVID-19 vaccines (information, development, safety and efficacy), conspiracy thoughts (the coronavirus does not exist, the vaccines are a business) and complacency (I am healthy and do not need to be vaccinated). Herrera-Peco et al. (27) analyzed the COVID-19 antivaccination messages on Twitter in Spain and found a mix of conspiracy theory arguments with vaccine manufacturing misinformation. The perception of COVID-19 vaccines as unsafe or experimental has been reported in previous studies, being “concerns about safety/thinking that a vaccine produced in a rush is too dangerous” one of the main reported reasons in other countries (14).

The logistic regression models supported these findings and showed that three factors are consistently associated to Cluster 2 participants, who report distrust, conspiracy, and complacency reasons for vaccination hesitancy (instead of convenience reasons). This group presented a lower trust in information from health professionals, had a lower willingness to get vaccinated in the future, and avoided less social/family events than those in Cluster 1. These results were common to both the social networks and panel samples.

Distrust in healthcare providers has been found to be an important variable that impacts on vaccine hesitancy (7, 10). While healthcare workers are trusted advisors and influencers of vaccination decisions (28), skeptics might perceive them as part of the same system that tries to impose the vaccine. Participants from Cluster 2 had a higher level of trust on information coming from internet or social networks. Studies show the important role that social media have had in spreading conspiracy theories and anti-vaccine messages (27, 29). Moreover, in the panel sample, difficulties in assessing the reliability of the information on vaccines gathered from the media was more present in Cluster 2. Low health literacy has been linked to unwillingness to be vaccinated in USA, together with conspiracy thoughts and misinformation (30). Accessing accurate information and understanding the quality of information about health issues require critical evaluation skills. As misinformation can alter people's decision-making, leading to a self-perpetuating cycle of bad news, efforts must be made to fight fake news about COVID-19 vaccines (31).

Pertaining to Cluster 2 was associated to lower risk perception (severity) and less adherence to some preventive measures in the regression models, such as avoiding social gatherings (in both samples) and avoiding crowded spaces (in the SNS). In the US, conspiracy theories were also associated to lower preventive measures and lower vaccination uptake (17). Health care professionals may also request support and training to fight misinformation and better communicate vaccine characteristics (technologies, approval mechanism, safety and effectiveness) (32, 33), Previous research has indicated that low risk perception is associated not only to low vaccine uptake, but also to less adherence to preventive behaviors, hindering the pandemic control (34, 35).

Individuals in Cluster 1, who claimed in higher proportion reasons related to constraints, were more prone to be vaccinated in the future than those in Cluster 2. Structural barriers (i.e., difficulties to go to the vaccine location) and reasons related to health status who were more frequently mentioned in this group are contextual and may change in the future. A qualitative study described how pregnant, breastfeeding, or receiving fertility treatment woman rather than refusing vaccination for COVID-19 outright, were just delaying it (13).

Organizational aspects of vaccination campaigns have been found to be crucial for vaccination success, including aspects such as the characteristics of the appointment scheduling system, consultation timetables, vaccination waiting times, online booking and recall systems (33). Recently, Tentori et al. (36) showed an increase of COVID-19 vaccine uptake when an individual appointment was assigned with date, time, and location information, along with instructions on how to change the appointment if necessary.

Limitations of this study are related to the sampling procedure of the social networks sample, that was mainly completed by women and highly educated people and therefore findings might not be generalizable. However, it is an adequate way of accessing to groups of population that may be underrepresented in panel studies. In addition, we did not inquire about political factors in this study, which would call for further research.



5. Conclusions

Our results suggest that, in Spain, the main reasons for not being vaccinated are related to safety concerns. Communication strategies focused in providing scientifically sound updated messages and addressing misinformation can help to overcome confidence in vaccine safety.

However, people who refused to be vaccinated are a heterogeneous group, with two main sets of reasons: health-related constrains/convenience, and distrust, conspiracy thinking and low risk perception. Low preventive behavior, low health literacy and low risk perception are factors associated with not being vaccinated. It is important to tailor information strategies addressing these associated factors, and to promote information campaigns that provide reliable information and fight fake news and myths. Future vaccination intention differs in both clusters, so these results are important for developing strategies target to increase vaccination uptake for those who do not reject the COVID-19 vaccine completely.

These results may help guiding public health communication in a way that increases vaccine acceptance in the current booster vaccination campaigns and for future health emergencies.
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Background: Universal COVID-19 vaccination programs are now recommended in several countries and represent the most effective preventive measure against COVID-19. However, some reports suggest that vaccination may cause infertility or have adverse effects on pregnancy. Conflicting reports have led to vaccine hesitancy in women planning pregnancy.

Purpose: To determine whether vaccination against COVID-19 affects in vitro fertilization (IVF) outcomes, we conducted a meta-analysis.

Method: A systematic search was conducted using PubMed, Embase, MEDLINE, and Web of Science databases for all published literature on COVID-19 vaccines and outcomes of IVF. International Prospective Register of Systematic Reviews registration was completed on September 13, 2022 (CRD42022359771).

Results: We analyzed 20 studies totaling 18,877 individual cases undergoing IVF. COVID-19 vaccination had significant effect on clinical and ongoing pregnancy rate (risk ratio (RR): 0.97; 95% confidence interval (CI): 0.94–0.99; RR: 0.93; 95% CI: 0.87–0.99). These outcomes did not differ between vaccinated and unvaccinated individuals: biochemical pregnancy rate (RR: 0.95; 95% CI: 0.88–1.03), implantation rate (RR: 1.02; 95%CI: 0.97–1.07; P = 0.41), the number of oocytes (mean difference (MD): 0.12; 95% CI: −0.65–0.88) and MII/mature oocytes recovered (MD: 0.27; 95% CI: −0.36–0.90), blastocysts rate (MD: 0.01; 95% CI: −0.04, 0.06), and fertilization rate (MD: 1.08; 95% CI: −0.57, 2.73).

Conclusion: Our findings suggest that vaccination against COVID-19 does not adversely affect the biochemical pregnancy rates; number of oocytes and MII/mature oocytes obtained; implantation, blastocysts; and fertilization rates in women undergoing IVF treatment. Subgroup analysis showed that the mRNA vaccine had no statistical significance on all indexes (clinical, biochemical, or ongoing pregnancy rates; implantation, blastocysts, or fertilization rates; and the number of oocytes and MII/mature oocytes). The findings of this meta-analysis are anticipated to increase the willingness of women planning IVF treatment to receive COVID-19 vaccination and provide evidence-based medical guidance for the development and implementation of guidelines.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/, identifier: CRD42022359771.
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in vitro fertilization, COVID-19, vaccine, pregnancy, meta-analysis, coronavirus disease 2019, severe acute respiratory syndrome coronavirus 2 infection


1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic, caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), is an infectious disease that continues to threaten human life and health. Globally, more than 6.5 million COVID-19-related deaths have been reported to the WHO, according to the uploaded Big Data count (1). Currently, there are no specific antiviral drugs to treat COVID-19, thus, vaccines against COVID-19 are the most promising preventive measure (2). As of February 22, 2023, more than 13.2 billion doses of COVID-19 vaccines had been administered worldwide (1). High rates of COVID-19 vaccination and thus, herd immunity, will be key to containing the pandemic (3); however, some reports suggest that vaccination may cause infertility or have adverse effects on pregnancy (4–6). Abbas-Hanif et al. (7) recommended that the safety of COVID-19 vaccines be evaluated during pregnancy, raising concerns for pregnant women and those planning in vitro fertilization (IVF) treatment (7). A meta-analysis of pregnant women revealed that only 47% of women intended to receive the COVID-19 vaccine during pregnancy, and women planning IVF treatment were also hesitant to receive the COVID-19 vaccine (8). Another meta-analysis reported that COVID-19 vaccination during pregnancy did not increase the risk of adverse perinatal outcomes but reduced the risk of stillbirth (9). A large retrospective cohort study found that COVID-19 vaccination during pregnancy was not significantly associated with an increased risk of adverse pregnancy outcomes compared with no vaccination during pregnancy (10). Moreover, despite the large number of studies investigating the effects of COVID-19 vaccination on IVF outcomes, no systematic review or meta-analysis of the observed results has been conducted.

We conducted a systematic review and meta-analysis of published observational studies to explore the impact of COVID-19 vaccination on IVF outcomes and to identify differences in clinical, biochemical, and ongoing pregnancy rates; implantation, blastocyst, and fertilization rate; and the number of oocytes and MII/mature oocytes recovered between vaccinated and unvaccinated individuals.



2. Materials and methods

This study was performed in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement (11). The protocol has been registered on the PROSPERO platform (registration no. CRD42022359771).


2.1. Literature search strategy

PubMed, Embase, MEDLINE, and Web of Science databases were searched for literature published between January 1, 2020 and February 24, 2023, using a combination of the following search queries: COVID-19 vaccine AND (in vitro fertilization OR IVF), without language restrictions. Import all published articles retrieved from these databases into the EndNote software X9.3.3 and then use this software to remove duplicates articles. Two investigators (LZ and XS) independently read the article titles and abstracts according to the inclusion and exclusion criteria set in advance and conducted a full text analysis of the articles that met the criteria. Additionally, the reference lists of the relevant articles were manually searched.



2.2. Eligibility criteria

• Participants: Population vaccinated against COVID-19 undergoing IVF.

• Exposure: Women who have been vaccinated against COVID-19 and are not infected with COVID-19.

• Comparison: Women who have not been vaccinated against COVID-19 and are not infected with COVID-19.

• Outcomes: Clinical, biochemical, or ongoing pregnancy rates; implantation, blastocysts, or fertilization rate; and number of oocytes and MII/mature oocytes.

• Study types: All cohort or case-control studies. Journal articles, conference abstracts, and letters that described relevant methods and results were included. Animal studies, reviews, case reports, and editorials were excluded.

We excluded studies that included people infected with COVID-19. For studies that clearly delineate infected, uninfected, vaccinated, and unvaccinated, we included only vaccinated and unvaccinated data; In addition, we chose to include relevant data for the study that divided only those vaccinated and those not vaccinated.



2.3. Data extraction

The evaluation was not influenced by the authorized institution or journal related to the study. Data were independently extracted by two researchers (LYZ and XRS), and disagreements were settled by another author (FM). The extracted information included basic study information, vaccine type, transplantation method, and outcomes. Original article authors were contacted if the article data was unintelligible.

For the preliminary analysis we included data on clinical, biochemical, or ongoing pregnancy rates; implantation, blastocysts, or fertilization rates; and the number of oocytes and MII/mature oocytes for IVF in all women vaccinated against COVID-19. These outcomes are defined as follows:

Clinical pregnancy: The presence of an intrauterine gestational sac observed by ultrasound scanning and detection of serum human chorionic gonadotropin.

Biochemical pregnancy: Pregnancy with elevated human chorionic gonadotropin levels in the absence of an intrauterine gestational sac.

Ongoing pregnancy: Pregnancy that lasts for more than 12 weeks with a viable fetus

Implantation rate: Number of gestational sacs observed divided by the number of embryos transferred.

Blastocyst: Preimplantation stage of embryonic development, which occurs about 5–6 days after fertilization.

Fertilization: A series of biological processes that begin with the identification of a sperm with a mature oocyte and lead to the formation of a prokaryote (12).

Oocytes: The female gamete.

Mature oocytes: Oocytes in the metaphase of meiosis, displaying the first polar body and having the ability to combine with sperm.



2.4. Quality assessment

Quality assessment was independently performed by LYZ and RHW. A meta-analysis of non-randomized studies using Newcastle–Ottawa scale (NOS) scores was conducted to evaluate the included cohort studies (13). The risk of study bias was assessed in terms of population selection, comparability between exposed and non-exposed groups, and reliability of outcomes.



2.5. Statistical analysis

Data analysis was performed using Cochrane Review Manager 5.3 (The Nordic Cochrane Center, The Cochrane Collaboration 2014; Copenhagen, Denmark) (14). Considering the different types of studies included (prospective and retrospective cohort studies), we chose the random-effects model (15). The Mantel–Haenszel method was used for meta-analysis of dichotomous variable data (clinical, biochemical, and ongoing pregnancy rates and implantation rate) and the inverse-variance method was used to merge continuous variable data (number of oocytes, number of MII/mature oocytes, blastocysts rate, and fertilization rate). The Q test and I2 index values were evaluated using heterogeneity. The effect of the COVID-19 vaccination on pregnancy outcomes after IVF was expressed as a risk ratio (RR), and the prediction range of the RR was expressed as a 95% confidence interval (CI). Mean Difference (MD) and 95% CI were used to show the effect and prediction range of the COVID-19 vaccine on the number of oocytes and MII/mature oocytes, blastocysts rate, and fertilization rate. P ≤ 0.05 was considered statistically significant. Subgroup analyses were performed for the main types of vaccines administered – mRNA, inactivated virus, or viral vector. Furthermore, to evaluate the robustness of the effect size, we performed sensitivity analyses by excluding one study so that the impact of each study on the pooled effect size could be assessed. Funnel plots were used to analyze publication bias in the outcomes of more than ten studies (16). Publication bias was assessed for indicators using Egger's test in Stata 15.1 (Stata Corp., College Station, TX, USA). The trim and fill analysis was used to analyze the indicators with publication bias (17).




3. Results


3.1. Literature search

PubMed, Embase, MEDLINE, and Web of Science, were searched, and 147 articles were retrieved. Three studies were manually searched by screening the references included in the full text or related reviews. After elimination of duplicate literature, 94 articles remained. LYZ and XRS independently read the article titles and abstracts, screening them according to the inclusion and exclusion criteria, resulting in 28 valid articles which were included for further analysis. The examiners analyzed the full text of the 28 articles and excluded eight articles that did not fully meet the requirements, ending with a total of 20 articles that were analyzed (Figure 1).


[image: Figure 1]
FIGURE 1
 PRISMA flow diagram.




3.2. Patient characteristics

The final 20 studies included 18,877 women with median age range from 30.4 to 38.7 years undergoing IVF mainly from China, Israel, Spain, the United States, and Italy. Among them, one study compared the IVF outcomes before- and after vaccination (18). The women were sorted into a vaccinated or unvaccinated group based on their COVID-19 vaccination status. First author, year, country, study design, sample size, population, vaccine type, transfer strategy, and outcomes (clinical, biochemical, and ongoing pregnancy rates; implantation, blastocysts, and fertilization rates; and the number of oocytes and MII/mature oocytes) are summarized in Table 1.


TABLE 1 Characteristics of studies included this systematic review and meta-analysis.
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3.3. Quality assessment

NOS quality assessment scored more than or equal to 7 as high quality, 5–6 as medium quality, and < 5 as low quality (38). Overall, 19 of the 20 cohort studies (18–30, 32–37) were of high quality (NOS score ≥7). The remaining study (31) was of relatively poor quality, as summarized in Table 2. Some of the studies were unblinded (unable to know grouping during statistical results), and others had incomplete documentation of the results, hence, the reduced quality of these studies.


TABLE 2 Outcome of assessment of the quality of non-randomized studies using the Newcastle-Ottawa scale.
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3.4. Meta-analysis

We pooled data from 17801 participants (Intervention group = 4,900; Control group = 12,901) from 17 studies (20–27, 29–37) compare clinical pregnancy outcomes between the vaccinated and unvaccinated groups and found statistical differences (RR: 0.97; 95% CI: 0.94–0.99; P = 0.02; Figure 2). Eight studies (22, 24–26, 30, 32, 34, 36) showed that the biochemical pregnancy rate was not affected by vaccination (RR: 0.95; 95% CI: 0.88–1.03; P = 0.20; Figure 3). Ongoing pregnancy rates were calculated from six studies (20, 21, 27, 30, 32, 34) and were found statistical differences in the vaccinated group than in the unvaccinated group (RR: 0.93; 95% CI: 0.87–0.99; P = 0.02; Figure 4). We compared the differences in implantation rate data from six studies (21, 23, 25, 30, 33, 36) between vaccinated and unvaccinated groups, and there were no differences (RR: 1.02; 95%CI: 0.97–1.07; P = 0.41; Figure 5). The Q test and I2 index showed minimal heterogeneity in pregnancy outcomes (clinical pregnancy rate P = 0.46, I2 = 0%; ongoing pregnancy rate P = 0.33, I2 = 13%; and implantation rate P = 0.44, I2 = 0%). Biochemical pregnancy rate has moderate heterogeneity (P = 0.02, I2 = 58%). Among the pooled indicators, the quality of the studies involved was at a high level (20–27, 29, 30, 32–37), except for the clinical pregnancy rate, which included a study with an NOS score of >7 (31), and are summarized in Table 3.


[image: Figure 2]
FIGURE 2
 Forest plot of clinical pregnancy rate for vaccinated vs. unvaccinated.



[image: Figure 3]
FIGURE 3
 Forest plot of biochemical pregnancy rate for vaccinated vs. unvaccinated.



[image: Figure 4]
FIGURE 4
 Forest plot of ongoing pregnancy rate for vaccinated vs. unvaccinated.



[image: Figure 5]
FIGURE 5
 Forest plot of implantation rate for vaccinated vs. unvaccinated.



TABLE 3 Newcastle-Ottawa scale of each outcome.
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We also analyzed data on whether COVID-19 vaccines affected the number of oocytes and MII/mature oocytes, blastocysts rate, and fertilization rate. Data on the number of oocytes from nine studies (18, 19, 22, 24–28, 33) were combined, and the difference was not statistically significant (MD: 0.12; 95% CI: −0.65–0.88; P = 0.77; Figure 6). Moreover, there was no statistically significant difference in the number of MII/mature oocytes between the vaccinated and unvaccinated groups from seven studies (MD: 0.27; 95% CI: −0.36–0.90; P = 0.40; Figure 7) (18–20, 25, 26, 28, 33). The rates of blastocyst formation (20, 24–27, 33) and fertilization (20, 22, 24–27) were also not significantly different between the vaccinated and unvaccinated groups (MD: 0.01 vs. 1.08; 95% CI: −0.04–0.06 vs. −0.57–2.73; P = 0.70 vs. P = 0.20, respectively; Figures 8, 9). The Q test and I2 index of the number of oocytes (P = 0.04, I2 =51%) and MII/mature oocytes (P = 0.33, I2 =13%), blastocyst rate (P = 0.42, I2 =0%) and fertilization rate (P = 0.16, I2 =36%) showed low to moderate heterogeneity. The quality of the studies involved in the combined index is at a high level (18–20, 22, 24–28, 33), as summarized in Table 3.
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FIGURE 6
 Forest plot of number of oocytes for vaccinated vs. unvaccinated.
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FIGURE 7
 Forest plot of number of MII/mature oocytes for vaccinated vs. unvaccinated.



[image: Figure 8]
FIGURE 8
 Forest plot of blastocysts rate for vaccinated vs. unvaccinated.



[image: Figure 9]
FIGURE 9
 Forest plot of fertilization rate. for vaccinated vs. unvaccinated.


The included studies consisted of women vaccinated with either an mRNA or inactivated virus vaccine. We performed additional analyses by subdividing the women based on the type of vaccine received. The analysis found no significant differences in all measures (clinical, biochemical, or ongoing pregnancy rates; implantation, blastocysts, or fertilization rates; and the number of oocytes and MII/mature oocytes) between the mRNA vaccinated and unvaccinated groups. However, a statistically significant difference was observed in clinical pregnancy rates between the inactivated virus vaccinated and unvaccinated groups.



3.5. Sensitivity analysis

The results showed that excluding any single study had no significant effect on the total effect size of number of oocytes and MII/mature oocytes; blastocyst formation, implantation, and fertilization rates. The total effect size for the clinical pregnancy rate (RR: 0.97; 95% CI: 0.94–0.99) changed when the study by Shi et al. (34) (RR: 0.98; 95% CI: 0.95–1.01) was excluded. Sensitivity analysis of biochemical pregnancy rate (RR: 0.95; 95% CI: 0.88–1.03) revealed that excluding Cao et al. (32) study from the meta-analysis changed the total effect size (RR: 0.93; 95% CI: 0.87–0.99). Excluding the studies by Jacobs et al. (27), Shi et al. (34), and Wu et al. (30) the total effect size for ongoing pregnancy rate (RR: 0.93; 95% CI: 0.87–0.99) changed (RR: 0.93 vs. 0.97 vs. 0.93; 95% CI: 0.87–1.00 vs. 0.90–1.04 vs. 0.86–1.01, respectively).



3.6. Publication bias

The funnel plot of the studies included in the clinical pregnancy rate was roughly symmetric, with an Egger value of 0.968 (Figure 10). There was no publication bias in ongoing pregnancy rate, biochemical pregnancy rate, blastocysts rate, implantation rate and fertilization rate, with Egger values of 0.718, 0.886, 0.589, 0.844 and 0.053, respectively. However, there was publication bias in the number of oocytes and MII/mature oocytes, with Egger values of 0.010 and 0.036, respectively. The results of the combined effect of the number of oocytes and MII/mature oocytes did not change significantly using the trim and fill method (P = 0.767; P = 0.403), indicating that the non-significant result was relatively robust.
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FIGURE 10
 Funnel plot of clinical pregnancy rate.





4. Discussion

Our systematic review and meta-analysis did not find effect of COVID-19 vaccines on biochemical pregnancy rates; number of oocytes and MII/mature oocytes obtained; implantation, blastocysts, and fertilization rates in women undergoing IVF treatment. Subgroup analysis showed that mRNA vaccine had no statistical significance on all indexes (clinical, biochemical, or ongoing pregnancy rates; implantation, blastocysts, or fertilization rates; and the number of oocytes and MII/mature oocytes). Notably, we found statistically significant differences in clinical and ongoing pregnancy rates between the vaccinated and unvaccinated groups. Through the elimination method (sensitivity test), Shi et al. (34) was found to be the main factor affecting the overall result (34). The age and body mass index (BMI) of the vaccinated group are higher than those of the unvaccinated group, and the number of people with pelvic fallopian tubes and ovulation disorders is larger than that of the unvaccinated group, suggesting that the physical conditions of pregnancy in the vaccinated group are worse than those in the unvaccinated group. Physical fitness is a very important factor affecting the process and outcome of IVF (39–41). Therefore, we speculated that this might be one of the reasons why the clinical pregnancy rate and ongoing pregnancy rate of the vaccinated group in the study of Shi et al. (34) was lower than those of the unvaccinated group. In addition, no statistical difference was observed in the subgroup analysis of the ongoing pregnancy rate between the vaccinated group and the unvaccinated group, but the overall difference was statistically significant, which may indicate that the effect of the vaccine on the ongoing pregnancy rate is uncertain, and more studies are needed to explore. The NOS quality of the included studies was relatively good in addition to a low risk of bias. We did not find publication bias in studies with clinical pregnancy rate analysis, and the publication bias in studies on the number of oocytes and MII/mature oocytes extracted did not change after the trim and fill method, indicating that the results of the study were stable.

Vaccination is the most effective preventative strategy against SARS-CoV-2 infection (42). However, misleading reports that COVID-19 vaccines may cause infertility or have an adverse effect on pregnancy have increased vaccination hesitancy in some women. Mi et al. (43) found that syncytin, a trapped retroviral envelope protein involved in human placental morphogenesis is primarily expressed in placental syncytial trophoblast cells (43). However, this does not suggest a possible homology between the vaccine-targeted SARS-CoV-2 spike protein and placental syncytin-1 that causes infertility (44). Administration of mRNA-1273 and BNT162b2 vaccines induces Th1 immunity in men and nonpregnant women, which elicits interferon-γ + CD8 + T-cell responses (45). However, the homeostasis of Th1/Th2 immunity regulates embryo implantation and pregnancy maintenance, thus raising concerns about the increased risk of pregnancy loss associated with COVID-19 vaccination (46). In addition, some misreports suggest that COVID-19 vaccines cause infertility in 97% of women and increases the risk of miscarriage, while negatively affecting both testicular and prostate testosterone levels (47). A large, phase III, multicenter, randomized controlled trial of mRNA-1273 vaccine found no safety concerns other than transient local and systemic reactions in subjects (48). In a multinational, randomized placebo-controlled trial evaluating the safety, efficacy, and immunogenicity of the BNT162b2 vaccine in adolescents and adults, adverse events were acceptable and thus, the vaccine was deemed safe. Despite multiple trials exploring COVID-19, almost all of these trials excluded pregnant women; however, vaccination during pregnancy can protect fetuses and newborn babies (49). In the V-safe Surveillance System and Pregnancy Registry, miscarriage (13.9%), preterm birth (9.4%), and small for gestational age (3.2%) were reported among participants who carried to term, but the rates were similar to those reported in pregnant populations studied before the COVID-19 pandemic (50). Studies of the safety and efficacy of COVID-19 vaccines suggest that they are safe, and the benefits would outweigh the risks of death and adverse pregnancy outcomes associated with SARS-CoV-2 infections (51).

Importantly, there are concerns about the effects of COVID-19 vaccination on pregnancy outcomes in women undergoing IVF. An initial analysis of these studies showed that vaccination against COVID-19 did not affect biochemical pregnancy rates; number of oocytes and MII/mature oocytes obtained; implantation, blastocysts, and fertilization rates after IVF. The studies we included mainly used two types of vaccines, inactivated vaccines and MRNA vaccines. Inactivated vaccines are produced using chemicals to inactivate viruses in vitro, keeping the viral particles intact as immunogens. mRNA vaccines are mRNA that is encapsulated by vector viral proteins or peptides (52, 53). Furthermore, subgroup analyses of the two main vaccines (mRNA and inactivated vaccines) administered to the study population. Subgroup analysis results showed that the mRNA vaccine does not affect the process (number of oocytes and MII/mature oocytes obtained; implantation, blastocysts, and fertilization rates) and outcome (clinical, biochemical and ongoing pregnancy rates) of IVF, but whether the inactivated vaccine affects the clinical pregnancy rate of IVF deserves more research to verify. Although the influence of inactivated vaccine on the clinical pregnancy rates is still unclear, considering that the COVID-19 vaccine can protect both mother and child, the probability of fetal infection with SARS-CoV-2 after birth can be reduced a certain extent (54, 55). Our analysis could help increase the willingness of women planning IVF treatment to receive COVID-19 vaccination, as well as provide evidence-based medical guidance for the development and implementation of guidelines. Age and BMI have an important impact on the course and outcome of IVF and should be accounted for when considering the results of our study. The number of oocytes and mature oocytes recovered from IVF is also related to age (56). A meta-analysis showed that female obesity had a significant negative impact on the live birth rate of IVF (57). Therefore, studies should pay attention to age and BMI matching between the experimental and control groups. Moreover, additional factors could affect the final pregnancy outcome after IVF, including differing IVF procedures in different countries and the expertise of different doctors should also be considered.

In this study, literature related to COVID-19 vaccines and IVF was thoroughly searched, and the studies that met the initial requirements were sorted through strict inclusion and exclusion criteria, and the heterogeneity of this meta-analysis was low. The quality of the included studies, which had a low risk of bias, was assessed using NOS. We also performed sensitivity analysis to verify the reliability of the results. The results with publication bias were meta-analyzed again using the trim-and-fill method, and the estimated pooled effect size did not change significantly, indicating that the results were relatively robust. The included studies were from Asia, Europe, and America; thus, the conclusions of our study are representative and universal.

Our study has several limitations. The number of oocytes and MII/mature oocytes in women undergoing IVF are related to individual ovarian reserves, thus, the effect of vaccination on oocyte number cannot be accurately determined. Moreover, the implantation and pregnancy outcomes are also affected by paternal factors, and pregnancy maintenance has external intervening factors. Therefore, a successful pregnancy is the result of interactions between several factors to provide a suitable environment, with numerous confounding factors. Some studies included in this meta-analysis were non-randomized retrospective studies because vaccination depended on patients' wishes, which made conducting prospective randomized clinical trial studies (RCTS) impossible. However, our meta-analysis included a large number of recent studies and provided robust results based on the random-effects model. Therefore, these results deserve attention.



5. Conclusion

Our findings suggest that vaccination against COVID-19 does not adversely affect the process (number of oocytes and MII/mature oocytes obtained; implantation, blastocysts, and fertilization rates) and outcome (biochemical pregnancy rates) of IVF. Subgroup analysis showed that the mRNA vaccine had no statistical significance on all indexes (clinical, biochemical, or ongoing pregnancy rates; implantation, blastocysts, or fertilization rates; and the number of oocytes and MII/mature oocytes). Whether inactivated vaccine affects clinical pregnancy rates need to be validated in high-quality prospective studies.
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Background: Mass vaccination serves as an effective strategy to combat the COVID-19 pandemic. Vaccine hesitancy is a recognized impediment to achieving a vaccination rate necessary to protect communities. However, solutions and interventions to address this issue are limited by a lack of prior research.

Methods: Over 200 patients from 18 Michigan counties participated in this study. Each participant received an initial survey, including demographical questions and knowledge and opinion questions regarding COVID-19 and vaccines. Participants were randomly assigned an educational intervention in either video or infographic format. Patients received a post-survey to assess changes in knowledge and attitudes. Paired sample t-tests and ANOVA were used to measure the effectiveness of the educational interventions. Participants also elected to complete a 3-month follow-up survey.

Results: Patients showed increased knowledge after the educational intervention in six out of seven COVID-19 topics (p < 0.005). There was increased vaccine acceptance after the intervention but no difference in the effectiveness between the two intervention modalities. Post-intervention, more patients believed in CDC recommendations (p = 0.005), trusted the vaccine (p = 0.001), believed the vaccines had adequate testing (p = 0.019), recognized prior mistreatment in the medical care system (p = 0.005), agreed that a source they trust told them to receive a vaccine (p = 0.015), and were worried about taking time off of work to get a vaccine (p = 0.023). Additionally, post-intervention, patients were less concerned about mild reactions of the virus (p = 0.005), the rapid development of the vaccines (p < 0.001), and vaccine side effects (p = 0.031). Data demonstrated that attitude and knowledge improved when comparing pre-educational intervention to follow-up but decreased from post-intervention to follow-up.

Conclusion: The findings illustrate that educational interventions improved COVID-19 and vaccine knowledge among patients and that the knowledge was retained. Educational interventions serve as powerful tools to increase knowledge within communities and address negative views on vaccination. Interventions should be continually utilized to reinforce information within communities to improve vaccination rates.

KEYWORDS
 COVID-19 virus, COVID-19 vaccines, vaccine hesitancy, educational intervention, COVID-19 attitudes, COVID-19 knowledge


1. Introduction

First identified in January of 2020, severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) has resulted in significant morbidity and mortality, while also disrupting societies and economies on a global scale (1). Since being declared a Public Health Emergency of International Concern by the World Health Organization (WHO) on January 30, 2020, the disease caused by SARS-CoV-2, known as coronavirus disease 2019 (COVID-19), gained worldwide attention, and led to a unified effort to understand and treat this novel disease. Throughout 2020 the number of COVID-19 infections increased and on March 11, 2020, the WHO declared COVID-19 a pandemic (2). As the pandemic continued, vaccination against SARS-CoV-2 emerged as the most promising method of protection against COVID-19 infection (3). By late November of 2020, several pharmaceutical companies announced encouraging early results of their large-scale vaccine trials (4). Subsequently, the vaccines received Emergency Use Authorizations from the United States Food and Drug Administration and vaccine administration began as early as December 2020.

Over the months following authorization, the vaccine became widely available throughout the United States. There was a large public health initiative from private equity and national, state, and local governments to vaccinate as many individuals as possible to achieve herd immunity against the virus. While herd immunity was theoretically possible through natural infection, early predictions required a natural infection threshold of 67% to convey immunity (5). Due to the morbidity and mortality of the virus, there was a sense of urgency to curb the spread of disease through vaccination. However, this sense of urgency brought to light an issue that had been previously reported but was not fully acknowledged: vaccine hesitancy. Vaccine hesitancy has been prevalent in the United States for years, an issue that gained media attention during the 2009 influenza H1N1 outbreaks (6). Vaccine hesitancy has been such a pervasive issue that the WHO EURO Vaccine Communications Working Group developed the “5 Cs” model in 2021 to better understand the problem (7, 8). This model identifies five categories of vaccine hesitancy: confidence, complacency, convenience, communication, and context. Confidence is defined as trust in (i) the effectiveness and safety of vaccines; (ii) the system that delivers them, including the reliability and competence of the health services and health professionals; and (iii) the motivations of policymakers who decide on the needed vaccines. Complacency is defined as the perceived risks of vaccine-preventable diseases being low or that the vaccine is not deemed a necessary preventive measure. Convenience is defined as the physical availability, affordability, geographical accessibility, ability to understand (language and health literacy), and appeal of immunization services. Communication is defined as sources of information such as social media and the government, addressing and monitoring misinformation, and engaging in the benefits of the vaccination with the community. Context is defined as the consideration of ethnicity, religion, occupation, and socioeconomic status and utilizing socio-demographic characteristics in targeted campaigns (9, 10). While the issues addressed in the “5 Cs” model are of legitimate concern, they are also areas often exploited by anti-vaccination campaigns.

During the COVID-19 pandemic, anti-vaccination activists flooded social media with messages that downplayed COVID-19, questioned the truthfulness of vaccine trials, and in some cases denied the existence of COVID-19 altogether (11). Additionally, the accelerated pace of vaccine development and novel mRNA delivery system further exacerbated public anxieties regarding the vaccine (12, 13). A 2020 assessment in the United States showed that only 52% of respondents were very likely to get the COVID-19 vaccine, emphasizing the importance of implementing different strategies of intervention to promote mass immunizations (14). However, prior to attempting intervention, it is necessary to understand the factors that drive hesitancy in the first place.

The Health Belief Model (HBM) serves as a paradigm in public health to guide the promotion of health and disease prevention. This model is used to explain and predict individual changes in behaviors related to health promotion, such as perceived susceptibility, severity, benefits, and barriers (15). Components of the HBM have been utilized in previous public health interventions, such as influenza vaccination uptakes, to identify predictors for individual behaviors (16, 17). A recent systematic review found that HBM is useful in predicting COVID-19 vaccine hesitancy with the most common modifying factor being gender, followed by education, age, geographical location, occupation, income, employment, marital status, race, and ethnicity (18). While the HBM does identify variables impacting hesitancy, the best interventions to mitigate vaccine hesitancy are limited by a lack of prior research (19).

Therefore, exploring the impact of different educational interventions on COVID-19 vaccine hesitancy is essential to increase not only vaccination rates but also our understanding of how the HBM fits into COVID-19 vaccine hesitancy. Kaim et al. demonstrated the benefits of a videographic educational program on improving attitudes toward vaccination acceptability (20). However, it was noted that the study did not contain a longitudinal component, and therefore, opinions regarding the vaccine may change over time. In this study, we conduct a comparison of different modes of educational intervention (infographic vs. videographic) to assess their effectiveness in population subgroups that are initially hesitant toward vaccines. We also include a longitudinal component to examine whether vaccine acceptance changes over time. Data from this study were gathered in the state of Michigan in the United States. As different modalities of educational interventions are applicable to many public health issues, this study has great significance in guiding interventions to future pandemics or other public health emergencies.



2. Methods


2.1. Study design

A prospective study collected data using questionnaires at outpatient primary care clinics in Michigan. This study was conducted from July 2021 to July 2022. Research assistants recruited patients at outpatient waiting rooms to complete the questionnaires. This study utilized two questionnaires to understand participants’ perceived knowledge and attitude regarding SARS-CoV-2 and the COVID-19 vaccines. After informed consent was obtained, participants completed the first set of questionnaires using a pre-loaded survey on a project-issued iPad or could complete the study on their personal Smartphone device via a QR code. After completing the first set of surveys, participants had the option to complete a 3-month follow-up questionnaire at home to determine if their attitudes and knowledge had changed. If they chose to complete this second questionnaire, the patient’s email address was recorded and was paired to an anonymous identification number that a participant created when they completed survey. The email address was recorded via a secure document that was separate from the survey. This study analyzed participants’ attitudes and knowledge regarding COVID-19 and vaccine to draw conclusions about the effectiveness of the interventions. Data recorded from this study remained anonymous and the separate secure document with participants’ email addresses was the only patient-identifying information gathered during this study. Questionnaires and educational interventions were distributed by CITI-trained Central Michigan University (CMU) College of Medicine students. The CMU College of Medicine Research Institutional Review Board (IRB), Covenant Medical Center IRB, and Saint Joseph Mercy Health System and Trinity Health System Level Research IRB provided approval and oversite to maintain ethical standards and participant anonymity. Before data collection, written consent to conduct the study was obtained from community affiliations partnered with CMU College of Medicine where questionnaires were administered.



2.2. Participants

Participants were recruited in outpatient clinics in four counties throughout Michigan: Isabella, Saginaw, Sanilac, and Wayne. This included one clinic in Isabella County, three clinics in Saginaw County, two clinics in Sanilac County, and one clinic in Wayne County. The inclusion criteria were defined as patients at one of the previously mentioned clinics who were above the age of 18 and able to understand English. The exclusion criteria were defined as individuals who were not patients at one of the previously mentioned clinics or those who were not above the age of 18 or were unable to understand English.



2.3. Questionnaires and educational interventions

Two sets of anonymous surveys were distributed in this study. The first set of surveys (pre-survey and post-survey) were collected via Qualtrics Online Survey Platform between July 20, 2021 and December 3, 2021. The follow-up survey was collected via Qualtrics between October 18, 2021 and June 8, 2022 (Figure 1). The first set of surveys included a pre-survey, educational intervention, and post-survey (Figure 2). These three components were completed in one sitting. The 67-item pre-survey obtained information on the following domains: demographics, COVID-19 and vaccine knowledge, COVID-19 vaccination status, and vaccine beliefs and concerns. Questions regarding demographics, virus and vaccine knowledge, and vaccination status consisted of multiple-choice answers. Demographic data was optional to complete. Of the 67-item questionnaire, 29 of these utilized a three-point Likert scale which included 2 = agree, 1 = unsure, or 0 = disagree to assess attitude regarding COVID-19 and its vaccine. There were seven multiple choice questions aimed at assessing COVID-19 and vaccine knowledge. Next, using the Qualtrics randomization function, participants received either a seven-minute COVID-19 or vaccine educational video or received a COVID-19 and vaccine educational infographic. If participants received the infographic, they were required to spend at least four-minutes reading it before moving on to the next step (Supplementary material 1). Both materials were produced using information from the Centers for Disease Control and Prevention (CDC) and the World Health Organization (WHO) (21, 22). Immediately following the educational intervention, participants received the same COVID-19 knowledge and attitude questions they had answered in the pre-intervention questionnaire. The questions regarding demographics from the pre-intervention survey were not included in the post-intervention survey. After completion of the post-intervention questionnaire, participants received a $20 gift card for their completion of these three components.
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FIGURE 1
 Dot plot representing survey completion dates. Each dot represents one participant. The pre- and post-survey completion dates are indicated in blue. The follow-up survey completion dates are indicated in orange.
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FIGURE 2
 Survey flow. Three parts of the survey, illustrated under the tan-colored rectangle, were completed during one sitting. First, each participant completed the pre-survey, which included demographic and COVID-19 questions. Next, the participants were randomized to receive either a video or infographic educational intervention. Finally, the participant completed the post-survey, which included COVID-19 questions. Three months later, the participants received a follow-up survey, which included COVID-19 questions.


The second survey set included a 3-month follow-up survey. After completion of the first survey, patients were offered to complete the second survey, which could be completed at home. Those that elected to complete this portion of the study created a unique identification number to maintain anonymity and to match the first set of surveys with their 3-month follow-up survey. Emails were collected from patients who were interested in completing the follow-up survey. To incentivize completion of the follow-up survey, participants received a $10 digital gift card sent to their email upon completion of this survey. The follow-up survey was distributed to patients at least 3 months after the completion of the first set of surveys. The follow-up survey prompted participants to provide updated vaccination status, provide any learning about COVID-19 or the vaccine that may have occurred since the educational intervention, and included the same COVID-19 knowledge and attitude questions from the pre- and post-intervention surveys. If answered “YES” to the question asking about new information learned since the educational intervention, a drop-down area for participants to type what they had learned appeared. Otherwise, all other questions consisted of multiple-choice questions and the three-point Likert scale questions previously described. This questionnaire also utilized Qualtrics Online Survey Platform.



2.4. Statistical analysis

To calculate an estimated sample size, we assumed the average score on “If given the opportunity to take the COVID-19 vaccine, how likely is it that you would get the vaccine/shot?” in the pre-survey as around 1.5 based on published COVID-19 attitude surveys as of February 2021. We expected our educational intervention would increase the average score for this question on the post-survey to be around 2.0 with the standard deviation of paired difference to be around 1. To achieve 95% power with Alpha = 0.05, we estimated the sample size of 84 to detect medium effect size differences among subgroup means. Frequency distributions were computed for each of the demographic variables. Independent two-sample t-test and ANOVA were used to measure participants’ attitudes and knowledge toward COVID-19 and vaccines. Normality and homogeneity of variance were checked for both ANOVA and t-tests. Attitude was assessed through the following variables: belief in CDC recommendations, concern about mild reactions to COVID-19 infection, trust in the vaccine, belief in adequate testing of the vaccine, concern about the vaccine being developed too quickly, concerns about side effects of the vaccine, past mistreatment with medical care, and trust of the source. Knowledge was assessed with questions pertaining to the following variables: protection & reduction of COVID-19 transmission, how COVID-19 spreads, how vaccines work, how COVID-19 vaccines work, being cautious in public, COVID-19 vaccine side effects, and COVID-19 vaccine development. Paired t-tests were used to measure the change in participants’ attitudes and knowledge toward COVID-19 and vaccines to compare changes between the pre-intervention survey and the post-intervention survey. An unpaired t-test was utilized to compare changes in the participants’ attitude and knowledge between infographic and videographic intervention. Changes associated with the demographics were analyzed via t-tests and ANOVA. Finally, means were calculated to compare changes between the pre-intervention, post-intervention, and 3-month follow-up questionnaires. Statistical analysis was completed via Statistical Package for Social Sciences (SPSS).




3. Results

234 participants, who reside in 18 counties throughout Michigan, completed the pre-survey, educational intervention, and post-survey (Figure 3). 60 patients completed the follow-up survey (Figure 4). The demographic data from the cohort of 234 participants can be seen in Table 1. The cohort was comprised of 76% females with the most common age range being 25–34 years old (31.3%). Most participants identified their ethnicity as White or Caucasian (69.3%), with those identifying as Black or African American as the second most common ethnicity (24.4%). Race was assessed and 93% identified as non-Hispanic. Additionally, most participants reported their residence as metropolitan (69.0%) with 35.6% of respondents falling into the household income bracket of $15,001–$45,000 per year. When asked about education, most participants recorded having some college credit but no degree (27%) or having a high school diploma or GED (27.1%). Political affiliations and religion were assessed with 42.9% identifying as democrat and 75% identifying as Christian. Demographic information regarding COVID-19 was also assessed with 45.6% reporting that their employment status was impacted by COVID-19 and 41.9% recorded themselves as essential workers. Of those surveyed, 71% reported testing themselves for COVID-19 in the past and 64.3% noted that they knew someone who tested positive for COVID-19 in the past. Participants were also asked whether they knew someone who was either hospitalized or who died from COVID-19 and 52.2% reported that they did know someone. The questionnaire also inquired whether participants had any underlying at-risk medical conditions (i.e., cancer, diabetes, HIV, and etcetera) with 38.8% responding that they had one at-risk condition and 32.0% reporting they had two or more at-risk conditions. They were also asked whether anyone in their household had at-risk medical conditions with 23.0% stating that someone in their household had one condition and 23.5% reporting someone in their household had two or more conditions. Participants were also provided with a list of CDC precautions including wearing a mask, social distancing, and washing hands often, etcetera, with 24.1% of people reporting following all 10 listed precautions. Lastly, participants were asked about previous vaccinations. 53.5% of participants reported receiving the influenza vaccine last year and 55.5% reported that they either had already received it or were planning to get the vaccine this year.
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FIGURE 3
 Participant population density map. Geographical areas represented among participant population.
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FIGURE 4
 Flow diagram of response and completion rate.




TABLE 1 Demographics of study cohort.
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As seen in Table 2, after participants completed either educational intervention, participants showed an increased positive attitude regarding COVID-19 and its vaccine. Results demonstrated that participants had increased belief in CDC recommendations (p = 0.005), trust in the vaccine (p = 0.005), agreed that the COVID-19 vaccines were adequate tested (p = 0.001), identified that they had experienced mistreatment in the medical care system in the past (p = 0.005), agreed that the source that told them to receive a COVID-19 vaccination were trustworthy (p = 0.015), and worried about taking time off of work to get a COVID-19 vaccine (p = 0.023). In addition, after the intervention, less participants were concerned about mild reactions from COVID-19 infection (p = 0.005), the rapid development of the vaccines (p = <0.001), or the side effects of a COVID-19 vaccine (p = 0.031). There was no statistical significance concerning the long-term side effects of the vaccine, trust in the healthcare system, the inability to find childcare to obtain the vaccine, or hesitancy to obtain the vaccine due to religious beliefs.



TABLE 2 Mean item virus and vaccine attitude difference scores (N = 164).
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After demographic differences were assessed between participants, there was still an overall increase in positive attitude concerning the vaccine post-intervention (Supplementary Table 1). Those who identified as female were less likely to agree that the vaccine was developed too quickly following the intervention (p = 0.04). When examining different racial groups, those who identified as White showed increased trust in the vaccine post-intervention, whereas those who are non-White showed a decreased trust in the vaccine after the intervention (p = 0.04). Overall, all age groups, except for those who were 65 years and older, were less concerned about mild reactions of the virus infection. Location of residence, religion, political affiliation, income, and education did not show statistically significant differences in any of the nine attitude-related categories.

Table 3 demonstrates COVID-19 and vaccine knowledge pre- and post-educational intervention. Out of the seven knowledge-based questions, knowledge regarding COVID-19 and vaccine topics increased in six of these variables. After completing the intervention, participants showed increased knowledge in the following: protection and reduction of COVID-19 transmission (p = <0.001), how COVID-19 spreads (p = 0.026), how vaccines work (p = 0.005), being cautious in public (p = 0.019), COVID-19 vaccine side effects (p = 0.0047), and understanding of COVID-19 vaccine development (p = 0.008). The only knowledge topic that did not show significant increase post-intervention was: How the COVID-19 vaccine works (p = 0.18).



TABLE 3 Mean item virus and vaccine knowledge difference scores.
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Knowledge-based questions were also stratified by demographics (Supplementary Table 2). After the intervention, all age groups, except for those who were 45–54 years old, showed improved knowledge regarding the protection and reduction of COVID-19 questions (p = 0.057). Individuals between 18–24 and 55 years and older showed improved knowledge regarding COVID-19 vaccine side effects (p = 0.045); those ages 25–34 and 45–54 showed no improvement (p = 0.045); those who were 35–44 years showed less knowledge in this area despite the intervention (p = 0.045). After the intervention, those with an income less than $15,000 showed a decrease in knowledge regarding the protection and reduction of COVID-19 transmission, while other income classes improved their knowledge after the intervention (p = 0.005). All political parties showed an increase in knowledge regarding protection and reduction of COVID-19 transmission (p = 0.018). Among the political parties, those who identified as independent showed the least improvement.

When comparing the effectiveness of the two educational intervention modalities (infographic vs. videographic), there were no statistically significant differences in either attitude or knowledge. Overall, there was a high correlation of vaccination acceptance before and after both modalities of educational intervention; however, there was no significant change in vaccine acceptance post-intervention (Supplementary Tables 3–5).

Mean values were calculated to demonstrate the participant attitude between the pre-intervention, post-intervention, and follow-up questionnaires (Table 4). Due to the reduced sample size in the post-intervention group being below the required estimated sample size threshold, repeated measures analyses across the three time points were not computed. However, for informational purposes, we included the follow-up means. There was an increase in attitude when comparing pre-intervention to the follow-up survey in the following variables: belief in CDC recommendations, trust in the vaccine, adequate testing of the vaccine, concerns of past mistreatment with medical care, and agreement that sources that told them to receive a COVID-19 vaccination were trustworthy. However, these variables also demonstrated a decrease in attitude when comparing post-intervention and the follow-up survey. Additionally, there was a decrease in the following variables when comparing the pre-intervention and follow-up questionnaire: concerns about mild reaction of virus infection, vaccine developed too quickly, and concerns about side effects of the vaccine. However, these showed an increase when comparing the post-intervention to the follow-up survey. Results from this indicate that although attitude improved when comparing pre-intervention to follow-up, the largest improvement occurred when comparing pre-intervention to post-intervention.



TABLE 4 Mean item virus and vaccine attitudes difference scores for all timepoints.
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Knowledge was also assessed longitudinally by calculating mean values (Table 5). There was an increase in six out of the seven knowledge variables when comparing pre-intervention to the follow-up survey: protection and reduction of COVID-19 transmission, how COVID-19 spreads, how the COVID-19 vaccine works, being cautious in public, COVID-19 side effects, and COVID-19 vaccine development. Additionally, the measured items “how COVID-19 spreads” and “being cautious in public” demonstrated an increase in knowledge from post-intervention and the follow-up survey. The remaining variables showed a similar trend to that seen in attitude, with a decrease in knowledge when comparing post-intervention to follow-up. The knowledge variable of “how vaccines work” did show an increase from pre-intervention to post-intervention; however, a decrease in level of knowledge was seen at follow-up when compared to either pre- or post-intervention.



TABLE 5 Mean item virus and vaccine knowledge difference scores for all timepoints.
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4. Discussion


4.1. Utilizing educational interventions to improve attitude and knowledge toward vaccination

Vaccine hesitancy has been steadily increasing over the past few decades and was declared a top 10 global health threat by the WHO in 2019 (23). Despite this increasing trend, vaccination against SARS-CoV-2 remains the most widely accepted method of protection against serious illness, hospitalization, and death (24). Reiter et al. demonstrated that individuals with a positive perception of the COVID-19 vaccine are more likely to receive the vaccine (25). In addition, improved knowledge surrounding SARS-CoV-2 and the COVID-19 vaccine has been shown to improve vaccination acceptance (26). Thus, it is imperative to improve perceptions and knowledge of the vaccine to improve overall vaccine uptake. However, the question remains of how to improve perception. A previous study by Kaim et al. determined that videographic educational interventions improved attitudes toward vaccination acceptability (20). In our study, we expand upon this to include another educational modality, infographic, to determine if there is a difference in attitude or knowledge surrounding SARS-CoV-2 or the COVID-19 vaccine based on the two different educational modalities. We also evaluate whether the effects of these educational interventions wain over time.

This study found that both modalities of educational intervention improved overall attitudes in nine out of the 13 variables assessed. Post-intervention, there was an overall increased trust in the vaccine with increased belief that the vaccines were adequately tested and were not developed too quickly. There was also less concern regarding mild reactions or side effects from the COVID-19 vaccine. After the intervention, there was an overall increase in participants’ recognition that of previous medical mistreatment; however, there was also an increase in participants agreement that sources (i.e., media, government institutions, and etcetera) encouraging them to receive a COVID-19 vaccination were trustworthy. The findings also identified that there was an increased concern that their employment or schedule will not permit time off work to obtain a vaccine. Therefore, it may be of benefit for policymakers to incentivize employers to allow workers time off to obtain the vaccine, as well as time off for any side effects from the vaccine.

The study also found that both modalities of educational intervention improved knowledge in six out of the seven knowledge-based variables. Post-intervention, there was an increase in knowledge regarding how COVID-19 spreads and how to protect against and reduce the transmission of COVID-19. Participants also showed increased knowledge regarding precautions to take in public to reduce the risk of COVID-19 infection. Additionally, there was an increased knowledge regarding COVID-19 vaccine side effects and understanding of the COVID-19 vaccine development. Previous studies have demonstrated that higher levels of knowledge correlate with higher levels of vaccine acceptance (27, 28). Data from this study support these previous findings along with those of Kaim et al. with regard to educational interventions improving vaccine acceptance (20). In addition, Kreps et al. identified that vaccinations that were endorsed by CDC and WHO were associated with higher vaccination acceptance (29). Therefore, utilizing information from CDC and WHO, as done in this study, may be a useful approach in increasing vaccination acceptance.

While both educational modalities demonstrated significant increases in attitude and knowledge regarding COVID-19 and vaccines, there was not a significant difference between the infographic versus videographic intervention when comparing the assessed variables. A previous study found that both educational handouts and educational videos improved knowledge scores and acceptability of the HPV vaccine; however, educational videos were associated with higher levels of knowledge and acceptability (30). While the previous study demonstrated videographic representation of information was associated with greater levels of knowledge and acceptability, there is still limited research on the effectiveness of different modalities of educational intervention on vaccine hesitancy (19). Although our study aimed to further this understanding, there was no statistical significance noted between the two forms of educational intervention. This may be due to the ceiling effect as most participants reported high levels of vaccine acceptance both pre- and post-intervention. Therefore, further investigations are needed to determine the optimal format of educational intervention. Based on our findings and limited prior research, we propose that public health officials utilize the most practical (i.e., cost-efficient, easily dispersible, and etcetera) educational intervention until further studies determine the most effective educational modality.



4.2. Demographics that need more attention during interventions

While this study demonstrated an overall improvement in attitudes and knowledge toward the COVID-19 post-intervention, it is important to consider the demographics of participants. This study utilized the HBM as a theoretical framework to examine variables that impact vaccine hesitancy. A previous systematic review examined the influence of HBM constructs on COVID-19 vaccine hesitancy and found that gender, education, age, geographical location, occupation, income, employment, marital status, race, and ethnicity were all associated with vaccine hesitancy (18). We examined many of these variables as well as others as seen in Table 1. The study found that those who identified as female were less likely to agree that the vaccine was developed too quickly post-intervention compared to those who identified as men; however, there was no statistical significance between genders on other measured attitude variables. Interestingly, a previous study demonstrated that women were more likely to say they were unsure to take the COVID-19 vaccine when available (31). This study cited concerns about personal health, such as potential side effects, as a potential reason for this gender discrepancy. Our study did not find that females were concerned about potential side effects. This may be explained by the fact that the study performed by Prickett et al. collected data in March of 2021, when less was known about SARS-CoV-2 and the COVID-19 vaccines. It is also possible that geographic differences or the larger sample size of Prickett et al. played a role in the differences.

The study also demonstrated that those identifying as White showed increased trust in the vaccine while those who identified as non-White, which was mainly comprised of those identifying as Black or African American, showed a decreased trust in the vaccine post-intervention. This is consistent with previous studies demonstrating that Black or African American populations have greater mistrust in government institutions and greater vaccine hesitancy when compared to White populations (32–34). While reasons behind this are multifactorial, history shows that unethical research such as the Tuskegee Syphilis Study plays a significant role in distrust in medical institutions and vaccine hesitancy (35). Therefore, it is imperative to recognize past injustices and continue to improve upon these ethnic disparities through increased transparency, education, and accessibility regarding public health initiatives in minority communities.

Regarding age, there were significant differences noted among ages concerning attitude and knowledge. Overall, all age groups, except for those who were 65 years and older, were less concerned about mild reactions to the virus infection post-intervention. Both modalities of intervention utilized information gathered from the WHO and CDC, which emphasized the morbidity and mortality associated with increased age and COVID-19 infection (21, 22). This likely explains the trends seen regarding this variable. Regarding knowledge, those in the age range between 25–34 and 45–54 showed no improvement post-intervention regarding COVID-19 vaccine side effects. Those in the age range 35–44 showed decreased knowledge in this variable post-intervention. Interestingly, Gravelle et al. reported that individuals aged 25–49 were the group most hesitant towards vaccination and associated this age range with those who are most likely to be parents (36). In addition, their study found that those aged 50–64 broadly supported vaccines, but still had concerns. The age range reported in our study falls between these two age ranges and, thus, our findings may reflect the possible reasons for hesitancy suggested by Gravelle et al. The 25–54 age range may be more likely to be parents and have additional concerns related to parenthood and children that the educational intervention did not address. Moreover, a previous study demonstrated that concern regarding COVID-19 vaccine side effects was a significant factor that increased vaccine hesitancy (37). Thus, information targeted toward the age ranges of 25–54, specifically information targeted toward parents, may improve vaccine acceptance.

In addition, the study found that those in the lowest household income bracket showed a decrease in knowledge regarding the protection and reduction of COVID-19 transmission, while other variables were not statistically significant. This finding is supported by the work of Latkin et al., which found that income was an independent predictor of reduced vaccine uptake and increased hesitancy (38). Latkin et al. also demonstrated that political conservatism was associated with reduced vaccine uptake and hesitancy. Our results did not support this as six out of the seven measured variables were not statistically significant in relation to political affiliation. The only statistically significant measured variable was protection and reduction of COVID-19 transmission, with those identifying as republican showing greater knowledge post-intervention compared to those identifying as democrat or independent. This may be due to sampling bias as nearly double the percentage of participants identified as democrat versus republican. Regardless, income did show a decrease in knowledge indicating that lower socioeconomic groups may benefit from targeted information to improve vaccine acceptance.



4.3. The role of educational interventions in the short-term and long-term to address public health issues and the participatory, action, and research cycle model to address public health issues

Despite slight variation in demographics, findings demonstrated that overall, there was an increase in both attitude and knowledge regarding assessed variables immediately following intervention. While these results are encouraging for decreasing vaccine hesitancy in the short-term, Eitze et al. found that immediate increases in knowledge and risk perceptions of pneumococcal and influenza did not decrease vaccine hesitancy in the long-term (39). Our study attempted to test this by analyzing the changes in attitude regarding COVID-19 and the vaccine over different time periods. Out of the eight attitude-related variables assessed across pre-intervention, post-intervention, and follow-up, all eight demonstrated improvement when comparing pre-intervention to follow-up. However, there was a decrease in attitude across all eight assessed variables when comparing post-intervention and follow-up. The same was true in six out of the seven knowledge-tested variables with improved knowledge between pre-intervention and follow-up and worsening knowledge between post-intervention and follow-up. There was an increase in knowledge in the variable “how vaccines work” from pre-intervention to post-intervention; however, knowledge in the follow-up was lower than pre-intervention. These results indicate that a one-time educational intervention does improve attitudes and knowledge long-term; however, the effects of the intervention wains over time.

The decrease in attitude and knowledge over time seen in this study emphasizes the importance of utilizing educational interventions as a continuous process rather than a singular event. Therefore, we propose utilizing a modified version of the Participatory, Action, and Research (PAR) model to address vaccine hesitancy. PAR is an approach to research that emphasizes active participation by members in the target population (40). Action is achieved through analysis and reflection of data collected from community members to determine follow-up interventions. The PAR approach is rising in health research, and a recent study demonstrated that utilizing this method significantly increased vaccination rates in unvaccinated children (41). We further recommend that the PAR model be modified to the Participatory Action Research Cycle (PARC), which serves as an additional tool to create actionable plans and empower community members similar to the original PAR model (Figure 5). This model is further refined to incorporate the importance of ongoing education when addressing public health concerns, especially conceptually difficult concepts such as vaccine hesitancy.
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FIGURE 5
 Proposal to modify the Participatory, Action, and Research (PAR) to the Participatory, Action, and Research Cycle (PARC) Model.


The PARC model proposes a three-item cycle. The first is to participate in the community and to assess the attitude and knowledge of the community regarding a specific public health issue, such as vaccine hesitancy. During this part of the cycle, community members participate in an educational intervention, such as watching a video or reading an infographic. The following step is action. Community members will then apply what they have learned to make informed decisions about their body, such as receiving or not receiving a vaccine. The next step is research. During this step, researchers will reassess the participant’s knowledge and determine if there are gaps in knowledge. Gaps in knowledge are addressed and applied back during the next iteration of the cycle beginning with the participatory aspect. Reinforcing and solidifying knowledge through this active and reflective process gives the community members autonomy to use this newfound knowledge to determine what health decision is best for them.



4.4. Limitations

While this study has many strengths, we acknowledge that the logistical obstacles of this study led to the data collection timeline to be spread out. During this time, many pandemic-related factors, such as the various new COVID-19 strain variants, CDC recommendation changes, COVID-19 case surges, and booster shots, may have impacted participants’ opinions depending on when the participant took the survey. In addition, the limited sample may not have captured all meaningful trends. Further studies using a larger sample size could validate the demographic relationships and associations found in this study. Moreover, the sample population was derived from patients at outpatient primary care offices. This can lead to selection bias as this population may vary from the general population. Many participants also failed to record demographic information, which may have skewed demographic trends in attitude and knowledge. The cash incentive for completing these surveys may have also impacted the study as those in lower income brackets may have been overrepresented when compared to upper-income brackets. Additional limitations of this study include the requirement of participants to be literate in English and the surveys were distributed at clinics selected from convenience sampling, thereby excluding non-English speaking populations and patients from other locations, respectively. Lastly, this study also required participants to be competent in technology use, as it required an iPad or Smartphone device. Nevertheless, we believe that this study addressed many of the gaps in previous studies including how the effects of intervention wain over time and comparing different modalities of educational intervention.



4.5. Conclusion

Educational interventions play a key role in addressing public health issues, such as vaccine hesitancy. Effective interventions require careful planning and execution to achieve desirable changes. Our study shows the short- and long-term changes of brief educational interventions and variations in responses among demographic groups.

In addition, our study illustrated many meaningful trends for future investigation. For instance, our study demonstrated that there was not a significant difference between infographic vs. videographic educational interventions regarding improvements in attitude or knowledge; however, there are many more modalities that could be investigated. Interactive educational modalities could be included as this may improve acquisition and retention of knowledge. Future efforts could also be implemented at different follow-up time periods instead of one follow-up. This may be beneficial to determine when it would be most beneficial to implement the next cycle of educational intervention.
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Introduction: Vaccine hesitancy may increase infectious disease burden and impede disease control efforts, while few studies have measured such a phenomenon with a standardized tool in China. This study aimed to test the validation of the Vaccine Hesitancy Scale (VHS) developed by the WHO SAGE Working Group among caregivers and examine demographic characteristics associated with caregiver hesitancy in six provinces of China.

Methods: Using a multistage sampling design, this study was conducted in 36 immunization clinics in six provinces from December 2019 to August 2020. Caregivers of children aged 0–3  years were included. The VHS was used to assess vaccine hesitancy. The construct validity and internal consistency of the scale were assessed. Associations between caregivers’ characteristics and vaccine hesitancy were examined by simple and multiple linear regression models.

Results: Of the 3,359 participants included, a two-factor structure within the scale was identified, consisting of “lack of confidence” (1.89 ± 0.53) and “risks” (3.20 ± 0.75). Caregivers engaged in medical work expressed more confidence and were less concerned about risks compared to those of non-medical staff (p < 0.05). Participants with higher income levels were more confident (p < 0.05), while those surveyed after the COVID-19 pandemic, who were mothers, who had an older child, or who were raising a second or above birth child, had less concern about risks (p < 0.05).

Discussion: We found that the VHS had acceptable reliability and construct validity and caregivers’ hesitancy was driven more by concerns about risks than by the lack of confidence. Countering these concerns will be particularly important among non-medical staff, lower income, child’s fathers, having a younger child, or raising first-birth child groups.

KEYWORDS
 vaccine hesitancy, confidence, validation, child, risks


Introduction

It is well-recognized that immunization has profoundly contributed to the major decline in morbidity and mortality of particular infectious diseases (1, 2). Especially, the coronavirus disease-2019 (COVID-19) pandemic break out globally, and vaccination can be an effective strategy to protect public health (3). Surprisingly, surveys among people reveal that there is a significant rate of distrust against vaccines (4, 5). In addition, because of a wide range of dissemination of some pseudoscientific conclusions, for instance, MMR (Measles, mumps, and rubella combined vaccine) may cause autism (6), the public’s trust in vaccines has generally declined (7–9), triggering large-scale vaccine hesitancy. The vaccination rates for MMR in the United Kingdom sharply fell from 92% in 1995–1996 to 80% in 2003–2004 (6), and the United States and other countries have also been influenced to some extent (6, 10). Consequently, this situation led to outbreaks of vaccine-preventable diseases in some countries. To cite an example, from the end of 2014 to April 2015, two-thirds of measles outbreaks in the Americas were related to vaccine refusal (11, 12). Additionally, compared with high-income countries, middle- and low-income countries often have a larger population base and underdeveloped medical standards. Thus, once the diseases break out, the consequences will be disastrous.

In China, due to the frequent incidents on vaccine safety which caused panic about vaccination (13), Chinese researchers also pay more attention to vaccine hesitancy (14–18), and they found the illegal vaccine-selling events reduced caregivers’ trust in the vaccine, and some caregivers refused or hesitated to use vaccines for their children (19, 20). Nevertheless, there are some limitations in the existing research. The samples for these studies were only taken from one hospital or several hospitals in one city, which cannot represent the overall situation of China (14–17). Furthermore, the tools they used to evaluate vaccine hesitancy were different, including self-developed scales that lacked comparability among different studies, and some scales discussing vaccine hesitancy from only one dimension, which is not comprehensive enough (15, 17, 18). Moreover, some tools they used lacked the test of their reliability and validity which means that their reliability is questionable to some extent.

It is very vital to choose a suitable and standard research tool and to provide a standard framework to measure, evaluate, and compare vaccine hesitancy from different locations over time. The Vaccine Hesitancy Scale (VHS) was developed by the World Health Organization (WHO) Strategic Advisory Group of Experts (SAGE) Working Group to investigate vaccine hesitancy. It is a good tool with a uniform standard that has been applied to most countries in the world, making the results of the studies comparable with each other. Moreover, the VHS has moderate items and is not too complicated, thus participants may have a high degree of cooperation in the survey. In addition, it has been applied in many countries in the world, having potential value for international promotion (21–24). Furthermore, however, studies of vaccine hesitancy in China are few and limited in a standardized and validated measurement tool for international comparisons (25, 26).

Our study aimed to test the validation of the VHS scale in six provinces of China, measure caregivers’ vaccine hesitancy before and after the COVID-19 pandemic, and explore the influence of different characteristics of caregivers on vaccine hesitancy.



Materials and methods


Study design and participants

This cross-sectional study utilized a multistage sampling design. First, we purposefully selected seven representative provinces of China: three provinces, i.e., Shandong, Guangdong, and Zhejiang provinces in the eastern region, one in the central region (Henan Province), two in the western region (Sichuan Province and Inner Mongolia Autonomous Region), and one in the northeast region (Liaoning Province). Second, two prefecture-level cities were chosen from each province mentioned above, of which one city was in the upper 25th percentile of per capita GDP in the province, and the other was in the lower 25th percentile of per capita GDP. Third, one district or county with the 50th percentile of per capita GDP in each selected prefecture-level city was chosen. Fourth, healthcare facilities in the selected districts or counties were stratified by types (community healthcare centers, township clinics, and other medical and health institutions such as public hospitals or private health institutions); one immunization clinic was chosen on each stratum (if there was no other medical and health institution in the district or county, it would be replaced by the larger community health care center or township clinics). Within each immunization clinic, we selected a convenience sample of 90 caregivers. The survey was conducted from December 2019 to January 2020. Because of the outbreak of coronavirus disease-2019 (COVID-19) in January 2020, the investigation for two immunization clinics in Inner Mongolia Autonomous was postponed to be conducted from July to August 2020, and six immunization clinics in Zhejiang Province were withdrawn from the survey. Finally, the survey was conducted in 36 immunization clinics from 12 counties in six provinces.

Eligible participants included primary caregivers accompanying children aged 0–3 years who were born between 1 January 2017 and 1 January 2020 at immunization clinics in China. A total of 3,479 caregivers of children aged 0–3 years were invited to participate in the study, of which 3,474 caregivers agreed to participate, with a response rate of 99.86%. After excluding 63 duplicate coded questionnaires and 52 questionnaires with obvious logical errors, 3,359 caregivers of children were included in the data analysis.



Data collection

Caregivers included were investigated through a face-to-face interview by trained interviewers. A structured questionnaire was designed to collect demographic information about children and their caregivers, such as children’s gender, age, birth order, the relationship between child and caregivers, caregivers’ age, education, occupation, and per-capita annual income. In addition, this study targets the vaccination of caregivers’ hesitancy in China, so we used 10 items of the VHS to assess vaccine hesitancy, in which each item was measured by a five-point Likert scale (1 = strongly disagree, 2 = disagree, 3 = neither agree nor disagree, 4 = agree, and 5 = strongly agree) (27). To make directionality uniform across all items, we reversely coded seven items (L1–L4, L6–L8), giving a higher score to disagreement than agreement, so that a higher score indicated more hesitancy on all items. The average of all items was calculated to assess the caregiver’s hesitancy for vaccination. All items for the VHS scale are described in Figure 1.

[image: Figure 1]

FIGURE 1
 Distribution of responses to each item of the vaccine hesitancy scale. Items with a * were reverse coded.




Statistical analysis

The distribution of demographic characteristics and responses to the VHS scale was displayed using descriptive statistics. To analyze the construct validity of the scale, we conducted an exploratory factor analysis (EFA). Factors were extracted using a varimax or orthogonal rotation and an examination of Scree plots (28). We only retained the factors that had eigenvalues of at least 1.0. The reliability and internal consistency of the scale were assessed using Cronbach’s alpha (29). The association between demographic groups and components of the Vaccine Hesitancy Scale was assessed by simple and multiple linear regression models, with output β and 95% confidence intervals (CI). For multiple linear regression models, we used a backward stepwise method, using the criteria of p < 0.05 for inclusion and p > 0.10 for exclusion. For all analyses, a two-sided p value of <0.05 was considered significant, and all analyses were conducted using SAS (SAS 9.4, SAS Institute, Cary, NC, United States).




Results


Demographics of participants

The demographics for the final sample is presented in Table 1. The majority of the participants were mothers of children (72.13%) and most were 25–34 years old (65.56%). Around 70% of the participants had finished senior high school and 43.38% had a university education. Most participants were non-healthcare-related professionals (92.41%), with 7.59% of healthcare-related professions. Of the children surveyed, the majority were boys (51.59%), mostly concentrated in the age ≤ 12 months (53.77%), and most of them were firstborn (55.67%).



TABLE 1 Demographic characteristics of participants.
[image: Table1]



Responses to vaccine hesitancy scale items

Most participants had positive beliefs about vaccination, while some participants expressed concerns about risks. Figure 1 shows parental responses to the 10 five-point Likert scale items of the WHO Vaccine Hesitancy Scale. Over 75% of participants showed positive attitude toward the seven positively phrased survey items (L1–L4, L6–L8). Notably, 91.96% of participants agreed or strongly agreed that “Childhood vaccines are important for my child’s health,” 91.22% reported “Having my child vaccinated is important for the health of others in my community,” and 89.28% reported, “Childhood vaccines are effective.” However, participants had less consistent responses to the 3 negatively phrased items (L5, L9, and L10), compared to the other seven positively phrased items. 59.53% of participants agreed that “I am concerned about serious adverse effects of vaccines,” 46.42% agreed that “New vaccines carry more risks than older vaccines,” and 26.71% believed that “My child does or does not need vaccines for diseases that are not common anymore.”



Construct validity and internal consistency of the vaccine hesitancy scale

Exploratory factor analysis identified two factors with Eigenvalues higher than one (Table 2). These two factors explained 62.27% of the total variance of the 10-items scale, and one factor was predominant as it explained 45.07% of the total variance. Seven items were loaded on Factor 1, and they were primarily related to a lack of confidence in vaccines. Three items were loaded on Factor 2, and they were associated with vaccine risk and complacency as well as perceptions that vaccines are not beneficial. The Cronbach’s alpha value for the 10-item scale is equal to 0.80, indicating acceptable internal consistency reliability. Additionally, Cronbach’s alpha values were 0.91 and 0.62 for the “lack of confidence” factor and “risks” factor, respectively.



TABLE 2 Unrotated and rotated exploratory factor analysis factor loading pattern for the vaccine hesitancy scale items.
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Demographic variables associated with vaccine hesitancy

There was a greater endorsement of the “risks” factor (3.20 ± 0.75) compared to the “lack of confidence” factor (1.89 ± 0.53). Simple and multiple linear regression model results for two factors of vaccine hesitancy are shown in Table 3. The occupation was a significant predictor for both two factors. Compared to caregivers who were in a non-healthcare-related profession, caregivers engaged in the healthcare-related profession expressed more confidence (β: -0.15, 95% CI: −0.22 to −0.08) and were less concerned about risks (β: -0.10, 95% CI: −0.19 to −0.00). For the “lack of confidence” factor, participants with higher per-capita annual income levels were more confident with vaccine than counterparts with lower income (16,000–24,999 vs. <8,000RMB β: −0.11, 95% CI: −0.17 to −0.06; ≥25,000 vs. <8,000RMB β: −0.10, 95% CI: −0.15 to −0.05). Grandparents had more confidence than fathers (β: −0.11, 95% CI: −0.19 to −0.03). For the “risk” factor, caregivers surveyed after the COVID-19 pandemic expressed less concern about risks (β: −0.16, 95% CI: −0.28 to −0.04). Compared to fathers, mothers were less concerned about risks (β: −0.12, 95% CI: −0.18 to −0.05). Participants who had an older child or raised a second or above birth child had less concern about risks (β: −0.08, 95% CI: −0.13 to −0.03).



TABLE 3 Demographic characteristics and their relation to two components of vaccine hesitancy.
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Discussion

Understanding vaccine hesitancy has become a priority in China, especially with the spread of misinformation surrounding the ongoing pandemic COVID-19 and a series of “vaccination crises” amplifying vaccine hesitancy over the last decade (30–34). To the best of our knowledge, this study is the first large-scale study to report the level of vaccine hesitancy among caregivers of children under 3 years old in 36 immunization clinics from 12 counties in six provinces before and after the COVID-19 pandemic, using the validated Vaccine Hesitancy Scale developed by the WHO. The scale consists of two factors: lack of confidence and risks, and shows acceptable reliability and validity in China. The present study suggests that caregivers with a non-healthcare-related profession, lower per-capita annual income, and who are a father, raising a younger child, and raising the first child, have a high level of vaccine hesitancy.

Our study revealed that the VHS scale with a two-factor structure existed acceptable validity and reliability among Chinese caregivers. Moreover, the scale has been widely used in much different literature contexts (21–24, 35–43). Masters et al. (35) and Wagner et al. (36) used the 10-item VHS to assess vaccine hesitancy among caregivers in Ethiopia and India, respectively. Kim et al. (39) examined the hesitancy of nurses on human papillomavirus vaccinations with the scale in Korea. Modifications of the VHS were made to better adapt to contexts in prior studies. On the other hand, some studies showed that modifications of the VHS were made to better adapt to the contexts. For instance, some researchers found that item 10, “My child does or does not need vaccines for diseases that are not common anymore,” did not agree with the other factors and was thus excluded from final analyses in America, Britain, and Canada (22, 24, 40). Because most vaccination is not national program to provide free vaccination in the United States, item 4, “All childhood vaccines offered by the government program in my community are beneficial,” was eliminated by Szilagyi et al. (42) and Kempe et al. (43). In another two surveys, the item was modified to “All childhood vaccines offered by my child’s healthcare provider are beneficial” (40) and “All routine vaccinations recommended by the CDC are beneficial” (21), respectively. A study found the EFA model was best fit with a seven-item scale (without item 3, item 6, and item 9) rather than a 10-item scale in Guatemala (23). We also found that the VHS scale with the deletion of item 10 produced higher internal consistency (Cronbach’s alpha = 0.81) in our study, while the internal consistency for the “risks” factor declined (Cronbach’s alpha = 0.55) so all 10 items were included in the analyses (Cronbach’s alpha = 0.80). Accordingly, the VHS could be used as a validated standardization tool to measure vaccine hesitancy among children’s caregivers.

The COVID-19 pandemic can be considered a global unifier, with countries worldwide all challenged to contain the spread of novel coronavirus (44). In our study, we found participants surveyed after the pandemic, from July to August 2020, reported less hesitancy in vaccines, especially for concerns about risks, compared to those surveyed before the pandemic. These findings implied caregivers’ expectations for vaccination. Globally, in March 2020, the average vaccine acceptance observed was 86% which dropped to 54% in July 2020 and later increased to 72% in September 2020 (45). It can be seen that people’s willingness, acceptance, and trust in vaccines were relatively high in the early stage of COVID-19, and then gradually declined.

We found that vaccine hesitancy was driven more by risk perceptions than by a lack of confidence among Chinese caregivers. This result was consistent with many previous surveys in other countries and caregivers expressed more hesitancy about risks, especially in China (46, 47). Hesitancy scores on risks in this study (3.20 ± 0.75) were higher than in Canada (24) (3.07 ± 0.95), Britain (22) (2.89 ± 0.93), and India (36) (2.84 ± 0.68). For hesitancy scores on lack of confidence, it was a little lower in this study (1.89 ± 0.53) than in Canada (1.98 ± 0.72) and Britain (1.99 ± 0.80), but higher than in India (1.63 ± 0.35). These findings suggested that caregivers may perceive risks in China, compared to other countries. As highlighted in this study, health education on vaccination risk should be emphasized to raise public knowledge and understand risks better, especially the serious adverse effects of vaccines. Additionally, our results may provide a basic reference for subsequent vaccine hesitancy-related research in China.

Vaccine hesitancy could be associated with a variety of sociodemographic factors. We found that caregivers who were in healthcare-related profession had more confidence and were less concerned about risks compared to those in the non-healthcare-related profession. Possible reasons may include a better understanding of vaccination. Healthcare-related profession have gained more information and knowledge about vaccination, and are more likely to recognize the importance and effectiveness of vaccination (25). Moreover, our results from a simple linear regression model showed caregivers with higher education had more confidence, similar to studies in India (36), Canada (24), America (43), and Shanghai, China (37). Although there is rising concern globally that higher educated groups are more likely to seek exemptions (48–50) or to express safety concerns (51), this is not a uniform pattern (26). A study did not find a significant impact of education level on vaccine hesitancy across five Low- and Middle-Income Countries (LMICs) (38), and we also did not find a significant association between education levels with vaccine hesitancy in a multiple linear regression model. Our study showed that caregivers with higher per-capita annual income were associated with more confidence in vaccination, consistent with the findings of some previous studies (24, 43). However, other studies reported mixed results concerning the relationship between income and attitude toward vaccination (50, 52, 53). For example, Opel et al. (52) found that caregivers with higher income were two times more likely to be concerned about serious vaccine-related adverse reactions than counterparts with lower income. We observed different associations compared to a Canadian study (24), in that our study showed fathers have heightened concern about certain vaccine risks compared to mothers. Moreover, another study reported that fathers expressed greater beliefs that new vaccines were riskier than older ones in Shanghai, China (37). Furthermore, we found caregivers having younger or first-birth child revealed more concerns about risks. Nevertheless, previous studies had shown no significant association (35, 36). Counseling this group might be effective, reasons behind this may be due to caregivers’ experience and attention. Caregivers may lack experience in taking care of a young or first-birth child, and they were more likely to feel more concerned about vaccination, especially its risks. These additional findings help aid further research and development of strategies to drive vaccine acceptance. Therefore, it is recommended that China’s healthcare department should pay attention to the phenomenon of vaccine hesitancy and raise the awareness of parents of children about the benefits of vaccination. In addition, they should learn from the experience of international countries to solve the problem of vaccine hesitancy in China (54, 55), such as improving the vaccine market access mechanism and standardizing the vaccination process to reduce the occurrence of adverse safety events.

This study has several limitations. First, caregivers’ hesitancy may be possibly affected by other factors, such as the experience of vaccination service, the type of vaccine, and the manufacturer of vaccine. Future studies should consider these factors. Second, we did not collect information on which vaccine the child was supposed to get when they got to the clinic, so it was limited to knowing if this hesitancy was associated with the type of vaccine they were getting. Third, most of the participants were mothers of children, which may lead to missing fathers’ perceptions about vaccination. Fourth, few items loaded on the “risks” component and a lack of positively and negatively worded items for both components.



Conclusion

Our findings underscored that the Vaccine Hesitancy Scale may be served as a valid and reliable tool for assessing vaccine hesitancy to provide formulation and standardization measurement instruments in future investigations. We found the scale consisted of two factors, including “lack of confidence” and “risks.” The caregiver’s hesitancy was driven more by concerns about risks than by a lack of confidence. Countering these concerns will be particularly important in non-healthcare-related profession, lower income, child’s fathers, and having younger or first-birth child groups. Future research is needed to explore more possible determiners of caregiver vaccine hesitancy with the scale to guide educational and outreach strategies in China.
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Introduction: Compared to other-race peers, Black women are disproportionately impacted by human papillomavirus [HPV] infection, related health outcomes, and cervical cancer mortality as a result of suboptimal HPV vaccine uptake during adolescence. Few studies in the United States have examined psychosocial determinants of HPV vaccine acceptability and hesitancy among Black parents. The current study integrated the health belief model and the theory of planned behavior to evaluate the extent to which psychosocial factors are associated with pediatric HPV vaccination intentions among this population.

Methods: Black mothers (N = 402; age range = 25 to 69 years, M = 37.45, SD = 7.88) of daughters ages 9 to 15 years completed an online survey assessing HPV infection and vaccine beliefs and attitudes across four domains: Mother’s HPV Perceptions, Mother’s Vaccine Attitudes, Cues to Action, and Perceived Barriers to HPV Vaccination. Participants indicated their willingness to vaccinate their daughter on a 5-level ordinal scale (“I will definitely not have my daughter get the vaccine” to “I will definitely have my daughter get the vaccine”) which was dichotomously recoded for binomial logistic regressions.

Results: Half of the sample (48%) intended to vaccinate their daughter. Number of daughters, mother’s HPV vaccine status, perceived HPV vaccine benefits, HPV vaccine safety concerns, pediatric HPV vaccine peer norms, and doctor recommendations emerged as independent factors of Black mothers’ intentions to vaccinate their daughters against HPV when controlling for all other factors.

Discussion: In addition to medical training to increase doctor recommendation of the HPV vaccine for Black girls, population-tailored public health messaging aimed at promoting HPV vaccine acceptance among Black mothers is urgently needed. This messaging should engage community support and emphasize the benefits of vaccination for adolescent Black girls while also addressing parental concerns regarding the safety of pediatric HPV vaccination.

KEYWORDS
 HPV, Black, African American, mothers, pediatric, vaccine hesitancy, vaccination intentions, attitudes


1. Introduction

Human papillomavirus [HPV] infections are the most common sexually transmitted infections in the United States [U.S.] with some estimates indicating nearly all people will contract at least one type of sexually-transmitted HPV (1). Adolescents and young adults (i.e., 18–25 years) are at particular risk; more than 60% of pre-teen and teen girls are diagnosed with an HPV infection and research suggests 50–80% of people test positive for HPV within 2–3 years of the first time they engaged in sexual activity (2). Unfortunately, approximately half of the sexually-transmitted types of HPV infections among young female adolescents and young adults are responsible for a large percentage of cervical and genital cancers and cancer-related mortality among adult women worldwide (1, 3, 4). Since it was introduced in 2006, HPV vaccines have been found to have high efficacy for prevention of HPV infection, and therefore, cancers caused by HPV infection (5). A two-dose schedule is recommended for those who get the first dose before their 15th birthday (6). Despite incremental increases in HPV vaccination uptake among children and adolescents since 2006, HPV vaccination remains lower than other pediatric vaccines in the United States (7). Consequently, there is an urgent need to increase HPV vaccination rates among girls between the ages of 9 and 15 prior to sexual debut in order to prevent infection and HPV-related cancer as they grow older (8, 9).

Not all women face the same risk for HPV infection. In the United States, Black women are disproportionately impacted by the transmission of HPV, face greater risk of HPV-related outcomes ranging from genital warts to various cancers, and have the highest mortality rate of cervical cancer (10–12). Data also suggest that high-risk HPV infections take longer to clear for Black women compared to White women (13). Further, Black girls are more likely than White and Asian race peers to report early sexual debut, suggesting it is more likely for HPV exposure to occur earlier in development for Black girls (14, 15). Although early vaccination for young Black girls is paramount to prevention of HPV transmission, they are particularly vulnerable to HPV vaccination delay or not receiving the vaccine at all. Black girls are less likely to initiate or complete the recommended vaccination series than peers of other races and ethnicities (16–19). Compared to 80% of Black girls who initiated the vaccine series and 64% who were up-to-date in 2020, 84% of Hispanic and 91.8% of American Indian/Alaska Native girls initiated and 68 and 72%, respectively, were up-to-date in 2020 (20). During adolescence, parents are responsible for the decision to vaccinate their daughters against HPV. Across racial and ethnic groups, delay in HPV is associated with sociodemographic characteristics including parent education level, household income, or differential access to health care services (21). However, these factors do not fully explain HPV vaccination inequities among Black girls (21). As such, investigation of additional social determinants of HPV vaccine acceptability and hesitancy among Black parents is imperative (17, 22).

Vaccine hesitancy is the refusal or delay in the acceptance of a vaccination despite availability of the vaccine or vaccination services (23). Studies of parental HPV vaccine acceptability and hesitancy have drawn on the health belief model (24) and the theory of planned behavior (25) to explore psychosocial factors contributing to parental decision-making. When combined, constructs of these theories overlap to provide a holistic psychosocial perspective of factors that likely contribute to parental HPV vaccination acceptance. These factors include parental knowledge of HPV infection and the HPV vaccine, parents’ perception of their daughter’s susceptibility to HPV infection and severity of HPV infection to their daughter’s health (26–30). Acceptability among parents is also associated with perceived health benefits of receiving the HPV vaccine, positive attitudes toward pediatric vaccines in general, and perceived community support and favorable norms surrounding pediatric vaccination against HPV (26, 29–34). Parents who feel efficacious to request the vaccine and who perceive that their daughter’s doctor recommends and supports the HPV vaccine are also more likely to intend to vaccinate their child (27, 29, 33, 34). On the other hand, vaccine hesitancy has been associated with substantial structural and psychological barriers including perceived inaccessibility of the vaccine, concerns regarding the safety of the HPV vaccine, and concerns about sexual disinhibition and sexual stigma among daughters who receive the HPV vaccine (26–29, 31–33).

Black parents in the United States, however, have been severely underrepresented in research examining attitudes and beliefs regarding pediatric HPV vaccination. Most research in the United States has drawn on samples consisting of largely non-Hispanic white populations and has not examined potential racial/ethnic similarities or differences given small minority sample sizes. Consequently, little is known about the psychosocial factors underlying HPV vaccination intentions and related attitudes among Black parents. What is known about Black parents’ attitudes toward pediatric HPV vaccination primarily draws on a few qualitative studies. The themes reported in these studies suggest that Black parents are influenced by not only the constructs identified in the health belief and theory of planned behavior models, but also systemic barriers and sociocultural factors. For example, some Black parents report that although HPV-specific knowledge would be central to their decision-making process (35), they feel they lack access to adequate knowledge to make an informed decision (36). Others are concerned that the vaccine is too new to be safe, fear potential side effects will have long-term harmful impacts on their daughter’s reproductive health, and refer to an overall sense of cultural medical mistrust based on historical and contemporary medical abuses experienced by Black peoples in the United States (36–39). Still, others worry that giving their child the vaccine will reinforce social stereotypes regarding Black female promiscuity (38, 39). By contrast, parents who are more accepting of the vaccine report they are motivated by concerns that the HPV infections pose severe health consequences to their daughters (38, 40, 41), and that hearing about the vaccine at church, seeing other Black parents vaccinate their daughters, and receiving recommendations from trusted providers positively influence their acceptance (37, 39, 40). Given the lack of quantitative data on Black mothers with unvaccinated children in the United States, current interventions to promote HPV vaccination intentions among Black parents are likely to be uninformed by the unique issues and concerns that must be considered among this population of parents. Understanding what factors are associated with Black mother’s intentions to vaccinate their daughters is central to improving vaccine uptake among this population, and thus, reducing disparities in HPV transmission and outcomes for Black girls and women.


1.1. The current study

A key goal of the 2020 Global Strategy to Accelerate the Elimination of Cervical Cancer is the complete vaccination of 90% of girls between ages 9 and 15 by the year 2030 (42). As of June 2020, half of WHO member states have introduced the HPV vaccine with a majority of these countries located in the Americas and Europe (85% and 77%, respectively) and the least in Africa (31%) (43). However, a substantial reduction in HPV vaccine coverage in the United States and globally has been a consequence of the COVID-19 pandemic (43, 44). In the United States, the 2020 NIS-Teen [National Immunization Survey-Teen] survey found that HPV vaccine initiation in 2020 was lower than rates observed in 2019 for adolescents ages 13–17 and one study estimated that HPV vaccination decreased by 24% from 2019–2020 among adolescents ages 9–16 (45, 46). Given this context, effort must be made to strengthen acceptability and improve uptake of the HPV vaccine among Black girls to meet this goal. Vaccine hesitancy among Black parents magnifies disparities in HPV infection and HPV-related outcomes disproportionally borne by Black girls and ultimately underscores the importance of investigating factors related to Black parents’ intentions to vaccinate their daughters against HPV. As such, the objective of the present study is to draw on constructs suggested by a culturally informed health belief model and theory of planned behavior (see Figure 1) to quantitatively examine the extent to which these factors facilitate or hinder HPV vaccination intentions among Black mothers.
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FIGURE 1
 Integrated model of psychosocial determinants of HPV vaccination intentions among Black mothers. Culturally informed theoretical model integrating components of the health belief model and the theory of planned behavior as psychosocial determinants of HPV vaccine intentions among Black mothers.





2. Methods


2.1. Participants

The current study surveyed Black female or woman-identifying primary guardians (referred to as “mothers” in this article) of adolescent young girls who have not received the HPV vaccine. We focus on mothers because research suggests they are typically the primary parent responsible for health care decisions regarding their children and make nearly 80% of these health care decisions (39, 47). Inclusion criteria for the current sample include: (1) self-reported age of 25 years old or older, (2) primary identification as Black (African American, Caribbean, African), (3) at least one daughter between the ages of 9 and 15, (4) identification as the mother, grandmother, aunt, or other female/woman guardian, (5) current residence in the United States, and (6) English competency.



2.2. Study procedures

Data were collected between December 2021 and February 2022. Purposive recruitment of Black mothers across the United States was conducted by Qualtrics XM which sent emails to potential participants from survey panels of individuals interested in taking paid surveys. A 17-item screener determined eligibility based on age, gender, ethnicity/race, education level, parental role, age and gender of children, daughter’s HPV vaccine status (if applicable), and English competency. A total of 3,440 individuals responded to the Qualtrics XM email invitation and 516 (23.7%) individuals who began the screener were eligible based on inclusion criteria. The final sample included 402 participants who completed the full survey (see Figure 2 for full participant flow). Informed consent was provided to all participants who completed the screener and met inclusion criteria. The informed consent materials stated the purpose of the study, the role of participants in the study, potential risks and benefits of participation, confidentiality protections, and information regarding compensation. Participants indicated their consent by selecting “I agree” and proceeding to the full survey which comprised 92 items and took approximately 15–20 min complete (Median = 17.88 min). Participants who provided valid responses were compensated with a previously agreed-upon amount of points that could be exchanged for gift cards. Qualtrics performed various data integrity checks such as infrequency between survey responses and average of time for survey completion to determine validity of responses before issuing compensation to participants. There were no identifying links between any respondent’s Qualtrics screener or survey and their survey panel account. All study procedures and materials were approved by the Fordham University IRB.
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FIGURE 2
 Flow chart of participation selection for the current study.




2.3. Measures


2.3.1. HPV vaccination intentions

The main outcome in the current study was measured as a single 5-level ordinal item assessing HPV vaccination intentions (27). For consistency in the wording of the response options, the current study modified the wording of the options to: “I will definitely not have my daughter get the vaccine,” “I will probably not have my daughter get the vaccine,” “I am thinking about getting my daughter the vaccine but I am unsure,” “I will probably have my daughter get the vaccine,” and “I will definitely have my daughter get the vaccine.” In the current study, participants who would probably or definitely vaccinate their daughter were categorized as “Intends to vaccinate” and those who would definitely not, probably not, or were unsure about the vaccine were categorized as “Does not intend to vaccinate.”



2.3.2. Mother’s HPV perceptions

HPV knowledge was assessed with a 13-item true-false questionnaire (41). One item was updated for the current study to reflect current HPV recommendations for adult women (“The HPV vaccine is recommended for most adult women who are not sexually active or have not been vaccinated yet”). A score of 10 points (80%) or higher indicating a high level of knowledge. Inter-item reliability indicated items were moderately related, ρKR20 = 0.56.

Perceived susceptibility to HPV infection among daughters was assessed with three items created for the current study (“I worry that my daughter will become infected with HPV once she is sexually active; I worry that my daughter will develop genital warts due to an HPV infection once she is sexually active; I worry that my daughter will develop HPV-related cancer in the future once she is sexually active”) based on items previously validated to examine perceived severity of HPV infection (48). A higher score indicated greater perceived susceptibility to HPV infection and was excellent (α = 0.91).

Perceived severity of HPV infection among daughters was assessed with three items (“An HPV infection could cause serious health problems for my daughter in the future; Genital warts caused by an HPV infection could cause serious health problems for my daughter in the future; HPV-related cancer could cause serious health problems for my daughter in the future”) (48). A higher score indicated greater perceived severity of HPV infection and reliability was excellent (α = 0.91).



2.3.3. Mother’s vaccine attitudes

General vaccination attitudes assessed parental attitudes about pediatric vaccines with four items measuring positive (e.g., “I feel that vaccinating children is a good idea”) and negative attitudes (e.g., “I feel that doctors give out too many vaccinations”) (48). Negative items were reversed scored where a higher score indicates more positive vaccination attitudes. Reliability was acceptable (α = 0.79).

Perceived benefits of the HPV vaccine were assessed with three items to measure parents’ perceptions of how effective the HPV vaccine is for preventing infection, genital warts, and HPV-related cancer (“I feel that the HPV vaccination significantly reduces my daughter’s risk of HPV infection when she is older; I feel that the HPV vaccination significantly reduces my daughter’s risk of genital warts when she is older; I feel that the HPV vaccination significantly reduces my daughter’s risk of HPV-related cancer when she is older”) (48). A higher score indicated greater perceived benefit of the HPV vaccine and was excellent (α = 0.91).

HPV vaccine safety concerns were assessed using six items (e.g., “I feel that giving my daughter the HPV vaccine would be like performing an experiment on her”) (48) and an additional seventh item examining caregiver concerns regarding HPV vaccine side effects on fertility for daughters ages (“I feel that the HPV vaccine may cause problems getting pregnant in the future”) (31). A higher score indicated greater safety concerns and reliability for the 7 items was excellent (α = 0.94).

Mother’s self-efficacy regarding HPV vaccination was assessed with two items (“I am sure that I can request the HPV vaccine for my daughter even if her doctor does not bring it up; I am sure that I can ask my daughter’s doctor questions about the HPV vaccine”) (27). A higher score indicated greater perceived efficacy and reliability was good (α = 0.84).



2.3.4. Cues to action

Subjective norms in the community were assessed with a single composite score comprised of 7 items measuring whether parents believed community members (e.g., religious leaders) support HPV vaccination for young girls (49). A higher score indicates greater perceived support for the HPV vaccination in the community and reliability was acceptable (α = 0.79).

Subjective norms among mother’s peers were assessed with seven of eight items measuring parents’ perceptions of HPV vaccine acceptability among peers (e.g., “Other parents in my community are getting their daughters the HPV vaccine”) (48). The additional item assessing co-parent support was not included as a part of the scale in the current study because it was likely that not all participants had a co-parent. A higher score indicated greater perceived support for the HPV vaccine among peers and reliability was good (α = 0.88).

Doctor recommendation of HPV vaccine was measured with two items. The first item was created for the current study (“In the past year, has your daughter’s doctor recommended the HPV vaccine to you?”) and provided three response options (“Has not mentioned or recommended the HPV vaccine,” “Has mentioned, but did not recommend the HPV vaccine,” and “Has mentioned and did recommend the HPV vaccine”). The second item assessed the perceived influence of doctor recommendations (“Thinking about your daughter’s doctor, how much will their opinion influence your decision about getting your daughter vaccinated against HPV?”) (26). In the current study, doctor recommendation and doctor influence were multiplied to create an interaction score assessing the influence of doctor recommendation of the HPV vaccine.



2.3.5. Perceived barriers to HPV vaccination

Inaccessibility of the HPV vaccine was assessed with three items (“The cost of the HPV vaccine would keep me from having my daughter vaccinated,” “I do not know where to go for the HPV vaccine,” and “Transportation issues would prevent me from having my daughter vaccinated”) (41) and a fourth item assessing the burden posed to mothers by vaccination completion (“Having to take my daughter to the doctor two times six months apart or three time six months apart to get all required HPV vaccine shots would keep me from having my daughter vaccinated”) (27). A higher score indicated greater inaccessibility and reliability for the four items was acceptable (α = 0.76).

Cultural medical mistrust was assessed with the 12-item Group Based Medical Mistrust Scale (50) which includes negative (e.g., “Black people cannot trust doctors and healthcare workers”) and positive items (e.g., “Black people are treated the same as people of other groups by doctors and healthcare workers”). Positive items were reverse scored. A higher score indicated greater medical mistrust and reliability was excellent (α = 0.90).

Sexual risk taking and sexual stigma concerns were measured with two items (“I am concerned that if my daughter receives the HPV vaccine, she will think it is okay for her to have sex” and “I am concerned that if my daughter receives the HPV vaccine, she will think she does not have to use safe sex practices when she does become sexually active”) (26) and an additional third item addressing stigma adapted from the Sexual Self-Monitoring scale (“I am concerned that if my daughter receives the HPV vaccine, her pediatrician or healthcare provider will think she is sexually active”) (51). A higher score indicated greater sexual risk and stigma concerns and reliability for the three items was good (α = 0.86).



2.3.6. Demographic variables and other participant characteristics

Mother-specific demographics and characteristics included self-reported age, highest level of obtained education, employment status, annual household income and subjective financial security, number of daughters ages 9–15 years, HPV infection and HPV vaccine awareness, vaccine history including HPV vaccination status, and marital status and co-parent support, if applicable. Understanding of HPV infection and awareness of the HPV vaccine were measured with two dichotomous (yes or no) items (27). Participant vaccine history was assessed with an inventory which included common routine and elective vaccines including tetanus, diphtheria, pertussis (whopping cough), seasonal flu, varicella (chicken pox), MMR (measles, mumps, and rubella), hepatitis A or B, pneumococcal (pneumonia and meningitis), polio, and rotavirus (49). Mothers also indicated whether they received the COVID-19 vaccine. Additionally, they indicated whether or not they had received the HPV vaccine. Lastly, they indicated whether or not they shared parenting responsibilities with a co-parent; those who reported a co-parent were asked whether they perceived co-parent support for vaccinating their daughter on a six-point scale ranging from [1] strongly disagree to [6] strongly agree. Four items assessed whether mothers personally experienced or were familiar with family or friend experiences with abnormal pap smears, genital warts, sexually transmitted infections [STIs], or cervical cancer or other HPV-related cancer diagnosis (30). Child-specific demographics included age, insurance status (“public,” “private,” or “uninsured”), pre-existing health conditions, and routine vaccination history which included tetanus, diphtheria, pertussis (whopping cough), seasonal flu, varicella (chicken pox), MMR (measles, mumps, and rubella), hepatitis A or B, pneumococcal (pneumonia and meningitis), polio, and rotavirus (49).




2.4. Data analysis

A priori G*Power analyses were conducted to determine the size of the sample needed to detect a significant effect with an alpha level of p = 0.05 and a power level of 1 − β = 0.80 for a two-sided binomial logistic regression where the suggested sample size was 324. The current sample of 402 mothers is sufficient. There was no missing data in the current study. All analyses were conducted in SPSS 27. Variables were described with frequencies and percentages or means and standard deviations as appropriate. Likewise, all continuous variables were screened for outliers and normal distribution. Exploratory independent t-tests and Chi-square tests of independence with adjusted standardized residuals were conducted to preliminarily examine (a) demographics and participant (i.e., mother-specific and daughter-specific) characteristics (Table 1) and (b) the hypothesized factors of HPV vaccine intentions (Table 2). A series of unadjusted logistic regressions were conducted to estimate the magnitude and direction of the associations between each independent factor and HPV vaccine intentions (Table 3). Lastly, a multivariable stepwise logistic regression was conducted to examine the extent to which the hypothesized factors estimate the odds of intending to vaccinate above and beyond other factors included in the model (Table 4). Mother-specific and daughter-specific covariates were entered as Step 1, Mother’s HPV Perceptions as Step 2, Mother’s Vaccine Attitudes as Step 3, Cues to Action as Step 4, and lastly, Perceived Barriers to Vaccination as Step 5. Nagelkerke’s pseudo R2 reported the overall explained variance of the model and the unique contribution of each step and Hosmer and Lemeshow tests assessed goodness-of-fit for each step.



TABLE 1 Differences in demographics and participant characteristics by HPV vaccine intentions.
[image: Table1]



TABLE 2 Differences in hypothesized factors of HPV vaccine intentions.
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TABLE 3 Bivariate associations between determinants of HPV vaccine intentions and HPV vaccine intentions.
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TABLE 4 Multivariable associations between determinants of HPV vaccine intentions and HPV vaccine intentions.
[image: Table4]




3. Results


3.1. Demographics and participant characteristics

Table 1 provides descriptive statistics for demographics and participant characteristics reported for the total sample and by participant response to the vaccination intention outcome measure. Participants were on average 37 years old (SD = 7.88; 25 to 69 years old) and most attended college. A majority were employed at time of participation. However, there was considerable variability in annual household income across the sample although half of the sample subjectively rated their financial situation as “I have just enough.” Nearly 60% of participants lived in the Southern United States. At time of data collection, nearly all of the participants had previously heard of the HPV infection and were aware that there was an HPV vaccine. However, less than a third of mothers were themselves vaccinated against HPV. Further, out of a total of 11 recommended vaccines, mothers received about 6 vaccines on average (SD = 3.10). Vaccination uptake ranged from 36% to approximately 78% with the MMR (measles, mumps, and rubella) vaccine being most reported (n = 312, 77.6%). Half of the mothers also reported receiving the most recent flu vaccine (n = 201, 50%) and the COVID-19 vaccine (n = 203, 50.5%). Half of the sample also indicated experience or familiarity with abnormal pap smear results and about 60% had experience or familiarity with STIs; however, most reported no experience or familiarity with genital warts or HPV-related cancer diagnoses.

More than 80% of participants had only one daughter between the ages of 9 and 15 years old. Participants with more than one daughter in this age range reported on their oldest daughter between the ages of 9 and 15 years. On average, daughters were 11.86 years old (SD = 2.05). Approximately 60% of the daughters were between 9 and 12 years old and 40% were between 13 and 15 years old. The age of oldest daughters (M = 13.15, SD = 1.88) was significantly older than only daughters (M = 11.57, SD = 1.98), t (400) = −6.18, p < 0.001. Most daughters received public health insurance and about 40% had at least one preexisting health condition; most common was asthma (n = 96, 23.9%). Out of a total of 10 recommended pediatric vaccines, daughters received about 6 vaccines on average (SD = 3.10). Routine vaccination uptake ranged from 40% to approximately 79% depending on the vaccine with the varicella (chickenpox; n = 303, 75.4%) and MMR (measles, mumps, and rubella; n = 317, 78.9%) vaccines being most reported. Just over two-thirds of participants (61.9%) reported sharing parenting responsibilities with a co-parent.



3.2. HPV vaccination intentions among Black mothers

The sample (N = 402) was approximately equal with 48% (n = 193) of mothers intending to and 52% (n = 209) of mothers not intending to vaccinate their daughters. Differences in demographics and participants characteristics across HPV vaccination intentions are reported in Table 1. Mothers who intended to vaccinate their daughters were more likely to be employed full-time, believe that their co-parent would support HPV vaccination, and be less likely to have more than 1 daughter between 9 and 15 years than mothers who did not intend to vaccinate their daughters. Accepting mothers were also more likely to have previously heard of HPV, to be aware of an HPV vaccine, to have received the HPV vaccine themselves, and to know someone or have personal experience with abnormal pap smear results. These mothers also reported receiving significantly more traditionally recommended vaccines than unaccepting mothers. Likewise, daughters of mothers who were more accepting of the HPV vaccine received significantly more recommended childhood vaccines.



3.3. Factors associated with HPV vaccination intentions among Black mothers

Table 2 provides group comparisons across intentions to vaccinate against HPV for each of the theoretically identified factors. There were significant differences across HPV vaccination intentions on all factors in the expected directions. On average, participants scored 9.20 out of 13 or 71% correct on the HPV knowledge scale. Across the sample, knowledge scores ranged from 15.38 to 100% correct. Variability within groups was considerable as well. However, there was a significant difference in knowledge between mothers. Those who intended to vaccinate their daughter reported slightly higher HPV knowledge. These mothers also reported greater perceived HPV susceptibility and severity, more positive general pediatric vaccination attitudes, greater perceived HPV vaccine benefits, greater self-efficacy to request the vaccine, and more positive community and peer norms. More than half of the sample indicated that their daughter’s doctor has not mentioned the HPV vaccine. Relatedly, mothers who intended to get their daughter the HPV vaccine were significantly more likely to report that their daughter’s doctor recommended the vaccine and that they were more influenced by their daughter’s doctor. Mothers who did not intend to get the vaccine were more likely to report that their daughter’s doctor had not mentioned the vaccine at all. Lastly, mothers who did not intend to vaccinate their daughter reported greater HPV vaccine safety concerns and greater barriers to HPV vaccination including perceived inaccessibility, cultural medical mistrust, and sexual risk and stigma concerns. As reported in Table 3, HPV vaccine intentions were significantly associated with each independent factor in the expected directions: (1) All HPV perceptions, all vaccine attitudes, with the exception of safety concerns, and all cues to action increased the odds of favorable vaccine intentions and (2) HPV vaccine safety concerns and all perceived barriers were associated with decreased odds. Additionally, number of daughters between the ages of 9–15, daughter’s childhood vaccine history, mother’s vaccine history, and mother’s HPV vaccine status were significant covariates increasing the odds of favorable vaccination intentions.



3.4. Multivariable associations with HPV vaccination intentions among Black mothers

As shown in Table 4, Hosmer and Lemeshow tests indicated good fit for each step in the multivariable model assessing HPV vaccination intentions. In the final step, the number of daughters reported by participants was associated with a 47% decrease in the odds of intending to vaccinate (OR = 0.53, 95% CI [0.29, 0.98]) and mother’s HPV vaccine status was associated with 3-times greater odds of intentions (OR = 4.08, 95% CI [1.97, 8.46]). Hypothesized factors that retained independent associations in the final step were perceived HPV vaccine benefits (OR = 1.57, 95% CI [1.16, 2.14]), mother’s peer norms (OR = 1.67, 95% CI [1.15, 2.44]), doctor recommendation (OR = 1.15, 95% CI [1.03, 1.28]), and HPV vaccine safety concerns (OR = 0.28, 95% CI [0.20, 0.40]). Perceived benefits, supportive peer norms, and doctor recommendation were associated with 57, 67, and 15% increases in the odds of intending to vaccinate, respectively. By contrast, endorsing greater vaccine safety concerns was associated with a 72% decrease in the odds of favorable HPV vaccination intentions.




4. Discussion

In the current study, 48% of mothers intended to vaccinate their daughter while 52% did not. HPV vaccine acceptability varies in this population where endorsement ranges from 44–70% (52, 53). Intentions among Black mothers are likely comparable or lower than other racial/ethnic groups in the United States. In two diverse samples, vaccination intentions were reported among 62 and 74% of parents (32, 54). HPV vaccine acceptability varies globally. In two studies, less than a third of mothers in Japan and Hong Kong expressed intent to vaccinate their daughters (55, 56). However, our percentages are lower than the 70 and 79% of parents in Kenya and Ethiopia who reported interest in the HPV vaccine (57, 58). Overall, our findings add to a growing number of studies on vaccination intentions among Black mothers in the United States and the global literature on HPV vaccine acceptability among parents.

Among the various mother-specific and daughter-specific covariates considered in our multivariable model, mother’s HPV vaccine status and number of daughters reported by participants retained significant associations with vaccination intentions when controlling for all other factors. Mother’s HPV vaccine status, specifically, had the largest effect on HPV vaccination intentions than any other factor with a 300% increase in odds. As such, family health practitioners and women’s health care providers should actively involve mothers and other female guardians in efforts to promote HPV vaccination among this population. These efforts might include taking opportunities to provide catch-up vaccinations for eligible younger mothers and utilizing cervical cancer screenings as opportunities to promote and recommend the vaccine for adolescent daughters. On the other hand, intentions to vaccinate were lower among mothers with more than one daughter ages 9–15. This finding likely indicates difficulty navigating the HPV vaccination process for multiple eligible daughters. As such, providers should utilize evidence-based strategies to support mothers navigating this process including screening patient charts and flagging daughters eligible for the vaccine prior to health visits, administering vaccines to all eligible daughters at a single visit, and utilizing reminder/recall messages to keep the family engaged in completing the HPV vaccine series (59).


4.1. Mother’s HPV perceptions

HPV knowledge did not have as strong an association as anticipated, with over 80% of mothers indicating higher levels of knowledge about HPV and the HPV vaccine than expected based on prior research (26). Rather, our findings indicate that independent of knowledge, parents’ beliefs regarding their own child’s susceptibility to HPV and the severity of infection contribute to their intention to vaccinate their daughters against infection. Unlike previous work which suggests that both non-Black and Black parents are unaware or unconcerned about their child’s susceptibility to HPV (27, 31, 38, 39), the odds of intending to vaccinate their daughters increased by 23% in bivariate analyses among those in the current sample who perceived their daughter to be more susceptible to HPV infection and by 28% among those who believed HPV infection to have severe health consequences for their daughter. While fact sheets, waiting room videos, and conversations with health care professionals have been effective at improving general knowledge on HPV infection and vaccination among parents and knowledge-based interventions have been successful in promoting acceptability of the HPV vaccine among parents (60, 61), our findings suggest that education specific to the severity of HPV infection and susceptibility among Black girls and women are likely more relevant to current health literacy needs of this population than general HPV knowledge (62), especially among Black mothers unsure or disinclined to receive the HPV vaccination. Randomized control trials have found that cervical cancer-salient messages were associated with a change in vaccination intentions among 12% of participants with low HPV vaccine confidence (63) and providing susceptibility information instead of general HPV vaccine information was associated with greater vaccination intentions (64). Consistent with a previous study (27), however, multivariable associations for perceived severity and perceived susceptibility were not significant when attitudes toward vaccine safety and efficacy and cues to action were included in the analysis when bivariate associations were significant. Overall, the current findings are consistent with qualitative work conducted among Black parents which suggests severity of HPV infection is an important consideration for Black parents who view the HPV vaccine as a tool that can protect their daughter’s future (38).



4.2. Mother’s vaccine attitudes

Mother’s Vaccine Attitudes explained the largest percentage of variance in HPV vaccination intentions among this sample. The significant effects of HPV vaccine benefits and HPV vaccine safety are consistent with qualitative work conducted among Black parents that demonstrate the value of the HPV vaccine as a tool to protect Black young girls from severe outcomes like genital warts and cancer, despite parents’ skepticism, concern, and mistrust in response to the relative newness of the vaccine and perceived potential harm to fertility and other long-term or future health consequences (36–38, 40). In the current study, perceived vaccine benefits increased the odds of intending to vaccinate by 57% when controlling for all other factors. As such, messages specifically outlining benefits of receiving the HPV vaccine are likely useful for this population. Previous work on benefit-focused communication suggests that information about cancer prevention and HPV vaccine effectiveness are associated with increases in HPV vaccine confidence and motivation to receive the vaccine in experimental conditions (65). These messages are also particularly well-received by parents disinclined to vaccinate their children (66). Safety concerns in the current study decreased the odds of intending to vaccinate against HPV by 72% when controlling for all other factors. This is consistent with previous studies with national samples in the United States that have found health and safety concerns to be associated with a lower likelihood of vaccine intention or initiation (27–29, 31, 33). National Immunization Survey data indicate an 80% increase in HPV vaccine refusal attributed to vaccine safety concerns despite fewer reported adverse events (67). Public health messaging must combat rising safety concerns among parents in order to increase HPV vaccine confidence and willingness to vaccinate. Results of an intervention study demonstrate parental willingness to receive the HPV vaccine for children is positively impacted by exposure to HPV vaccine safety information (68). Parents in a recent study comparing attitudes between the HPV and COVID-19 vaccines, however, explain that positive media coverage for COVID-19 vaccine created more favorable attitudes for the COVID-19 vaccine while similar media content for the HPV vaccine does not seem to exist (69). Such media is needed. For Black parents, specifically, concerns about vaccine safety may also reflect overall medical mistrust stemming from the historical legacy of medical exploitation and discrimination endured by Black Americans (31, 35, 70). Public health messaging targeting this population must consider the intersecting safety and cultural medical mistrust concerns held among Black parents.



4.3. Cues to action

Factors associated with Cues to Action, including community and peer norms and physician recommendations, also had significant bivariate associations. Although community norms did not retain an independent effect in multivariate analysis, mother’s peer norms and doctor’s recommendation of the HPV vaccine did. When controlling for all other factors, the effect of peer support and doctor’s recommendation increased the odds of intending to vaccinate by 67 and 15%, respectively. These findings reflect previous qualitative work describing how Black mothers valued support of the HPV vaccine from other parents and church leaders in the community (40) and welcomed doctor recommendation when making health care decisions for their children (37–41, 70). Taken together, these results have significant implications for population-tailored public health messaging that must embrace the role of community and partnerships with trusted health care providers in Black mothers’ HPV vaccine decisions. One study of Black parents found that social networks for HPV vaccination advice were largely comprised of family members and friends (71). For this population, community forums are useful for addressing cultural concerns and mistrust (72) and also provide parents with opportunities to engage with peers supportive of pediatric HPV vaccination. Of significant concern is that among the current sample mothers reported that most doctors had either not recommended (20.6%) or mentioned (56.5%) the HPV vaccine for their daughters, suggesting that doctor reluctance to discuss the HPV vaccine early with parents is a substantial barrier to Black adolescent girls’ health that must be addressed. Consistent with our multivariable findings, previous research suggests that provider recommendations have significant influence on HPV vaccination although quality of said recommendations is largely dependent on the provider’s HPV knowledge, attitudes, and preferences (70, 73, 74). Consequently, communication training utilizing evidence-based techniques is needed to increase provider confidence to utilize announcements and other presumptive-style recommendations of HPV vaccine among this population (75–78).



4.4. Perceived barriers to HPV vaccination

Perceived Barriers were associated with vaccination intentions in unadjusted analyses but did not significantly add to the multivariable integrated model. Consistent with previous research, perceived inaccessibility of the HPV vaccine was negatively associated with HPV vaccination intentions in bivariate analyses (26, 27, 29). This may be a consequence of doctors’ failure to discuss and recommend the HPV vaccine, as described above, or difficulty navigating approval for the vaccine from their child’s health insurance providers. Consequently, public health policy must ensure that the HPV vaccine is affordable, readily available through public health coverage for children and safety-net clinics, and that population-level efforts focus on increasing parental awareness of resources for obtaining the vaccine. Cultural medical mistrust also significantly decreased the odds of intending to vaccinate against HPV in the current study, reflecting a long history of medical mistrust among Black people in the United States stemming from centuries of medical exploitation and discrimination. As such, our findings are consistent with qualitative work on Black parents who expressed lack of trust in health care providers, pharmaceutical companies, and the government and referred to historical events like the Tuskegee experiments fueling concerns that Black communities are targeted as “guinea pigs” in health research (35, 70). In experimental conditions, messaging specifically countering “distrust in the system” was significantly associated with positive attitudes toward the HPV vaccine and vaccination intent compared to control messages (79). Messages that reference specific culturally-anchored concerns would likely be useful for countering mistrust among Black parents. The current study is also consistent with previous work that parents’ concerns that the HPV vaccine would increase their daughter’s sexual risk and introduce sexual stigma is a source of hesitancy toward intending to vaccinate. Specifically among Black parents, qualitative themes have reflected concerns that vaccinating young daughters would validate notions of sexual promiscuity among Black girls which hinder acceptance of the vaccine and affect parents’ willingness to vaccinate their daughters at younger ages (35, 38, 39). Prior work among Black and non-Black parents has also found that those who do not intend to vaccinate their daughter expressed greater concerns about sexual behavior consequences with some parents even anticipating regret towards their decision if their daughter became more sexually active after receiving the HPV (26, 27, 33). Health care providers should ensure parents that there is little evidence that HPV vaccination is associated with initiation or engagement in sexual behavior (80, 81). Parents would likely benefit from messaging that specifically discusses the importance of receiving the HPV vaccine prior to engaging in sexual behavior (79). This type of tailored message has been associated with greater intentions to receive the vaccine among women compared to participants who received control messaging or messaging that focused on sexual transmission of HPV in a randomized control trial (82).




5. Study strengths and limitation

This study is unique in that it surveys a relatively large sample of Black mothers with unvaccinated daughters, and therefore, contributes a much-needed quantitative evaluation of Black mother’s attitudes and beliefs regarding vaccinating their young daughters against HPV infection. However, the results presented here must be interpreted within the limitations of the study. Findings are based on cross-sectional data which cannot examine longitudinal causal effects of the hypothesized predictors on intentions to vaccinate against HPV nor can the study confirm a positive relationship between plans to vaccinate and actualized vaccine uptake among this population. Further, participant recruitment and participation were conducted entirely online, and consequently, participation was limited to individuals with access to the internet on web-enabled devices and who frequently participate in online surveys for compensation. As a result, the current study may not have reached those who do not have access to the internet or are not engaged in online survey-taking. Further, demographic data suggest that while there is considerable representation across household income, a majority of the sample complete one or more years of college. Therefore, the HPV attitudes, beliefs, and vaccination intentions of those who have obtained less education may not be adequately captured in the current study. Additionally, 58.7% of the sample resided in the Southern U. S. states. However, there was no significant effect of region on HPV vaccination intentions, and further, this percentage is nationally-representative and mirrors estimates that 58.7% of the United States Black population lives in the South (83).



6. Conclusion

Early HPV vaccination is associated with greater vaccine efficacy and improved population-level coverage (8). However, persistent lags in vaccine uptake among parents is a concern, especially for Black girls who face increased risk of HPV infection, HPV-related outcomes, and HPV-related mortality. Additionally, sustained declines in HPV vaccination throughout the COVID-19 pandemic likely means even greater barriers to HPV vaccine initiation among Black adolescent girls. To avoid undue burden of future HPV infection and related outcomes among young Black girls, there is an urgent need to increase HPV vaccination coverage following deficits caused by the pandemic. Consequently, the implementation of evidence-based strategies such as ensuring that health care providers use all possible opportunities to recommend the HPV vaccine to girls ages 9 and older, utilization of patient reminder/recall messages to ensure initiated girls remain in care, and providing alternative access to the vaccine are recommended (84). The current study also suggests that among Black mothers, specifically, a variety of factors inform intentions to vaccinate daughters, including the mothers’ own HPV vaccine status, the number of daughters they have, perceived benefits of the HPV vaccine and perceived safety concerns, subjective peer norms surrounding HPV vaccination, and doctor’s recommendation. Therefore, these factors should be considered in efforts to increase vaccine initiation among this population. HPV knowledge was high in the sample, challenging the value of current public health campaigns that have solely focused on providing HPV infection and vaccine information. The current study suggests public messaging focused on population susceptibility and severity of infection, HPV vaccine safety concerns, and HPV vaccine efficacy may result in greater vaccine acceptance. Public health efforts may also be better focused on benefits of being vaccinated and community support. Likewise, the current findings suggest that doctors’ failure to discuss or recommend the HPV vaccine is a significant barrier to uptake among Black families, who in particular rely on their own child’s doctor to make health care decisions although they may distrust the medical establishment in general. Culturally-sensitive medical training must be a priority among health care providers of Black young girls.
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Background: The World Health Organization's Expanded Immunization Program was established in 1974 and aimed to provide vaccines to children all over the world. Since the inception of this program, numerous initiatives and campaigns have been launched, and millions of children around the world have been saved from death. Many vaccine-preventable diseases, however, remain prevalent in developing countries. This is because most of those countries have low immunization coverage for an unknown number of reasons. As a result, the goal of this study was to examine missed opportunities for immunization among children aged 0 to 11 months.



Methods: A cross-sectional survey was carried out from May to August 2022. A structured questionnaire was used to collect data, and the sample was chosen using a simple random sampling technique. Before being entered into the Epidata and exported to the Statistical Package for Social Science for analysis, the data were checked for consistency and completeness. The statistical significance was determined using binary and multiple logistic regression analyses. The statistical level of significance was established at p ≤ 0.05.



Result: In this study, 49.1% of immunization opportunities were missed. Education status [AOR = 2.45, 95% CI = 2.14, 4.22], rural residence [AOR = 4.32, 95% CI = 3.11, 6.38], and perception of caretakers [AOR = 2.13, 95% CI = 1.89, 4.07] were associated with the missed opportunity of immunization.



Conclusion: When compared to previous studies, the proportion of missed immunization opportunities was high in this study. The healthcare staff should be applying the multi-dose vial policy, which is recommended by the World Health Organization to increase the services. The doses for BCG and measles should be minimized to lower doses per vial in order to conduct immunization without having to wait for enough children and without worrying about vaccine waste. All infants who visit the hospital should be linked to immunization services.
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Background

By the age of 9 to 12 months, children in Ethiopia are considered completely vaccinated if they have obtained one dose of Bacillus Calmette Guerin (BCG), three doses of DPT, three doses of polio vaccines, and one dose of measles vaccination (1, 2). A missed opportunity for vaccination (MOV) refers to any contact with health services by an individual (child or person of any age) who is eligible for vaccination (e.g., unvaccinated or partially vaccinated and free of contraindications to vaccination), which does not result in the person receiving one or more of the vaccine doses for which he or she is eligible (3–5).

Diseases covered by the Expanded Program on Immunization (EPI) are highly contagious and account for more than half of all child morbidity and mortality (6). Every year, over nineteen million children miss out on the benefits of complete vaccination, and many receive no vaccines at all, which results in >1 million deaths each year. Nearly 30% of deaths among under-5-year-old children are caused by vaccine-preventable diseases (7).

An increase in global immunization coverage would save 1.5 million lives (8). Despite a significant increase in immunization services in Africa, many children remain unvaccinated or under-vaccinated (9). Routine immunization performance in the African Region has stalled for the majority of vaccine-delivered antigens over the last decade.

The country with the second-highest proportion of unvaccinated children, after Nigeria, is Ethiopia, where vaccine coverage was reported to be 75% in 2020 (3). To minimize such problems, the World Health Organization recommended a multi-dose vial policy across each country to fulfill the criteria of the multi-dose vial policy (10). In absolute figures, the majority of deaths are still attributable to a small number of conditions that can be avoided using existing interventions through vaccinations (11).

Ethiopia, one of the ten nations with the highest global non-vaccination prevalence, is below the WHO target of vaccine coverage. Morbidity and mortality from diseases that can be prevented by vaccination are still high, with diarrheal illnesses, respiratory infections, and tuberculosis ranking among the top five killers of young children (12). The infant mortality rate stood at 47, and the mortality of under 5-year-old children was 59 per thousand live births in Ethiopia (1). Vaccination, the most cost-effective measure for public health, has protected children around the world from common illnesses (13). Several factors have been identified as contributing to missed opportunities such as antenatal care visits, residence, educational status, high fertility rates, place of delivery, perceived health care support, wealth index, occupational status, religious affiliation, mothers’ awareness of vaccination, and parity (5, 7, 14–16). As a result, further studies are required to determine the main factors for missed opportunities for immunization.



Methods


Study area

The study was conducted at the Debre Tabor Comprehensive and Specialized Hospital located in Debre Tabor town, south Gondar zone, Amhara National Regional State, Ethiopia, which is 667 kilometers north of Addis Ababa, the capital city of Ethiopia. The hospital has been offering preventive, delivery, and curative healthcare services to approximately 2.7 million people. It serves as a teaching hospital for Debre Tabor University's College of Health Sciences.



Study design and period

A facility-based cross-sectional study was carried out from May to August 2022.



Population

All infants aged between 0 and 11 months were the source populations. Infants aged 0 to 11 months who visited Debre Tabor Comprehensive Specialized Hospital during the study period were the sampled population. All infants aged 0 to 11 months who were seriously ill or hospitalized were excluded.



Sample size determination and sampling procedures

The required sample size for this study was determined using the following assumptions: desired precision (d) = 5%, confidence level = 95% (Zα/2 = ±1.96 value), and prevalence of missed opportunity of 28.8% (17). As a result, with a 10% non-response rate, the final sample size was 346. A simple random sampling technique was employed to select 346 study participants who fulfilled the inclusion criteria from the source population. The sample size was then determined by drawing a sample randomly by the lottery method from each visit until the desired sample size was gotten.



Study variables

Dependent variable: Missed opportunity for vaccination (Yes/No).

Independent variable: Maternal educational status, false contraindication for vaccination, health workers' practice and knowledge, side effects of vaccination, marital status, attitude towards immunization, occupational status (employment), place of delivery, parity, age, sex, religion, ethnicity, and residence.



Operational definitions

Missed opportunities for Vaccination: A missed opportunity for vaccination (MOV) refers to any contact with health services by an individual (child or person of any age) who is eligible for vaccination (e.g., unvaccinated or partially vaccinated and free of contraindications to vaccination), which does not result in the person receiving one or more of the vaccine doses for which he or she is eligible (3–5).

Eligible child: A child whose age is 0 to 11 months and who needs immunization without any contradiction.

Fully immunized: A child who had completed vaccination against eight EPI-targeted diseases according to the standard vaccination schedule of the Ministry of Health of Ethiopia (1).

Perception of caretakers: The perception of caretakers was measured by comparing mean score responses to seven perception-assessing parameters (immunization is beneficial, childhood vaccines are safe, mothers should take their children for immunization, immunizations are provided free of charge, immunization can cause infertility later in life, the government promotes immunization for selfish interest, and local preparation can serve as a substitute for immunization). Those with scores at or below the mean were classified as having “no or poor perception” while those with scores above the mean were categorized as having “yes or good perception” (18).



Data collection procedure and tools

A structured questionnaire was developed following a thorough review of the literature and a consideration of the local situation. It was first written in English and then translated into Amharic, the local language. Data were gathered through face-to-face interviews with a pre-tested and structured questionnaire. Two midwives with diploma degrees were used as data collectors, one degree midwives serving as supervisor.



Data quality controls

Pre-testing was done, technical training was given to data collectors and supervisors, and a data collection tool was created after a review of the pertinent literature. On a daily basis, the supervisors and principal investigators checked the data for completeness, accuracy, and clarity. Then the necessary correction was made according to the aims of the study. The necessary correction was made in accordance with the study's objectives. Throughout the period of data collection, the principal investigator and supervisor conducted daily ongoing checks to ensure the accuracy of the data.



Data processing, analysis, and presentation

Data were cleaned, coded, and entered into the Epidata version 4.0 before being transferred to SPSS version 20 for analysis. To summarize the data, a descriptive analysis was performed. A binary logistic regression analysis was performed to determine the association between independent and outcome variables. All predictor variables with p ≤ 0.2 were entered into multivariable logistic regression analysis; a significant association based on p ≤ 0.05 and an adjusted odd ratio (AOR) with 95% CI were identified. The results are presented in the form of texts and tables.




Results


Socio-Demographic characteristics of participants

Three hundred and forty-six children aged 0 to 11 months, who visited a health facility during the study period, were included, with a 100% response rate. Out of 346 children, 115 (33.2%) were younger than 45 days and 182 (56.6%) were between 45 days and 9 months. There were 194 (56.1%) male children and 152 (43.9%) female children among the included infants. Three hundred and twenty-seven (94.5%) of the babies were born in hospitals. The purpose of children's visits to the health facility was for treatment of sickness 129 (37.3%), vaccination 174 (50.3%), and other purposes 43 (12.4%). Concerning the age of the caregiver, 26 (7.5%) were under the age of 18, 183 (52.9%) were between the ages of 18 and 35, and 137 (39.1%) were over 35. Regarding the educational status of caregivers, 129 (37.3%) had no formal education, 112 (15.3%) completed primary education, 53 (15.3%) completed secondary education, and the remaining 52 (15.0%) completed college level or higher. Approximately 206 (59.5%) caregivers were from urban areas, and the remaining 140 (40.5%) were from rural catchment areas. In terms of religion, there were 314 orthodox Christians (90.8%), 26 Muslims (7.5%), and 6 Protestants (1.7%) (see Table 1).


TABLE 1 Socio-demographic related characteristics of the respondents for missed opportunities for vaccination, 2022.
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Knowledge and perception of caretakers on immunization

Regarding vaccine-preventable diseases, the assessment of caretakers' knowledge revealed that 95 (27.5%) of them were unaware of any of the ten vaccine-preventable diseases, while 165 (46.7%) of them knew about one to two vaccine-preventable diseases and 25 (7.2%) knew about six to nine vaccine-preventable diseases. Two hundred and thirty-seven (68.5%) caregivers indicated that the goal of vaccination is to prevent diseases, 67 (19.4%) of them said that children grow up healthy, and 133 (9.5%) of them said that vaccination can treat diseases (see Table 2).


TABLE 2 Knowledge and perception of caretakers for missed opportunities for vaccination, 2022.
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The magnitude of missed opportunities for immunization

Among all study participants, the magnitude of the missed opportunity for immunization among infants was 49.1% with a 95% CI (43.7 to 52.9%). Major vaccines with a high missed opportunity were OPV 0 (35%), BCG (37.9%), and measles (31.1%), and the major reason for immunization for missed vaccines was due to the absence of an adequate number of children to conduct immunization sessions, which was approximately 81.2%.



Factors associated with missed opportunities for immunization

Age of infants, age of caretaker, maternal education, residence, stock out of vaccine session, vaccination message, knowledge contact time, perception, and purpose of the visit were found to be candidate variables for multivariable logistic regression analysis.

Multivariable logistic regression analysis revealed that residence, maternal education, and perception about immunization were associated with missed opportunities for immunization at p-values ≤ 0.05.

Mothers who resided in rural areas were 4.32 times more likely to have missed opportunities than their counterparts (AOR = 4.32, 95% CI: 3.11, 6.38).

Mothers who are unable to read or write are twice as likely than their counterparts to miss immunization opportunities (AOR = 2.45, 95% CI: 2.14, 4.22).

Maternal perception towards immunization is another factor that affects missed opportunities. Mothers who had negative perceptions were two times more likely to have missed opportunities for immunization when compared to their counterparts (AOR = 2.13, 95% CI: 1.89, 4.07) (see Table 3).


TABLE 3 Multivariable analysis for factors associated with missed opportunities for vaccination, 2022.

[image: Table 3]




Discussion

The purpose of this research was to find out how common missed opportunities for immunization are and what factors contribute to them in the study area. In this research, the proportion of missed opportunities for immunization was 49.1%. The findings were consistent with vaccine assessments missed in Chad (51%) (19) and Gurage zone, Ethiopia (49.1%) (20). This could be due to similarities in the nature of the study, the study design, the study population, and the healthcare infrastructure.

This study is significantly greater than the cross-sectional research conducted in the Sidama zone (28.8%) (14), Jimma hospital (28.8%) (17), Ambo, central Ethiopia (23.7%) (16), Kenya (16.2%) (21), Timor Leste (41%) (22), Nigeria (32.8%) (23), and South Africa (14.1) (24). However, the finding is also less than the research done in the East Gojjam Zone, Ethiopia (74.9%), South Sudan (56.5%), Mozambique (76%), Malawi (66%), Kenya (75%), and Burkina Faso (76%) (15, 19, 25–27). This might be a result of a lack of infrastructure for access to healthcare facilities. Furthermore, this finding might also differ from others due to socioeconomics, study area, and study period differences.

Additionally, we attempted to evaluate factors that might contribute to missed opportunities for immunization. The results show that maternal educational status, place of residence, and caregivers’ attitudes toward the vaccine all had statistically significant correlations with missed opportunities for immunization among infants in the age range of 0 to 11 months.

Children born to mothers whose level of education is low were more likely to be unvaccinated compared with their counterparts. It was supported by research done in the Ilorin metropolis (28), South Africa (24), Mozambique (29), and the East Gojjam Zone, Ethiopia (25). The possible reason for more missed opportunities could be a lack of knowledge about the benefits of vaccines for their children. On the other hand, the level of education itself affects access to immunization messages since they could not read reliable information and even appointment dates from cards. However, maternal education is not consistently associated with missed opportunities for immunization. This is similar to the research done in Saudi Arabia (24).

Place of residence was another factor that affected the use of immunization among infants. We found that children who lived in rural areas were more likely to miss opportunities for immunization compared with urban ones. This is consistent with the findings of the study conducted in Nigeria, which revealed that long-distance walking was the major reason for missed opportunities for the vaccine (30). This could be due to the accessibility of the vaccine location, which could be the cause of more missed opportunities for immunization.

The proportion of missed opportunities for immunization was associated with caregiver perceptions. Caregivers with a negative perception about the about the side effects of vaccines is twice more likely to have for missed opportunities for immunization compared to their counterparts. This is similar to previous studies done in southern Ethiopia and Uganda (14, 31). The possible explanation could be that mothers who are concerned about vaccine side effects either refuse or postpone immunizations.

The limitation of this study was its lack of generalizability due to its single setting and institutional basis. Recall biases are another limitation of this study. In this study, we did not use a standard for measuring missed opportunities for immunization, and we used a Qualitative approach that could not address the “why” questions in detail.



Conclusion

The proportion of missed opportunities for immunization was 49.1%, which is high. Low level of education, rural residence, and perception of caretakers were factors affecting missed opportunities for immunization. There should be a system in place to provide mothers and caregivers with information and education about immunization services for their children.
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Introduction: We explored priorities and perspectives on health policy and payer strategies for improving HPV vaccination rates in safety-net settings in the United States.

Methods: We conducted qualitative interviews with policy and payer representatives in the greater Los Angeles region and state of New Jersey between December 2020 and January 2022. Practice Change Model domains guided data collection, thematic analysis, and interpretation.

Results: Five themes emerged from interviews with 11 policy and 8 payer participants, including: (1) payer representatives not prioritizing HPV vaccination specifically in incentive-driven clinic metrics; (2) policy representatives noting region-specific HPV vaccine policy options; (3) inconsistent motivation across policy/payer groups to improve HPV vaccination; (4) targeting of HPV vaccination in quality improvement initiatives suggested across policy/payer groups; and (5) COVID-19 pandemic viewed as both barrier and opportunity for HPV vaccination improvement across policy/payer groups.

Discussion: Our findings indicate opportunities for incorporating policy and payer perspectives into HPV vaccine improvement processes. We identified a need to translate effective policy and payer strategies, such as pay-for-performance programs, to improve HPV vaccination within safety-net settings. COVID-19 vaccination strategies and community efforts create potential policy windows for expanding HPV vaccine awareness and access.

KEYWORDS
HPV vaccination, health policy, safety-net, Practice Change Model, qualitative


1. Introduction

Human papillomavirus (HPV) vaccination rates are lower than target levels for adolescents in the United States (US) despite a safe, effective HPV vaccine and national guidelines from the Advisory Committee on Immunization Practices recommending adolescents get fully vaccinated by age 11 or 12, and starting as early as age 9 (1). The American Academy of Pediatrics emphasizes starting HPV vaccination at age 9 and completing the 2-dose series by age 12 for reasons including, but not limited to, resulting in a more robust immune response when vaccinating at younger ages (2). To date, only about half (54.5%) of adolescents have received recommended doses of the HPV vaccine in the US, far short of the Healthy People 2030 goal of 80% (3). Urgent action is also required internationally, given the global strategy of the World Health Organization to eliminate cervical cancer, including the goal of 90% of girls by age 15 to be fully vaccinated against HPV (4). Therefore, increasing HPV vaccination continues to be a national and global priority (5, 6).

Addressing inequities in low HPV vaccine uptake communities where HPV-associated cancer burden is high continues to be paramount (7), especially as uptake of other adolescent vaccines exceeds HPV vaccine uptake, further signaling the need for targeted efforts within primary care safety-net settings (8). However, few studies to date have focused on policy and payer (e.g., health plans) strategies to increase HPV vaccination within safety-net settings. Policy strategies include both “big P” policies at the federal and state government levels, and “little p” policies which pertain to organizational or health system-level policies (9). Payer strategies, such as pay-for-performance (P4P) programs are “little p” policies involving targeted financial incentives paid to medical providers as a way to improve provider performance on quality metrics in clinics. While past research has explored HPV vaccination interactions between medical providers, patients, and families (10–12), research on HPV vaccination has focused less on perspectives of payers and policy representatives regarding potential and existing strategies to increase uptake.

Several factors at the community and policy levels influence HPV vaccination (13). Previous research on interventions to increase HPV vaccination at the policy level included factors of health insurance, state legislation, vaccine requirements, and vaccine availability (14). While the introduction of the HPV vaccine in 2006 led to proposed HPV vaccine-related legislation (e.g., school entry mandates) in multiple states, policymaking efforts since have not successfully converged to meaningfully promote HPV vaccine uptake (15). Sexuality and gender politics at the time of introduction mitigated policymaking efforts and contributed to controversy surrounding the HPV vaccine (16). More current research in the US suggests policy measures, including school entry requirements or mandates (e.g., “big P” policies), but these strategies continue to be underutilized (9). As of 2020, only five states/jurisdictions mandate HPV vaccination to attend schools (17). While mandates historically were successfully employed to reduce disease burden across the US for Tetanus, Diphtheria, Acellular Pertussis (Tdap) vaccine (required for school entry in all states) (18), and Meningococcal Conjugate Vaccine (MCV4) (required for school entry in some but not all states) (19), these policy strategies have not been as successful for HPV; thus, HPV vaccination policy strategies remain less explored beyond school entry mandates (20–22). Additional “big P” policies related to HPV vaccination include minor consent laws at the state level in which adolescents can consent to HPV vaccination without parental consent (23), state legislation regarding religious exemptions to immunizations required for school entry (24), and state-funded family planning programs like Family PACT in California, which cover reproductive health care services for residents with low incomes, such as cervical cancer screening (25).

Increasing health system focus on population health and prevention metrics, as well as innovations in community vaccination programs due to the COVID-19 pandemic, indicate that there are other potentially important opportunities for policy and payer strategies (e.g., “little p” policies) that can contribute to HPV vaccine improvement, which are largely underexplored. Prior research on payer strategies has focused on increasing access to HPV vaccines through the Vaccines for Children (VFC) program (which uses federal funds to provide vaccines at no cost to eligible children) (26) as well as private insurance, but strategies mostly pertained to cost and payment for HPV vaccines (13, 22). Additionally, while the National Committee for Quality Assurance (NCQA) continues to include an adolescent immunization quality metric in the Healthcare Effectiveness Data and Information Set (HEDIS) and Centers for Medicare and Medicaid (CMS) Star ratings, known as Combination 2 (MCV4, Tdap, HPV all received by age 13) (27, 28), the impact of these metrics on HPV vaccine improvement specifically remains underexplored. Thus, we examined the perspectives of policy and payer representatives on HPV vaccination prioritization and strategies, to inform opportunities for improving HPV vaccine uptake within safety-net settings through broader system and policy level change.



2. Materials and methods


2.1. Study design

Data for this analysis were drawn from a larger study that seeks to identify feasible evidence-based strategies (EBS) to increase HPV vaccination rates within safety-net settings through implementation of EBS in two US regions: the greater Los Angeles region and the state of New Jersey (29). The larger qualitative study used a combination of one-on-one in-depth interviews and focus groups guided by the Practice Change Model (PCM) (30), to explore perspectives, experiences, and recommendations for improving HPV vaccination from multiple groups of participants internal (clinic leaders, providers, clinic staff) and external to safety-net settings (29). This analysis focuses on a subset of one-on-one interviews with two of these groups: payer and policy representatives. This study was approved as exempt by the research team's Institutional Review Board at each study site.



2.2. Participants

This analysis focuses on data from in-depth interviews with 11 policy and 8 payer representatives across the two target regions. Principles of saturation and sufficiency were used to determine the sample size and the process was iterative in which we assessed for thematic saturation by group throughout data collection (31, 32). All participants were purposively sampled according to their proximity, knowledge, and/or interaction with HPV or general immunization efforts, safety-net health care delivery for pediatric/adolescent populations, or population-focused cancer prevention and control. Policy participants were health-focused policy representatives who were employed, not elected or appointed, in local-level city or county offices, state-level departments, or local or state-level non-profit organizations (see Table 1), and were purposively sampled due to their role in public health or health policy implementation. Payer participants included health plan medical directors and executives who oversaw or influenced health care delivery in safety-net settings (see Table 1). All participants were recruited using snowball sampling in each region and were offered $50 gift card incentives upon completion of interviews.


TABLE 1 Summary of HPV vaccine policy and payer representatives by region (n =1 9).
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2.3. Data collection

Interviews were conducted virtually and digitally recorded via Zoom between December 2020 and January 2022, which were transcribed verbatim and de-identified by the study team (KS, MS, JT). Interviews with payer and policy representatives lasted ~30 min. Participants were asked for their perspectives on existing priorities and strategies related to HPV vaccination and opportunities for improvement within safety-net settings. Interview guides were theoretically informed by the PCM domains of “Motivation,” “Resources for Change,” “Outside Motivators,” and “Opportunities for Change,” guiding the interviews with policy and payer participants to explore both internal and external factors that impact implementation of EBS and their interrelationships (30). Interview guides were adapted for each group (policy and payer) of participants. For example, guides tailored to the policy group asked about past experiences with developing guidelines or policies around HPV vaccination, and local or state initiatives that they would like to see for improving HPV vaccination rates in their region (see Appendix 1). In guides tailored to the payer group, questions asked about their experiences with engaging providers and practices within their network around HPV vaccination, and specific changes they would like to see in how HPV vaccines are delivered within their network, including supply, reimbursement, and metrics (see Appendix 2).



2.4. Research team, reflexivity, and analysis

Our multidisciplinary research team (KS, MS, JT) conducted analysis of all transcripts. Team members had varying levels of training in health policy and reflected on their positionality throughout data interpretation. PCM domains guided the thematic analysis and interpretation, which was further informed by study team members (LAP, SVH, BFC, JCC). Given the complex, multilevel factors that impact promotion and delivery of HPV vaccination (33), safety-net medical providers face a multitude of reasons for why HPV vaccination does not get systematically delivered to adolescent patients. The focus of this analysis was on policy and payer participants, who were viewed as part of the setting external to safety-net clinics, in order to provide a more comprehensive picture of the external factors that influence defining incentives for delivering HPV vaccination. Analysis using the PCM domains focused on the extent to which the strategies and priorities of policy and payer representatives acted as “Outside Motivators” that could influence the “Motivation” of members in the internal clinic setting (e.g., providers, clinic leaders/staff) and “Available Resources for Change” within clinic settings, and create “Opportunities for Change” that could improve HPV vaccination within safety-net settings.

Several rounds of analysis occurred using an immersion/crystallization approach, thoroughly described elsewhere (29). All transcripts were read and summarized with initial themes highlighted and emerging codes added to a codebook based on interview guides by the study team (KS, MS, JT). All policy and payer transcripts were coded in Atlas.ti version 9 by the study team (KS, MS, JT). The team met regularly to discuss discrepancies in code usage which were resolved through discussion to come to consensus. Finally, coded policy and payer transcripts were analyzed separately with themes identified for each group. The study team (KS, MS, LAP, SVH, BFC, JCC, JT) came together to discuss the themes and examined similarities and differences across groups and regions.




3. Results

Results informed by the perspectives of policy and payer representatives indicate strategies that are external to clinic settings can influence internal settings for better or worse. Five themes resulting from interview data include: (1) lack of prioritization of HPV vaccination by payer representatives in incentive-driven clinic metrics, (2) region-specific policy options for HPV vaccination improvement identified by policy representatives, (3) inconsistent motivation across policy and payer representatives to improve HPV vaccination, (4) opportunities to target HPV vaccination specifically in clinic quality improvement (QI) initiatives, and (5) acknowledging the COVID-19 pandemic as a disruption to but also an opportunity for HPV vaccination improvement (see Table 2). Overall, results point to opportunities for change that can improve HPV vaccine uptake within safety-net clinic settings.


TABLE 2 Themes and supporting quotes from policy and payer participants in New Jersey and the greater Los Angeles region organized by policy and payer strategies and priorities for action.
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3.1. Theme 1: few payer representatives are prioritizing HPV vaccination in incentive-driven clinic metrics

Overall, payer representatives we interviewed in both regions spoke broadly about adolescent immunizations and did not prioritize HPV vaccination specifically in QI initiatives, including P4P and value-based programs. As one participant from a health plan in LA County shared:

“I don't believe that HPV or adolescent immunizations today are a part of our pay-for-performance [P4P] piece…The specificity for HPV and the VIP [value improvement plan]…I don't think it's one of the yet stated targets by itself. We look at those every year and decide what we're [going to] add and delete from the pay-for-performance [P4P]…” (Participant 15, LA payer)

Based on interviews with payers in LA, the HPV vaccine was not included in P4P programs nor were combined metrics for adolescent immunizations (e.g., HEDIS Combination 2). One NJ payer discussed how the HPV vaccine was previously a separate quality metric, but was later merged with the two other adolescent immunizations (Tdap, MCV4); however, HPV vaccination rates continue to trail behind the other adolescent immunizations rates:

“HPV is the rate-limiting, not the other immunizations…It's the HPV that's the problem…” (Participant 17, NJ payer)

According to this NJ payer, combining HPV together with the two other adolescent vaccinations in this plan's value-based program limited specific focus on improving HPV vaccination rates within safety-net settings.



3.2. Theme 2: policy representatives indicate region-specific policy options for HPV vaccination improvement

Policy representatives discussed different policy options for HPV specific to their region (greater LA region or state of NJ), beyond school entry mandates, which have not been passed in either NJ or California. Most frequently, policy representatives in California referenced minor consent laws in which adolescents do not need parental consent for HPV vaccination (already in place in California and 8 other states/jurisdictions but not NJ) (23). LA policy representatives stressed the importance of directly empowering adolescents to get vaccinated, and in NJ, minor consent laws were suggested as a policy option due to infeasibility of mandates.

Another policy representative discussed limiting religious exemptions in NJ, especially given momentum of the anti-vaccine/vaccine choice movement over the last decade, which could also complement a future school entry mandate if passed.

“And I think that part of that [anti-vaccine/vaccine choice] movement, like, it started to really get ginned up because of the flu vaccine getting passed and because of the meningitis vaccine [MCV4]. And then there was a fear that pushing the HPV vaccine would then even give them more ammunition. And so, we changed our focus to try to eliminate the religious exemption…right now, a mandate is pretty fruitless because of the religious exemption that exists in New Jersey and how it's enforced.” (Participant 09, NJ policy)

In LA, suggestions for policy changes focused more on HPV vaccine coverage and reimbursement by Family PACT, a state-wide program offering family planning services to low-income residents, in which sexually transmitted infection screening/treatment and cervical cancer screening are already covered services, but HPV vaccination is not (25). Two LA policy representatives named this policy area as feasible to target, and explained how clinics offering reproductive health services to adolescents cannot utilize minor consent without HPV vaccines being covered by this state-wide program.



3.3. Theme 3: inconsistent motivation across policy and payer groups to improve HPV vaccination within safety-net settings

Motivation regarding the need for change to improve HPV vaccination rates varied across policy and payer representatives who occupied diverse roles in health plans and organizations focused on population health policy. While some served as HPV champions within their organizations, such as policy representatives who actively advocated for mandated vaccination among adolescents in school-based settings, others did not perceive HPV vaccination to be of higher importance than other types of preventive care. As one LA payer shared:

“…if you were to look at all the priorities that healthcare providers have to address, I mean, HPV? Important priority. So is cervical cancer screening…So is breast cancer screening…So is postpartum depression…” (Participant 12, LA payer)

Payers we interviewed, particularly those who were health plan executives and physicians, stressed the importance of HPV vaccination and vaccinations generally, and some payers were aware of the need to increase HPV vaccination in clinics in order to improve quality metrics (NCQA, HEDIS, CMS Star ratings) for adolescent immunizations.

However, few payers appeared to be both motivated and interested in leading efforts for HPV vaccination improvement in their current roles. No policy or payer representatives opposed HPV vaccination, most recognized as the “right thing” as one NJ payer representative (Participant 17) put it, but many did not view their current role as critical for HPV vaccination improvement within safety-net settings. Payers pointed to competing priorities for providers or viewed the role of health plans as strictly related to vaccine reimbursement. One NJ payer stated:

“Well, we actually have a completely open policy with regards to reimbursement. And we really don't have any barriers to that…I don't know what else would be possible since there are no barriers at the moment.” (Participant 19, NJ payer)

Overall, while policy and payer representatives we interviewed supported HPV vaccination, few representatives emerged as clear champions for HPV vaccination improvement in safety-net settings.



3.4. Theme 4: policy and payer representatives identified targeting HPV vaccination specifically in QI initiatives

Policy and payer representatives in both regions described current or potential targeting of HPV vaccination in QI initiatives, including using provider or member incentives. Payers discussed using provider incentives through P4P programs, as well as vaccine administration fees. For example, one payer commented how their LA County health plan paid a higher administration fee for its contracts than other health plans to incentivize providers to deliver HPV vaccinations:

“If they get the vaccine free from the Vaccine for Children Program, of course, they can't be compensated for something they didn't pay for, but the administration fee varies… we pay the vaccine administration fee on top of the capitated payment amount. So, it further incentivizes. We don't want practices not to vaccinate people because it takes time and they don't get paid.” (Participant 13, LA payer)

An NJ policy representative suggested pressing payer organizations to improve engagement and outreach efforts for HPV vaccination to providers and members in order to increase rates:

“…how do we get them to help us engage their members more? So, Medicaid, MCOs [Managed Care Organizations]…how can they engage? So, can they send out the reminders? Can they do the electronic reminders to a physician when they're doing the well visit?… ‘You got to talk about HPV.' How can we incentivize them to get people to get the shot?” (Participant 10, NJ policy)

Additionally, some payer representatives in both regions expressed a desire to use data monitoring and sharing of HPV vaccination rates at the provider or practice levels to improve rates and bring a specific focus to HPV within their organizations.



3.5. Theme 5: COVID-19 pandemic as both a barrier and an opportunity for HPV vaccination according to policy and payer representatives

Policy and payer representatives in both regions cited the COVID-19 pandemic as a barrier, noting missed doses as adolescents were not going to in-person appointments, especially early in the pandemic. Some policy and payer representatives also described the politicization of vaccines, as well as an active anti-vaccination/vaccine choice movement especially in NJ, as a barrier:

“…the whole vaccinations landscape is fairly volatile right now…hopefully, it doesn't continue to be politicized which I see has happened with COVID…” (Participant 15, LA payer)

Simultaneously, some policy and payer representatives saw potential opportunities of how COVID-19 vaccination strategies could be translated to HPV vaccination. Strategies included bringing vaccination to communities through vaccine events, mobile vaccination, and bundling with delivery of COVID-19 vaccines, in addition to adolescent engagement using social media, youth-designed campaigns, and directly reaching parents and adolescents in schools. Policy representatives, specifically those who were government officials, also expressed new opportunities to improve HPV vaccination in their role since the pandemic began:

“I see a very active role for people in my position, for my boss [LA County Supervisor], and vaccination efforts…right now, the public health also is just raising awareness for any number of issues, HPV being one of them.” (Participant 06, LA policy)

Additionally, there were payer representatives in both regions who expressed opportunities for HPV vaccination due to health plans shifting toward using P4P and value-based programs that could be utilized as resources to increase HPV vaccination rates, especially given a drop in rates due to pandemic disruption. Payer representatives we interviewed also indicated opportunities for HPV vaccination due to health plans bringing increased focus to health equity, highlighted by the pandemic due to health inequities by race, ethnicity, and socioeconomic status that became more apparent and further emphasized the importance of increasing utilization of preventive health care services like vaccination.




4. Discussion

Public health policy and payer strategies clearly have important influences on HPV vaccination rates in safety-net settings, and our findings illustrate how these perspectives can and should be taken into account for HPV vaccination improvement in the US. Policy and payer strategies have influence that can be positive or negative in terms motivating clinics and providing available resources for change within clinic settings. Two kinds of policy strategies were offered by policy and payer representatives in our study as important for improving HPV vaccination in safety-net clinics. These included region-specific policies, or “big P” policies, such as minor consent laws and limiting religious exemptions. Both groups of participants also saw potential in “little p” policies involving financial incentives, including P4P programs, that are targeted to HPV vaccination. Finally, while our interviews with payer representatives mainly focused on how payers influence HPV vaccination in safety-net clinics, some payers also mentioned the potential strategy of their health plans improving awareness within the safety-net population of the need for HPV vaccination as part of community outreach and engagement missions. Thus, engaged representatives of policy and payer perspectives are important for informing HPV vaccination improvement within safety-net settings, as few champions currently exist within these broader levels of influence. Our findings also align with international efforts which emphasize taking a value-based approach to prevention of cervical cancer through optimal vaccination uptake (34–36).

Recent literature points to success in using P4P programs to improve vaccination rates for routine pediatric and childhood immunizations (e.g., Measles, Mumps, Rubella, Varicella, Influenza) in addition to adolescent immunizations (e.g., Meningococcal, Tdap) (37), as well as evidence for use of provider incentives and higher cancer screening rates (38, 39). There has been some evidence of P4P programs for increasing utilization of preventive care services, including certain childhood immunizations, for state Medicaid managed care programs as well (40, 41). However, few studies have examined inclusion (or lack of inclusion) of HPV in P4P programs, nationally or internationally (42, 43), and how P4P programs could be implemented in order to increase HPV vaccination rates in similar ways to prior implementation that has increased uptake of other child/adolescent immunizations.

Our findings indicated there was limited mention in interviews of health plans that serve safety-net populations specifically targeting adolescent vaccination as part of their P4P programs. Payers who did mention HPV vaccination as part of P4P programs elaborated that HPV vaccination was only part of the existing HEDIS metric, which combines HPV and two other adolescent immunizations together, thereby limiting focus on specific HPV vaccination improvement benchmarks. Thus, our findings suggest existing payer and policy metrics are not enough to bring attention to HPV vaccination to improve rates within safety-net settings.

Based on our interviews with payer representatives, we found that combining three adolescent vaccines into one quality metric is ineffective. Payers described how rates for the two other adolescent immunizations (Meningococcal, Tdap) already exceed HPV vaccination rates, and policy representatives noted how both Meningococcal and Tdap are already mandated for school entry in the two states in this study (as well as throughout the US) while HPV is not. Considering school entry mandates for HPV vaccines were described as not politically feasible by our policy interview participants, and especially in light of the COVID-19 pandemic and increased anti-vaccine sentiment discussed by both payer and policy representatives, there is a need for HPV vaccination to be targeted separately from other adolescent vaccinations. The lack of a stand-alone HPV vaccination quality metric limits the ability of health plans to monitor rates of HPV vaccination specifically and track improvements in rates over time or identify potential opportunities for intervention that could improve rates. Without specific focus on the HPV vaccine, rates of HPV vaccination will likely continue to remain lower than target levels despite a safe, available HPV vaccine already shown to effectively prevent cancer.

Future system-based work in this area should focus on engagement with broader health plan representatives and the potential for targeted programs to incentivize HPV vaccination improvements in adolescent populations. Additionally, future research should examine the dynamic of interactions between providers, payers, and policy representatives and how providers can partner with payers and policy representatives to increase HPV vaccine uptake among safety-net populations. Lastly, given parental hesitancy and concern about HPV vaccination promoting sexual activity among adolescents remains a barrier (33, 44), future research should also explore the extent that policy and payer strategies (e.g., incentives, minor consent) can overcome parental hesitancy and other barriers to vaccination.

Our study has limitations. Although we purposively recruited participants from these two groups (policy and payer representatives), the purpose of the larger parent study was to discuss change to improve HPV vaccination in safety-net settings. Policy representatives could have been focused on broader community settings rather than safety-net clinic settings, and payer representatives may have been thinking of non-safety-net and privately insured populations in addition to safety-net populations. Another limitation is that our study focused on two states/regions (New Jersey and greater Los Angeles) in the US, and findings may be difficult to generalize to other states. However, this qualitative study used purposive sampling that allowed for in-depth analysis of two regions with varying policy landscapes and payer compositions, thereby offering valuable perspective on similarities and differences across the regions. Lastly, our findings are hypothesis generating but not confirming and should be viewed as such.


4.1. Public health implications

Our study finds that representatives of policy and healthcare payer perspectives bring important insights about the external setting of safety-net clinics that influence the priorities and actions of internal clinic members (e.g., providers, clinic leaders/staff). Currently, many representatives of policy and payer perspectives do not view HPV vaccination as high priority (with the exception of those who were already HPV champions) which in turn can make providers and clinic leaders less inclined to prioritize HPV vaccination within clinic settings. The views of policy and payer representatives on strategies to improve HPV vaccination have largely been overlooked, but are clearly important for identifying broader population and system level changes that are necessary for HPV vaccination rates to meaningfully improve in the US. We identified opportunities for change and a need to translate effective policies and payer strategies, such as P4P programs (little “p” policies) that have been used to increase utilization of other preventive health care services (other specific childhood immunizations and types of cancer screening), to HPV vaccination, as well as big “P” policies such as minor consent for vaccination, in order to increase HPV vaccine uptake within safety-net settings.
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Introduction: Internal validation techniques alone do not guarantee the value of a model. This study aims to investigate the external validity of the Parental Attitude toward Childhood Vaccination (PACV) scale for assessing parents’ attitude toward seasonal influenza vaccination.

Methods: Using a snowball sampling approach, an anonymous online questionnaire was distributed in two languages (English and Arabic) across seven countries. To assess the internal validity of the model, the machine learning technique of “resampling methods” was used to repeatedly select various samples collected from Egypt and refit the model for each sample. The binary logistic regression model was used to identify the main determinants of parental intention to vaccinate their children against seasonal influenza. We adopted the original model developed and used its predictors to determine parents’ intention to vaccinate their children in Libya, Lebanon, Syria, Iraq, Palestine, and Sudan. The area under the curve (AUC) indicated the model’s ability to distinguish events from non-events. We visually compared the observed and predicted probabilities of parents’ intention to vaccinate their children using a calibration plot.

Results: A total of 430 parents were recruited from Egypt to internally validate the model, and responses from 2095 parents in the other six countries were used to externally validate the model. Multivariate regression analysis showed that the PACV score, child age (adolescence), and Coronavirus disease 2019 (COVID-19) vaccination in children were significantly associated with the intention to receive the vaccination. The AUC of the developed model was 0.845. Most of the predicted points were close to the diagonal line, demonstrating better calibration (the prediction error was 16.82%). The sensitivity and specificity of the externally validated model were 89.64 and 37.89%, respectively (AUC = 0.769).

Conclusion: The PACV showed similar calibration and discrimination across the six countries. It is transportable and can be used to assess attitudes towards influenza vaccination among parents in different countries using either the Arabic or English version of the scale.
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1. Introduction

Influenza viruses are a major threat to global health, causing high rates of morbidity and mortality (1). Influenza burden fluctuates from year to year, depending on which viruses are circulating and the number of people infected. The severity of illness can range from mild to severe. High-risk groups, such as pregnant women, young children, older adults, and those with chronic medical conditions or compromised immune systems, are more likely to develop complications (2). Globally, seasonal influenza infects up to 20% of the population during winter, resulting in up to 650,000 annual deaths from influenza-related respiratory diseases. Furthermore, influenza has a large economic impact in terms of expenses and lost working hours (3).

Influenza viruses infect the nose, throat, and lungs and are easily transmitted among children because they frequently touch their nose, eyes, and mouth and touch each other while playing (3, 4). Furthermore, there are many interactions between parents/caregivers and children, including holding hands, picking up, feeding, changing diapers, and other activities (4). Influenza continues to have a serious impact on the morbidity and mortality of children and continues to increase annually. Young children, children with chronic illnesses, and household members are more vulnerable to influenza-related illnesses. Despite this, seasonal influenza vaccination rates in childhood remain low (5, 6).

The most vital step in preventing seasonal influenza infection is vaccination (3, 7). A crucial first step in avoiding the spread of influenza among healthcare workers (HCWs), patients, high-risk populations, and children is to increase vaccination rates. Recently, the Centers for Disease Control and Prevention (CDC) recommended that all people aged 6 months and older, including HCWs, patients, and residents of long-term care homes, should receive vaccinations unless otherwise specified (7). Seasonal influenza vaccination is available in the fall and provides protection during the influenza season (November to April) (4). Full protection from the moment of vaccine administration typically takes 2 weeks. Children under the age of 9 years require two doses 4 weeks apart during the first year of immunization. Seasonal influenza vaccines are not recommended for infants below 6 months as breast milk protects against various respiratory infections, including influenza (8). In addition, their safety and immunogenicity have not yet been approved, especially if administered with other vaccines (9).

Despite the fact that yearly influenza vaccination is recommended for all children aged 6 months to 18 years, little is known about the level of parental hesitation to vaccinate their children against seasonal influenza worldwide (10). The World Health Organization (WHO) lists vaccine hesitancy (VH) as one of the leading 10 causes of global health threats in 2019 (11). VH refers to a delay in acceptance or refusal of immunization, despite the availability of vaccination services. VH is complicated and varies across time, region, and type of vaccine. It is affected by complacency, constrain, and confidence in the vaccine and its service delivery (12).

The Parent Attitudes about Childhood Vaccines (PACV) survey is a reliable technique that has been successfully used in several countries to identify parental VH (13, 14). The PACV has been internally validated in English and Arabic versions (10, 13, 15). Unlike internal validation, external validation aims to assess the performance of a risk-prediction model for new individuals (new dataset). External validation aims to investigate whether the developed model can accurately predict similar but distinct individuals outside the original setting (16). It reveals the degree of heterogeneity and the extent to which the model can be generalized outside the development set. External validation measures the predictive accuracy of the developed model under different circumstances, indicating its transportability to other individuals at different times (temporal validation) or in different countries (geographic validation) (16, 17). A model is said to be “transportable” if it continues to perform well in a population distinct from the one for which it was initially designed (18).

Few studies have evaluated external validation (17, 19, 20). However, it is insufficient to validate the prediction model internally and indicate its success in predicting the outcome of interest. Furthermore, internal validation techniques alone do not guarantee the value of a model (21, 22). Assessing the external validity of prediction models is vital to verify their performance in other samples, as they usually perform better in development samples than in other new or different samples. Thus, in addition to assessing internal validity, the performance of prediction models should be validated in new individuals before use in practical studies. We hypothesized that the PACV is valid for the assessment of parental attitude toward vaccination. In this context, this study aimed to externally validate the PACV scale in six countries in the Eastern Mediterranean Region (EMR).



2. Materials and methods


2.1. Study design

A cross-sectional survey was conducted from September 8 to October 15, 2022, among the general population from seven countries in EMR using an online questionnaire.



2.2. Study population and sampling methods

The snowball sampling approach was used to include individuals who met the following eligibility criteria: parents aged 18 or older, with one or more children aged 6 months to 19 years, with a mobile phone or computer, who were able to self-complete the survey, and who resided in one of the following randomly selected EMR countries (Egypt, Libya, Lebanon, Syria, Iraq, Palestine, Sudan).



2.3. Data collection

The survey was created using Google Forms and distributed in two language versions (English and Arabic) via social media channels (Facebook and Twitter), WhatsApp, and emails. Before data collection, a pilot test was conducted to assess the feasibility and comprehensibility of the questionnaire. The feasibility and accessibility of the web application were also evaluated. Each data collector was asked to provide at least two responses to calculate the time required to complete the survey. The time spent by the respondents to fill in the questionnaire was 5–12 min. Only minor edits, including linguistic corrections, were made based on the respondents’ recommendations (Supplementary File 1).



2.4. External validation process


2.4.1. Development of the PACV questionnaire in the original sample

The development and scoring technique of the PACV have been explained elsewhere (13). In summary, 230 parents of children aged 19–35 months were recruited for this study. The domains of PACV (safety, efficacy, and attitude and behavior) explained 70% of parental intention to vaccinate children. The Cronbach’s alphas for the three domains were 0.74, 0.84, and 0.74, respectively. The overall PACV score was calculated by adding the weighted scores for each item. The total score ranges from 0 to 100 points. Participants were classified as hesitant (≥50 points) or non-hesitant (<50 points). The equation for the developed model was not available. Therefore, the internal validity of the PACV was tested to develop an equation that could be used for external validation.



2.4.2. Steps of external validation of PACV

We collected data from seven countries to verify the geographic validation of the PACV tool for predicting parents’ intention to vaccinate their children against seasonal influenza. First, we estimated the predictors of parents’ intention to vaccinate their children using data collected from Egypt (internal validation). Second, we adopted the original model developed in the first step and utilized its predictors to predict parents’ intention to vaccinate their children in the remaining countries: Libya, Lebanon, Syria, Iraq, Palestine, and Sudan (external validation). The predictive performance of the adopted model was measured when it was applied to the second group by quantifying the main aspects of discrimination and calibration. We followed the Transparent Reporting of a Multivariable Prediction Model for Individual Prognosis or Diagnosis (TRIPOD) Statement, a reporting guideline for research creating or validating a multivariable prediction model (Supplementary File 2).




2.5. Sample size calculation

Internal validation requires a minimum sample size of 300 as a rule of thumb (23), and our study exceeded this requirement with a sample size of 430 in the internal validity group. The predicted PACV model was developed using data from Egypt.

For external validation, it is recommended to have at least 100 events and 100 non-events to ensure accurate and precise estimates of performance measures, and even larger sample sizes (a minimum of 200 events and 200 non-events) to derive flexible calibration curves (24, 25). To validate the PACV tool externally in six countries, we collected data from 2095 respondents, with 399 cases in Libya, 301 cases in Lebanon, 386 cases in the Syrian Arab Republic, 389 cases in Iraq, 389 cases in Palestine, and 231 cases in Sudan. We chose to develop the predicted model using data from Egypt because we had previously internally validated the Arabic version of the PACV tool using Egypt’s data in a previous publication, which indicated the validity and reliability of the PACV instrument in Arabic language (15).



2.6. Statistical analysis

Logistic regression was used to predict parents’ intention to vaccinate their children, using multiple predictor variables, including the PACV score. The outcome variable is binary, “one” for parents who intended to vaccinate their children against seasonal influenza and “zero” for parents who did not intend to vaccinate their children against seasonal influenza. Binary logistic regression was used to calculate the predicted outcomes. The probability equation for the logistic prediction model takes the following form.[image: image]

where [image: image]= the intercept and the prognostic index (PI) = [image: image] [image: image].

The prognostic index (PI) is the main component of the prediction equation. The PI is a linear predictor calculated by summing the model’s predictors ([image: image]) multiplied by their regression coefficients [image: image]s denotes the independent variables that include the PACV score and the characteristics of both parents and children. To develop an accurate predictive model, we checked logistic regression assumptions before running the test. We investigated the linearity between the PACV score, mother’s age, number of children, birth order, and logit of parents’ intention outcomes. Smoothed scatter plots indicated that all continuous variables were relatively linearly associated with parents’ intention on the logit scale (Supplementary Figure S1). Cook’s distance and standardized residuals were measured to check the influential values. Cook’s distance was used to determine the most extreme observations (Supplementary Figure S2). However, we did not have influential observations because their absolute standardized residuals were lesser than three, as indicated in Supplementary Figure S3. Moreover, our model was free from multicollinearity because the variance inflation factor was <5.

To assess the internal validity of the model, we utilized a more advanced machine learning technique and resampling methods to select various samples and refit the model for each sample. Fitting the developed model to each new sample produced additional information regarding the variability of the developed model’s fit. We used the most common methods known as cross-validation techniques. The samples were selected using leave-one-out cross-validation (LOOCV) and K-Fold Cross-Validation (K-fold CV) techniques. The average prediction error was then estimated from the drawn samples to assess the performance of the developed model (26). Further details can be found in Supplementary File 3.

To evaluate the external validity of the predictive model, we used common assessment metrics and methods. First, we computed the prediction accuracy rate, which refers to the proportion of correctly predicted observations. Conversely, the prediction error rate refers to the proportion of incorrectly predicted observations. Confusion matrices were used to determine the proportions of type I and type II errors. Type I errors occur when the predictive model incorrectly predicts parents who do not intend to vaccinate their children in the intending group. In contrast, type II error refers to incorrectly assigning parents in the intending group to the group that includes parents who lack the intention of vaccination.

Furthermore, we measured the sensitivity and specificity metrics that summarize the model’s overall performance. The sensitivity of the predicted model was measured using the true-positive rate (TPR), which is the proportion of parents in the intended group correctly predicted by the developed model. For comparison, the specificity of the predicted model was measured using the true-negative rate (TNR), which is the proportion of parents in the non-intending group who were correctly predicted by the developed model. Therefore, the false-positive rate (FPR) is the proportion of parents in the non-intending group that are incorrectly predicted in the intending group. The FPR is the complement of specificity.

To visualize the predictive model performance, we used the receiver operating characteristic area under the curve (ROC-AUC), which shows the sensitivity against “1-specificity” at various values of the probability cutoff. The AUC was calculated to summarize the overall performance of the predictive model, which indicates the ability of the model to distinguish events from non-events (i.e., discrimination). Additionally, we visually compared the observed and predicted probabilities of parents’ intention to vaccinate their children using a calibration plot. The 45° line indicates perfect agreement between the predicted and observed probabilities (calibration). Overprediction results in points above the diagonal line, whereas underprediction results in points below the diagonal line.



2.7. Considerations of ethics

This study was part of a larger project that aimed to evaluate parents’ seasonal influenza vaccine hesitancy in the EMR (27). The Ethics Committee of the Faculty of Medicine at Alexandria University, Egypt approved this study (IRB no. 0305688). The study followed the Helsinki Declaration and the Ethics Committee guidelines to ensure anonymity, confidentiality, and voluntary participation. All participants provided written informed consent before taking part in the study. The collected information was stored in a coded format on a secure computer that was only accessible to the principal investigator.




3. Results


3.1. Groups used to develop and validate the model

Table 1 shows the differences in average values of other predictors, including parents’ socio-demographic characteristics (mother age, education, employment, residence, and parents’ previous influenza vaccination) and child characteristics (child’s birth order, whether the child had a chronic disease, whether the child got sick from influenza last year, whether the child got influenza vaccination last year, and whether the child got routine vaccination), between the development and validation samples. Notably, parental intention toward the influenza vaccine differed significantly between the development and validation groups.



TABLE 1 Characteristics of parents and their children in development and validation samples.
[image: Table1]



3.2. The model development

The null deviance of the prediction model that included only the intercept to quantify parents’ intention to vaccinate their children was 499.40. When fitting the parents’ intention model with all independent variables, including the PACV variable, the residual deviance was 360.27, and it was 432.62 if we excluded the PACV score. The Akaike Information criterion (AIC) was 410.27 if the PACV score was included and 480.62 if it was excluded. Including the fit of PACV improved the model and was highly significant (Table 2).



TABLE 2 The predictive PACV model.
[image: Table2]



3.3. Internal validation of the model

The proportion of parents’ intention that have been correctly classified was 79.3% [95% CI:75.5–83.1], while the classification error was 20.7% [95% CI:16.9–24.5]. The two cross-validation approaches, LOOCV and k-fold CV, yielded similar results, indicating that the PACV model had high predictive power, where the prediction error rate did not exceed 16.82%.

As shown in Figure 1, the AUC value was 0.846, indicating better performance of the predicted model. The calibration plot also demonstrates the accuracy of the calibration, where most points close to the diagonal line show better calibration. The TPR (sensitivity) was 92.06%, and the TNR (specificity) was 44.35%, respectively.

[image: Figure 1]

FIGURE 1
 ROC curve and calibration plot for the PACV predictive model.




3.4. External validation


3.4.1. Model discrimination

The external validity of the PACV model was evaluated using the model developed to predict the validation group. The PACV-developed model correctly predicted 69.4% [95% CI:67.8–70.8] of parents’ intention in the validation group, while its prediction error was 30.6% [95% CI:29.2–32.2]. Based on the confusion matrix, the PACV model incorrectly predicted 24.3% [95% CI:22.9–25.7] of parents in the intending group (Type I error) and 6.3% [95% CI:5.5–7.1] in the non-intending group, including parents who lack the intention of vaccination (Type II error). The TPR (sensitivity) was 89.64% [95% CI:88.6–90.6], and the TNR (specificity) was 37.9% [95% CI:36.3–39.5]. The ROC curve indicates that the TPR increases faster than the FPR, and the AUC value was 0.769, indicating the better performance of the predicted model.



3.4.2. Model calibration

The calibration plot shows the validity of the predictive model, where most points are close to the diagonal line (45° line; Figure 2). Therefore, we can explore whether the PACV model performs better in all selected countries.

[image: Figure 2]

FIGURE 2
 ROC curve and calibration plot for the validation group.





3.5. External validation across different countries

The proportion of correctly predicted observations differed across countries, as indicated in Table 3. The highest accuracy rate for the PACV predictive model was 78.92% in Iraq, and the lowest rate was 69.10% in Lebanon. Type I error was the highest in Palestine and the lowest in Iraq, whereas Type II error was the highest in Sudan and the lowest in Palestine. Figures 3–8 display the ROC curves and calibration plots for the PACV-predicted models. The model performs better as the AUC in all selected countries is large; the AUC has a greater value and is far from the diagonal line. Calibration plots indicated that the PACV prediction model performed better and had better predictive accuracy in the validation samples of the countries, where most points were close to the diagonal line.



TABLE 3 Performance assessment measures of the predictive classification model.
[image: Table3]

[image: Figure 3]

FIGURE 3
 Roc curve and calibration plot for the PACV predictive model in Iraq.


[image: Figure 4]

FIGURE 4
 Roc curve and calibration plot for the PACV predictive model in Lebanon.


[image: Figure 5]

FIGURE 5
 Roc curve and calibration plot for the PACV predictive model in Palestine.


[image: Figure 6]

FIGURE 6
 Roc curve and calibration plot for the PACV predictive model in Sudan.


[image: Figure 7]

FIGURE 7
 Roc curve and calibration plot for the PACV predictive model in Libya.


[image: Figure 8]

FIGURE 8
 Roc curve and calibration plot for the PACV predictive model in Syria.





4. Discussion

With the increase in vaccine-preventable diseases, introduction of new vaccines, propagation of misinformation, and lack of coverage during the last decade, VH has been identified as a major public health challenge. This has resulted in a flood of scientific literature on VH in the realms of public health, biomedicine, and social science. Much of this research used different tools, such as the 5C scale and PACV, to assess VH. However, the overwhelming amount of data indicates that the quality of reporting in prediction model research is inadequate. This may provide incorrect information about the population’s attitude towards vaccination, and consequently affect the implementation of preventive measures to control infectious diseases. The implementation of these inappropriate measures may have deleterious effects on global health.

Furthermore, with the emergence of many infectious diseases such as coronavirus disease 2019 (COVID-19) and monkeypox, in addition to the ongoing risk of infection from circulating diseases such as seasonal influenza, there is a crucial need to develop and evaluate the validity of tools that assess VH among parents towards childhood vaccination. Although PACV has been used worldwide to assess parental VH, its external validity has not been examined. Therefore, the current study is the first to assess the external validity of the PACV scale across countries in two languages (Arabic and English) among 2095 participants from the general population.

Because of the unavailability of the equation of an internally validated model, we first developed the model, which was then externally validated. Internal validation of the model showed that PACV could effectively assess VH among parents. The model was developed in Egypt using a sample of 430 parents and it showed that PACV was a significant predictor of parents’ intention to vaccinate their children against influenza. In addition, the internal validity of the model showed good discrimination (AUC = 0.845, sensitivity = 92.06%, and specificity = 44.35%) and high predictive power (the prediction error rate did not exceed 16.82).

Unbiased validation of previous research findings is a fundamental scientific principle (28). After creating a prediction model, it is strongly recommended to test the model’s performance using data from individuals other than those used for model development. External validation involves using the previous model (the published regression formula) to make predictions for each individual in the new dataset and comparing them with the observed outcomes (16). Interestingly, many tools have been proven invalid when externally validated after being applied to thousands of patients. For instance, the Chronic Obstructive Pulmonary Disease (COPD) diagnostic questionnaire was created to improve the efficiency and precision of COPD diagnosis in primary care by distinguishing between individuals with and without airflow limitation. However, the COPD diagnostic questionnaire’s ability to differentiate between people with and without COPD was inadequate when externally validated, with an AUC of 0.65, sensitivity of 89.2%, and specificity of 24.24% (20). Similarly, Yu et al. (29) found that the vast majority of studies (70 of 86, 81%) that assessed the external validation of deep learning for radiologic diagnosis reported at least a decrease in external performance compared to internal performance. Almost half (42 of 86, 49%) reported a modest decrease (0.05 on the unit scale), and almost a quarter (21 of 86, 24%) reported a significant decrease (0.10 on the unit scale) in external performance compared with internal performance of the tool (29).

The external validation of a model depends primarily on its discrimination and calibration, which are essential for determining whether patients who experience an outcome have a higher expected risk than those who do not. For discrimination purposes, it makes little difference whether the absolute predicted risk is 8% or 80%, as long as the patient with the desired outcome has a higher risk (21).

In this study, external validity findings revealed that the discriminative ability of PACV was good. Moreover, the current study showed that the AUC of the six countries included in the external validation ranged from 70.3% in Libya to 83.3% in Lebanon. This result suggests that the model’s discrimination across countries with different economic incomes was acceptable.

A diagnostic test that can distinguish patients with and without a specific condition should have high sensitivity and specificity. The current study found that the sensitivity ranged from 86.7 to 90.9%, whereas the specificity ranged from 35.8 to 48.3%. This suggests that the developed model correctly identified nearly nine out of 10 parents intending to vaccinate their children against influenza (true-positive). At the same time, the questionnaire correctly classified nearly half of the participants as having no intention of getting their children vaccinated (true-negative).

TNR, which is the proportion of parents in the non-intending group who were correctly predicted by the developed model. The calibration of a model is defined as the degree of agreement between the predicted probabilities and observed outcomes (30). In the current study, the overall calibration and cross-country calibration of the model were good. This implies that the absolute expected outcome matches the observed risks. This finding is evident in the calibration plot of the entire dataset and at a country-based level.

Despite significant differences between countries in terms of mothers’ level of education, maternal age, place of residence, parents’ influenza vaccination, childbirth order, child status of having a chronic disease, received the influenza vaccine in the last year, the child received routine vaccination, and intention to receive influenza vaccination, PACV demonstrated good performance in diagnosing parental hesitancy about seasonal influenza vaccination. Accordingly, PACV can be used to identify VH among parents in different situations across different countries. Additionally, the current study emphasizes the importance of external validation of a newly designed diagnostic instrument before its inclusion in recommendations and clinical practice.


4.1 Strength and limitations

Although PACV has been widely used to assess parents’ attitudes toward different vaccines, its external validity has not been established until now. Therefore, our study is the first to evaluate the external validity of PACV among a large sample of the general population from six countries using both English and Arabic versions of the questionnaire.

However, this study had several limitations that should be considered in the future. First, the regression equation of the originally developed model was not available for use as a reference standard to compare our results. Therefore, we developed the model and tested its internal validity using the Egyptian dataset. Then, we used the developed equation to test the external validity of PACV on another larger dataset of six countries in the EMR. Second, the data were collected through an online survey. However, in most countries, web surveys have become the primary method of collecting data, surpassing face-to-face and computer-assisted telephone interviewing (CATI). This shift has been further accelerated by the COVID-19 pandemic, which has made traditional modes of data collection challenging. In fact, web surveys still encounter significant obstacles in obtaining probability-based samples that represent the general population, as a certain subset of the population with internet access and smartphones is targeted. However, according to 2022 statistics, a large population of the included countries had access to the Internet and were using social media platforms. For example, 94.5% of Egyptians had smartphones, nearly three-fourths of Egyptians had access to the Internet, and about 50% of them used social media platforms (31). Similar statistics have been reported in Iraq, where the number of social media users has increased by over 90%, as well as in Libya and Saudi Arabia (32). Third, the adopted web-based surveys rely on nonprobability survey designs, which are not considered the gold standard in survey sampling, unlike probability-based design. Nevertheless, nonprobability web surveys can still prove valuable in certain circumstances. For instance, nonprobability samples can help offset known biases in probability-based web survey samples by deliberately targeting underrepresented respondent profiles. In this study, we included a certain group of the population based on their representation (those living in mountains and deserts) to ensure the appropriate representation of all population categories. Additionally, to overcome the selection bias, we tried to include responses in proportion to each sector’s presentation despite using a non-probability sampling method. This is evident in Table 1, where there is nearly equal representation of different children age groups and parents’ working status in both the development and validation groups. Furthermore, we considered the population’s presentation based on their residence; most of respondents were living in urban areas, followed by rural areas, and then deserts and mountains. Finally, the cross-sectional survey itself has many inherent limitations, including the difficulty of determining whether the exposure or the outcome arrived first. Respondents’ recall and social acceptability biases are all examples of biases that might occur in the current study. Nonetheless, a cross-sectional design was the best design for addressing the study hypothesis.




5. Conclusion

Based on the findings of this study, the PACV model is a useful tool for assessing parental attitudes towards vaccination, regardless of the language used. The model has good discrimination and calibration, making it an effective tool for evaluating VH among parents in different countries. Policymakers and researchers can use the PACV model to assess and understand parental attitudes towards vaccination. Utilization of this tool can be extended to include pediatricians and other healthcare professionals. Identifying the determinants of parental attitudes is crucial, as it can help to increase vaccination acceptance and coverage by reducing VH. Therefore, we recommend the use of PACV as a valid tool to assess parents’ attitudes toward vaccination and to promote vaccination uptake among children.
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Background: 13-valent pneumococcal polysaccharide conjugate vaccine (PCV13) has been introduced in Hangzhou since 2017, whereas its current immunization state in children is not clear. Therefore, this study aims to describe the PCV13 vaccination distribution among children born in Hangzhou from 2017 to 2021 to provide data for reducing vaccination differences among different populations.

Methods: Descriptive epidemiology was used for data analysis and PCV13 vaccination related information of children was collected from children vaccination management system of Zhejiang Province (ZJCVMS).

Results: Among the 649,949 children born in Hangzhou from 2017 to 2021, 169,230 were vaccinated with an average full course vaccination rate of 26.0%. The full course vaccination rates in 5 years were different (P = 0.000) with an increasing trend (P fortrend < 0.01). The first dose vaccination rates were different in 5 years (P = 0.000) with an increasing trend (P fortrend < 0.01). The distribution of age when first dose PCV13 was administered varied, most people at 2 months and least people at 5 months. The full course vaccination rate varied by areas, highest in central urban areas and lowest in remote areas respectively (all P-value < 0.05). Overall, the full course vaccination rate of PCV13 was higher in the registered residence population than the non-registered residence population, which was 136,693 (31.4%) and 32,537 (15.1%) respectively (P = 0.000). The full course vaccination rates were the same between men and women (P = 0.502), which was 87,844 for men (26.0%) and 81,386 for women (26.1%).

Conclusion: Although the number of people who received PCV13 full course vaccination and received the first dose vaccination showed yearly increasing trends in Hangzhou, the full course vaccination rate for the whole population was relatively low. In addition, the PCV13 vaccination rates also differed by geography and household registration status. Measures such as expanding vaccination publicity or including national immunization should be taken to increase vaccination rates and reduce the differences in vaccination among groups with different characteristics.

KEYWORDS
13-valent pneumococcal polysaccharide conjugate vaccine (PCV13), all-course vaccination rate, first vaccination rate, Hangzhou, children


1. Introduction

Pneumococcal disease (PD) is an infectious disease caused by streptococcus pneumoniae (Spn). According to the infection sites, PD can be divided into invasive pneumococcal disease (IPD) and non-invasive pneumococcal diseases (NIPD). Studies have shown that Spn can cause different types of infections, mainly IPD including meningitis, bacteremia and bacteremic pneumonia (1, 2). Some rare IPD infection types, including pericarditis (3), endocarditis (4), Austrian syndrome (5), necrotizing fasciitis (6), Hemolytic uremic syndrome (7), and Hemophagocytic syndrome (8), have been gradually emphasized in clinical settings. NIPD mainly includes Acute otitis media (AOM), sinusitis and non-bacteremic pneumonia.

PD is one of the most serious public health problems in the world. According to the research published in 2018, there are still about 294,000 children under 5 years old who died of PD in the world, and the incidence rate and mortality in developing countries and regions are higher than those in developed countries and regions. Plus, the vast majority of deaths occur in Africa and Asia (9). Worldwide, countries with top 10 highest number of under-5-year-old children PD cases are all in Africa and Asia, accounting for 66% of the global total number. It is noteworthy that China, with the second largest number of PD cases, accounted for 12% of the global total number (1). Spn is also an important cause of morbidity and mortality among infants and the older adults in China (10–15). PD has a serious economic burden such as hospital expenses, nursing expenses, and visiting expenses (16–20).

In addition, some studies have shown that Spn is resistant to commonly used antibiotics, such as penicillin, macrolides, cephalosporins and sulfonamides (21, 22). Epidemiological studies in China have shown that the problem of pediatric Spn resistance is increasingly serious (23, 24). Fewer and fewer antibiotics can be used clinically to treat IPD. Some studies also showed that drug-resistant Spn was less likely to be isolated with the introduction of pneumococcal vaccine on a large scale. The incidence of diseases caused by penicillin non-susceptible strains in children under 2 years old decreased by 81% from 70.3 per 100,000 to 13.1 per 100,000 (25).

Pneumococcal conjugate vaccine is the most economical (26) and effective (27, 28) measure to prevent pneumococcal related diseases under the circumstance of high economic burden and emergence of large number of drug-resistant Spn strains. After the introduction of PCV13 in the United States, the incidence of pneumococcal disease and untyped empyema decreased (29), and the incidence of non-antibiotic-sensitive IPDs decreased in multiple age groups (30). It is recommended by the WHO vaccine preventable disease classification guideline that PD and malaria are supposed to be the highly prioritized vaccine-prevented disease (31). A study of pneumonia incidence and PCV13 vaccination in children born in Ningbo, Zhejiang Province during 2017–2018 showed that the risk of pneumonia in those who had completed at least 3 doses of PCV13 vaccination was 0.582 times higher than that in those who had not received PCV13 vaccine. The vaccine protection rate was 41.80%. Markov model analysis in the above study showed that when PCV13 was included in herd immunity, the immediate medical cost was reduced by 28%, the number of averted infections increased by 186%, the number of averted deaths increased by 24 times, and the incremental cost-effectiveness ratio was reduced by nearly 85% (32).

By 2022, there are 198 vaccination clinics in Hangzhou, all of which are public. These clinics were responsible for the vaccination of Hangzhou's programmed and non-programmed vaccines. There are also a few private vaccination clinics that provide non-immunization program vaccinations, but the number of vaccines administered is small. There are 11 kinds of immunization program vaccines and 29 kinds of non-immunization program vaccines in use in Hangzhou, among which pcv13 is voluntarily vaccinated by citizens at their own expense. The price of PCV13 vaccine is relatively high, with PCV13-CRM197 698 yuan/dose and PCV13-TT 598 yuan/dose. In 2022, the per capita disposable income of Hangzhou residents was 70,300 yuan, and the price of a single PCV13 vaccine accounted for about 1% of the per capita income of Hangzhou. PCV13 has been introduced in Hangzhou since September 2017. In order to understand the PCV13 vaccination situation of children under 5 years old in Hangzhou, Zhejiang Province, and to provide data support for the inclusion of PCV13 in the free vaccination strategy on regional vaccination differences and the full course vaccination status.



2. Methods


2.1. Study population

This study analyzed the current state of PCV13 vaccination of children under 5 years old through collecting vaccination related information from children vaccination management system of Zhejiang Province (ZJCVMS). Children born between January 1, 2017 and December 31, 2021 in ZJCVMS were included in the study. On June 30, 2022, the researcher counted the PVC13 vaccination data from “ZJCVMS” by month.



2.2. Basic information and definitions

According to the distance from the central city of Hangzhou, it can be divided into central urban area, near central urban area or remote area. There are 14 districts or counties within Hangzhou, 6 are classified as central urban areas (Shangcheng, Gongshu, Xihu, Binjiang, Qiantang, and Fengjingmingsheng), 5 are classified as near central urban area (Xiaoshan, Yuhang, Linping, Fuyang, and Linan), and the rest are classified as remote areas (Tonglu, Jiande, and Chunan). ZJCVMS is a computer software system used to store children's personal information and vaccination information in Zhejiang Province.

“Local household registration” is defined as children registered in Hangzhou City. “Non-local household registration” is defined as children registered outside Hangzhou. “Full course vaccination” refers to the completion of PCV13 immunization program, that is, children have administered the full doses of PCV13 at the age required by PCV13 immunization program.



2.3. PCV13 vaccination procedures

There were two types of PCV in Hangzhou from 2017 to 2021, namely PCV13-CRM197 and PCV13-TT. Children's parents choose the vaccine voluntarily and at their own expense according to the procedure.

PCV13-CRM197: 2, 4, 6 months of age for basic immunization (no younger than 6 weeks), one dose each, 12 to 15 months of age for enhanced immunization, one dose.

PCV13-TT: Infants aged 2 to 6 months (no younger than 6 weeks): A total of 4 doses were given. It is recommended that the first dose to be given at 2 months of age (at least 6 weeks of age), and 3 doses of basic immunization are given, with an interval of 2 months between the two doses. The fourth dose was given at 12 to 15 months of age. Infants aged 7 to 11 months: 2 doses of basic immunization were given, with at least 2 months apart; One booster dose (the third dose) was given after 12 months of age and at least 2 months apart from the second dose. Children aged 12 to 23 months: 2 doses, at least 2 months apart. Children aged 2 to 5 years: 1 dose.



2.4. Statistical analysis technique

SPSS 21.0 (IBM Corporation, New York, USA) software was used for data analysis. Descriptive epidemiology was used to describe demographics of children born in 2017 to 2021 and current state of PCV13 vaccination. Counting data was described by rate and composition ratio. Chi-square test, and Chi-square trend test were used for data analysis, with test level α = 0.05.



2.5. Ethical considerations

This study was determined to be exempt from ethical review by the Hangzhou CDC institutional review board. Data was safe when extracted from ZJCVMS and not linked to individual identification.




3. Result


3.1. Demographics

The total registered population of ZJCVMS from 2017 to 2021 were 649,949, which was 157,002, 137,493, 135,044, 115,719, and 104,691 respectively in each year. Among the total population in 5 years, men and women were 337832 and 312117, accounting for 52.1 and 47.9% respectively. The population of central urban areas, near central urban, the remote areas were 263,179, 330,991, and 55,779, respectively, children accounting for 40.49, 50.9, and 8.6%. A total of 849,081 vaccinations were completed for children born in 2017–2021 (Table 1).


TABLE 1 PCV13 inoculation in Hangzhou from 2017 to 2021.
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3.2. The full course vaccination of PCV13

Among 649,949 children from 2017 to 2021, 169,230 were full course vaccinated with PCV13 according to the immunization procedure specified in the initial month of age, with an average vaccination rate of 26.0% (the fourth dose). From 2017 to 2021, 7,348, 36,188, 50,175, 49,993, and 25,526 children were full course vaccinated each year, with all course vaccination rates of 4.7, 26.3, 37.2, 43.2, and 24.4%, respectively. There is a statistically significant difference in the full course vaccination rate of PCV13 in the five years (P = 0.000), and there is an increasing trend (P fortrend < 0.01). A total of 152,169 people were full course vaccinated with PCV13-CRM197 according to the immunization schedule specified for the initial month of age, with an average coverage rate of 23.4% (the fourth dose). A total of 17,061 people received full course PCV13-TT vaccine in accordance with the immunization schedule specified for the initial month of age, with an average coverage rate of 2.6% (the fourth dose). The full course vaccination rate of PCV13-CRM197 was higher than that of PCV13-TT. From 2017 to 2021, 7,347, 36,184, 50,166, 43,075, and 15,397 people were full course vaccinated with PCV13-CRM197, with vaccination rates of 4.7, 26.3, 37.2, 37.2, and 14.7%, respectively. There is a statistically significant difference in the full course vaccination rate of PCV13-CRM197 in the five years (P = 0.000). From 2017 to 2021, 1, 4, 9, 6,918, and 10,129 people were full course vaccinated with PCV13-TT, and the vaccination rates were 0, 0, 0, 6.0, and 9.7%, respectively. There was a statistically significant difference in the full course vaccination rate of PCV13-TT in the 5 years (P = 0.000) (Table 1).



3.3. The first vaccination of PCV13

From 2017 to 2021, 13,482, 43,883, 61,621, 59,188, and 64,512 people were vaccinated with the first dose, with vaccination rates of 8.6, 31.9, 45.6, 51.2, and 61.6%, respectively. The first vaccination rate of PCV13 in five years was different, the difference was statistically significant (P = 0.000), and there was an increasing trend (P fortrend < 0.01). From 2017 to 2021, 9,977, 39,165, 54,755, 46,207 and 34,784 people were inoculated with the first dose of PCV13-CRM197, with vaccination rates of 6.4, 28.5, 40.6, 39.9, and 33.2%, respectively. The first vaccination rate of PCV13-CRM197 was different in 5 years, and the difference was statistically significant (P = 0.000). From 2017 to 2021, 3,505, 4,718, 6,866, 12,981, and 29,728 people were inoculated with the first dose of PCV13-TT, with vaccination rates of 2.2, 3.4, 5.1, 11.2, and 28.4%, respectively. The first vaccination rate of PCV13-CRM197 was different in 5 years, and the difference was statistically significant (P = 0.000) (Table 1). The distribution of first vaccination was different. Two months age group has the largest numbers of children being vaccinated with first dose, in contrast, children at 5 months of age is the smallest group inoculated with first dose. Among children born in 2017, the age group with the highest proportion of children who received the first vaccination was those aged over 6 months, accounting for 33.5% of overall vaccinated population in 2017. Among children born in 2021, the highest proportion of children who received the first vaccination at the age of ≤1 month is 40.8% (Table 2).


TABLE 2 Statistical table of the starting month age of the first dose of PCV 13 in Hangzhou from 2017 to 2021.
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3.4. PCV13 vaccination of children in different regions

In the central urban area, 84,483 people were full course vaccinated, with a coverage rate of 32%. In the near central urban area, 78,236 people were full course vaccinated, with a coverage rate of 23.6%. In the remote area, 6,511 people were full course vaccinated, and the full course vaccination rate was 11.67%. There was a difference in the rate of the three regions, and the difference was statistically significant (P = 0.000). The full course vaccination rate was higher in the central urban areas than in near central urban areas, that in turn was higher than in remote areas (all P-values < 0.05). Among the children vaccinated with PCV13-CRM197, 80,266 people were full course vaccinated in the central urban area, with the vaccination rate of 30.5%. In total of 66,913 people were full course vaccinated in the near central urban area, with the vaccination rate of 20.2%. In the remote areas, 4,990 people were full course vaccinated, with the vaccination rate of 9.0%. There was a difference in the rate of the three regions, and the difference was statistically significant (P = 0.000). The full course vaccination rate was higher in the central urban areas than in near central urban areas, that in turn was higher than in remote areas (all P-values < 0.05). Among the children vaccinated with PCV13-TT, 4,217 people were full course vaccinated in the central urban area, with the vaccination rate of 1.6%. In total of 11,323 people were full course vaccinated in the near central urban area, with the vaccination rate of 3.4%. In the remote areas, 1,521 people were full course vaccinated, with the vaccination rate of 2.7%. There was difference in the rate of the three regions, and the difference was statistically significant (P = 0.000). The full course vaccination rate was higher in the near central urban areas than in remote areas, that in turn was higher than in central urban areas (all P-value < 0.05) (Table 1).



3.5. PCV13 vaccination of children in different genders

Among the 169,230 people who were full course vaccinated, 87,844 men were full course vaccinated, with a vaccination rate of 26.0%; 81,386 women were full course vaccinated, with a vaccination rate of 26.1%. There was no significant difference in vaccination rates between men and women (P = 0.502). Among the children who vaccinated PCV13-CRM197, 78,966 males and 73,203 females were full course vaccinated, with a vaccination rate of 23.4 and 23.5% respectively. There was no significant difference in vaccination rates between men and women (P = 0.450); Among the children who vaccinated PCV13-TT, 8,878 males and 8,183 females were full course vaccinated, with a vaccination rate of 2.6 and 2.6% respectively. There was no significant difference in vaccination rates between men and women (P = 0.877) (Table 1).



3.6. PCV13 vaccination of children in different household registration

Among 169,230 people who were full course vaccinated, 136,693 had local household registration, with vaccination rate of 31.4%, and 32,537 people had non-local household registration, with vaccination rate of 15.1%. The vaccination rates of the two household registration groups were different, and the difference was statistically significant (P = 0.000). Among the children who were vaccinated PCV13-CRM197, 123,613 people with local household registration and 28,556 with non-local household registration were full course vaccinated, with vaccination rate of 28.4 and 13.3% respectively. The vaccination rates of the two household registration groups were different, and the difference was statistically significant (P = 0.000). Among the children who were vaccinated PCV13-TT, 13,080 people with local household registration and 3,981 people with non-local household registration were full course vaccinated, with a vaccination rate of 3.0 and 1.9% respectively. The vaccination rates of the two household registration groups were statistically significantly different (P = 0.000) (Table 1).




4. Discussion

The main finding of this study is that the PCV13 vaccination rate was increasing year by year. The full course vaccination rate of PCV13 vaccine was different in different regions and different household registration population, but there was no difference by gender. The months at which the first dose of PCV13 was administered were scattered.

According to our analysis for 649,949 children aged no more than 6 years old born in Hangzhou in 2017–2021, the PCV13 vaccination rate in Hangzhou showed an increasing trend year by year, similar to that of Jinhua (33) and Tianjin (34). Although vaccination rate has increased from 31.9% in 2018 to 61.6% in 2021, higher coverage rates would be desirable to obtain a better group protection effect. PCV13 vaccination is also unbalanced among Hangzhou regions, and there is a large gap in vaccination rates among different cities. Although Hangzhou is located in economically developed eastern coastal area, there is still a large gap regarding the PCV13 vaccination rate compared with developed countries such as Europe and the United States. It was reported that 2 years after the introduction of PCV13 in the United States, the vaccination rate of PCV13 in children under 5 years old was 54% (35). In 2013, 64% of children under 2 years of age were vaccinated with more than one dose of PCV13 (36). In 2013, the vaccination rate of more than one dose of PCV13 in Argentina was 96%, and the vaccination rate of more than three doses was 81% (37). As a major developing country, India has also included PCV13 in India's national immunization program in stages in 2017/2018 (38). In China, the vaccination rate of PCV13 is far lower than the rates of vaccines included in national immunization program (39). This may be because in China, PCV13 has not been included in the national immunization program, and it belongs to the more expensive non-immunization program which is voluntarily vaccinated and paid by self. The low vaccination rate directly affects the establishment of the group protection effect of PCV13 in the population, and reduces the effect of population prevention of IPD. WHO recommends that all countries include pneumococcal polysaccharide conjugate vaccine (PCV) in their national immunization program, especially for those countries with a mortality rate of more than 50‰ of children under 5 years old which should make the introduction of multi-antigen PCV a high priority in their national immunization program (40). WHO also believes that improving the vaccination rate of PCV13 in children <2 years old can better prevent pneumonia and other diseases caused by Spn. The research of Ningbo University showed that in the case of herd immunity, when the price of each dose of vaccine is <740 yuan, the vaccination of PCV13 vaccine can save the direct cost while obtaining health benefits. When the price of each dose is between 740 yuan and 830 yuan, the PCV13 vaccine has a high cost effect; When the price of each dose is between 830 yuan and 1,100 yuan, the PCV13 vaccine is cost-effective; When the price per dose of vaccine is >1,100 yuan, the price per dose of vaccine is not cost-effective (32). The incremental cost-effectiveness ratio is 117,274 yuan, which is less than the per capita GDP of Ningbo City of 132,603 yuan in 2018, and much lower than the incremental cost of 812,419 yuan without considering herd immunity. There are also model studies to analyze the cost-effectiveness of PCV13 vaccination in Zhejiang Province (41). Therefore, the PCV13 volume-based procurement price control as well as the incorporation of PCV into the medical reimbursement list of Hangzhou are recommended by this study before the PCV13 was incorporated into national immunization scheme. It may be possible to encourage school-age children to vaccinate PCV13 by installment payment, to give certain financial subsidies to the vaccinated group, etc., in order to increase the vaccination rate, so as to reduce the occurrence of IPD in children.

In this study, the results showed that the full course vaccination of PCV13 in Hangzhou was different among different regions and household registration types. The overall coverage rate of PCV13 for children in the central urban areas was significantly higher than that in the remote areas, and the full course vaccination coverage rate of children with local household registration was significantly higher than that of children with non-local household registration, which was similar to the coverage rate of other non-immunization programs in China (42), and was consistent with the survey results of Quzhou (43) and Yinzhou in Ningbo (44), both in Zhejiang Province. Studies have shown that parents from more deprived families who do not pay enough attention to vaccines and have less access to vaccine-related information are generally less likely to take vaccination (45, 46). Furthermore, Hangzhou should carry out follow-up investigation of vaccination intention to find out the predictors related to vaccine hesitation. There is no difference in the full course vaccination rate between different genders, showing that there is no gender discrimination in PCV13 vaccination in Hangzhou. The PCV13 vaccination procedure is more flexible and complex than other multi-dose vaccination program. According to the situation of PCV13 vaccination for the first dose, the starting age of the first dose is relatively scattered, which means that many children cannot complete 4 doses of vaccination according to the procedure requirements. The later the start month, the fewer injections will be given. In general, most of the children in Hangzhou started their first vaccination within 2 months of age, which is consistent with the study in Ningbo (47). The proportion of children born in 2017 who received the first injection at the age of ≥6 months was the highest, and the starting age of the first injection was relatively late. This may be because PCV13-CRM197 had just been introduced into China <1 year, and some children were older children when they chose to receive the injection.

At the same time, this study also found that from 2017 to 2021, the vaccination rate of PCV13, whether the first injection, the full course vaccination rate, PCV13-CRM197 or PCV13-TT, is different and increasing (the all-process vaccination rate of the population born in 2021 is slightly lower than that of the previous year because some people do not reach the full course vaccination age). The first injection for children born in 2021 increased to the highest in the age group ≤1 month, indicating that parents of children at younger month pay attention to PCV13 and attach importance to the whole process of vaccination. This allows children to be vaccinated at an earlier age, which helps children develop immunity and get protection as early as possible.

The difference in the proportion of children vaccinated with PCV13-CRM97 and PCV13-TT in 2021 (14.71 vs. 9.68%) was the lowest in the series. This indicated that the proportion of children inoculated with PCV13-TT increased in children <2 years old. What causes parents' choice of PCV13 (PCV13-CRM97 or PCV13-TT) to change needs to be further investigated and verified.

This study has some limitations. Through the analysis of the existing vaccination data, although the vaccination differences among different populations with different characteristics were found, the reasons for the low full course vaccination rate of PCV13 in Hangzhou, the different vaccination rate in annual vaccination, the different vaccination rate in regions, the different months distribution of first dose vaccination and the different vaccination rates among different groups with registered residence were not investigated and analyzed. All the real causes affecting the inoculation of PCV13 in Hangzhou are not yet clear. At present, this study lacks data on the distribution of IPD/serotypes or clinical data (mortality rate, admission rate, etc.) from 2017 to 2021, making it impossible to analyze the protective effects after vaccination.



5. Conclusion

From 2017 to 2021, both the vaccination rate and the first dose vaccination rate of PCV13 for children under 6 years old in Hangzhou showed an increasing trend year by year, but the coverage of PCV13 for targeted population was still relatively low, and there were differences in vaccination among different regions and household registration.
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The World Health Organization named vaccine hesitancy a leading global health threat of modern time. Addressing this public health issue requires a multi-front strategy, one such strategic effort is training health care professionals to respond to reluctant patients/caregivers or those who refuse vaccines. AIMS (Announce, Inquire, Mirror, and Secure) is designed to help HCPs engaged in more productive conversations with patients/caregivers to secure trust, a key behavior leading to higher vaccination rates.
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1. Introduction

The World Health Organization named vaccine hesitancy one of the top 10 threats to global health in 2019, and it has been redefined from “a delay in acceptance or refusal of vaccination despite availability of vaccination services” to “a motivational state of being conflicted about, or opposed to, getting vaccinated” (1, 2). While addressing the complicated problem of under-vaccination will require efforts on multiple fronts, enhancing the capacity of health care professionals (HCPs) to effectively respond to patients who refuse or are reluctant is a critical component of this mission. Research suggests HCPs are often the most trusted source of information on vaccines (3), but an escalation in antivaccination messages across various social media platforms in recent years has increased uncertainty across the general population. HCPs are confronted with the systemic effects of this trend on a daily basis as they see concerned patients/caregivers with a range of distressing emotions who have inaccurate or incomplete information, feel pressured by friends and relatives, and are struggling with how to make good decisions about their children’s health. This essay introduces a recently developed intervention framework, referred to as AIMS (Announce, Inquire, Mirror, Secure), that is designed to help HCPs facilitate a productive conversation with patients/caregivers about this important but sometimes difficult topic. AIMS is informed by scientific research from multiple disciplines, can be adapted to context and culture, and is specifically tailored to work in today’s challenging healthcare environment. Feedback from multiple trainings with HCPs from more than 20 countries suggests this approach can be a vital tool in our efforts to increase vaccine acceptance. Additionally, 93% of participants felt empowered to proactively talk about vaccination with their patients, and 80% believed the acquired skills will help their daily practice.



2. Background

As researchers, public health officials, and practitioners have grappled with the growing problem of addressing vaccine hesitancy or refusal over the past several years, a developing consensus has begun to emerge about what does not work. There is a recognition that the evidence base has historically been confined to research looking at the content of messages created to counter arguments leveled against vaccination (4). Gagneur et al. (5) note however, that “(t) he traditional approach of oversaturating caregivers with facts about vaccination, facts that they might not even listen to, seems to be obsolete, particularly for the new generation of caregivers who can access a lot of information on the internet” (p. 6554). Others have argued that such “data dumping” can backfire and reinforce or even strengthen hesitancy (6, 7). Increasingly, those interested in improving vaccination adherence have started to turn their attention to the process of communication and the quality of HCPs’ interactions with patients/caregivers for new insights (4). For example, Gagneur et al. (5) report an increase in caregivers’ intention to vaccinate after an educational intervention, tailored to their assessed readiness to vaccinate, delivered using motivational interviewing techniques that encouraged discussion and questions instead of offering “prescriptive and direct information.” Also utilizing principles of motivational interviewing, Leask et al. (6) offer a framework for vaccination discussions, based on caregivers’ stage of behavior change, that encourages “respectful interactions that aim to guide caregivers toward quality decisions” (p. 1). Maurici and colleagues (8) assessed “the impact of a three-day residential course on empathy and counseling abilities on the caregiver-rated level of empathy of healthcare staff working in vaccination centers in the South of Italy” (p. 1). While the question of vaccination uptake was not directly addressed in their study, they report positive results on patients perceived level of empathy for doctors and nurses.

Pfattheicher et al. (9) examined how empathy effected decision making to vaccinate in the COVID-19 pandemic. They noted that in “high-stakes” contexts, such as a global pandemic, individuals’ reactance can impede vaccination rates if people feel like their emotions are being “manipulated,” if that influence is perceived to alter their freedom and control. Their study showed that “empathy can nonetheless increase overall intention to get vaccinated” because it does not directly engage an individual’s freedom or autonomy over their decision to vaccinate or not to vaccinate (p. 6). Rather empathy can convey compassion in the exercise of reflective listening as a conversation unfolds between the patient/caregiver and provider. During an interaction the provider may inquire about discrepancies between what is perceived as the goal of a patient/caregiver and their observed behavior may help the providers adjust the conversation to directly engage discrepancy. This is the current approach of motivational interviewing (MI), which is one of the more frequently used engagement strategies for vaccine hesitant people (10). More recently, researchers Dainton and Wong (11) have argued it is “our responsibility to vaccine hesitant individuals with profound compassion,” humility, and stresses the importance of practicing empathy moving forward (p. 212).

Henrikson et al. (12) conducted a randomized trial of the impact of a physician-targeted communication training on maternal vaccine hesitancy and physician self-efficacy with 347 mothers across 56 clinics. The intervention strategy, “Ask, Acknowledge, Advise,” was “adapted from effective communication models, informed by constructs from the theory of planned behavior and based on best practices in physician-patient communication adapted to vaccine conversations” (p. 71). The 45-min training included a didactic presentation on the topics of vaccine hesitancy, provider influence on vaccine decision making, and the need to build trust with caregivers about the topic of vaccination. Trainers also facilitated discussion of videos modeling the strategy, and ways they could better manage clinic flow to improve uptake. The study found that the intervention did not reduce maternal vaccine hesitancy, nor did it improve physician self-efficacy. The authors acknowledge several challenges related to addressing vaccine hesitancy as well as limitations to their study that might account for the null findings, including uncertainty regarding the strength of the intervention. The authors note, for example, that aspects of the study implementation meant that some mothers could have seen a physician who had only partial exposure to the intervention training or was not trained at all. In a commentary on the study, Leask and Kinnersley (13) also question the brevity of the training even as they acknowledge its pragmatism given constraints on physicians’ time. They correctly observe that “[c] ommunication interventions are only effective if physicians effectively take them up … too small a dose of training will have no impact even if the intervention could work under ideal conditions” (p. 181).

Overall, a shift from a “tell and sell” message-focused communication strategy to a more relationally aware approach represents a significant development in our efforts to better address the problem of vaccine hesitancy. The seeming simplicity of using a message-focused intervention to persuade hesitant patients/caregivers to vaccinate is compelling (e.g., “just give them the facts”), but it is clearly inadequate. The studies discussed above show some promising results, but they also point to some of the difficulties we face. We must grapple with the complexity of how to better manage HCP-patient/caregiver vaccination conversations within the constraints often seen in medical settings to more effectively respond to this global health threat. There are a multitude of challenges to designing communication interventions that are both effective and pragmatically scalable. Consequently, we must not let “the perfect be the enemy of the good.” Evidence-informed approaches to vaccine conversation management that can be easily learned, practiced, remembered, and used by HCPs are needed. At the same time, we must use all available means to maximize the potential for the intervention to work. The AIMS framework is a relationship-oriented approach that has promise in accomplishing these goals. It moves us forward by offering a user-friendly vaccination conversation algorithm based on a conceptual integration of multidisciplinary scientific theory and research linking social, mental, and biological processes.

Central to understanding the potential impact of AIMS compared to other approaches is the recognition that communication is a bioactive and systemic process that has much more dimensionality than the message content of an interaction (14, 15). As we will discuss below, research shows that the quality of our interactions with one another literally shapes and is shaped by our biology, between individuals, across communities and around the globe. Expanding our understanding of how to more intentionally manage the communication ecologies within which we live and work represents a largely untapped resource in health care. From how our nervous system functions to whether or not particular genes get activated, understanding the implications of the constant interplay between talk and biology is critical for the design of effective health care interventions (16–21).

Within the health care literature generally, there is more attention being given to exploring the relationship between communication and health outcomes. For example, a number of studies have linked empathic communication by HCPs to positive health outcomes, including reducing preoperative anxiety and increasing surgical recovery and wound healing (22), fewer hospital admissions for metabolic crisis with diabetes patients (23), and faster recovery and less severe symptoms for patients with the common cold (24). In a Meta-analysis of studies on physician communication and patient adherence to treatment, (25) highlight the importance of HCP communication skills, reporting a 19% higher risk of non-adherence for patients whose physicians communicate poorly versus those who communicate well. Findings from other studies suggest interesting heuristic possibilities for health interventions. Tuck et al. (26) report the results of a study showing that being more skilled at expressing positive emotion (whether or not you actually feel it) is associated with lower cardiovascular disease risk scores. Ayling et al. (27, 28) found that having a positive mood on the day of influenza vaccination was associated with enhanced effectiveness of the vaccine in older adults. These and similar studies point to the inextricable link between social, mental, and biological processes. They highlight the potential positive impact HCPs can have on health outcomes for their patients if they are intentional in their communication, as well as the potential negative impact if they are not.

So, what does it mean to be “intentional” about communication in the design of a health care intervention and how can we maximize its benefit? AIMS moves beyond the notion of simply “being empathic” in the interaction, to thinking about how particular conversational patterns, enacted verbally and nonverbally, between the HCP and the patient/caregiver can activate neurobiological processes in both parties that help shift the communication ecology to one of receptivity rather than reactivity. It is a systemic way of thinking about the complexity of the vaccination decision process for the patient/caregiver. Within that frame, it intentionally focuses on trust-building to create a relationship that increases the possibility of a positive vaccination decision preferably during the visit, but if not, sometime in the future. In a series of in-depth interviews with new mothers, some of whom intended to vaccinate and some who did not, Benin et al. (29) found that “[t] he theme of trust in the medical profession was the Central concept that underpinned all of the themes about decision-making” (p. 1532) for both groups. The AIMS approach encourages a respectful dialog that responds to that core issue.

The science underlying AIMS has been rapidly developing over the past several decades as our technological capacity to explore the complexities of human experience has expanded. Increasingly, scholars are integrating social science and humanities understandings of human behavior with discoveries in disciplines such as neuroscience, genetics, epigenetics, neuroimmunology and others to more broadly explore the systemic nature of our world. Theory and research growing out of this trend offer novel ways to think about the interplay between mental, social/environmental, and biological processes. Cognitive neuroscientists have suggested, for example, that “[c] ognition materializes in interpersonal space” (30, p. 114). The discovery of mirror neurons, our capacity for neuroplasticity across the lifespan, and the ability for social interaction to impact us at the epigenetic level are just a few examples of recent scientific findings that are contributing to a paradigm shift in our thinking about health interventions.

The mental health disciplines have widely embraced these findings because of the implications for exploring new ways of improving mental health and overall well-being. Dan Siegel’s seminal work, the Developing Mind (31), provides a synthesis of research from multiple disciplines that informs the development of the field of Interpersonal Neurobiology which articulates a complexity-based systemic link between the mind, the embodied brain, and relationships, equating health with integration across multiple domains. Stephen Porges’ (32) work on Polyvagal Theory articulates his view of how the autonomic nervous system functions in relation to perceived external threats as well as helping us make positive social connections. It has contributed to our thinking about the importance of the body’s stress response and its systemic role in human health, including the detrimental physiological effects of sustained activation of the sympathetic nervous system. It also offers insight into how we might intentionally manage our own nervous system’s response to a situation, for example a contentious vaccination conversation with a caregiver, to both improve our capacity to respond well but also to conversationally and biologically invite the caregiver into a more receptive state. Others in the field, such as (16), Arden (33–35), have made substantial contributions that encourage us to broaden our understanding about the interplay of a range of factors that can impact overall health across the lifespan and even beyond in order to transform how we approach healthcare.

As this body of work continues to grow, we are beginning to see it applied in contexts beyond the therapy suite, such as in organizations and educational settings. Elaborating this way of thinking in healthcare generally is a natural extension and holds great potential for innovative interventions. The depth at which an HCP wishes to access this literature will vary according to individual needs and preferences. Certainly, all HCPs who are interested in ensuring their interactions with patients are supportive of positive health outcomes will likely be interested in learning approaches that science suggests would do so. To that end, it is important to develop interventions incorporating this knowledge to facilitate the kinds of conversations about vaccination and other health related behaviors that can move patients toward better decision-making. Certainly, a challenge will be how to translate the complex ideas from this research into usable and effective interventions that respond to the realities and demands of our current healthcare environment. AIMS represents an attempt to achieve that goal.



3. The AIMS approach to vaccination conversations

AIMS is an algorithm for a conversation between an HCP and a patient/caregiver that is designed to evoke greater psychological and emotional receptivity by intentionally activating the calming parasympathetic nervous system in both parties as a means of facilitating greater openness and trust in the relationship. Rather than a message-oriented approach that emphasizes “telling and selling,” AIMS focuses on using a conversational structure that facilitates the creation of a relational context which is more conducive to a positive vaccination decision. The process is directed by the HCP and can fit within the time constraints of the typical clinical visit.

An acronym for the structure of the vaccination conversation, AIMS stands for Announce, Inquire, Mirror, and Secure. After greeting the patient/caregiver, the HCP should take a slow, deep breath to intentionally put themselves into their most receptive mode. They should then Announce that it is time for the vaccination, in a friendly, non-paternalistic, matter-of-fact professional manner. Research supports such a presumptive approach because the majority will go ahead and vaccinate with that simple intervention (36, 37). This contributes to the time efficiency of the AIMS approach. Should someone agree, once they are vaccinated the HCP can complement them on making a good choice, recommend they encourage others to do so as well and proceed with the rest of the exam. However, if the patient/caregiver, pauses or expresses any concern or hesitation, the conversation should immediately turn to Inquire.

At this point, it is important that the HCP talk “with” the patient/caregiver rather than “at” them. Throughout the conversation, the HCP is encouraged to convey an attitude of curiosity and respect to even the most resistant patient/caregiver to create a relational frame that can best support a positive vaccination decision. The HCP should ask questions that elicit their reasons for hesitancy, but in ways that do not encourage them to take a position. Open-ended “how” and “what” questions tend to be more effective than “why” questions. Inquiry, rather than offering facts or reasons to vaccinate, serves many purposes and contributes to a conversation that strengthens trust in the relationship. First, it indicates that the HCP is interested in understanding what the patient/caregiver is thinking and feeling. Second, it provides the HCP with specific information that enables a tailored response to the feelings and concerns being expressed. This is more time-efficient and helps the HCP avoid bringing up concerns that the patient/caregiver had not considered on their own which can increase anxiety and reinforce hesitancy. Finally, it is an empowering opportunity for the patient/caregiver to be able to express their perspective and have it treated seriously. By engaging them, the HCP is signaling respect for the person which fosters receptivity.

Once the inquiry is responded to by the patient/caregiver, it is still not the time for the HCP to respond directly to the concerns raised. Instead, the HCP should Mirror the response to demonstrate both to the patient/caregiver and to themselves that they fully understand the person as the person intended it. There is a difference between understanding someone from your own perspective and doing so from theirs. They need to believe that the HCP both understands their perspective and respects them, even if they disagree with what has been expressed. In short, the person needs to “feel felt” by the HCP. This builds receptivity in the patient/caregiver and contributes to greater trust in the HCP.

The Inquiry-Mirroring process may well go through multiple iterations until the HCP has established with the patient/caregiver that understanding has been accomplished. At this point, the HCP moves to Secure trust. This is the point where the HCP responds to concerns with information that fits the needs of the patient/caregiver and is presented in a way that is reflective of their perspective. It should be noted that because of the focus on receptivity and the activation of the parasympathetic nervous system thus far, the patient/caregiver will be much more likely to actually take in and process information at this point in the conversation (38). If the person is still hesitant or refusing, then the HCP can say that, while in their professional opinion they disagree with the patient/caregiver, they both share a concern for the health of the patient/child. The HCP is moving to secure trust and mutual respect. This enables a future conversation where the issues can be revisited in a potentially more productive manner. Secure, then, is about the relationship, not about persuading the person regarding vaccination. Vaccination decisions, especially for the hesitant or the refuser, are complex and can involve an array of factors other than information about vaccines. This can include familial or friendship relationships, fears based on earlier trauma (such as a miscarriage), or difficulties with making decisions in general that emanate from other circumstances. Securing a relational context of caring and trust affords the best possible conditions for eventually creating a positive decision to vaccinate. In that sense, it directly responds to Leask and Kinnersley (13) call for the development of new approaches for vaccine consultation that emphasize both patient/caregiver satisfaction and positive decision to vaccinate.

Recent evidence from two study supports the usefulness of AIMS as an effective intervention to address vaccine hesitancy. Although the results of one study are limited, (39) tested AIMS to determine whether it could elicit specific vaccine favorable behaviors in caregivers. The results of the study found that in a controlled environment behaviors associated with the AIMS communication protocol were readily identified among the AIMS-trained HCPs. A more recent study of AIMS worked with 1,200 participants from over 100 countries. The researchers found that three-month post training 61% of HCPs reported increased empathy toward patients/caregivers, confidence while counseling, and increased vaccine acceptance (40). Module 3 of the AIMS training (interpersonal communication) received the highest score consistently across the five areas covering content satisfaction and delivery. Importantly, 90% (322) of participants who participated in follow-up survey (358) reported a change in their approach when dealing with caregivers, patients, and others as a result of training (40). More than two-thirds of survey respondents (358) have held conversations with patients and/or caregivers related to vaccine hesitancy and advocated for key individuals or institutions to promote the value of vaccines (40).



4. Conclusion

The elements of AIMS are parts of a communication process that, according to science, offer a way for HCPs and patients/caregivers to build additional strength in their relationship that can not only enhance the possibility of a positive decision to vaccinate, but can also have a number of additional health benefits. The approach can be used by different types of HCPs, thus increasing coverage, and training can take as little as 3 hours. This, combined with intentional practice by the HCP, can instantiate patterns of interaction that hold positive benefits for them and patients/caregivers. AIMS is a next generation algorithm that simplifies the application of a complex mix of science to focal conversations that research suggests are key to increasing vaccination among the hesitant and opening the door to future dialog with those who currently refuse. It represents a promising step forward in our collective effort to respond to this global health threat.
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Introduction: Vaccine demand creation requires understanding what is driving the uptake of the vaccine. 24 Qualitative research methods are paramount to gaining a localized understanding of behavioral 25 drivers and barriers to vaccine uptake, but they are often underutilized.

Methods: This is a qualitative study that 26 used public comments on the Facebook and Twitter posts of the Finnish Institute for Health and 27 Welfare (THL) as data sources to identify behavioral drivers for COVID-19 vaccine uptake in 28 Finland. The participatory data analysis utilized thematic analysis and the Theoretical Domains 29 Framework (TDF). NVIVO was used to assist in the coding process.

Results: The greatest number of FB and 30 Twitter comments were linked with six TDF domains: knowledge, environmental context and 31 resources, beliefs in consequences, beliefs in capabilities, social and professional role, and social 32 influences. The domains included 15 themes that were interlinked. The knowledge domain 33 overlapped with all other domains.

Discussion: By using public discourse on Facebook and Twitter, and rapid 34 qualitative data analysis methods within a behavioral insight framework, this study adds to the 35 emerging knowledge about behavioral drivers of COVID-19 vaccines that can be used by public 36 health experts to enhance the uptake of vaccines during future pandemics and epidemics.

KEYWORDS
 COVID-19 vaccine, vaccine hesitancy, vaccine demand creation, behavioral insights, qualitative research, social media 2


Introduction

The COVID-19 pandemic has triggered an intense focus on global research and development of COVID-19 vaccines which resulted in several vaccines being made available to the public within a year of the start of the pandemic (1). Vaccines are a key intervention to reduce pandemic-related mortality and morbidity (2, 3). Introducing a new vaccine is often challenging due to concerns among the public about its safety and efficacy, which can lead to vaccine hesitancy or refusal to take the vaccine. Vaccine hesitancy, which refers to a delay in acceptance or refusal of vaccination despite the availability of vaccination services, has been cited by the World Health Organization (WHO) as one of the top ten global health threats in 2019 (4, 5). Among other factors, such as convenience and complacency, vaccine hesitancy is also affected by the lack of confidence in vaccines and is sometimes fueled by conspiracy theories that are often perpetuated through social media channels (6, 7). Vaccine hesitancy is a complex and context-specific phenomenon that varies across time, place, and vaccine type (5, 8).

In Finland, the COVID-19 vaccination program began at the end of December 2020 for social and healthcare personnel with a higher risk of exposure, risk groups including those who have underlying health conditions and those aged 70 years or older, followed by all adults, then those 15 years or older and most recently for those 12 years and older. As of November 24, 2021, vaccine coverage was 76%; near the national vaccine coverage target of 80% (9). Repeated surveys on public perceptions of the COVID-19 vaccine in Finland indicate vaccine hesitancy has evolved during the pandemic but it has been relatively low overall. Concerns about side effects have been identified as one of the main reasons for vaccine hesitancy (10), and trust in the safety of the vaccine has been identified as the strongest predictor of COVID-19 vaccination intention (11).

Social media has become a source of data for understanding public attitudes and behaviors during emergencies (12–14). Large amounts of real-time data posted on social media platforms can be used to quickly identify public attitudes on issues of public health importance such as on COVID-19 vaccines to support health communication and health promotion messaging. A growing body of literature shows the use of social media platforms as data sources such as Twitter and Facebook for public health response and vaccine promotion (15, 16).

Qualitative research methods are paramount to exploring and understanding socially and culturally embedded vaccine behaviors (17). However, they are often underutilized with social media data as the content can be massive in volume and largely unrelated due to the dynamic nature of the online conversations, which makes it unpractical for qualitative research (18). Social media conversations can also be long with many users and no clear endpoint which makes identifying units of analysis difficult (19). Despite the challenges, social media data also provides many opportunities for qualitative researchers when compared to more traditional qualitative data collection methods such as in-depth interviews or focus group discussions. Social media data emerges from real-world social environments, without any prompting from researchers. Social media is a data source that can reach to individuals that may not be captured through traditional data collection methods. In addition, social media data can be collected rapidly and additional, if needed, can be easily obtained. (18).

To maximize vaccine uptake, it is critical to understand drivers of vaccine intention to design interventions and messages that best support vaccine uptake (20). Previous research has suggested that behavioral change interventions are more successful when they are grounded in theory and when they correspond with the concerns and perceptions of the target audience (21).

This paper describes a qualitative study that used social media as a data source and Theoretical Domains Framework (TDF) as a conceptual framework to identify and describe behavioral determinants in online COVID-19-related discussions. TDF consists of 14 domains that explain behavior including (1) knowledge, (2) skills, (3) social/professional role and identity, (4) beliefs about capabilities, (5) optimism, (6) beliefs in consequences, (7) reinforcement, (8) intentions, (9) goals, (10) memory, attention and decision processes, (11) environmental context and resources, (12) social influences, (13) emotion, and (14) behavioral regulation. TDF was selected because of its ability to help identify the barriers and facilitators to behavior change while taking into account social and environmental factors that drive behaviors (22). It has been widely used in various vaccine interventions (23). The findings of this research can be used to develop evidence-based interventions and messages for vaccine demand creation that correspond with the real needs and concerns of the public.



Materials and methods

This is a qualitative study based on public comments on the Facebook and Twitter posts of the Finnish Institute of Health and Welfare (THL) from March 1, 2021 to May 31, 2021. The data was retrieved by using Emplifi, a social media management tool. All posts tagged with a “Corona” tag indicating COVID-19 as the main theme of the post were retrieved for further inspection. The specific subject matter of the COVID-19-related posts ranged from weekly updates on the pandemic situation to new related studies and to THL recommendations on topics such as mask use and remote working practices. From March–May 2021, THL made 367 Facebook and 546 Twitter posts, of which 214 and 316 were corona-tagged, respectively. As an official government entity, THL communicates in Finnish, Swedish and English. The majority of the posts are Finnish, and the few in other languages are translations of Finnish. Of the posts which were related to COVID-19 by subject matter, all posts that were not in Finnish and did not have at least one relevant comment in the Finnish language were discarded in the preliminary data screening. As the dataset consists of only Finnish comments, original posts in languages other than Finnish were therefore excluded. In addition, those posts which did not include comments were discarded as well.

After limiting the data to the preliminary requirements, the final dataset consisted of 144 Facebook and 123 Twitter posts. The posts collected from Facebook had 9,792 comments and 2,612 unique authors, while the Twitter posts had 932 replies and 420 unique authors. THL’s replies to comments and questions varied among posts and platforms but were nonetheless left in the data in order to preserve the context of the discussions in the comment section. Although the number of posts from both platforms is relatively equal, the tendency of a Facebook post to elicit interaction among followers is significantly higher. However, Socialbakers only allows for the collection of replies, not retweets.

The dataset was cleaned and anonymized manually by deletingtthe names of all private individuals along with any references to specific locations. All comments deemed irrelevant to the pandemic context and lacking a coherent message, such as recurring comments forcing the same joke or other bot-like behavior, were removed. The analysis was based on the TDF framework which consists of 14 domains of behavior that were adapted to the purpose of the study (24) by defining them via linkages to the COVID-19 vaccine. A total of 13 domains were included in the study. The domains and their definitions can be found in Table 1.



TABLE 1 TDF domains and their definitions adapted from (24).
[image: Table1]

The analysis was a highly participatory multistage process between three members of the research team. It started by dividing the data among the team members who first read the narrative data independently to identify the type of domain or domains from a single comment or an entire discussion, followed by coding them into the appropriate domains using NVIVO software. The Finnish narrative was given codes in English by the research team members who all had proficiency in both languages. The team members met regularly to discuss and review the division of the data into different domains and the translation of the codes until they reached a consensus. The six TDF domains that received the most comments were included in the analysis. They included beliefs in consequences, environmental context and resources, knowledge, social and professional roles, social influences, and beliefs in capabilities. The total number of comments per domain can be seen in Table 2.



TABLE 2 Number of comments per TDF domain.
[image: Table2]

A team of two continued the thematic analysis via an inductive coding process within each domain separately to allow new ideas and concepts to emerge freely from the data (25). The process included developing codes, subcategories, and themes for each domain (26). Once the domains were analyzed the team members shared their themes in a joint platform to discuss the themes and their linkages. Any discrepancies in coding and the themes were discussed until consensus was reached. In the final stage, the team members jointly reviewed the themes across the domains and their connections to come up with a final interpretation to explain the domains. Only saturated themes were included in the final interpretation of the data.

The study protocol was approved by the Institutional Review Board of the Finnish Institute for Health and Welfare in February 2021.



Results

The section describes five TDF domains that were identified as having the greatest number of comments on both FB and Twitter. The section starts with the description of knowledge and beliefs in consequences followed by environmental context and resources, social and professional roles, social influences, and beliefs about capabilities. Figure 1 shows the domains and linked themes.

[image: Figure 1]

FIGURE 1
 Behavioral domains and themes linked with vaccine uptake.



TDF domain: knowledge

Comments that reflected questions overlapped with all themes of all four domains described earlier. In addition, questions linked with TDF domain beliefs about capabilities emerged from the analysis including the physical capability to take the vaccine. That included questions about vaccine eligibility based on personal attributes such as illnesses, medical conditions, and prior medical procedures.



“What type of vaccine will I receive based on my health conditions and age?”

 



TDF domain: beliefs in consequences

Five themes were identified describing the beliefs in consequences related to COVID-19 vaccine uptake: severity of vaccine-related side effects, the likelihood of vaccine-related hospitalization and death, the potential of the vaccine to reduce natural immunity, potential of the vaccine to act as a virus transmission vehicle, and the utility of the vaccine.


Theme 1: severity of vaccine-related side effects

Comments about the vaccine-related severity of the side effects were divided between those that referred to severe symptoms and illness episodes and those that emphasized the mild nature of the side effects. The comments were either experiences of the commentators, those of their social network, or general statements and hypothetical questions most commonly without reference to any study or authority. Questions without a personal viewpoint often related to how common certain side effects were among the population.

Comments about mild symptoms included slight fever, fatigue, diarrhea, and headache, among others. They were often posted to defend vaccine uptake or debate against comments that promoted fear towards vaccine-related side effects. Some comments referring to side effects as normal characteristics of any vaccination were posted in the discussions to encourage others to take the vaccine.



“Vaccinations and medications in general always have side effects.”

 

Comments about strong side effects included severe fever, shortness of breath, and pain. The comments were typically posted to discourage vaccine uptake. In a few comments, respondents noted that they were not planning to get the vaccine or the second shot because of the side effects.



“I have heard so much about side effects that I rather not take the vaccine.”

 



Theme 2: likelihood of vaccine-related hospitalization and death

Most of the comments about vaccine-related hospitalization and death questioned vaccine-related mortality and morbidity. Some comments raised concerns and suspicions that authorities may be hiding vaccine-related hospitalization and deaths. Some comments were firm statements that COVID-19 vaccines cause death. Most of these comments did not include sources to support the statements.



“How many people who have taken the corona vaccine have ended up in the hospital?”

 



Theme 3: potential of the vaccine to reduce natural immunity

Comments also included concerns about losing natural immunity when taking the COVID-19 vaccine, which was frequently linked with mNRA vaccines in the comments. For example, comments reflected beliefs that the vaccines contained gene manipulating features that may weaken individuals physically or mentally or concern about the poor quality of the vaccines because of the rapid vaccine development process.


“Vaccines reduce immunity. Imagine what other things can happen when you take a vaccine that manipulates your genes. I cannot even begin to think about it.”
 



Theme 4: potential of the vaccine to act as a virus transmission vehicle

Some comments reflected concern that vaccines were transmitting the virus instead of curbing the pandemic. This was explained in multiple ways. For example, because the vaccine contained the virus, it was being spread through the vaccination program itself. Some comments highlighted that vaccinated individuals had the potential to infect non-vaccinated individuals with the virus when in close contact such as on public transportation or in the workplace. Other comments referred to COVID-19 vaccines as a mode of transmission for new virus strains.



“Vaccines contain the virus. The more vaccines the more virus we have around.”

 



Theme 5: the utility of the vaccine

Some comments referred to vaccines as useless because even after vaccination one had to continue adopting prevention measures such as wearing a mask. Other comments highlighted disappointment that the vaccination did not reduce the risk of transmission of the virus. Additional questions were raised about how useful the COVID-19 vaccines were against different variants and in combination with illnesses and other factors influencing one’s personal health. Other comments noted that vaccines are useless because new virus strains are emerging, and vaccination programs were seen as slow and insufficient to cover the entire population.



“What is the benefit of the vaccine? We keep taking our precautions when meeting people and using masks. Nothing changes.”

 

Comments about the benefits of the vaccine typically highlighted the ability of the vaccine to prevent severe illness or to help reach herd immunity which is necessary to halt the pandemic.



“At least you do not get really ill from the virus if you have taken the vaccine.”

 




TDF domain: environmental context and resources

The domain included comments that were directed to authorities involved with the national vaccination programs and vaccination resources. Four themes emerged from the analysis: the safety of the vaccines, the efficacy of the vaccines, the rights of the citizens, and the efficiency of the vaccination program.


Theme 1: safety of the vaccines

Many vaccine safety-related comments related to the investigations into vaccine side effects globally and in Finland. Many comments also questioned the system and reliability of reporting side effects.


“Reporting side effects is voluntary. How do we know how many people have actually had side effects? Nobody knows the real situation.”
 

Vaccine safety-related comments also questioned authorities’ decisions regarding the vaccination order and their ability to protect the most vulnerable with the vaccination order. In addition, vaccine safety comments included concerns about the authorities’ decisions to mix of different vaccine types. Some comments called for more investigations into how the mixing of different types of vaccines impacted vaccine safety and others wanted to understand the reasoning behind the decision. Many comments also related to the ability and reasoning of the authorities to stop the distribution of vaccines if they were identified as unsafe.



“Other countries have stopped the entire vaccine program until they know more about the recent episodes with blood clots. Why is Finland not taking the same action?”

 



Theme 2: efficacy of the vaccines

Efficacy-related comments typically questioned the decisions and actions of the authorities regarding the inclusion of vaccines by certain manufacturers, mixing of vaccines of different manufacturers’, or defining the time between the vaccine shots. In addition, many comments discussed the strengths of the available vaccines against new virus strains.



“I do not know how they know what the impact is of mixing these two vaccines. I am not convinced at all.”

 



Theme 3: rights of the citizens

Comments also frequently reflected the rights of the citizens to choose to comply with the vaccination order of the government that prioritized at-risk groups, the type of vaccine, the right to be informed about the type of vaccine and the right to decide not to be vaccinated.



“We should be informed about different types of vaccines and side effects and everything else. Nobody should be forced to take the vaccine.”

 



Theme 4: efficiency of the vaccination program

A number of comments related to vaccination logistics, such as the time to get vaccinated, the vaccination schedule, and the time vaccination took place. Some comments related to attitudes and the service of healthcare personnel at the vaccination location. Many of these comments were based on own experiences and most of them were positive.

However, some comments also noted problems such as difficulties scheduling the vaccination appointment or lack of information about the type of vaccine they received. Some comments included concerns about the capability of the vaccinators to assess the physical abilities of the individuals to take the vaccine.



“It is not easy to find out how to book and where to book your vaccination.”

 

Some comments reflected concerns about the political nature of decision-making regarding the vaccination program. Particularly, the geographic distribution of the vaccines generated equity-related discussions.


“Why do some areas (districts) get more vaccines than other areas (districts)? It does not sound right.”
 

The comments included questions about vaccine coverage to understand how many people had been vaccinated in Finland which often was used to evaluate the success of the vaccination program. The national distribution of the vaccines was questioned when commentators did not understand the regional distribution system or when they wanted to point out that the system was unfair. Comments related to the vaccination order often questioned the fairness of the current distribution plan across different population sections and geographic locations. Questions were also raised about the vaccination interval between the two doses to understand the variation.




TDF domain: social and professional roles and identity

The domain described groups of people who were seen as at risk for COVID-19, which included people in risk groups, the older adult, and those frequently exposed to other people.


People in risk groups

The comments frequently referred to risk groups which included various groups of people with underlying health conditions such as those with diabetes, obesity, heart problems, or hypertension. Risk groups were referred to as vulnerable populations and as a priority population for the COVID-19 vaccine.



“I am in a risk group and still waiting [for the vaccine].”

 



Older adult people

The comments also noted age as a risk factor for COVID-19. The most substantive individual age range mentioned in the comments was that of 59-65-year-olds. Age was often linked with a specific health condition. On the contrary, young age was seen as protection against the virus. Many comments highlighted that young people did not need to be prioritized in the vaccination program.



“When am I eligible for vaccination? I had corona at the beginning of the year, I am 69 years old and I have asthma.”

 



Those frequently exposed to other people

The comments referred to people in certain professions such as caretakers or personal assistants for the older adult, those in the service industry, or healthcare personnel as at risk of contracting COVID-19. The comments also referred to people whose lifestyle exposed them to COVID-19 such as those who travel or like to gather together and socialize with other people.



“How is it possible that all the dental personnel is not vaccinated?”

 




Domain: social influences

The domain describes the views and ideas of other groups of people about COVID-19 vaccines. Four themes were identified: suspicion towards the vaccines, undermining those who have taken the vaccine, mistrust towards the authorities and conspiracies, and realization of human rights.


Theme 1: suspicion towards the vaccines

The comments reflecting suspicion towards COVID-19 vaccines included arguments that the vaccines are experimental and humans are test rabbits. Some comments referred to the vaccines as poison due to the fast-track manufacturing process. A substantial portion of these comments were short statements rather than narratives with a rationale for the belief.



“It’s an experimental vaccine, and the companies are free from responsibility. It’s a worldwide human experiment.”

 



Theme 2: undermining of people who accept to get vaccinated

Many comments reflected criticism towards those who took the vaccine. The “do your own research” rhetoric was present in comments condemning people as brainwashed and falling for a scam by getting vaccinated.



“By getting vaccinated you indicate that you have no survival instinct.”

 



Theme 3: mistrust towards the authorities and conspiracies

The comments included blame towards public health and government officials for deliberately hiding information on vaccine manufacturing procedures and statistics on deaths and side effects. From some comments, it was evident that vaccines were seen as a tool for population control and for financial benefits at the expense of the population.



“Vaccines are made to reduce the population of the world.”

 



Theme 4: realization of human rights

Several discussions raised concerns about equality among the vaccinated and unvaccinated in terms of their freedom of movement, and their ability to join various functions and participate in public events and activities.



“Soon we will not have the right to buy any goods or services unless we have been vaccinated with this experimental vaccine.”

 





Discussion

Our study provided important insights into COVID-19 vaccine-related online discussions and demonstrated that using rapid qualitative data analysis methods with social media data allows research teams to gain insights into vaccine-related barriers and facilitators. The established system can also be reinitiated at different times to monitor potential changes in the barriers and facilitators.

The study showed that the discussions of different domains were in many ways linked. The domain knowledge was of particular importance as it overlapped with all other domains. This was evident from a large number of questions posted in the comments on both FB and Twitter across all themes identified in this study. The large number of questions can be partially explained by the fact that THL is one of the national authorities providing guidance during the pandemic and accordingly people seek answers to their questions on THL’s social media platforms. On the other hand, the number of questions shows that the public is in need of updated and understandable information about vaccines, which has been identified as a gap also in other countries such as Canada and in Spain (27, 28). As the public in Finland received information during the pandemic from a number of different entities that communicate to the public independently including the Ministry of Health at the central and local levels, municipalities, THL, and others, the number of questions may be due to confusion. It is important that the concerns and the questions of the public are captured and answered in real-time to avoid an infodemic meaning an overabundance of information—some accurate and some not—that occurs during an epidemic, has been a challenge globally (29). The methodology that we used in the study could be used to develop a social listening system to monitor changes in barriers and facilitators with a special focus on trending questions and concerns. Social listening is being increasingly used to monitor public opinion, risk perceptions, and concerns during the pandemic globally (15, 30).

The findings of our study also showed that vaccine safety and efficacy were a major concern for members of the public who wanted reassurance from the authorities that the vaccines being provided by the government health authorities were safe and efficient, which aligns with other recent COVID-19 vaccine-related studies conducted in other countries in the world that show COVID-19 vaccination intentions being strengthened through a simple messaging intervention that utilizes perceived vaccine response efficacy (31–34). In addition, our study indicated that the public was also concerned about citizens’ rights in the midst of the fast-phased vaccination campaigns and the overall capabilities of the authorities to manage such a massive undertaking, which has also been discussed widely in countries around the world (35, 36).

We learned through the study that beliefs in the consequences of taking the COVID-19 vaccine included comments about side effects and vaccine-related hospitalization and death, which were often bound to the experiences of the commenters. Those who mentioned severe symptoms aimed to convince others not to take the vaccine whereas those who referred to mild side effects aimed to encourage vaccine uptake. As sharing own experiences online has been identified as a powerful technique to get messages across and even change behavior (37), risk communication may benefit from the personal testimonials that the public shares. For example, mild experiences could be used to promote vaccine safety (38).

Our study also showed that groups of people who were seen at risk for COVID-19 were those who were perceived as a risk group due to some underlying health conditions, the older adult, and those who were exposed to frequent contact with other people, which highlights the challenges that risk communicators can face when aiming to convince other target audiences such as young people to take the vaccine. This highlights the need for targeted communication campaigns that use tailored interventions with different target audiences to motivate vaccine uptake. It further highlights the importance of context-specific behavior change interventions that translate global strategies to local approaches (20). Recent COVID-19 message frame experiments in other countries further demonstrate the need for context specificity and highlight the importance of identifying the appropriate message frames for different settings and different audiences for each context (39, 40).

We had limitations in our study. It was not possible to obtain much information about the background characteristics of those who comment on FB and Twitter, which makes the generalization of the results or the development of targeted communication messaging for various sub-populations, such as age groups challenging. The use of diagnostic queries in the analysis should be considered and tested in the future to better capture the activity of specific peoples, places, events, and times.



Conclusion

By using a behavioral insight framework, this study adds to the emerging knowledge about public perceptions of COVID-19 vaccines by analyzing public discourse on FB and Twitter posts. Health authorities can use this knowledge to develop vaccine-demand interventions that are responsive to the concerns of the public. The methodology can be also scaled up and used over time to monitor changes in vaccine-related barriers and facilitators in real-time.
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Background: A large number of systematic reviews have been published that synthesized various determinants of COVID-19 vaccination intention (CVI). However, they reported inconsistent evidence. Therefore, we conducted a meta-review (systematic review of systematic reviews) to provide a comprehensive synthesis of factors influencing CVI.

Methods: This meta-review was conducted in accordance with PRISMA guidelines. PubMed, Scopus, Web of Science, and CINAHL were searched for systematic reviews published from 2020 to 2022 that examined the determinants of CVI. AMSTAR-2 critical appraisal tool was used to ensure the quality of included reviews, and ROBIS tool was used to evaluate the risk of bias.

Results: Globally, the average rate of COVID-19 vaccination intention was 56.97%. We identified 21 main determinants of CVI: socio-demographic, geographical location, social, political, government role, study timeline, attitude, perceived severity, perceived susceptibility, perceived benefits, perceived barriers, self-efficacy and perceived behavioral control, norms, trust, conspiracy theory/propaganda/misinformation, knowledge, information and communication, vaccination recommendation, vaccination history, history of COVID-19 infection, and health status and well-being.

Conclusions: These results suggest that COVID-19 vaccination intention is a complex process and is affected by numerous multidimensional factors. Therefore, integrated communication strategies and multifaceted interventions may be effective for improving vaccination intention against COVID-19.
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1. Introduction

Several pandemics have been recorded in history, but the emergence of SARS-CoV-2 in the latter part of 2019 is one of the deadliest public health crises in our living memory (1). On January 30, 2020, the World Health Organization (WHO) declared it a Public Health Emergency of International Concern (PHEIC). This declaration was made in response to the rapid spread of the virus beyond China. Various restriction measures were imposed throughout the world to restrain the spread of the virus. As it was a novel Coronavirus, efforts were made to discover its treatment and invent vaccines to combat its challenges. Several vaccines were developed, and as of May 9, 2023, more than 13 billion vaccine doses have been administered. As per WHO Coronavirus Dashboard (2) on May 9, 2023, globally, more than 765 million confirmed cases and 6.9 million deaths were reported. On May 4, 2023, in the fifteenth meeting of the International Health Regulations (2005) Emergency Committee of WHO, it was declared that the ongoing COVID-19 pandemics now an established and ongoing health issue that no longer constitutes a PHEIC. The Committee highlighted the decreasing trend of hospitalization and death due to COVID-19 and the high levels of population immunity to SARS-CoV-2. WHO also emphasized that the virus remains a global health threat as it continues to spread and its new variants are expected to continue to emerge (3).

However, a significant proportion of the world's population is still unvaccinated, posing a continuous public health concern. Some populations, especially women, single, young adults, patients, and healthcare workers, are still hesitant to get primary series or boosters (4–7). Likewise, increasing vaccination rates, especially booster vaccination among specific groups, such as children, was an immense obstacle in some countries, such as Jordan (8), Croatia (9), and China (10). Therefore, to manage COVID-19 and control its new variants, continuous efforts should be made by governments and international health agencies to overcome misperceptions about the virus. Furthermore, in light of the WHO's recent PHEIC declaration for COVID-19 and declining confirmed cases and deaths, vaccination promotion campaigns should not only focus on highlighting the benefits of vaccines and the severity and susceptibility of the virus but also identify the factors that influence public's continuous support for COVID-19 vaccination.

In this study, COVID vaccination intention (CVI) refers to the willingness to be vaccinated, vaccine acceptability including desirability, vaccine demand, and positive attitudes toward the given vaccine, which is contrasted to vaccine hesitancy, the delay or refusal to be vaccinated (11). There are numerous barriers to vaccination campaigns, even when the vaccines are freely accessible or affordable. Some barriers reported by previous studies include psychological (12, 13), socio-economic (14–17), and demographic (18–20).

Numerous systematic reviews, scoping reviews, rapid reviews, and meta-analyses have been published from different parts of the world with the coverage of diverse populations and regions on vaccination intention. However, they reported inconsistent findings with regard to the drivers influencing vaccination acceptance and vaccination intention rates (4, 21–23). Hence, the objective of this meta-review (systematic review of systematic reviews) is to provide a comprehensive overview of existing evidence on factors influencing the COVID-19 vaccination intention published by different types of review and to offer some avenues for future research. More specifically, the present study contributes literature in several ways. First, to our knowledge, this is the first study to systematically map and synthesize key findings of the systematic reviews and identify major factors driving COVID-19 vaccination acceptance. Secondly, this meta-review included different types of reviews including systematic reviews with meta-analyses, scoping reviews, rapid reviews, and systematic review with no meta-analyses for a broader and a holistic understanding about vaccination intention and its determinants reported around the globe. Thirdly, this meta-review provides directions for future research. Finally, this will report an overall global vaccination intention rate and vaccine acceptance across geographic locations.



2. Methodology

A meta-review requires a critical appraisal of the methodological quality of systematic reviews and meta-analyses. For this review, the guidelines of Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) were followed (24, 25). ROBIS (Risk of Bias in Systematic Reviews) tool (26) was used to assess the bias in the search, selection, data extraction, and synthesis. AMSTAR-2 critical appraisal tool (27) was used to ensure the methodological quality of systematic reviews included in this meta-review. In this study, the term ‘systematic reviews' refers to different types of reviews, including systematic reviews with or without meta-analyses, scoping reviews, mapping reviews, literature reviews, and rapid reviews.


2.1. Search strategy

We conducted a comprehensive search of published literature from four databases (PubMed, Web of Science, CINAHL, and Scopus) using various keywords, such as “review”, “vaccination intention”, and “COVID-19”, “coronavirus”, or “SARS-CoV-2”. The combinations of search terms and Boolean operators that were used to locate studies in each database are presented in Table 1.


TABLE 1 Search strategy.

[image: Table 1]

To demonstrate the study selection process, the number of records identified, screened, and excluded, and the reasons for exclusion, a PRISMA flow diagram is drawn (Figure 1). A total of 1077 records were retrieved from the databases. Of them, 893 records were removed for duplicates, non-systematic reviews, and non-peer-reviewed reviews. A total of 103 records were excluded after screening the abstracts that were irrelevant or did not study vaccination intention and its determinants. The remaining 81 full-text systematic reviews were further assessed for eligibility. Furthermore, four eligible systematic reviews were identified through an additional search. Fifty-five full-length reviews published from January 2020 to December 2022 were retrieved for this meta-review.


[image: Figure 1]
FIGURE 1
 PRISMA flow diagram of study selection.




2.2. Inclusion and exclusion criteria

The following inclusion and exclusion criteria were used to identify relevant systematic reviews.


2.2.1. Inclusion criteria

I. Systematic reviews that reported the predictors of CVI.

II. Systematic reviews published in peer-reviewed journals.

III. Systematic reviews published in English.



2.2.2. Exclusion criteria

I. Systematic reviews that reported the determinants of COVID-19 vaccine hesitancy.

II. Qualitative/narrative reviews.

III. Non-systematic reviews.

IV. Non-peer-reviewed systematic reviews.

Two researchers independently screened the titles and abstracts of the identified systematic reviews. Full-text systematic reviews were obtained whose titles and abstracts met inclusion criteria. All full-text systematic reviews were then evaluated to confirm if they reported necessary information or statistics on vaccination intention with respect to COVID-19.




2.3. Risk of bias

To ensure the methodological quality and risk of bias, ROBIS tool was used as per the guidelines of Whiting et al. (26). To evaluate the level of bias present in a systematic review and to assess specific concerns about potential biases in the search, selection, data extraction, and synthesis, ratings were used to judge the overall risk of bias. The signaling questions were answered as “yes”, “probably yes”, “probably no”, “no”, or “no information”. The subsequent level of concern about bias associated with each domain was then judged as “low”, “high”, or “unclear”. If the answers to all signaling questions for a domain were “yes” or “probably yes”, the level of concern was judged as low. If any signaling question was answered “no” or “probably no”, then a bias existed. Two researchers independently used the ROBIS tool to perform risk of bias and to identify eligible systematic reviews to be included in the present meta-review. Any disagreements were resolved through discussion or a decision made by an expert, a third umpire. Similarly, the selection of databases or digital libraries was also decided with consensus.



2.4. Critical appraisal of included reviews

A critical appraisal of included reviews was conducted using the tool AMSTAR-2 (27) and displayed in Table 2. It was noticed that a few reviews did not meet some criteria. However, most studies complied with a large number of criteria. All the included reviews fulfilled some criteria, such as 1, 2, 5, 6, and 14. They were marked by a + sign or “yes”. Criterion 1 is about the components of PICO (population, intervention, control group, and outcome), whether the included reviews have details of PICO or not. We found that all reviews met this criterion. Similarly, all the reviews also complied with criteria 2, 5, 6, and 14. Criterion 6 is about unbiased data extraction, and we found that data extraction of all included reviews was unbiased; similarly, criterion 14 (the discussion of heterogeneity) was observed in the results.


TABLE 2 Results of critical appraisal of included reviews.
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The highest number of negative responses, i.e., “no” or—sign, was recorded for criteria 11 and 12. Out of 55 reviews included in the present study, approximately one-third, i.e., 20 reviews, did not perform a meta-analysis. These reviews also did not comply with criterion 12. Partial “yes” or “unclear” or ‡ sign was also recorded. The highest responses were recorded for criteria 9, 13, and 15. Five out of 55 reviews did not meet criterion 4 (29, 47, 48, 58, 64). These reviews were based on a search of a single database; the remaining searched two or more databases.

Overall, we found that the vast majority of the reviews satisfied most of the necessary AMSTAR-2 criteria. However, in many cases, not meeting the criteria was due to the fact that there was no mention of the element in the review or it was not stated explicitly enough for the reader to comprehend. There are several reasons for this, such as publishing guidelines of the specific journal, word limitation, different standards of different journals, and the requirement topic chosen for review.



2.5. Data extraction and analysis

Data extraction was also performed by the same two researchers independently. The main information that were extracted from studies included author's name, publication year, type of systematic review, vaccination intention rate (%), searched databases, study objective, participants (study population), number of studies included, and determinants of CVI. IBM SPSS Statistics 27 was used to analyze the data.




3. Results


3.1. Description of included systematic reviews

As presented in Tables 3, 4, the majority of the systematic reviews (70.91%) included in this meta-review were published in 2022, and the remaining were published in 2021. Most reviews (61.82%) were systematic reviews with meta-analyses, followed by systematic reviews with no meta-analyses, rapid reviews, scoping reviews, literature reviews, and mapping reviews. The most frequently searched database was PubMed (54/55), followed by Web of Science (32/55), Scopus (23/55), Embase (19/55), Google Scholar (19/55), Cochrane Library (11/55), Science Direct (11/55), CINAHL (11/55), MEDLINE (9/55), PsycINFO (8/55), and EBSCO (7/55). Twenty-one reviews focused on the general adult population, healthcare workers (13/55), and pregnant women (5/55). The studies included in this meta-review consisted of 2,519 studies conducted across the globe, with an average study of 46.65 (standard deviation = 72.4), ranging from 9 (47) to 519 (76). The systematic review and meta-analysis included the highest average number of studies (50), followed by scoping review (44), systematic review (35), and rapid review (34).


TABLE 3 Characteristics of included systematic reviews.
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TABLE 4 Characteristics of included reviews and factors influencing COVID-19 vaccination intention.
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Table 4 presents vaccination intention rates reported by the included reviews. The average rate of COVID-19 vaccination intention was 56.97% (SD = 20.05), ranging from 46% (29) to 78% (23). The highest average vaccination intention rate was reported by systematic reviews with meta-analyses (62.53%), followed by rapid reviews (54.25%). Vaccination acceptance rate differed by population type (F(4, 24) = 3.845, p ≤ 0.05). Average vaccination intention rate was highest among general populations (68.36%), followed by healthcare workers (64.8%) and parents (60.75%). Vaccine acceptance was lowest among pregnant women (50.87%).



3.2. Factors influencing COVID-19 vaccination intention
 
3.2.1. Socio-demographic

Table 5 shows that the most frequent socio-demographic predictors of CVI were gender, age, education, income, occupation, ethnicity, and marital status. Gender predicted CVI in almost one-half of the included reviews (27/55). Several reviews indicated that males were more likely to accept COVID vaccines than females (30, 40, 41, 52, 55, 57, 60, 63, 72, 73). Other reviews reported that women were less willing to get vaccinated against COVID-19 (37, 62, 67, 76, 79). Similarly, Wang et al. (76) reported that pregnant/lactating women have the lowest vaccination intention.


TABLE 5 Factors influencing COVID-19 vaccination intention.
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Several reviews reported that older people were more likely to accept COVID vaccines (36, 41–43, 47, 52, 59, 73). On the other hand, younger individuals were less likely to get vaccinated against COVDI-19 (67). However, Kazeminia et al. (50) revealed mixed findings; young age groups (20–40 years old) and the older adult population (over 60 years old) demonstrated more CVI than other age groups.

Twenty-one reviews reported education attainment as a significant predictor of CVI, but findings are inconclusive. A higher level of educational attainment was positively associated with a higher level of CVI in eight reviews (30, 36, 41, 47, 50, 57, 59, 73). Conversely, a lower level of education was negatively associated with CVI in five studies (37, 62, 67, 70, 76). On the contrary, Shui et al. (72) reported the opposite in which the willingness of healthcare workers to vaccinate against COVID-19 declined with higher levels of education.

Ethnicity was a significant predictor of CVI in six reviews. For example, a higher level of COVID-19 vaccine acceptance was found in White people (41, 49, 73). Conversely, Black people (76) and minorities (67) demonstrated lower CVI. Similarly, a study showed that ethnic minorities had significantly lower vaccine uptake compared to White British groups (49).

In regard to marital status, married individuals were more likely to accept COVID vaccines (59, 74). When it comes to income, higher income was positively associated with a higher level of CVI (43, 54, 59, 73). On the other hand, people with lower incomes had lower vaccine acceptance (62, 67, 76).

Contradictory evidence was reported on the association between occupation and CVI. For example, eleven reviews reported that healthcare workers such as dental practitioners (54) were more likely to accept COVID vaccines (29, 40, 41, 50, 52, 59, 60, 72, 74). However, two reviews found the opposite (31, 79). Therefore, the impact of occupation on healthcare workers' intentions to get vaccinated has not yet been confirmed (55).



3.2.2. Geographical factors

Geographical factors such as region, country, continent, and residency were found to be associated with CVI, but the findings are mixed. For example, a higher COVID-19 vaccine acceptance rate was reported in South-East Asia (44, 56), the Middle East (54), high-income countries (54), South America (31), and WHO regions of the world (51). On the contrary, other studies reported lower COVID-19 vaccine acceptance in high-income countries (37), Europe (44), Africa (56), the Middle East (31), and rural areas (62).



3.2.3. Social factor

Roy et al. (68) highlighted the role of social influence on CVI. The authors revealed that opinions from friends, family, and social networks significantly affected CVI, especially in Europe and the United States. Geng et al. (44) found that COVID-19-related prosocial behaviors (e.g., donating resources and providing help to those affected by COVID-19) were positively associated with increased CVI. Social factors that affected people's thoughts or attitudes in social contexts in general situations (e.g., social density, prosocial concern, communication and media, social solidarity) positively impacted vaccination intention against COVID-19 (34).



3.2.4. Political factor

Major political factors that influenced CVI included political leaning (being moderate or liberal) (74), political party orientation (54, 77), and political roles (68). Other factors that had negative associations with CVI were political issues (i.e., purchase of vaccine batches, quarantine isolation measures, vaccination process implementation) (23) and perceived political interference (53).



3.2.5. Government role

Vaccine mandates in the United States (68) and believing in mandatory COVID-19 vaccination (74) were significant determinants of COVID-19 vaccine acceptance. However, inefficient efforts and initiatives by the government had an adverse effect on CVI (70).



3.2.6. Study timeline

Vaccination intentions varied by survey time (72). For example, most reviews reported that the average COVID-19 acceptance rate declined over time. In addition, the acceptance rate declined in the second survey period compared to the first survey period (60), in the second half of the study period when compared to the first half (62), from March 2020 (86%) to September 2020 (72%) (48) and from pre-pandemic period to post-pandemic period (56). Furthermore, the acceptance rate declined globally from December 2020 to late 2021 (76). On the contrary, one study reported that the pooled acceptance rate of COVID-19 vaccine among healthcare workers in China was higher in 2021 than in 2020 (72).



3.2.7. Attitude

Attitudes toward vaccines (21, 30, 32, 34, 41, 57, 58, 74, 80) and attitudes toward vaccination (34, 43) were positively associated with CVI. Moreover, the attitude had a significant influence in Asia, Europe, and Oceania, especially among adults, parents, and patients (21).



3.2.8. Perceived severity

Several studies identified the perceived severity of COVID-19 infection (74), concerns for adverse reactions to COVID-19 vaccine (23, 41, 45, 61), and concerns about side effects and safety of COVID vaccines (29, 38, 45, 52, 53, 68, 75, 80) as the common predictors of COVID-19 vaccine acceptance. In addition, Halemani et al. (45) stated that adverse effects were the top indicators for rejecting the COVID vaccine. On the other hand, a lower level of perceived vaccine harms (73, 74) was positively related to CVI.



3.2.9. Perceived susceptibility

The association between perceived susceptibility (perceived risk of contracting COVID-19) and CVI was reported in 17 studies. Perceiving susceptibility to COVID-19 infection (1, 35, 41, 43, 45, 48, 52, 53, 59, 63, 73, 74), fear about COVID-19 (41, 46, 59) and anxiety about COVID-19 (47) were key drivers of CVI. In addition, the risks of infections were one of the main reasons for accepting the COVID vaccine in pregnant women (45).



3.2.10. Perceived benefits

Our study also shows that the perceived benefit of the COVID-19 vaccine (35, 59, 74, 75), perceived efficacy of the COVID-19 vaccine (29, 38, 47, 48, 60, 68, 74, 80), and public confidence in the vaccines' efficacy (29, 48, 64, 68) positively influenced CVI. Similarly, Januszek et al. (47) found the perceived effectiveness of the vaccine as a strong factor co-existing with the acceptance of the COVID-19 vaccination during pregnancy. On the other hand, concerns about the efficacy and effectiveness of the COVID-19 vaccine negatively impacted CVI in healthcare workers (52).



3.2.11. Perceived barriers

A few reviews reported that perceived vaccination barriers such as shortage of vaccines (79), logistical issues (49), and financial barriers (34, 74) significantly impaired vaccination intention against COVID-19.



3.2.12. Self-efficacy and perceived behavioral control

People's confidence in their ability to receive the COVID-19 vaccine (21, 41, 42, 74) influenced COVID-19 vaccine acceptance. For example, low confidence in the health system reduced CVI (1). In a systematic review and meta-analysis, perceived behavioral control (i.e., whether the ability to get the vaccine is within an individual's control) was found as one of the dominant drivers of vaccination intention, especially among African patients (21).



3.2.13. Norms

Limbu et al. (21) showed that subjective norms (i.e., the perception that a family member would support them in having a COVID-19 vaccination) had a dominant effect on CVI in Asia and Oceania, especially among parents and patients. Another study found social norms (i.e., whether valued others support getting a vaccine) as an influential predictor of behavioral intention to vaccinate against COVID-19 (72).



3.2.14. Trust

Numerous reviews reported trust as a crucial determinant of CVI. Trust-related factors that affected CVI included trust in the vaccine (50, 68), trust in the vaccine effectiveness (28), trust in public health agencies/health science (47), trust in healthcare system (59, 74), trust in medical system (64), trust in government and public health authorities (44, 48, 64, 75, 80), trust in the accuracy of the measures taken by the government (46), and trust in information sources (38, 44). On the contrary, people's mistrust of the healthcare system (38) and distrust of the government and healthcare system (23, 53) decreased CVI. A low acceptance of the COVID-19 vaccine was impacted by the lack of social trust (i.e., insufficient trust in the vaccine's source, lack of trust from the manufacturers, and lack of trust from governments) (29).



3.2.15. Conspiracy theory, propaganda, and misinformation

Some studies found that anti-vaccine conspiracy theories and beliefs (61, 66, 68), propaganda (61), and misinformation or negative information (1, 23, 49) significantly impaired people's intentions to get vaccinated against COVID-19.



3.2.16. Knowledge

A higher level of knowledge about COVID-19 vaccines was positively associated with a higher level of vaccination intention (30, 35, 57, 59, 64, 80). Likewise, knowledge about COVID-19 significantly increased people's vaccination intentions (32, 44).



3.2.17. Information and communication

Information- and communication-related factors such as information sufficiency (68), inclusive communications which address vaccine concerns via trusted communicators (49), increased visibility of minority ethnic groups in the media (49), explicit communication about the safety of COVID-19 vaccines for pregnant women (47), trusted information sources (44), and access to scientific information from public health authorities and physicians (39) were strong drivers of CVI. On the contrary, lack of information about the vaccine's safety (29, 49) and inaccessible communications (49) were significant barriers to CVI.



3.2.18. Recommendation for vaccination

Some reviews indicated that people's vaccination intentions were influenced by the recommendations from public health authorities and physicians (34, 39, 53, 74). In addition, people's tendencies to recommend vaccination to others were positively associated with CVI (46).



3.2.19. Vaccination history

Past vaccine behavior was one of the most powerful predictors of the willingness to be vaccinated against COVID-19 (77). Inoculation history (50, 53), including influenza vaccination history (39–43, 46, 48, 52, 55, 59, 65, 71, 75), up-to-date vaccinations (74), and receiving any vaccine in the past 5 years (74) were positively associated with a higher level of CVI.



3.2.20. History COVID-19 infection

Some reviews reported that prior COVID-19 infection (29, 30, 59, 74, 77) and family history of COVID-19 infection (77) were significant determinants of CVI. Conversely, one study showed that previous COVID-19 infection was associated with a lower intention to have the booster dose (28).



3.2.21. Health status and well-being

Individuals with chronic diseases (28, 36, 59, 74), such as comorbidities (41, 45, 46, 77) and early cancer stages (65), were more likely to get vaccinated against COVID-19. Similarly, mental well-being was positively associated with increased CVI (77). However, one study reported that depression symptoms strengthened the willingness to get vaccinated (46).



3.2.22. Other factors

Other common determinants affecting vaccination intention included health insurance (74), religious beliefs (38), and cues to action (74).





4. Discussion

Mass vaccination is the most successful and cost-effective public health intervention to overcome a pandemic like COVID-19, as it has significantly contributed to improving global health by reducing mortality caused due to many infectious diseases (81, 82). However, despite the availability of vaccines and the mass global drive for vaccination, many people remain hesitant to be vaccinated, are less inclined to receive booster shots, or are even less likely to vaccinate their offspring (21). As a result, several countries, including some African countries, have low vaccination rates or yet to achieve herd immunity (81). There are several barriers to achieving the desired goal of vaccination coverage. According to Alam et al. (83), to achieve a higher coverage of the vaccines and to attain herd immunity, it is essential to elicit a positive attitude toward COVID-19 vaccines amongst individuals and populations. Furthermore, it is imperative to identify the causes of refusal/hesitancy and accordingly develop appropriate interventions. Hence, this meta-review was carried out to provide a comprehensive understanding of the factors influencing COVID-19 vaccination intention. The results of this study will be helpful to the agencies involved in vaccination and the prevention and control of pandemics around the globe.

This meta-review found a moderate COVID-19 vaccination acceptance rate of 56.97% globally. Vaccine acceptance was higher among healthcare workers, parents, and seniors, but some populations, such as young people and women, were more hesitant to receive primary series or booster doses. These results indicate that there is a need to improve vaccine coverage among specific populations (76). Thus, targeted communication and intervention approaches can be used to increase vaccine uptake among such populations.

We identified twenty-one main clusters of predictors that influenced COVID-19 vaccination acceptance, including socio-demographic, geographical, political, attitude, perception, norm, trust, knowledge, and vaccine-related factors. These results indicate that COVID-19 vaccination acceptance is a complex process and is affected by numerous multifaceted factors.

The most frequent socio-demographic predictors of vaccine acceptance were gender, age, education, income, and occupation. All systematic reviews that synthesized evidence on gender effect concluded that females were more likely to be vaccine-hesitant. In terms of age, younger individuals were associated with being less likely to intend to vaccinate. In addition, several studies reported that ethnic minorities and individuals with a lower level of income and education had a lower level of intention to get vaccinated against COVID-19. Thus, these results clearly suggest that it is important to understand why different socio-demographic groups, such as females, young individuals, and low-income populations, demonstrate lower intentions to vaccinate against COVID-19 and develop targeted information campaigns and interventions that could enhance their vaccination intentions (62, 67). However, such campaigns should focus on improving awareness of the efficacy of COVID-19 vaccines (36).

Results also show that COVID-19 vaccine acceptance varies by geographic location. This variability was evident in different countries and regions of the world. However, the evidence is contradictory and inconclusive. For example, some reviews reported higher vaccine acceptance rates in South-East Asia, the Middle East, high-income countries, South America, and WHO regions of the world (31, 44, 51, 54, 56). On the contrary, other reviews reported lower vaccine acceptance in high-income countries, Europe, Africa, the Middle East, and rural areas (31, 37, 44, 56, 62). More research is needed to shed light on regional disparities in COVID-19 vaccine acceptance (56). Moreover, reasons for not accepting COVID-19 vaccines should be investigated across different geographic locations (region, country, residency), and targeted measures should be taken into account to improve COVID-19 vaccine acceptance according to their local contexts (76).

Our results show that social factors were influential drivers of individuals' vaccination willingness. Opinions provided by friends, family, and social networks had significant effects on vaccine acceptance. In addition, COVID-19-related prosocial behaviors (e.g., donating resources and providing help to those affected by COVID-19) and social factors that affected people's thoughts or attitudes in social contexts in general situations (e.g., social density, prosocial concern, communication and media, social solidarity) positively impacted vaccination acceptance. Moreover, recommendations from public health authorities and healthcare providers influenced people's vaccination intentions. Moreover, individuals' vaccination intentions were influenced by the recommendations from public health authorities and healthcare providers. Thus, effective vaccination communication strategies may include encouragement from loved ones and trusted figures, such as family, friends, physicians and religious leaders (84).

The decision to accept COVID-19 vaccination was also influenced by political factors (e.g., political leaning, political roles, political interference) and government roles (e.g., vaccine mandates, government initiatives). Hence, government institutions should implement strategies that help to eliminate political barriers. In addition, COVID-19 vaccine mandates for healthcare workers and other vulnerable populations (e.g., older adult and co-morbid individuals) and information dissemination and recommendations from trusted government officials and political leaders can be effective strategies in improving vaccination acceptance (68).

Individual factors, such as attitudes (e.g., attitudes toward vaccination and vaccines), perceptions, and beliefs, were dominant predictors of CVI. An effective attitude change strategy for COVID-19 vaccine uptake will benefit from focusing on populations with negative attitudes, especially among adults, parents, and patients in Asian, European, and Oceania countries (21). The results of the present study show that the most frequently demonstrated perceptions and beliefs that impacted vaccination intentions were perceived severity, perceived susceptibility, perceived benefits, perceived barriers, self-efficacy, and perceived behavioral control. Therefore, future public awareness and educational campaigns aimed at promoting COVID-19 vaccines should focus on these factors and consider using psychological theories such as the health belief model and theory of planned behavior as conceptual frameworks for designing stimuli and effective interventions (4, 21, 85). Such campaigns should highlight the potential risk of contracting COVID-19/risks of infections, the advantage of COVID-19 vaccines, and the efficacy of the COVID-19 vaccines. More importantly, further data and information on the safety and efficacy of vaccines should be provided with transparency (52). To enhance public confidence and uptake of COVID vaccines, addressing people's vaccine-related concerns, such as side effects and adverse reactions, is essential. It is also vital to address vaccination barriers, such as concerns associated with accessibility and cost of vaccines. However, integrated global efforts are required to overcome such barriers (56).

Numerous reviews included in our study reported distrust (e.g., lack of trust in vaccines, public health agencies, healthcare system, medical system, and information sources) and anti-vaccine conspiracy theories/beliefs (e.g., misinformation or negative information) as significant determinants of vaccination intention. Governments and other stakeholders engaged in the production, promotion, and distribution of vaccines should strengthen their credibility and convey trusted information through credible sources, focusing on transparency and restoring trust in health authorities. The spread of misinformation regarding vaccination and conspiracy theories should be taken very seriously and counterbalanced by targeted interventions and communication campaigns (53, 70, 77).

Some studies showed that a higher level of knowledge about COVID-19 vaccines and information- and communication-related factors (e.g., information sufficiency, inclusive communications, explicit communication about vaccine safety, and access to scientific information from public health authorities and healthcare providers) were strong drivers of vaccine acceptance. On the contrary, lack of information about the vaccine's safety and inaccessible communications were significant barriers. Therefore, governments and healthcare providers have to pay more attention to individuals and populations with lower levels of knowledge and implement policies to elevate their awareness about vaccination and vaccines through targeted education programs that are designed to increase their self-efficacy (21).

History of previous vaccination against COVID-19 or influenza was one of the most prevalent predictors of the willingness to be vaccinated against COVID-19. Moreover, a family history of COVID-19 infection was associated with a higher intention to have additional doses. Individuals with poor health (e.g., chronic diseases, comorbidities) were more likely to get vaccinated against COVID-19. Thus, these factors should be taken into account when developing interventions aimed at decreasing COVID-19 vaccine hesitancy.

This meta-review has several limitations; thus, the significance of these findings should be interpreted with caution. For example, we searched only four databases to locate systematic reviews; thus, some relevant studies might have been overlooked. In addition, systematic reviews included in this meta-review varied in terms of study populations and countries, which might have contributed to their inconsistent findings. Finally, we excluded non-English systematic reviews, which may limit the scope and validity of our results or may present publication bias.

This meta-review identified several important areas for future research: (1) several studies included in this review reported mixed findings, which warrants future research. Further studies are needed to shed light on inconclusive evidence, especially in regard to the role of gender, education, occupation, and geographic location; (2) a micro-level study should be conducted to understand minute cultural issues of COVID-19 vaccine hesitancy and acceptance; (3) this meta-review shows that vaccine acceptance was found lower among young individuals and women, hence future primary studies could investigate the reasons for their unwillingness to get vaccinated; (4) social and mass media have a pivotal role in promoting or making rumors against vaccines. Thus, future studies should explore deeper insights into the role of social media as a promoter or a barrier to vaccination campaigns; and (5) future research is needed to examine the impact of social capital (bonding, bridging, and linking) and a reference group (a person or group of people that significantly influences an individual's behavior) in influencing vaccination intention.



5. Conclusion

This meta-review reveals that there are wide disparities in vaccine acceptance across the globe, and several factors (e.g., psychological, demographic, geographical, political, and social) affect individuals' decision to accept a COVID-19 vaccine. A holistic educational approach to improve confidence in COVID-19 vaccines and multifaceted interventions may be effective for improving vaccination intention against COVID-19. However, a country- and population-specific strategy at amicro-level is required for a successful mass vaccination drive and manage the COVID-19.
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Background: Vaccination as a fundamental pillar of promoting public health and interest is critical to limiting the COVID-19 pandemic. However, many citizens are still hesitant about this epidemic prevention measure. This article aimed to understand the COVID-19 vaccination and hesitancy rates among Guangzhou residents at different points in time as well as to explore the relevant factors that cause vaccination hesitancy.

Methods: We conducted a total of nine cross-sectional surveys by enrolling 12,977 questionnaires among Guangzhou residents through the online survey software called “WenJuanXing” between April 2021 and December 2022, and residents made their choices by judging their willingness to vaccinate. These surveys collected data on the participants' sociodemographic characteristics, vaccination status, vaccine hesitancy, and factors influencing this hesitancy. The Chi-squared test was used for univariate analysis and the multivariate logistic regression model was used to further adjust the influence of the confounding factors to evaluate the main factors affecting the hesitancy of the COVID-19 vaccine at different periods.

Results: Over the course of 2021–2022, a total of 12,977 residents in the study area were surveyed. The vaccine hesitancy rates fluctuated over time. From April to June 2021, the vaccine hesitancy rate decreased from 30% to 9.1% and then increased to 13.7% in November. However, from April to December 2022, the hesitancy rate continued to rise from 13.4% to 30.4%. Vaccination rates, the epidemic waves of COVID-19, and changes in policies may all be possible factors that contributed to these fluctuations in vaccine hesitancy rates. We found statistically significant correlations between factors, such as residence, education, and occupation, and vaccine hesitancy at certain points of time. The results of the surveys in April and June 2021 showed that rural residents showed higher vaccine hesitancy rate than urban residents. Their lower education level was associated with higher vaccine hesitancy. Workers and farmers are more likely to have vaccine hesitancy than people with other occupations. The univariate analysis showed that people with underlying medical conditions and lower perceived health status were more likely to experience vaccine hesitation. Logistic regression analysis revealed that the health status of individuals is the most important factor leading to vaccine hesitancy, and residents' underestimation of domestic risks and overconfidence in personal protection measures were also contributing factors. At different stages, vaccine hesitancy among residents was related to vaccine side effects, safety and efficacy, convenience fluctuation, and various factors.

Conclusion: In the present study, we found that vaccine hesitancy did not display a consistent downward trend but it fluctuated over time. Higher education, residing in urban areas, lower perceived disease risk, and concerns about the vaccine's safety and side effects were risk factors for vaccine hesitancy. Implementing appropriate interventions and educational programs tailored to address these risk factors may prove to be effective in enhancing public confidence on vaccination.

KEYWORDS
COVID-19 vaccine, vaccine hesitancy, influencing factors, vaccination rate, immunization


Introduction

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), which caused the COVID-19 pandemic in December 2019, has caused great harm to the physical and mental health of people as well as incurred financial losses around the world (1). In addition to preventive measures (such as social distancing, washing hands, and wearing face-masks) and treatment, vaccination has been proven to be an effective tool for managing public health as essential to curbing the spread of SARS-CoV-2/COVID-19 (2). Research has shown that (3), for a COVID-19 vaccine, assuming that the prescribed vaccine has the highest possible efficacy, the vaccination rate of the general public must be above 70% to achieve herd immunity (4). To achieve herd immunity, a sufficient proportion of the population must be vaccinated to prevent the spread of diseases among the population. Therefore, the willingness of the public to vaccinate is decisive in achieving herd immunity (5).

On 30 December 2020, the State Food and Drug Administration of China approved the conditional launch of Sinopharm's COVID-19 inactivated vaccine (6). However, with the launch of the COVID-19 vaccine, various negative reports concerning the vaccine have also been propagated on the internet, making people hesitant about the vaccine and even refusing to be vaccinated (7). According to the survey, public trust in vaccination has declined globally, for both COVID-19 and other vaccines, in general, leading to an increase in vaccine hesitancy (8, 9). Vaccine hesitancy was listed by the WHO in 2019 as one of the top ten threats to global health (10). There are many reasons for vaccine hesitancy, including a lack of knowledge about the importance and necessity of vaccines, doubts about vaccine safety and efficacy, mistrust of health providers and vaccine strategists, availability of vaccination, geographic location, and concerns for costs (11).

Vaccination rates may vary by time, region, and specific brand of vaccine; however, vaccine hesitancy will lead to a decline in overall vaccination rate inevitably, making it impossible to achieve or maintain herd immunity to protect those with vaccine contraindications or individuals who failed to develop an immune response (12). Declining vaccination rates increase the risk of vaccine-preventable disease outbreaks (13). An online survey of people over the age of 18 in France found that 26% of respondents would refuse a vaccine even if it were available (14). In surveys conducted in the UK and Canada, 9 and 14%, respectively, of respondents refused to be vaccinated against COVID-19 (15, 16). According to a national cross-sectional survey report by Peking University, 67.1% of participants in China are willing to receive the COVID-19 vaccine, while 9.0% of the participants declined vaccination altogether and 35.5% of participants reported vaccine hesitancy (5). Even with guaranteed vaccine availability, it is still challenging to convince a sufficient number of individuals to receive the vaccine due to people's hesitation about vaccines (17). A recent survey conducted among healthcare professionals and students identified fear of unforeseen future effects as the main reason for their hesitation to vaccinate (18). Additional studies exploring the acceptability of the anti-SARS-CoV-2 vaccine co-administered with the influenza vaccine found that healthcare workers were more motivated than other groups to receive the vaccine, and the anti-SARS-CoV-2 vaccine was more acceptable when administered in combination with the influenza vaccine (19).

Although the Chinese COVID-19 vaccination rate has exceeded 80%, the mutation of the virus remains a concern as studies have shown that people can still contract SARS-CoV-2 even after completing the complete vaccination process. Therefore, investigating vaccine hesitancy and its influencing factors is crucial to prevent another outbreak of the disease and ensure high vaccination rates for booster doses (4). Tang et al. (20) explored the protective effect of the vaccine against COVID-19 pneumonia caused by virus mutation in Henan Province. The results demonstrated that the protective effect of the vaccine began to decline 6 months after the initial vaccination, but the protective effect was restored through homologous vaccination upon vaccine readministration (20). Evidence shows that, while COVID-19 vaccines are less effective in preventing the spread of the disease, vaccines are effective in preventing symptomatic SARS-CoV-2 infection from developing into severe stages (21–23). From 2021 to 2022, we investigated changes in COVID-19 vaccine hesitancy and vaccination status among 12,977 residents in Guangzhou across different periods and analyzed the relevant factors leading to vaccine hesitancy. This main aims of the study are to provide guidelines for the government to develop targeted vaccination programs, reduce the rate of vaccine hesitation, and increase the acceptance and enthusiasm for vaccination among the population.



Materials and methods


Study design

We conducted a population-based cross-sectional online survey between April 2021 to December 2022 aimed at assessing the COVID-19 vaccine hesitancy and its influencing factors among Guangzhou residents. Nine rounds of surveys were conducted in this study and distributed to all residents living in Guangzhou. The questionnaire includes three aspects: demographic characteristics, COVID-19 vaccination status and hesitancy, and influencing factors. This study has a non-duplicate cross-sectional survey that randomly sampled mobile phone numbers registered in Guangzhou. The staff of the Guangzhou Center for Disease Control and Prevention sent questionnaires to residents' mobile phones through WeChat, SMS, and other forms from the 1st to the 15th of each month during the survey period. The participants were required to complete the survey questionnaires through mobile phones. For those residents who have already filled out questionnaires, they were be given questionnaires in the subsequent survey. Data were collected on Wen Juan Xing (like Amazon Mechanical Turk, Qualtrics, SurveyMonkey, or CloudResearch), which provides the function of designing questionnaires and surveys online.



Calculation of sample size

According to the formula for calculating the sample size of enumerating data from the current situation survey in epidemiological studies,

[image: image]

where N represents the sample size required for the investigation, p is the expected positive rate or prevalence rate of the investigation, q = 1-p, Sp = d/ Zα, d is the allowable error, z is the boundary value of the standard normal distribution, and Zα is the significance test statistic. For instance, when α = 0.05, Zα = 1.96, and d = 0.1p is generally used, the formula for calculating the sample size can be rewritten as:
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Based on the available data, the ratio of the herd immunity level (pc) required to prevent transmission for a vaccine with 100% efficacy and lifelong protection is (1-1/R0) in the population, where R0 represents the basic reproductive number (24). Given that most countries had pre-lockdown R0 values between 2.5 and 3.5, the required herd immunity would be approximately 60–72% (25). Since the vaccine is unlikely to be 100% effective, much higher vaccination rates are needed to ensure herd immunity. Therefore, a minimum vaccination rate of above 60% is required, and this value is further impacted by vaccine efficacy. Therefore, p = 0.5 is substituted into the formula, and this yields a sample size of 400. However, in consideration of the large number of urban residents in the survey, their strong health awareness, and their high willingness to vaccinate, the sample size was doubled. In addition, the sample size of each sample should not be <800 people.



Data collection

The nine questionnaires were completed by different people in a time series. We adopted the method of simple random sampling without replacement (i.e., each respondent had only one opportunity to participate) and randomly distributed the questionnaires to the mobile phone numbers registered by Guangzhou residents. Data were collected during the months of April to June and November in 2021 as well as April to June and November to December in 2022. We collected demographic data, including age, gender, place of residence, education, monthly income, and occupation, as well as information relating to vaccination status and vaccine hesitancy. We also investigated factors that contribute to vaccine hesitancy.



Vaccine hesitancy

A report from the Strategic Advisory Group of Experts (SAGE) on immunization of the WHO defines vaccine hesitancy as “delay in acceptance or refusal of vaccination despite availability of vaccinations services. Vaccine hesitancy is complex and context specific, varying across time, place, and vaccines. It is influenced by factors such as complacency, convenience, and confidence (26).” Vaccine hesitancy is a continuum between complete acceptance and full rejection. This study divided vaccine hesitancy into seven categories: fully accepted, accepted but unsure, partially accepted, delayed vaccination, partially rejected, rejected but unsure, and completely rejected. Individuals who chose the two categories, fully accepted and accepted but unsure, were considered to have no vaccine hesitancy. Those who selected the other five were classified as having vaccine hesitancy. This classification provides a framework for understanding the various degrees of vaccine hesitancy that individuals may exhibit.



Vaccine hesitancy rate

The vaccine hesitancy rate refers to the proportion of the total number of people who participated in the survey and were classified as having vaccine hesitancy toward COVID-19 vaccine during the survey period.



Vaccination rate

The survey on vaccination rate examines both the vaccination status and the actual vaccination status of the survey participants. The vaccination rates are calculated based on the number of individuals who have received at least one dose of vaccine and those who have completed the full three-dose course (considered as fully vaccinated). The vaccination rate is the percentage of people who have been vaccinated out of the total number of people surveyed each month (the samples drawn each month are different). The actual cumulative vaccination rate of the population refers to the proportion of the cumulative number of vaccinated people during a particular month, relative to the permanent resident population of Guangzhou.



Determinants of vaccine hesitancy

There are many potential reasons as to why the residents are hesitant to receive vaccination against COVID-19, including underlying diseases (chronic diseases such as hypertension and diabetes, and COPD), self-assessed health scores, unpleasant experiences with vaccination, consultation with professionals about COVID-19 vaccination, and less knowledge of vaccines (including whether the mutant strain affects the effectiveness of the vaccine in preventing disease and whether vaccination reduces the likelihood of developing severe stage in the future).



Knowledge and beliefs about vaccination

To investigate residents' knowledge and beliefs about vaccination and the influencing factors of vaccine hesitancy, we designed 18 questions from three aspects, namely, self-confidence, complacency, and convenience. Self-confidence includes trust in the efficacy and safety of vaccines, reliability and competence of health services and health professionals, and motivations of vaccine decision-makers. Complacency is mainly due to the lack of sufficient understanding of the necessity and importance of vaccines. Convenience mainly includes vaccine availability, geographic location, and willingness to pay. Each item is scored on a scale of “1 = strongly disagree” to “5 = strongly agree” with reference to the Likert scale. The higher the score, the greater the impact this factor has on residents' hesitation in receiving the COVID-19 vaccine. We tested the reliability and validity of the scale, respectively, and found that the Cronbach's α values in April 2021, May 2021, and June 2021 were 0.667, 0.736, and 0.876. Overall results with values >0.6 were accepted.



Statistical analysis

Descriptive analyses of demographic characteristics were performed. Categorical variables are expressed as the number of cases and percentages (%) in a different group. The survey participants were divided into four categories according to their age, namely, <25, 25–34, 35–44, and >45 years. The subjects were divided into the vaccine-hesitant group and the vaccine non-hesitant group according to the above definition of vaccine hesitancy. The vaccine hesitancy rate for each month was calculated individually. Univariate analysis was performed on the data from April to June 2021 using the chi-squared test. Internal consistency of the scale scores was evaluated with Cronbach's α. The vaccine-hesitant individuals were regarded as the case group and the vaccine non-hesitant individuals as the control group, and the odds ratio (OR) and 95% confidence interval (CI) were calculated by the binary logistic regression model. A two-sided test was used for statistical analysis in this study, and the test level was α = 0.05. Taking “1 = strongly disagree” as a reference, for each increment of 1, the risk of vaccine hesitancy due to this factor increases OR times.




Results

A total of 15,000 questionnaires were distributed during the course of this survey, of which 13,521 of them were completed. We performed quality control on the questionnaires, excluding questionnaires with missing information and questionnaire completion time of <60 s. Finally, 12,977 valid questionnaires were collected, and the response rate was 95.9%.


Demographic characteristics

Table 1 describes in detail the date of the survey, the number of people in each round of surveys, and the distribution of respondents' age, gender, region, education level, monthly income, and occupation. The population participating in this survey predominantly consists of individuals aged between 20 and 50 years. There are more urban residents than rural residents. In addition, most participants have attained an undergraduate degree or higher.


TABLE 1 Demographic characteristics.

[image: Table 1]



Vaccine hesitancy rate

As shown in Table 2, between April 2021 and June 2021, the vaccine hesitancy rate showed a significant downward trend, i.e., from 30% to the lowest value of 9.1%. However, in the November 2021 survey, we found a small increase in the vaccine hesitancy rate (13.7%). The survey showed that there has been a continuous upward trend in the vaccine hesitancy rates (five consecutive surveys from April 2022 to December 2022), which peaked to 30.4% in December 2022.


TABLE 2 Vaccine hesitancy rate.
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Factors influencing vaccine hesitancy
 
COVID-19 vaccination rate

Since March 2021, when the Guangzhou Center for Disease Control and Prevention first announced its COVID-19 vaccination program, the vaccination rate in Guangzhou has shown an obvious upward trend. The survey shows a sharp increase in the number of people vaccinated against COVID-19 from April to June 2021, according to Guangzhou residents' vaccination data provided by the Guangzhou Municipal Health Commission. The data, including the vaccination rate for at least one dose and the full course of vaccination, reveal that the vaccination rate has reached more than 90% in November 2021 (Table 3). It is consistent with the results of our investigation, indicating that this study is representative. As shown in Figure 1, the chi-squared test revealed that the P-values of the survey results at each stage were all <0.001, indicating that there was a statistically significant difference between the two groups in vaccination.


TABLE 3 COVID-19 vaccination rate in Guangzhou.
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[image: Figure 1]
FIGURE 1
 COVID-19 vaccination rate and hesitation rate among Guangzhou residents at different stages. The vaccination policy issued by Guangzhou city and the fluctuation of the epidemic situation.




Epidemic wave of COVID-19 in Guangzhou

Since the emergence of COVID-19, Guangzhou has experienced a total of five local waves of the epidemic. The first wave occurred from January to April 2020, followed by the second wave from May to June 2021, during when the Delta virus variant was prevalent. The third wave was from March to May 2022, when the virus variant was Omicron. The fifth wave emerged from October to December 2022 (Figure 2). The correlation coefficients between the vaccine hesitancy rate and the number of cases during the second, third, and fourth waves were r1 = -0.783, r2 = 0.996, and r3 = 1.000.


[image: Figure 2]
FIGURE 2
 The new local COVID-19 cases report in Guangzhou form January 2021 to June 2022 (as the national health ccommission announced that data will not be released from December 14, 2022, the data was collected until December 21, 2022).




Sociodemographic factors

In the April 2021 survey, individuals living in urban areas (31.6%) were more likely to develop vaccine hesitancy than those living in rural areas (23.6%). However, in the subsequent May and June surveys, residence could no longer be considered a statistically significant factor associated with vaccine hesitancy. In both the April and June 2021 surveys, people with primary school education and below showed higher rates of hesitation. and the results were statistically significant. In the May 2021 survey, healthcare workers exhibited no vaccine hesitancy, while workers and farmers had a higher likelihood of vaccine hesitancy than individuals did in other occupations. The results of the May–June 2021 surveys revealed that there are more negative attitudes toward vaccination among those with underlying medical conditions. After examining the self-assessed health scores, three different outcomes emerged. The results of the April 2021 survey showed that residents with moderate self-assessed health were more likely to be hesitant toward vaccinations. As time went on, however, hesitation increased significantly among residents who self-assessed their health as poor in June, following adverse side effects and various negative reports concerning the vaccine. The June study also found that people with unpleasant past vaccination experiences were more likely to be hesitant to get vaccinated again, and, as evidenced by the April study, those who did not believe that the COVID-19 vaccine would reduce COVID-19 symptoms were more likely to be hesitant to vaccinate (Table 4).


TABLE 4 Determinants of vaccine hesitancy.
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Influencing factors of vaccine hesitancy on knowledge and belief

Figure 3 shows the adjusted odds ratios and 95% confidence intervals for factors that contributed to vaccine hesitancy between April 2021 and June 2021. Among these 18 influencing factors, Q1–Q5 belong to complacency, Q6–Q11 and Q15–Q18 belong to confidence, and Q12–Q14 belong to convenience. The main influencing factors of vaccine hesitancy among individuals in April, May, and June 2021 are given as follows: a lower perceived risk of contracting COVID-19 in China (April: OR = 2.191, 95% CI = 1.809–2.653; May: OR = 1.703, 95% CI = 1.347–2.153; and June: OR = 2.441, 95% CI = 1.972–3.020), sufficiency with existing treatments (April: OR = 1.978, 95% CI = 1.583–2.470; May: OR = 1.722, 95% CI = 1.344–2.206; and June: OR = 2.280, 95% CI = 1.830–2.842), and disallowing themselves of the need for vaccination due to their current health status (April: OR = 1.925, 95% CI = 1.573–2.356; May: OR = 1.506, 95% CI = 1.152–1.969; and June: OR = 2.545, 95% CI = 2.029–3.192). However, all three items belong to the complacency factor. In addition to these three influencing factors, the second related factor leading to vaccine hesitancy is the fear of vaccine side effects (April: OR = 1.631, 95% CI = 1.417–1.876; May: OR = 1.560, 95% CI = 1.310–1.857; and June: OR = 2.327, 95% CI = 1.876–2.886). There was no statistically significant difference between April and June 2021 in terms of vaccine availability. The following factors all led to vaccine risk hesitation among individuals during the 3 months of the survey: vaccines cannot effectively prevent new coronavirus infection (April: OR = 1.608, 95% CI = 1.349–1.917; May: OR = 1.416, 95% CI = 1.131–1.772; and June: OR = 1.983, 95% CI = 1.664–2.363), b vaccines are risky (April: OR = 1.314, 95% CI = 1.129–1.529; May: OR = 1.250, 95% CI = 1.039–1.505; and June: OR = 1.718, 95% CI = 1.399–2.109), worries that vaccination personnel are not standardized (April: OR = 1.309, 95% CI = 1.128–1.519; May: OR = 1.265, 95% CI = 1.038–1.541; June: OR = 1.520, 95% CI = 1.255–1.841), the vaccine effectiveness is not high (April: OR = 1.425, 95% CI = 1.221–1.663; May: OR = 1.443, 95% CI = 1.180–1.764; and June: OR = 2.403, 95% CI = 1.952–2.958), lacked the time to vaccinate (April: OR = 1.181, 95% CI = 1.035–1.348; May: OR = 1.267, 95% CI = 1.059–1.516; and June: OR = 1.706, 95% CI = 1.431–2.034), and an hesitant attitude toward vaccine if colleagues or classmates were hesitant (April: OR = 1.230, 95% CI = 1.077–1.405; May: OR = 1.222, 95% CI = 1.021–1.464; and June: OR = 1.498, 95% CI = 1.257–1.785). Two factors were newly added in June 2021 as contributing factors to vaccine hesitancy, namely the belief that personal protection protects against COVID-19 (OR = 1.271, 95% CI = 1.091–1.481) and vaccine hesitancy among healthcare workers (OR = 1.418, 95% CI = 1.197–1.680).


[image: Figure 3]
FIGURE 3
 Multivariate logistic regression analysis of factors associated with COVID-19 vaccine hesitancy. The OR value and 95% CI were obtained after adjusting for gender and age. Graphs in black with “*” inidcate that the item is satistically significant.






Discussion

This study highlights the importance of understanding the dynamic changes in residents' hesitancy since the COVID-19 vaccination program began in Guangzhou at the end of March 2021 and explored the main factors leading to vaccine hesitancy to propose targeted measures to increase residents' confidence and willingness to vaccinate and increase vaccination rates, particularly during times of increased risk or changes in vaccination policies. The attitudes and factors influencing vaccination hesitancy are not constant and may change over time and according to circumstances (27). For example, research in the United States showed that the hesitancy rates for a COVID-19 vaccine fell from 46.0% at the start of the survey to 35.2% 3 months after the survey (28). Conversely, in Hong Kong, the vaccination hesitancy rate during the two waves of the epidemic in February and August 2020 increased from 55.8 to 65.2% (29). Another long-term cross-sectional survey in Hong Kong reported that, along with the fluctuation of the coronavirus epidemic, people's hesitation concerning vaccination also showed fluctuation at different stages (30). Similar to the fluctuation in the previous study, the vaccine hesitancy rate among Guangzhou residents dropped from 30% to 9.1% between April and June 2021. However, in the November 2021 survey, we found a slight increase in vaccine hesitancy (13.7%) rather than a sustained decline. The Guangzhou Center for Disease Control and Prevention issued notices on vaccination for residents aged 12–17 years and over 60 years old from June to November 2021. Considering that children and the older adult are more likely to have side effects (such as dizziness, fatigue, etc.) owing to their poor physical fitness (31), this may have contributed to the increase in vaccine hesitancy in November. Since 8 April 2022, Guangzhou has ushered in a new wave of SARS-CoV-2 infections, which primarily infected vaccinated individuals. This may have caused vaccine hesitancy to increase from 13.4% to 23.0% between April and June 2022. Later, the fourth wave of the epidemic in Guangzhou in October 2022, and the alterations in various epidemic prevention and control policies may have caused residents to be lax in adhering to epidemic prevention and control policies and may have further affected vaccine hesitation. According to the survey, the vaccine hesitancy rate of Guangzhou residents reached 30.4% in December 2022, which was higher than the rate recorded at the beginning of the survey.

The residents' knowledge of vaccines was insufficient, such as failing to acknowledge that the COVID-19 vaccine can effectively mitigate the severity and mortality of COVID-19 (32) or having misconceptions such as believing that vaccination can completely prevent the infection of the disease. In light of this, we should actively educate the public, popularize vaccine-related knowledge, and disseminate correct vaccination information. Our research also found that unpleasant vaccination experiences and distrust of healthcare personnel (who administers vaccines) were also the key factors leading to hesitancy. Therefore, during the vaccination process, we should conduct uniform and standardized training for staff to alleviate residents' doubts concerning the professionalism of vaccination of those administering vaccines to reduce the public's resistance (5).

Since the organization and implementation of the booster vaccination program in Guangzhou in October 2022, more than 80% of the residents completed the full course of vaccination in November of the same year, but the situation of vaccine hesitancy continues to persist. The extent of vaccination hesitation cannot be fully reflected by the vaccination rate (33). Moreover, we found that a small percentage of residents who had received the first dose of vaccination had not completed the full course of vaccination. Consequently, addressing and overcoming residents' hesitancy remains an inevitable and ongoing challenge.

Our survey coincides with the timing of the second, third, and fourth waves of the COVID-19 epidemic in Guangzhou. The obtained correlation coefficient obtained from our analysis of the survey from April to June 2021 showed that the vaccine hesitancy rate decreases with the emergence of the epidemic (r <0). However, the surveys taken in April–June 2022 and November–December 2022 showed that the correlation coefficient was positive (r>0), indicating that the epidemic has led to an increase in the rate of vaccine hesitancy. In May 2021, Guangzhou City launched its vaccination campaign for the first time, and with the assistance and extensive publicity effort from the state and government, residents began to vaccinate against COVID-19. The emergence of new COVID-19 cases that month may have sparked panic about the disease and increased the demand for vaccinations among residents, thereby reducing the vaccine hesitancy rates. In the third and fourth waves of the epidemic, even though most people have been fully vaccinated, some of them were still infected. This led to questions among some people who do not understand the characteristics of vaccine-preventable diseases to question the effectiveness of the vaccine, thereby increasing the vaccination hesitancy rate (11).

Residence and education are important factors affecting vaccination. Consistent with the findings of Israel and the UK (3, 34), people living in urban areas tend to have a higher hesitation rate, which may be related to factors such as population density, income, etc. Compared to rural areas, urban areas have better medical resources and protective measures in place. Studies have shown that people in urban areas are more susceptible to negative information about vaccination and thus show distrust of WHO, while people in rural areas tend to be more receptive to government's calls to action and arrangements (35). Attitudes toward vaccine hesitancy vary across occupations, which may be due to differing levels of medical knowledge and their varying needs for preventive measures (36). Medical workers, for instance, will have a more accurate understanding of vaccine knowledge, and the thus demand for vaccines will be higher (36). In contrast, farmers or workers may be more likely to refuse vaccination due to lower health literacy or perceived low risk of contracting a disease (37). Furthermore, chronic diseases were also associated with vaccination hesitancy, as evidenced by a cross-sectional survey conducted in Hong Kong (29). A survey of COVID-19 vaccine hesitancy among chronically ill children aged 5–11 years in Italy showed that 26.3% of chronically ill patients were highly hesitant. The low perceived risk of children being infected with SARS-CoV-2 coupled with the fact that the children had not yet been vaccinated further exacerbated the degree of vaccine hesitancy (38). However, one particular finding of our study was that people with moderate self-rated health scores exhibited higher rates of vaccination hesitancy. This suggests that refusing vaccination because of physical health is also a major factor leading to hesitation.

Since the outbreak of the COVID-19 epidemic in late 2020, China has implemented a series of stringent measures and public health interventions to control the spread of COVID-19 (39, 40), which has also caused some members of the public to underestimate the risk of the disease (5). Our study found that the main reasons for refusing vaccination include: confidence in one's own robust immune system, confidence in the treatment of the disease, and the belief that existing preventive measures are sufficient to prevent COVID-19 without vaccination. Numerous studies have demonstrated that the perceived risk of contracting the disease also affects the public's vaccination intentions (41–44). We must increase public awareness of the new coronavirus and underscore the importance and necessity of vaccination in order to reduce vaccine hesitation rates and maximize the number of people vaccinated.

Consistent with findings from other countries (29, 45, 46), concerns about the safety and side effects of vaccination are also one of the main reasons for vaccine hesitancy. COVID-19 is an emerging infectious disease, and uncertainty about a new vaccine may further heighten public concerns about vaccination (47). A cross-sectional study of people in Italy who had completed initial vaccination showed that those who reported reluctance and uncertainty about getting the booster shot were mainly concerned about vaccine safety (48). To enhance the public's confidence in vaccination, national or government authorities should regularly monitor and disclose scientific information concerning the safety of vaccines and conduct timely health education and communication to alleviate the public's concerns about vaccine safety and side effects (33). Social media dissemination of information about vaccine safety is as important as that of vaccine efficacy (49). Research by Betsch et al. (50) showed that disproportionally widespread negative coverage of vaccines on the Internet may increase people's distrust of vaccines. Therefore, healthcare authorities should strengthen the control over the dissemination of vaccine-related information on social media platforms and prevent the dissemination of information that denigrates or exaggerates the safety and effectiveness of vaccines (51). Social media can also play a positive role as timely dissemination of accurate information about the COVID-19 vaccines and effective control of fake news related to COVID-19 vaccines can eliminate public hesitation about vaccination and help increase confidence in vaccination (52, 53). Vaccines are more likely to be accepted if the information about vaccines is endorsed by medical professionals, as well as their family, friends, and colleagues (54). Other studies have also demonstrated that medical practitioners' advice on vaccination is more likely to be adopted by the public (55). Therefore, medical workers should establish a good relationship of trust with the population, thereby alleviating people's concerns and addressing vaccine hesitancy (56). Previous studies have shown that organizing health education among professionals on immunization strategies can have a positive effect on disease prevention and is essential for good adherence to vaccination (57). In response to challenges in vaccine access and distribution, such as not having time to get vaccinated and not knowing where to receive vaccination, China has taken various corresponding measures, such as mobile vaccination vehicles and setting up mobile vaccination locations in various communities. These measures have brought great convenience to residents and promoted the vaccination campaign.

The limitation of this study is that it is a cross-sectional study, which makes it difficult to infer the influence of an individual or a set of factors on vaccine-hesitant behavior. However, this study adopted a random sampling method for different populations to guarantee the representativeness of the sample. Although the study only conducted three surveys on knowledge and belief, the results were largely consistent. Self-report questionnaires are susceptive to subjective interpretation and bias, which may affect the reliability and validity of the survey results. Therefore, we still need more research studies to confirm our findings. The study cannot provide conclusive evidence of a causal relationship between changes in background factors (including changes in news coverage of COVID-19 vaccines and policies) and changes in public risk perception-related vaccine hesitancy. Therefore, the inferences drawn from this study must be considered tentative.



Conclusion

In this study, we found that vaccine hesitancy did not exhibit a steady decline over time but it rather fluctuated. Risk factors for vaccine hesitancy included higher education, urban residency, a lower perceived risk of contracting the disease, and concerns about the vaccine's safety and side effects. Appropriate interventions and education initiatives would be effective and are necessary to improve public confidence in vaccination.
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Vaccine hesitancy became a more and more important issue during the COVID-19 pandemic. Due to the emergence of new variants, many international health agencies have already begun administering booster doses of the vaccine in response to these threats. Studies have emphasized the effectiveness of different types of incentive-based strategies to increase vaccination behaviors. The purpose of the present study was to identify the correlation between different types of incentives (legal or financial) with people’s intentions to get a COVID-19 booster vaccine. We conducted a cross-sectional study between 29 January 2022 and 03 February 2022. An online quantitative survey was carried out in Italy. One thousand and twenty-two Italian adults were recruited by a professional panel provider. Descriptive statistics were computed for the five variables concerning the incentives (monetary, tax, fee, health certification, travel) toward vaccination. A general linear model (GLM) was then computed to compare the scores of the five different variables within the subjects. The general linear model showed a significant within-subjects main effect. Post-hoc comparisons showed that among the financial incentive, the monetary reward is rated lower than all the others. Tax and fees both resulted lower than both the legal incentives. Finally, COVID-19 health certification and travel did not result significantly different from each other. This study offers an important contribution to public policy literature and to policymakers in their efforts to explain and steer booster vaccination acceptance while facing an ongoing pandemic.
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1. Introduction

Vaccine hesitancy, has become an increasingly important issue during the COVID-19 pandemic, to the extent that it was identified in 2019 by the World Health Organisation (1) as a major threat to global health. Due to the emergence of new variants, many international health agencies have already begun administering booster doses of the vaccine in response to these threats.

If vaccine acceptance has been a problem since the beginning of the pandemic, the administration of future booster shots could increase the hesitancy phenomenon, as studies have shown (2–8). As of 21st, July 2022 (at the time of writing this manuscript), only 107 million fully vaccinated people worldwide have received an additional vaccine dose or a booster dose, the highest level of protection against the virus.

Given these figures, the phenomenon of vaccine hesitancy will continue to be a serious threat to the end of the COVID-19 pandemic and for this reason it is necessary to investigate the mechanisms underlying this phenomenon by taking opportunity of large-scale vaccination due to the recent health emergency as a field of study.

Low vaccination intentions have been linked to people’s lack of trust in the safety of vaccines, complacency (seeing vaccination as largely unnecessary), calculativeness (carefully weighing risks and benefits), obstacles to vaccination, and low collective responsibility (e.g., unwillingness to get vaccinated to protect others) perceptions, according to previous research involving healthcare workers and the general population (9–12). Researchers have suggested a range of interventions, from informational campaigns to mandatory vaccination, for addressing these vaccine antecedents and boosting vaccination intentions (13–15). Offering incentives for vaccination could increase vaccination intentions in the same way that incentives have been demonstrated to encourage other healthy habits, such as keeping a healthier diet, stopping smoking, or doing physical exercise (16–18).

The literature (19–22) on this topic has emphasized the effectiveness of different types of incentive-based strategies to increase vaccination behaviours. Several studies (23–26) have shown how incentive-based strategies based on financial remuneration (e.g., monetary, bonus) in different countries have increased the acceptance of vaccines. Other studies (27–32) have also shown that the use of legal incentives linked to providing freedoms (e.g., the possibility to travel, the possibility to participate in public activities) are effective in promoting vaccination campaigns. However, vaccine hesitancy persists among certain population segments, necessitating further research into effective strategies for addressing this issue (33).

In this scenario, it is crucial to understand the effective approaches that can motivate the hesitant population to receive uptake doses of the COVID-19 vaccine, leveraging this health emergency as a field of study to gain a deeper understanding of vaccine hesitancy as a whole. Indeed, despite certain unique aspects related to COVID-19 (15), being against vaccine remains a significant barrier to COVID-19 vaccination (34). Therefore, effective strategies in this specific context may also prove effective in the future, presenting an opportunity to bridge the gap between scientific potential and citizen behavior.

Based on these premises, the purpose of the present study was to identify the correlation between different types of incentives (legal or financial) with people’s intentions to get a COVID-19 booster vaccine.



2. Methods


2.1. Sample and procedure

One thousand and twenty-two Italian adults were recruited by a professional panel provider (Norstat Italia Srl) by employing a stratified sampling. After providing their informed consent, the participants were asked to fill an online survey (using a CAWI methodology). The survey included questions regarding the participants’ sociodemographic status (gender, age, monthly family wage, level of education); one question regarding their COVID-19 vaccinal status, namely whether they did the booster dose, scheduled it, or did not do it nor scheduled it; and five questions regarding their intention to do an additional anti-COVID-19 vaccinal dose if an incentive were provided. Incentives were either financial (monetary, tax relief, or a fee in case of non-compliance), or legal (COVID-19 health certification, or freedom to travel). Participants were asked to rate their agreement on a 6 steps Likert scale (1 = strongly disagree, 6 = strongly agree).

Participants that did not do, nor scheduled the booster dose were excluded from the sample; the same goes for participants who refused to answer the question regarding their monthly wage.



2.2. Statistical analyses

First, frequencies were calculated for the sociodemographic characteristics of the sample. Descriptive statistics (mean, standard deviation, skewness and kurtosis) were computed for the five variables concerning the incentives towards vaccination. The scores for the five variables were also transformed in z-scores and screened for outliers (z ≥ |3|).

A general linear model (GLM) was then computed to compare the scores of the five different variables within the subjects. Gender, wage (coded as above and below the median of 1800€/month), and education (coded as no high school degree, high school degree, and university degree) were also included in the model as between-subjects variables. Interactions with the within-subject variable were also included in the model, but no interactions between the between-subject variables were computed. Mauchly’s test of sphericity was computed to verify the assumption of sphericity, and the appropriate correction was then applied to correct for the violated sphericity, depending on the resulting ε: Greenhouse–Geisser correction for <0.75 (35), and Huynh–Feldt correction for ε > 0.75 (36). Partial eta-squared (ηp2) was calculated as effect size for the F-tests. Post-hoc analyses were calculated, using the Holm-Bonferroni correction (37), to inspect pairwise differences between the different levels of the within-subject dependent variable in the overall sample, and -where an interaction resulted significant in the different levels of the independent variables; Cohen’s d was calculated as effect size for these comparisons.

All the analyses were run using JASP software v0.16.



2.3. Ethical considerations

This study has been performed in accordance with the Declaration of Helsinki and has been approved by an independent ethics commission of the Department of Psychology of Università Cattolica del Sacro Cuore in Milan (CERPS).




3. Results


3.1. Descriptive statistics

Two hundred and thirty-five participants were removed as they indicated that they did not do the recommended vaccination cycle, nor did they schedule it. Further 113 participants were removed as they showed missing data on the question regarding wage. The overall remaining sample was N = 674. The average age in the sample was 48 (SD = 13, range between 20 and 72). Table 1 shows the descriptive statistics of the sample: gender, geographical area of residence, education level, and family monthly wage. Descriptive statistics of the values of the intention of the sample to do an additional dose under the five different incentive type conditions (monetary, tax, fee, health certification and travel) were also conducted. As shown in Table 2, the results show that legal incentives are more endorsed than financial incentives by respondents. The screening of the outliers based on the z-scores showed that no outliers were present in the sample.



TABLE 1 Sample characteristics.
[image: Table1]



TABLE 2 Descriptive statistics of the values of the intention to do an additional dose under the five different conditions.
[image: Table2]



3.2. General linear model

Mauchly’s test of sphericity resulted significant [χ2(9) = 326.230; p < 0.001; ε = 0.805]: Huyn–Feldt correction was then applied for the subsequent analyses.

The general linear model showed a significant within-subjects main effect [F(3.220, 2154.115) = 117.115; p < 0.001; ηp2 = 0.149]. Post-hoc comparisons (see Table 3) show that among the financial incentive, the monetary reward is rated lower than all the others with p < 0.001. Tax and Fee did not result significantly different from each other (with p = 0.396), but both resulted lower than both the legal incentives (i.e., health certification and travel) with p < 0.001. Finally, HC and Travel did not result significantly different from each other (with p = 0.307).



TABLE 3 Post-hoc comparisons of the different incentives.
[image: Table3]

Additionally, a between-subjects main effect of the gender variable resulted significant [F(1, 669) = 8.647; p = 0.003; ηp2 = 0.013], with males having an overall mean of 0.283 (95% CI, 0.094, 0.472) above females. No significant main effect for wage (p = 0.971) and education (p = 0.637) emerged from analyses.

Finally, a marginally significant interaction gender × incentives resulted from analyses [F(3.220, 2154.115) = 4.368; p = 0.004; ηp2 = 0.006]. The post-hoc analyses (see Table 4) showed that there is a significant difference in the mean of the monetary incentive between the male and the female group, with males having a higher mean answer than female with p < 0.001. No other comparison resulted significant.



TABLE 4 Post-hoc comparisons of the gender × incentives interaction.
[image: Table4]

A marginally significant effect was also noted in the wage × incentives interaction [F(3.220, 2154.115) = 3.866; p = 0.007; ηp2 = 0.006]; however, post-hoc analyses showed no particular differences of interest of the dependent variables between the groups of people with higher or lower wages.




4. Discussion

In this study, we investigated the effects of legal and financial incentives on COVID-19 booster dose vaccination intentions. Our results indicated that incentives are a suitable mean to motivate citizens to increase their willingness to get vaccinated even in the case of booster doses. Furthermore, we discovered that both types of incentives significantly relate with peoples’ willingness to vaccinate against COVID-19. However, for our sample, legal incentives—and in particular the introduction of vaccination health certificates required to access specific venues and being allowed to travel—were reported as the most effective incentive to boost vaccination intentions as indicated by other studies (25, 38, 39).

Our results are also in line with other studies that reported positive impacts of financial incentives on booster vaccination (23, 40, 41). Indeed, while vaccination mandates seem to be more likely to increase primary vaccination, incentives could be implemented to sustain booster uptake (42).

Indeed, as showed by other studies on the role of ethnicity in modifying the relationship between incentives and health behaviour change (43, 44), it is possible that for various populations and cultural backgrounds, the observed impacts of financial and legal incentives would differ. Thus, caution should be used when interpreting our findings. Additionally, several research advice considering the varying effects of rewards on persons with various motivations. According to the psychological literature, a person’s motivation levels may influence how they are influenced by the outside rewards that are given to them to increase their desire to carry out the requested behaviours (45–47). Evidence demonstrates that while typically highly motivated individuals are less influenced by external incentives (48), highly motivated individuals can occasionally be more susceptible to financial incentives than other individuals (49).

This study has some limitations, and results should be interpreted and used with caution. Firstly, the measures used in this study were self-reported and might be subject to reporting bias. In addition, the current study adopted a series of measures that were not validated—even if internal consistency was adequate. Second, as an observational cross-sectional study, causal relationships could not be inferred. Finally, there are indeed some socio-demographic variables that were not considered in this paper, and that is worth discussing. Despite its limitations, this study offers an important contribution to public policy literature and to policy makers in their efforts to explain and steer booster vaccination acceptance while facing an ongoing pandemic. Future research should explore the effects of other monetary and non-monetary types of incentives, as well as the interaction effect of incentive type and valence. Moreover other studies should estimate the impact of compulsory vaccine in acceptance rate and vaccine coverage (50, 51).



5. Conclusion

Based on results of this study, policymakers should consider incorporating common incentives into their vaccination promotion campaign, providing monetary incentives, and issuing health certifications—which permit access to public spaces and cultural events. Moreover, the social and cultural context of the intended vaccination target should be considered while designing these incentives.
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Background: COVID-19 disease spread at an alarming rate, and was declared a pandemic within 5 months from the first reported case. As vaccines have become available, there was a global effort to attain about 75% herd immunity through vaccination. There is a need to address the issue of vaccine hesitancy to COVID-19 vaccines especially in places such as Sub-Saharan African countries which have a high rate of background vaccine hesitancy.

Objective: To determine the knowledge and acceptance of COVID-19 vaccines among healthcare workers (HCWs) in Enugu metropolis.

Methods: A cross-sectional descriptive study of 103 HCWs in Enugu metropolis was done. Data was collected using structured online Google forms. Descriptive and inferential statistics was done using SPSS, and results were summarized into percentages and associations.

Results: An acceptance rate of 56.2% was obtained among HCWs in Enugu metropolis. Positive predicators of acceptance include older age (p = 0.004, X2 = 13.161), marriage (p = 0.001, X2 = 13.996), and higher average level of income (p = 0.013, X2 = 10.766) as significant correlations were found. No significant association was found between educational level, religion, denomination nor occupation, and acceptance of vaccine. The major factor responsible for refusal was fear of side-effects.

Discussion: The acceptance rate of COVID-19 vaccines among HCWs is still less than optimal. This population represents the most enlightened population on health related matters, hence if acceptance rate remains merely average that in the general population is expected to be worse. There is a need to address the fear of vaccine side-effects by inculcating more open and interactive methods of information dissemination, while also addressing the misconceptions or myths surrounding COVID-19 vaccines.

KEYWORDS
 COVID-19 vaccine, knowledge, acceptance, hesitancy, healthcare workers, Enugu metropolis


Introduction

Like the other pathogens Severe acute respiratory syndrome coronavirus-1 (SARS-CoV-1) and Middle East respiratory syndrome coronavirus (MERS-CoV) that belong to the same Coronavirus family, the emergence of the novel coronaviridae shook the world like a storm (1). In the January of 2020, the World Health Organization (WHO) following the recommendations of the investigative team declared the disease to be a public health emergency of international concern and shortly afterwards a pandemic (2). The WHO also in conjunction with the different national health agencies in the member nations rallied to mount the highest possible medical defence. Africa was predicted to be the graveyard of the pandemic due to densely populated cities and the almost non-existent healthcare infrastructure but against all odds, the continent has almost escaped the grave effects of the disease seen in a couple of other places (3). The region has so far remained the least affected WHO region with about 9.3 million confirmed cases and 226,960 deaths as at December 2021 (4, 5). Globally as at December 2021, a total of 273,869,899 confirmed cases had been recorded with 5,352,069 deaths hence the case fatality rate was about 2%.

A major difficulty evident from the very beginning of the pandemic was the lack of efficacious therapeutics against the SARS-CoV-2 virus. Treatment was and still remains largely supportive and experimental (6). As a result of this, a drive to find an alternative solution led to the race to develop COVID-19 vaccines in order to achieve a global herd immunity. The first batch of vaccines were approved for use around December 2020 in the United Kingdom and the United States, though earlier on, China approved the CanSino vaccine for limited use in the military by June 2020 while Russia also approved the Sputnik V vaccine for emergency use in August 2020 and mass vaccination campaigns began world over shortly afterwards (7–9). With efforts of agencies like COVAX, an initiative formed by the WHO, GAVI, the Vaccine alliance and the coalition for epidemic preparedness innovations (CEPI), and the African Vaccine acquisition trust (AVAT), there has been a greatly improved availability of these vaccines in many developing nations including Nigeria (10, 11). In Nigeria, the first batch of vaccines arrived in March 2021 and we have further received over 10 million doses of COVID vaccine donation (12).

The very first targets for vaccination globally were healthcare workers (HCWs). These are those defined by the WHO as people whose job it is to protect and improve the health of their communities and are therefore also at most risk of contracting and disseminating the infection. In Nigeria, the National Primary Health Care Developmental agency (NPHCDA) commenced the first of the four projected phases of mass COVID-19 vaccination around the same time that the first batch of donated vaccines arrived. The first phase targeted HCWs, supporting staff, frontline workers and other first respondents (12).

COVID-19 vaccines received a mixed reception. While acceptance rate in some countries were very high: Ecuador 97%, China 85%, some other countries had very low acceptance rates: Jordan 28.4%, Kuwait 23.4% (13). The acceptance among HCWs only barely improved on that of the general populations in certain places and in fact was found to be less than that of the general population by some studies (14). This is a concerning situation as vaccination recommendation by HCWs has been demonstrated to significantly contribute to acceptance (15).

In Nigeria a couple of published works on willingness to accept the vaccine has put the acceptance rate at 66.2% (15), 55.5% (16), 48.6% (17), and 40% (18). Hesitancy rate of 50.5% was seen in a similar study on HCWs in Abia (19). The major predictors of hesitancy from these studies were younger age, female gender, single marital status, low level of education, low income level etc. Factors driving hesitancy include distrust in the government, spread of misinformation, fear of side effects and concern about vaccine efficacy.

In other climes, vaccine hesitancy rates among HCWs were similar to the Nigerian picture. A meta-analysis of willingness to accept COVID-19 vaccines carried out by Luo et al. among 24,952 HCWs revealed that the vaccination willingness was 51% (20). Another study carried out in among HCWs at the Istanbul University, Cerrahpasa Faculty of Medicine showed an acceptance rate of 66% (21). In Italy, a similar study involving 1155 HCWs showed that only 67% of the participants were willing to be vaccinated, citing lack of trust in vaccine safety as the major reason for refusal (22). Also another Egyptian study among HCWs in different regions showed an acceptance rate of 21%, while 28% flatly refused vaccination and 51% were undecided (23).

The purpose of this study is to assess the knowledge and acceptance of COVID-19 vaccines among HCWs in Enugu metropolis. This study will help estimate the acceptance rate of COVID-19 vaccines among HCW in Enugu state and identify factors responsible for this. As the COVID-19 pandemic continues to take new twists and turns with the emergence of new variants with different disease potentials, it may be important to furnish stake-holders with such wealth of evidence as this study aims to contribute so that they are able to strategize better in the fight to overcome the pandemic.



Methods


Study area and design

This study was a cross-sectional study conducted among HCWs in Enugu state, South-eastern Nigeria. The major tertiary hospitals located in Enugu metropolis are Enugu State University of Science and Technology Teaching Hospital Parklane, National Orthopaedic Hospital Enugu and Federal Neuropsychiatry hospital Enugu and were used for the study.



Study population and procedure

HCWs in Enugu metropolis aged 18 years and above were engaged in the study. Questionnaires were distributed through the social media platforms (WhatsApp Channels) of the different hospitals in Enugu metropolis. Access to these channels were granted by the administrators of these platforms. Responses were obtained from individuals who voluntarily consented to participate by answering the questionnaires.

The minimum sample size was estimated to be 109, at a confidence interval of 95%. We had a total of 103 complete responses, which gives a response rate of 68.7%.



Study duration

The study was conducted over a period of 3 months spanning from April to June, 2022.



Data collection tool and methods

Data was collected using a self-administered semi-structured online-based questionnaire created on Google forms. The questionnaire design was guided by recommendations from the strategic advisory group of experts on immunizations (SAGE) vaccine hesitancy survey sample questions which were adapted to suit the Nigerian setting (24).

The questionnaires has 3 sections.

Section 1 assessed socio-demographic characteristics of the respondents including: age, sex, marital status, profession, educational status, and income. The subjective health status of the participants and their history of chronic illnesses were also established.

Section 2 assessed the knowledge of COVID-19 disease among respondents. It also requested for information on COVID-19 disease status of the respondents, their family members and their professional colleagues. This section also assessed for the respondent’s perceived risk of infection with COVID-19.

Section 3 assessed the respondents’ awareness of the availability of COVID-19 vaccines and nearby vaccination centres; acceptance of COVID-19 vaccines and reasons for refusal.

Measures taken in this study to limit research errors and bias associated with surveys include: randomization of the options, proper structuring and use of interval breaks was employed in in the questionnaires to limit answer order and agreement biases respectively; conduction of pilot studies was done prior to deployment of the survey tools to ensure suitability and accuracy of the questionnaire to the research objectives; we had a member of the research team follow up the responses and to respond to enquiries from the respondents to ensure accuracy of the answers and to improve response rate. We also had a panel created to oversee the data management and had two independent analysts work on the data to reduce systematic errors.



Statistical analysis

Data analysis was carried out using Statistical package for Social Sciences (SPSS) by IBM version 22. The data was reviewed and cleaned before analysis. Descriptive analyses were conducted to determine frequencies and proportions of categorical variables in the total study sample. Then inferential analysis with the statistical significance set at p < 0.05 was employed after stratification by the yes/no answers to acceptance of COVID-19 vaccines. Chi-square tests were used to assess the association between different variables and acceptance of COVID-19 vaccines.



Ethical considerations

Information obtained from the study was handled confidentially. Personal identification of respondents was precluded from the study tool. Respondents were informed that their participation was voluntary and consent was implied by completion of the questionnaire.

Ethics approval and consent to participate: ethical clearance was obtained from the University of Nigeria Teaching Hospital Health Research Ethics Committee with certificate number: UNTH/HREC/2022/06/462.

Consent for publication: participation was voluntary, and the purpose of the research was explained to each respondent. Informed consent was obtained before inclusion into the study. However, anonymity of participants was ensured, and no personal information was collected during the survey.




Results

As shown in Table 1, the study received responses from a total of 103 HCWs. Majority of the respondents were females (55.3%). Most of the respondents were Christians (95.1%) and of the Catholic denomination. The majority of respondents were within 26–44 years age range (72.8%) and most were single (64.1%). All of the respondents had either completed the tertiary level of education (67%) or were at the postgraduate level (33%) and most respondents were either medical doctors (63%) or nurses (24%). Most also earned above #100,000 per month (67%) which is above the national minimum wage of #33,000.



TABLE 1 Socio-demographic characteristics of the study participants (n = 103).
[image: Table1]

Most of the respondents reported a very good subjective health status (86.4%). Majority of the respondents reported no history of chronic illness (86.4%) while among those with chronic illness (13.6%) the commonest were heart diseases and hypertension (7%), then respiratory diseases (5%).



TABLE 2 Reasons for vaccine refusal.
[image: Table2]

Most respondents believed COVID-19 to be a serious infection with the potential to cause death (82%). All were aware of the symptoms suggestive of COVID-19 infection.

About 42% reported a previous COVID-19 infection. While 57% either had not suffered or were not sure if they had suffered from a previous COVID-19 infections. More people however were aware of a family member or friend that had suffered from COVID-19 disease (59%).

The main sources of information on COVID-19 included a combination of social media, mass media, health conferences and seminars, interaction with families, friends and colleagues.

All the respondents confirmed that they had heard about COVID-19 vaccines. Nearly all were aware of nearby centres for COVID-19 vaccination (95%).

As can be seen in Figure 1 about 58 respondents (56.3%) had received the vaccines partially or fully. Hence the acceptance rate from this study is 56.3%. The predominant reason for receiving the vaccine was the belief that vaccination was protective against the infection (32%).

[image: Figure 1]

FIGURE 1
 Data showing proportion of vaccine acceptance rate.


As noted in Table 3, the three major reasons for vaccine refusal/hesitancy were fear of side-effects (66.7%), concern about efficacy of the vaccines (64.4%) and lack of adequate information on the available vaccines (40%). Interestingly, few of the respondents (11%) who refused the vaccine indicated that they may be willing to vaccinate if the vaccines were paid for.



TABLE 3 Factors associated with acceptance of COVID-19 vaccine.
[image: Table3]

Table 3 shows factors associated with acceptance of COVID-19 vaccine. Age of the subjects was found to be significantly associated with acceptance of vaccine (p < 0.004) and Chi square value of 13.161. Age ranging 26 to 44 and above were more receptive of the vaccine compared to the younger age grouping 18–25 years.

More married people (80.6%) received the vaccines compared to singles (43.9%). There is a significant relationship between marital status and vaccination (p = 0.001, Chi square value = 13.996). Married individuals were more likely to receive the vaccines while single individuals were more likely not to receive the vaccines.

A 65% acceptance rate was noted among those with average monthly income above #100,000 compared to 29% among those with income higher than average but less than #100,000, 27% among those with income lower than average.

A significant correlation was found between average monthly income and vaccination (p = 0.013; Chi-square = 10.766).

Males (63.0%) showed greater acceptance of the vaccine than females (50.9%). The relationship between sex and acceptance of vaccine was however not significant (p = 0.216; Chi-square value: 1.532).

No significant association was found between educational level, religion, denomination nor occupation and acceptance of vaccine.



Discussion

From our study, only slightly more than half of the HCWs accepted COVID-19 vaccination (56.3%). This finding is similar to that found in a study by Adejumo et al. (55.5%) (16) who also studied HCWs. It was also close to an acceptance rate of 51% determined by a meta-analysis on studies involving HCWs globally (20).

These acceptance rates fail to meet the minimum vaccination coverage of 75% per population predicted to establish herd immunity (25). Much more significant is the fact that this level of acceptance is found among the most medically literate sub-population in the country. This perhaps suggests that HCWs are affected by the same factors responsible for vaccine hesitancy in the general population.

Social demographic factors found to be positively associated with acceptance of vaccines and statistically significant included older age range, being married and having an average income above #100,000. This corresponds to findings among HCWs in Abia (19) and also with that of Uzochukwu et al. (26) in a Nigerian tertiary institution.

Acceptance rate was higher among males compared to females just like in the above studies. Sex was not found to be a statistically significant determinant of acceptance of the vaccine. Our finding corresponds to that of Adejumo et al. (16) In Nigeria, HCWs are among the most educated population hence we found that all the respondents had either a tertiary level of education or a post-graduate level.

As seen in Table 2, religious and cultural factors were found to not have any significant contribution to vaccine refusal. This finding is also similar to that of Adejumo et al. (16). While the medical training may not completely eliminate the factors that precipitate hesitancy to vaccines, it might have reduced the impact of religious and cultural influences on the decision to vaccinate or not.

A good number of respondents had either suffered from suspected COVID-19 disease or were aware of family, friends or colleagues that had suffered from the condition. More than two thirds of the respondents were concerned about getting infected by the virus. While concern/worry about infection was associated with increased acceptance of the vaccine, this relationship however was not statistically significant. This does not correspond to Adejumo et al. (16) who found the perceived risk of COVID-19 to be significantly associated with acceptance of vaccines. This may be because at the time of our study the morbidity patterns of COVID-19 have been better understood than earlier in the pandemic. Hence while concern about contracting the disease still remains, the fears may not be a strong enough motivation for vaccination compared to earlier during the pandemic.

Concern about side-effects, vaccine efficacy and lack of adequate information on the available vaccines were the leading reasons for refusal of vaccines. This finding is consistent with the findings of the study in Nnamdi Azikiwe University Awka (26) and other much more global studies on COVID-19 vaccine acceptance among HCWs (20, 27). This finding in this population considered most knowledgeable about healthcare conditions in general suggests that current information/education on COVID-19 disease and vaccines might still not be as convincing as needed. The level of misinformation and spread of conspiracy theories sustained a growing trajectory even as more information became available on the disease and about the vaccines (28). Perhaps this degree of misinformation and fallacious declarations seen during this pandemic affected the level of confidence in the vaccines. Other factors such as religious and cultural concerns, and a general hesitancy to all vaccines had no real impact on the acceptance of COVID-19 vaccine. This is in line with the finding by Adejumo et al. (16).



Conclusion and recommendations

We have found the acceptance rate of COVID-19 vaccines to have fallen short of the minimum required to achieve herd immunity despite availability of vaccines and an awareness of nearby vaccination centres. This proportion among the health elite of the country portends a poorer outcome in the general population. The major reasons for refusal of vaccine all point to the prevailing atmosphere of COVID-19 misinformation and conspiracy theories. There is a need for stake-holders in the Nigerian public health sector to devise means to reasonably address present misconceptions and misinformation about the COVID-19 disease and vaccines. The approach necessarily needs to be adapted to become more open, targeted to specific groups based on their prevailing fears/concerns, engaging interactively with concerned individuals in order to disperse these fears with evidence-backed information.
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Background: Vaccination is considered an effective approach to deter the spread of coronavirus disease (COVID-19). However, vaccine hesitancy is a common issue that makes immunization programs more challenging. To promote vaccination in a targeted and efficient way, this study aims to develop and validate a measurement tool for evaluating the importance of influencing factors related to COVID-19 vaccination intention in China, and to examine the demographic differences.

Methods: In study 1, we developed a Factor Importance Evaluation Questionnaire (FIEQ) based on semi-structured interview results and used exploratory factor analysis (EFA) to explore its factor structure. In study 2, we verified the four-factor structure of FIEQ by confirmatory factor analysis (CFA). We then administered FIEQ to Chinese participants and conducted a student t-test and analysis of variance to examine the differences in the importance evaluation of factors based on gender and educational level.

Results: In study 1, we developed a four-factor construct and retained 20 items after EFA (N = 577), with acceptable reliability (alpha = 0.87) and validity. In study 2, we found that the model fit was good (χ2 = 748.03 (162), p < 0.001, GFI = 0.949, RMSEA = 0.049, SRMR = 0.048, AGFI = 0.934), and reliability was acceptable (alpha = 0.730) (N = 1,496). No gender difference was found in factor importance. However, individuals with different educational levels reported significantly different importance evaluations of three factors, including perceived benefits and social norms (F = 3.786, p = 0.005), perceived influences from reference groups (F = 17.449, p < 0.001), and perceived risks (F = 2.508, p = 0.04).

Conclusion: This study developed and validated FIEQ for measuring the importance of influencing factors related to the COVID-19 vaccination intention in Chinese participants. Moreover, our findings suggest that the educational level may play a role in how individuals evaluate the importance of factors. This study provides insights into the concerns that individuals have regarding vaccination and offers potentially effective and targeted strategies for promoting COVID-19 vaccination.
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 COVID-19 vaccine, vaccine intention, vaccine willingness, influencing factor, scale development, vaccine hesitancy, factor importance


1. Introduction

The COVID-19 pandemic has been a global concern for over 3 years, resulting in various challenges such as travel restrictions, loss of life, and economic stagnation. Therefore, it is vital to promote efficacious preventive measures against COVID-19 to control and prevent the spread of the pandemic. One of the key approaches is the vaccination campaign (1). However, vaccine hesitancy is a common problem that makes immunization programs more challenging in many countries (2).

Vaccine hesitancy is defined as the “delay in acceptance or refusal of vaccines despite availability of vaccine services” (3). Some sociodemographic characteristics are related to COVID-19 vaccine hesitancy, such as gender (4), age (5), educational level (6), and private health insurance (7). Besides, some factors pertaining to individuals’ confidence and beliefs regarding the COVID-19 pandemic and the vaccine also have impacts on vaccination intentions, including perceived benefits and barriers (8), and contribution to disease control (9).

These influencing factors may work as health communication guidance to increase vaccine uptake. However, there remains uncertainty surrounding the effectiveness of these efforts as it is unclear to what extent these factors affect the participants. For example, vaccine safety may not be equally prioritized by all individuals. One study designed messages to address the concerns about vaccines and failed to find any effects of messages on vaccination intentions (10). The possibility of including participants who did not have concerns about the development or safety of COVID-19 vaccines may confound the results, thereby leading to failure of communication (10). Messages designed to address the concerns about vaccines may be more powerful if targeted to individuals with significant concerns. Another study examined the effects of reference groups and shared similar findings as the reference group may not be an important factor for all participants (11). Furthermore, the different groups would exhibit unique patterns of influencing factors and these factors were sensitive to contextual differences, such as key workers and non-key workers in UK (12). Thus, public health messaging needs to address the most pertinent concerns of individuals to ensure effective vaccination campaigns (12).

Therefore, we need to figure out the factors that are important to individuals, as this would provide a detailed understanding of vaccination intentions and help tailor vaccine promotion messages. However, little is known about how these factors would be weighed by individuals. Though previous researchers have attempted to develop scales to assess the importance of COVID-19 vaccine-related factors, they have failed to validate the psychometric properties (13). To the best of our knowledge, no validated measurement tool has been used in previous studies. Hence, we aim to develop the Factor Importance Evaluation Questionnaire (FIEQ) for the COVID-19 vaccine, a psychometrically sound questionnaire that can comprehensively investigate the factor importance related to the COVID-19 vaccine and identify the patterns of important factors for individuals.

How COVID-19 vaccine-related influencing factors are weighed seems to be associated with personal variables, such as demographic characteristics. As demographic characteristics are commonly used to explain variation in COVID-19 vaccination beliefs, it is plausible that these characteristics may also influence the factor importance evaluation. For instance, gender and educational level are important attributes related to COVID-19 vaccine hesitancy (6). Male gender and low education level have been found to be relevant factors that may influence COVID-19 vaccine hesitancy in China (14, 15). These findings indicated that perceptions of the COVID-19 vaccine may differ across genders and educational levels, leading to varying motivators for vaccination uptake. However, few studies have explored whether these demographic characteristics could influence the importance evaluation of influencing factors. Therefore, we aim to confirm this speculative relationship through difference tests. This knowledge has important implications for vaccine promotion as it could help to target specific demographic groups and obtain detailed segments.

The purpose of our study is to focus on the salient concerns and refine possible directions for policy development by investigating COVID-19 vaccine-related factor importance for individuals. Following the standard process of scale development, this study aims to build a good construct of influencing factors of COVID-19 vaccination and develop a psychometrically sound questionnaire - Factor Importance Evaluation Questionnaire (FIEQ) for COVID-19 vaccine -for evaluating the importance of influencing factors pertinent to COVID-19 vaccination intention. We further investigate the differences based on gender and education level when individuals weigh influencing factors.



2. Study 1


2.1. Methods

To develop and evaluate FIEQ, this study was conducted in three phases: questionnaire development, participant recruitment, and data analysis.


2.1.1. Questionnaire development

This study developed FIEQ based on the research of Su and colleagues (16), who conducted semi-structured interviews to identify the key points that would increase their COVID-19 vaccination intentions. Thematic analysis of the interviews resulted in 31 codes, such as vaccine safety, vaccine effectiveness, and risk perception, that participants deemed important to increase vaccination willingness.

In this study, we drafted the original version of FIEQ based on these 31 codes. Specifically, we developed one question from each code obtained in the interviews, resulting in a 31-item questionnaire. To ensure content validity, we invited 13 experts from the Department of Psychology, including 12 graduate students and one teacher, to form an evaluation committee to review the questions for grammar, readability, and accuracy. They rated the degree of relevance of each item and provided their suggestions and comments. We followed the popular method recommended by Davis to calculate content validity (17). Specifically, the content validity index (CVI) can be calculated as evidence of content validity (18). S-CVI (the scale-level content validity index) is 0.955, which met a satisfactory level. Besides, nearly all items scored highly on CVI, with scores ranging from 0.846 to 1. Only one item (Item 26) got a score of 0.692, which was still relatively close to the acceptance threshold of 0.7. Therefore, we decided to keep all items and make some modifications to enhance statement quality. Two researchers (including the first author) gathered all suggestions and reached an agreement on rephrasing and finalizing the questionnaire items. Following the above steps, the first draft of FIEQ was obtained (Please see Appendix 1 for the first draft of FIEQ in both Chinese and English translations).



2.1.2. Recruitment

An online questionnaire was administered to collect survey data for this cross-sectional study in September 2021, coinciding with the third wave of the pandemic (19). The first draft version of FIEQ was published on the iSurveylink platform.1 People responded to the survey voluntarily. ISurveylink is a widely-used online research service provider in China (20–22), with a sample data pool of over 6.59 million users. Participants who met the age requirement of 18 years and above and were Chinese residents were eligible for participation, while those who were unable to understand written Chinese were excluded.

We used the seven-point Likert-type scale in the first draft of FIEQ, under which one meant strongly disagree, four meant not sure, and seven meant strongly agree. Participants were required to rate their degree of agreement to all questions on a scale from one to seven.



2.1.3. Statistical analysis

We conducted descriptive analyses using Statistical Product Service Solutions (SPSS). The Kaiser–Meyer–Olkin (KMO) test was used to examine the sampling adequacy, while Bartlett’s test of sphericity was used to check the sufficiency of inter-item correlations (23). We then conducted the exploratory factor analysis (EFA) using SPSS. Principal component analysis was employed to extract factors, while the Caesar normalization maximum variance was used as the rotation method to improve the interpretability of the solution (24). Based on the EFA results, we removed 11 items. Then, we calculated Cronbach’s alpha score and McDonald’s omega score to measure the reliability of the new version of FIEQ without these 11 questions.



2.1.4. Ethical considerations

Our study was approved in advance by the Ethics Committee of the Institute of Psychology, Chinese Academy of Sciences with the approved number H15009. All participants provided their informed consent, and the data collected in this study was anonymous.




2.2. Results

We obtained a total of 667 responses via the iSurveylink platform. To ensure the quality of the collected data, we undertook a filtering process and excluded questionnaires displaying abnormal answer times. Specifically, answer times exceeding 60 min or falling below 3 min were deemed abnormal and removed from the dataset, leaving us with a final sample of 577 participants. The demographic information of our data sample can be found in Table 1. For descriptive information of our survey results, please refer to Appendix 2.



TABLE 1 The demographic information of our sample.
[image: Table1]


2.2.1. Exploratory factor analysis

Results showed that the KMO value was 0.93 and Bartlett’s test of sphericity was significant (χ2 = 6382.59; p < 0.001), which indicated factor analysis was appropriate for our sample data (25). EFA was performed and resulted in five factors (eigen values >1). We considered factor retention based on the number of items per factor since it is a conventional criterion (26, 27). It was recommended to remove factors with fewer than three items (28–30). Results indicated that Factor 5 had only two items: Item 3 and Item 21. We then examined the exact meanings of these two items and found they shared similarities in language instead of contents, which indicated that Factor 5 cannot be accepted as a meaningful factor. Taking these two points into consideration, we removed Factor 5 from our study. For the stability of the factor solution, it is typically recommended to delete items with low factor loading (31, 32). Consequently, eight items (Item 9, 10, 11, 13, 17, 22, 26, 28) were excluded due to their factor loading being less than 0.50. Item 5 was also removed since it exhibited cross-loading on two factors and we aimed to ensure a clear factor structure. Specifically, their loadings on Factor 2 and Factor 4 were quite similar and the difference between these loadings was fewer than 0.2. Then, we examined the scree plot to ensure the appropriateness of a four-factor solution.

The final version of FIEQ contained 20 items with four factors, which explained approximately 46.0% of the total variation. The factors were as follows: Factor 1 included seven items with the theme “Perceived benefits and social norms.” Factor 2 comprised five items with the theme “Perceived influences from reference groups.” Factor 3 involved five items with the theme “Perceived risks,” whereas Factor 4 consisted of three items with the theme “Vaccine safety.” The factor loadings for EFA were presented in Table 2, which demonstrated that all the items in FIEQ had factor loadings above 0.52.



TABLE 2 Summary of EFA results.
[image: Table2]



2.2.2. Reliability

We measured reliability by calculating Cronbach’s coefficient alpha and McDonald’s omega. The alpha score of FIEQ was 0.873, which was of high reliability and accepted in psychological measurement. McDonald’s omega was 0.878, indicating good internal reliability. The Cronbach alpha score and McDonald’s omega score for each factor were also shown in Table 2, which indicated acceptable reliability for every factor.



2.2.3. Validity

We examined the discriminant validity by comparing the square root of average variance extracted (AVE) and correlation coefficients. Table 3 presented the root value of each factor’s AVE and the correlation coefficient between factors. Overall, the root values of AVE scores of all factors were larger than their correlation coefficients, which indicated a good discriminant validity for FIEQ.



TABLE 3 The results of AVE and correlation coefficient.
[image: Table3]





3. Study 2


3.1. Methods

In study 2, we aimed to validate FIEQ and explore differences in factor importance based on a new data sample, which contained more participants from a diverse population. This cross-sectional study collected survey data through an online questionnaire. Considering that gender and educational level are commonly acknowledged factors associated with vaccination intention (33), identifying the appropriate target group based on these attributes can contribute to a more effective vaccination promotion.


3.1.1. Recruitment

We recruited participants by releasing questionnaires on the iSurveylink in October and November 2021, coinciding with the third wave of the pandemic (19). FIEQ consisted of 20 items, which were retained by EFA in Study 1. We recoded these items from 1 to 20 (please see Appendix 3) and used the seven-point Likert-type scale which was the same as Study 1. Each participant was required to respond to every item in FIEQ and rate their degree of agreement from one (strongly disagree) to seven (strongly agree). Our study was approved in advance by the Ethics Committee of the Institute of Psychology, Chinese Academy of Sciences (approved number: H15009).



3.1.2. Statistical analysis

We used SPSS to conduct descriptive analyses and compute Cronbach’s alpha score and McDonald’s omega score. Furthermore, we performed confirmatory factor analysis (CFA) using the Statistical Product and Service Software Automatically (SPSSAU). SPSSAU is a web-based data science algorithm platform tool that can be used to conduct multiple data analyses, such as Analysis of variance (ANOVA) and regression analysis. We chose to employ maximum likelihood estimation in CFA. This estimation strategy performed well when the model was reasonably accurate and the sample size was reasonably large (34), which was widely used in CFA studies (35–37). We adopted the acknowledged criteria to assess the model fit (38, 39). Specifically, an acceptable model fit was suggested if the CMIN/DF value was less than five, the values of the goodness of fit index (GFI) and adjusted goodness of fit index (AGFI) were higher than 0.90, the value of root mean square error of approximation (RMSEA) was below 0.10 and the standardized root mean square residual (SRMR) value was below 0.05.

Researchers have previously recommended treating Likert scale responses as continuous variables and calculating a total score or mean score for each factor (40). Therefore, we calculated the mean score of item responses for each factor, an operation commonly performed in previous studies containing multiple domains (41–43). Subsequently, a student’s t-test was conducted to explore the differences in the evaluation of factor importance between males and females, while ANOVA with post hoc Bonferroni was employed to investigate differences among people with different education levels.




3.2. Results

A total of 1,589 participants took part in this study, with 93 questionnaires being excluded due to their abnormal answer time. The final sample size consisted of 1,496 participants, and a descriptive analysis of the sample was shown in Table 4. For detailed information of the FIEQ responses, please refer to Appendix 4.



TABLE 4 Descriptive analysis of the data sample in study 2.
[image: Table4]

The four-factor structure of FIEQ was verified via CFA after adding two covariance errors and fit indicators were shown in Table 5. Besides, we used Cronbach’s alpha and McDonald’s omega to measure internal consistency. The Cronbach alpha score was 0.730, which was acceptable reliability in the psychometric field. McDonald’s omega was 0.703, indicating adequate internal consistency (44).



TABLE 5 Fit indicators for FIEQ.
[image: Table5]

For the difference examination of factor importance in terms of gender, results were shown in Table 6. No significant difference was found in each factor between males and females.



TABLE 6 T-test result.
[image: Table6]

Table 7 showed the differences in factor importance among individuals with different levels of education. Three factors showed significant differences across various education levels, including Factor 1 (F = 3.786, p = 0.005), Factor 2 (F = 17.449, p < 0.001), and Factor 3 (F = 2.508, p = 0.04). Specifically, individuals with bachelor’s degrees reported significantly higher scores on both Factor 1 and Factor 3 compared to those with a high school diploma. Regarding Factor 2, people with bachelor’s degrees, and master’s degrees and above scored higher than those with a high school level of education or below. Additionally, people with bachelor’s degrees reported Factor 2 as more important than individuals with a college degree. And individuals with a college degree scored higher on Factor 2 than those with junior high school education and below.



TABLE 7 ANOVA result.
[image: Table7]




4. Discussion

This study explored how influencing factors related to COVID-19 vaccination intention were weighed among Chinese participants during the COVID-19 pandemic. Specifically, a measurement tool named FIEQ was developed and validated to measure the importance of COVID-19 vaccine-related factors. By conducting a factor analysis, the factors people consider when deciding to get vaccinated were grouped into four main categories. No significant difference in factor importance was found between male and female participants. However, people with different education levels showed varied evaluations of factor importance.

Perceived benefits and social norms.
 The first factor, “perceived benefits and social norms,” consists of seven items. This factor encompasses the benefits people expect to receive after vaccination, such as financial incentives, special badges, and travel convenience, as well as certain rules or behaviors that are deemed required and encouraged within a community or society. Examples of this factor include statements like “If my Health Code will become different after being vaccinated with the COVID-19 vaccine, then I will be more willing to get the vaccine” and “The government and official media’s policy of advocating vaccinations against COVID-19 will increase my willingness to vaccinate.” Researchers have acknowledged the rationality of providing financial incentives as it could compensate for the indirect expenses of getting vaccinated and motivate some individuals to overcome their inertia (45). Moreover, social norms have been identified as a crucial factor that affects people’s vaccination intention in previous research (46, 47). These social norms may stem from recommendations from the government, family, or friends (46, 47), which aligns with the findings of our study.

Perceived influences from reference groups.
 The second factor, “perceived influences from reference groups,” includes five items. This factor underscores the influence of individuals and groups that people value and endorse. When individuals consider getting vaccinated, they value and seek the opinions of these people or groups. Reference groups are groups that indirectly or directly affect a person’s values, attitudes, and behaviors, including friends, teachers, or public figures. For example, “Compared to the official media, I prefer to believe in the opinions of some self-media figures, who have a certain number of fans and are engaged in science-related content, or netizens who have been vaccinated against COVID-19.” Other studies have yielded comparable findings, such as mistrust in authority (48) and reluctance to believe traditional information sources (49). These results emphasize the importance of unofficial media and manifest the low credibility levels of some groups, which is consistent with our results. Furthermore, several studies have indicated that the opinions of the majority hold significant sway (9, 50), findings echoed in our own research.

Perceived risks.
 The third factor, named “perceived risks,” is composed of five items. This factor pertains to the perceived risks associated with COVID-19 and the vaccination. Specifically, the perceived risk of COVID-19 vaccination itself is a significant influencing factor, and the assessment of risk by one’s surroundings could also impact the attitude regarding vaccination to some extent. For example, “If the domestic epidemic outbreaks again and the risk of infection increases, then my willingness to vaccinate against COVID-19 will be greatly improved.” Recent studies have yielded similar findings (51, 52). Moreover, Wu and colleagues have proposed that weighing the possibility of vaccine side effects against one’s perceived risk of contracting disease is a key decision-making process when considering vaccination (53). This opinion underscores the cognitive process of assessing perceived risks associated with vaccination.

Vaccine safety.
 The fourth factor, labeled “vaccine safety,” contains three items. This factor stresses the significance of how individuals perceive the safety of COVID-19 vaccines when deciding to receive them. Contraindications, explicit age-group limitations, and potential side effects can all influence an individual’s judgment regarding vaccine safety. For example, “I hope that specific explanations to certain people who have vaccination restrictions could be given when promoting the COVID-19 vaccine, such as the reasons why older adults were not allowed to vaccinate before.” Vaccine safety has also been recognized as a key influencing factor in vaccination willingness in numerous previous studies (51, 54, 55). As such, researchers have emphasized the need to enhance the perception of vaccine safety to promote vaccine uptake (56). To accurately reflect the safety profile of the vaccine, researchers suggest implementing surveillance programs of adverse events (57, 58) and systematic use of causality assessment (59). By providing scientific and practical evidence for limitations and possible side effects, these programs could bolster the perceived vaccine safety and increase public confidence in the vaccination program.

In this study, we found no significant differences between males and females in terms of evaluating factor importance. This finding indicated that gender might not influence how people weigh factors related to COVID-19 vaccination intention. It implies that attention should be given to other characteristics, such as the educational level, when designing tailored public health communication messages. Besides, perceived benefits and social norms, perceived influences from reference groups, and perceived risks were found to be more highly valued by people with higher educational levels. Education offers various health resources that may be contributing to people’s responses to COVID-19 vaccine-related influencing factors (60). As researchers have suggested, education is related to knowledge, credentials, social networks, cognitive resources, and cultural resources (60, 61), which provide a plausible explanation for the differences in factor importance. However, people with different education levels did not evaluate the importance of vaccine safety differently. This finding suggested that vaccine safety seemed to be a common concern regardless of educational level. Given that the COVID-19 vaccine has been developed in a considerably short time frame, and its long-term effects are still unknown, such concern may be understandable.

A previous study examined the effects of different message appeals for COVID-19 vaccine uptake and suggested that preferences for particular appeals may vary by different audience segments (62). These findings inform the heterogeneity of factor importance among subgroups and complement the rationality of questionnaire development. To the best of our knowledge, the FIEQ developed in our study is the first validated measurement tool to measure how individuals weigh influencing factors associated with COVID-19 vaccination intention. This study provides a comprehensive construct containing four key factors associated with COVID-19 vaccination intention. FIEQ could be used to examine the effects of each key factor by self-report.

This study contributes to a more targeted approach to promoting vaccine uptake. First, although many influencing factors have been identified in previous studies, determining the relative importance of each factor for individuals is still difficult. In the absence of such information, practitioners would be uncertain about where to direct their resources and what should be prioritized (63). We suggest the FIEQ developed in our study could provide evidence-based instruction for selecting effective influencing factors and help address the concerns in an individualized way. For example, public health workers can use FIEQ to identify essential factors for a specific group. Supposing that people score higher on “perceived risks,” public health workers could prioritize explaining and clarifying the risks of the COVID-19 vaccine in the subsequent vaccination campaign. Besides, findings in this study also indicate that three key factors would work more effectively for people with higher education levels than those with lower education levels.

Furthermore, considering the importance level could help clarify the effects of influencing factors in communication intervention studies. When researchers plan to examine whether messages containing an influencing factor would be helpful in increasing vaccination intention in an experiment, we suggest researchers measure the importance of the influencing factor to confirm the homogeneity among participants, which might enhance the impact of the factor. To conclude, this study could contribute to a more precise and nuanced understanding of people’s perspectives on vaccine uptake and provide a further impetus to targeted vaccination interventions.

Our study also has some limitations. First, FIEQ is developed for the COVID-19 vaccine and may not be generalizable to other infectious diseases, but our method could serve as a useful point of reference for future research on other diseases. Second, as our study was conducted in China, applying FIEQ elsewhere requires prudence. Nevertheless, with proper modification and cross-cultural adaptation, FIEQ may still convey meaningful insights into the critical motivators of COVID-19 vaccination. Besides, the sample used in this study was limited to people with access to the Internet and electronic devices. Therefore, it may introduce a bias related to socioeconomic status and education and may not be fully representative of the Chinese population, thus, restricting the generalizability of our findings. Future studies should test the psychometric properties of FIEQ with more diverse samples. Furthermore, researchers should consider more personal characteristics, such as income, residential location, and occupation, to better clarify the effect of each variable and control the potential confounding factors. Additionally, vaccination behavior may be an important variable for assessing influencing factors and should be accounted for in future studies. While our study primarily focused on identifying communication contents for vaccination, we acknowledge that the means of communication matters as well. In this regard, future researchers should consider the effects of mass media on vaccination promotion.



5. Conclusion

In this study, we explored how the importance of influencing factors related to COVID-19 vaccination intention would be weighed and examined the differences in gender and educational level among Chinese participants. First, we developed the Factor Importance Evaluation Questionnaire, a validated measurement tool with a four-factor construct. Then, we used FIEQ to explore the potential role of demographic characteristics in the evaluation of factor importance. Results showed no difference in factor importance between males and females. However, individuals with different educational levels reported significantly different evaluation scores of factor importance in three factors. This study provides a comprehensive construct of influencing factors associated with COVID-19 vaccination intention. As such, it offers important insights that could assist public health workers in promoting vaccination. Furthermore, the multifaceted nature of vaccination uptake requires attention to organizational and educational aspects, as they were crucial for the awareness and accessibility of vaccination programs (64, 65). This study would provide valuable insights into vaccination promotion strategies and offer personalized information for the development of targeted approaches.
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Background: Older adults, particularly those with dementia, are at the greatest risk for being affected by SARS-CoV-2. Despite the Chinese government’s efforts to encourage older adults to receive SARS-CoV-2 vaccines, the vaccination rate, especially among older adults with dementia, remains low.

Objective: This study aimed to examine the willingness and attitudes towards vaccination among guardians of older adults with dementia and to uncover the factors that may have influenced attitudes towards vaccination during the 2022 Omicron Variant of SARS-CoV-2 outbreak in Shanghai, China.

Methods: We conducted a cross-sectional study using self-administered anonymous questionnaires to guardians of dementia patients in three settings: psychogeriatric inpatient wards, long-term care facilities, and home settings from April to May 2022. The primary outcome was participants’ willingness to allow dementia patients to receive SARS-CoV-2 vaccines. Logistic regression analyses were used to identify factors associated with vaccination willingness.

Results: A total of 327 valid questionnaires were collected. The vaccination rate among participants from long-term care facilities (12.9%) was lower than those in the psychiatric ward (19.3%) or community-dwelling settings (27.1%) (p < 0.05). The guardians’ primary concern was that vaccination would aggravate the health conditions of dementia patients [adjusted odds ratio (OR) = 5.11; 95% confidence interval (CI): 1.86–14.05]. Additionally, negative reports about the vaccination [OR = 3.94; 95% CI: 1.68–9.24], and adverse reactions [OR = 2.50; 95% CI: 1.13–5.52] were related to higher odds of vaccine hesitancy.

Conclusion: Our results showed that low vaccination rates in older adults with dementia were mainly due to their guardians’ concerns about vaccine safety. Our findings first uncovered the actual SARS-CoV-2 vaccination rates among older adults with dementia and may provide potential interventions to reduce unjustified worries towards vaccination.

KEYWORDS
 dementia, older adult, SARS-CoV-2 vaccine, hesitation, omicron


Introduction

Omicron, which emerged at the end of November 2021 with a rapid transmission and mutation rate, is the current variant of SARS-CoV-2 (1, 2). It has a medical, public health, and economic crisis worldwide (3, 4). Although novel antiviral agents, such as molnupiravir (5), have been developed, vaccination remains the most effective way to prevent and control the spread of Omicron (6). As the geriatric population usually has various chronic diseases, some individuals experience a very challenging clinical course after infection by SARS-CoV-2. Therefore, vaccination for the older population is prioritized in most countries (7, 8). High vaccination rates can protect both vaccinated and unvaccinated populations by creating herd immunity and reducing the chance of virus mutation. However, people who are reluctant to receive the SARS-CoV-2 vaccine pose a barrier to achieving herd immunity.

The Omicron pandemic has made profound health and socioeconomic impacts on residence in Shanghai since March 2022 (9–11). Although Omicron has a lower chance of developing serious respiratory syndrome, the case fatality ratio (CFR) is still high in the unvaccinated older population (12). In Shanghai, the most populous metropolitan area in China, the local vaccination rates of the older adult population are subpar. As of May 22nd, the fully vaccinated rate for people above 60 years old in Shanghai was 62.11%, and the booster coverage rate was 39.26% (13, 14).

Dementia patients are more vulnerable to SARS-CoV-2 due to their advanced age and high prevalence of comorbidities such as cardiovascular diseases and diabetes (15–18). Moreover, people with dementia usually lack the ability to self-isolate (19–21) or to understand and follow public health guidelines, such as maintaining good hygiene, social distancing, and wearing protective masks (22), due to their cognitive impairment and/or mental behavioral symptoms (23, 24). Previous studies have shown that people with dementia are twice as likely to be at risk for SARS-CoV-2 compared to the general older adult population (25). Therefore, vaccination is particularly important for this group of people, but studies are limited.

To date, there has been a lack of data on SARS-CoV-2 vaccination willingness and coverage among people with dementia in China. This information is urgently needed to understand the current vaccination situation and facilitate more efficient vaccination strategies. In this study, we report the vaccination coverage of people with dementia, their guardians’ willingness, and reasons for hesitancy, in order to provide evidence to inform vaccination strategies.



Materials and methods


Study design and sample

A cross-sectional study was conducted among guardians of older adults with dementia in Shanghai, China, between April and May 2022.

Guardians are defined as family members who are responsible for making decisions for the person living with dementia. Data was collected from guardians of older adults with dementia from three settings: psychiatric wards, long-term care facilities, and community-dwelling settings through the Questionnaire Star website1 and online questionnaires using a convenient sampling method. Respondents were informed that their participation was voluntary, and consent was implied upon completion of the questionnaire. Criteria for inclusion of respondents consisted of: (1) Guardians who can decide on vaccination for an older relative diagnosed with dementia and (2) Guardians who must be older than 18 years of age and able to provide informed consent. Exclusion criteria included: (1) Duplicate answers, (2) answer time less than 90 s, and (3) incomplete questionnaires (with more than 20% missing data). A total of 400 questionnaires were distributed and 327 completed surveys were received.



Measures

The first draft of the questionnaire was formed through literature review and family interviews, and the dimensionality of the questionnaire entries was assessed by three specialists, one nurse and two social workers at the Shanghai Mental Health Center, respectively. It was also tested by two non-researchers to ensure that the entries were comprehensible. The questionnaire is in simplified Chinese so that guardians can fully understand all entries.

The first part of the questionnaire collected demographic and sociological information, include the role of guardian (couple = 1; adult children = 2; non-immediate family = 3), age (≤60 = 1; >60 = 2), gender (male = 1; female = 2), education (Junior Secondary and below = 1; High school = 2; University or above = 3), as well as the patient’s age (60–69 = 1; 70–79 = 2; 80–89 = 3; over 90 = 4), chronic diseases in older adults (no = 1; 1kind = 2; 2 or more = 3) and whether the patients been vaccinated against SARS-CoV-2.

The second part of the questionnaire collected the respondents’ willingness to let the older adults with dementia receive the SARS-CoV-2 vaccine.

Dependent Variable. If the patient is not vaccinated, the patient’s willingness to let patients receive the SARS-CoV-2 vaccine was assessed using one item: “Do you want the patient in the hospital to be vaccinated against SARS-CoV-2?” The items are divided into two categories: willing(code as 0) or hesitant(code as 1).

Independent variables. The worry about vaccination, contains eight items. “Greater susceptibility of older patients to the virus, “Greater illness severity for older patients”， “Greater illness severity for patients with other underlying conditions, “Greater illness severity for unvaccinated patients, “side effects from the vaccine, “Negative interactions between the vaccine and current prescribed medications”， “Concern about the vaccine causing dementia worse, “Concern derived from negative messaging from various sources about vaccination.” The items are coded as Yes(1) and No(0).

Attitudes towards vaccines consist of five items. “Trust of the vaccine’s safety,” “Opinion of the vaccine efficacy, “Opinion of the vaccine’s capability to prevent disease, “The reduction of possibility of severe illness, “Dementia as a contraindication for vaccination.” The items are divided into three categories: Yes (code as 3), hesitant (code as 2), and No (code as 1).

The questionnaire was distributed on social media family groups and newsletters for clients. Informed consent was embedded at the beginning before of the questionnaire. To ensure data quality and the validity of the responses, we received some responses and then adjusted the settings of the questionnaire. First, the questionnaire was only accessible to participants who provided a cell phone number, and participants were unable to complete the questionnaire more than once. Secondly, in the questionnaire, we emphasized that eligible respondents must be guardians who oversee a dementia patient, that is, making decisions for the dementia patient, including vaccination.



Statistical analysis

Statistical analysis was performed using SPSS 24.0. Measurement data were profiled by frequency and percentages, Chi-square test (χ2) was used to compare differences between groups, and chi-square post hoc test was used for differential results. A logistic regression equation was constructed with Willingness to vaccinate as dependent variable: The first group was those who were willing to vaccinate, coded as 0. The second group included people who were hesitant, coded as 1. The independent variables were: guardians’ education, patient’s age and worry about vaccination and attitudes towards vaccines containing 13 items. p < 0.05 was considered statistically significant. GraphPad Prism was used for mapping.



Ethical considerations

This study was carried out in accordance with the recommendations of the “Shanghai Mental Health Center ethical standards committee on human experimentation” with consent from all subjects. The protocol was approved by the “Shanghai Mental Health Center ethical standards committee.”




Results


Study sample characteristics

A total of 327 participants joined the Guardian Survey. Among them, 88 had a dependent from hospitals, 132 from long-term care facilities, and 107 from families. Close to three-fourths of guardians (n = 244, 74.6%) were mainly adult children. Most of the study participants were age ≤60 years (67.3%), female (66.7%), and had a university degree or higher (72.2%). Most adults with dementia (40.1%) were between the ages of 70 and 79. The percentage of dementia patients with one or more underlying health conditions was 39.1 and 22.6%, respectively.

There was no significant difference in guardian status, age, and age of the older adult with dementia under different sources (p > 0.05). However, there were statistical differences between the three groups in terms of guardian sex (x2 = 14.95, p = 0.001), level of education (x2 = 11.27, p = 0.024) and the number of underlying diseases in older adults (x2 = 18.45, p = 0.001).

There were a gender differences between the guardians of the older adult at home and the guardians of the older adult in long-term care facilities and hospitals. For example, the proportion of female guardians among the older adult at home was significantly larger than in long-term care facilities and hospitals. There was a significant difference between home and long-term care facilities in the educational attainment of guardians and whether older people with dementia had underlying health conditions. Guardians of older adults living at home were significantly more educated than those in long-term care facilities. The proportion of people without underlying diseases was lower than those in long-term care facilities. There was no significant difference between the remaining groups. Details of each group are provided in Table 1.



TABLE 1 Characteristics of guardians and patients in the sample.
[image: Table1]



Vaccination rate of people with dementia by care setting

In Figure 1, the overall vaccination rate was highest among the community living older adults at 27.1%, followed by hospitals at 19.3%, and long-term care facility at 12.9%. The highest percentage of booster immunizations completed was among older adults at home at 21.5%, followed by those in long-term care at 3.0%, and hospitals at 2.3%. The completion rate of two doses was 17.0% in hospitalized older adults, higher than those in the other two groups. See Figure 1 for more details.
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FIGURE 1
 Vaccination rate of people with dementia by care setting.




Guardians planning future vaccination options

A total of 260 patients were not vaccinated in the study, with 42% of guardians willing to vaccinate patients in the future and 58% expressing hesitation. There were no significant differences between the two groups related to the guardians, age, sex, and presence of underlying diseases in dementia patients (p > 0.05).

Moreover, there were significant differences in guardian vaccinated COVID-19 vaccine(x2 = 12.98, p = 0.00). The age of patients with dementia had different effects on the guardian’s willingness to vaccinate (x2 = 5.44, p = 0.14). Details of each group are provided in Table 2.



TABLE 2 Characteristics of the sample group without vaccination.
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Vaccination intentions related to vaccination apprehension and vaccine knowledge

Significant differences were found between the consent and hesitation groups for the options of “guardian concerns about negative vaccine news,” “vaccination aggravates cognitive impairment,” “vaccine-induced drug interactions,” and “concerns about vaccine side effects.” Among them, the percentage of hesitation group was significantly higher than the consent group. Differences were shown between the options “unvaccinated people are more likely to develop serious symptoms,” “older people are more likely to develop serious symptoms,” and “older people are more susceptible to SARS-CoV-2 infection.” See Figure 2 for more details.
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FIGURE 2
 Hesitancy and vaccine knowledge compared to willingness to get vaccinated.




Factors influencing guardians’ vaccination intentions for older adults with dementia

Logistic regression was used to investigate the factors affecting guardians’ hesitation. The results showed that the main factors of vaccination hesitation were guardians’ concern about side effects of the vaccine (OR = 2.50, 95% CI:1.13–5.52, p = 0.023), worsen dementia by the vaccine (OR = 5.11, 95% CI:1.86–14.05, p = 0.002), negative news about the vaccine(OR = 3.94, 95% CI:1.68–9.24, p = 0.002). However, those who thought possibility of severe illness obtaining without vaccination was higher were more willing to agree to the person with dementia being vaccinated (OR = 0.25, 95% CI: 0.11–0.58, p = 0.001) Figure 3.




Discussion

Our study revealed that 27.1% of people with dementia living at home were vaccinated, with the lowest vaccination rate of 12.9% found among those residing in long-term care settings. The vaccination completion rate for older adults was influenced by guardian education; higher vaccination rates were observed among guardians with junior middle school education or below, while lower rates were seen among those with a college degree or above. Patients aged between 70 and 79 without chronic diseases were more likely to have their families complete the vaccination process. The willingness of guardians to vaccinate patients significantly improved with medical support, indicating that even when a patient is acutely hospitalized for dementia, it does not impact the family’s decision to vaccinate the older adult (See Figure 3).
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FIGURE 3
 Logistic regression analysis of influencing factors of vaccination hesitancy.


Guardians who did not arrange for vaccinations for the older adults cited concerns such as negative news about the vaccine, vaccine-induced drug interactions, vaccine side effects, the exacerbation of dementia due to vaccination, and the belief that dementia was a contraindication for vaccination. Guardians were less likely to choose vaccination for patients aged 80 and above in the future. The willingness to not give vaccines to patients with dementia in the future was 81.3% for those whose guardians had not vaccinated COVID-19 vaccine. For those whose guardians were vaccinated themselves, the willingness to not give vaccines to patients with dementia in the future was 52.8%.

Our findings, which showed that only 19.2% of older adults with dementia were vaccinated, revealed disparities when compared to national data in China or citywide date in Shanghai. Nationwide, 86.44% of individuals over 60 are fully vaccinated in China (26) and the number is 62.11% in Shanghai. This proportion of vaccinated dementia in Shanghai is much lower compared to the 91.2% of individuals in the United States (27). This may be attributed to the specific characteristics of people with dementia, whether living at home or in long-term care facilities, who require a guardian to make appointments by proxy, sign consent forms for vaccination, and accompany them to designated vaccination locations.

Vaccines play an important role in reducing the incidence of SARS-CoV-2 and related deaths among older adults with dementia (28). However, this study indicates that Shanghai has the lowest vaccination rate among dementia patients in long-term care facilities, at 12.9%. In comparison, 81.4% of nursing home residents in the United States and 78.2% in some nursing homes in France have been vaccinated (29, 30), much higher than the rates for dementia patients in our long-term care facilities. This disparity may be due to the stigma attached with dementia as a disease (31), challenges in caregiving, and difficulties coordinating the vaccination process. Our results further demonstrated that guardians were more likely to express passive willingness to vaccinate with medical support rather than active willingness to vaccinate.

With dementia patients unable to make vaccination decisions for themselves due to the nature of their disease, the guardian’s will becomes increasingly important. The study results demonstrated that among all age groups, families were most willing to vaccinate patients aged 70 to 79, while relatives were least willing to vaccinate patients aged 80 to 89. Additionally, guardians younger than 60 were more likely to choose vaccination than those older than 60. Our team has previously shown that older adults’ concerns about outbreaks fluctuate over time. They were not very worried at the beginning of the pandemic, but their concerns have gradually increased as the pandemic has continued (32). This may explain why older guardians in our study were less willing to vaccinate people with dementia. Furthermore, older adults have greater confidence in the government’s pandemic control strategy (33). The reasons for hesitating to vaccinate were similar to those of other young adults and older people in Shanghai (34, 35), such as exposure to negative news about the vaccine, concerns about vaccine-induced drug interactions, and worries about side effects.

The European Alzheimer’s Association has been advocating for prioritizing dementia patients to receive the SARS-CoV-2 vaccine (36). However, our study reveals that the perception of vaccinations exacerbating dementia or that dementia is a contraindication to vaccinations remains a major concern for families of people with dementia. This suggests that we need to target vaccinations for people with dementia at a later stage, involving medical professionals to communicate the benefits and provide support for the vaccination process.

Fifty-eight percent of dementia patients were not vaccinated, and their guardians did not intend to vaccinate them in the future. In a separate study of SARS-CoV-2 vaccinations among Shanghai residents, participants were more reluctant to vaccinate older adults in their homes, similar to our findings (37). Guardians of people with dementia are hesitant to vaccinate due to concerns about vaccine side effects, negative news, and the perception that vaccinations exacerbate dementia. Emphasizing the necessity and safety of SARS-CoV-2 vaccinations among guardians and the need for the public health sector to better understand and interpret vaccination contraindications for such older individuals is crucial.

To our knowledge, the current study was the first to report vaccination rates in older adults with dementia and the influential factors for guardians’ vaccination decisions. Our results are noteworthy for understanding the reasons behind vaccination hesitancy among guardians of older adults with dementia, enabling the promotion and popularization of scientific knowledge to increase guardians’ willingness to vaccinate those with dementia.

Like all studies, ours had several limitations. Firstly, we did not investigate the potential impact of vaccine types on the willingness to get vaccinated. Data on the efficacy of various vaccines for this specific population was not available at the time of the questionnaire distribution. In future surveys, we will include the vaccine type preference as a factor. Secondly, our data sample was drawn from the geriatric department of the Shanghai Mental Health Center, the cognitive impairment care center, and guardians of homebound patients. All these patients had received a confirmed diagnosis of dementia after proactively seeking medical care. Given the relatively low rate of dementia consultations in China, this cohort may not be representative of all dementia patients. These families, who have sought medical assistance, likely possess a higher understanding of dementia and express a greater concern for the adults. Additionally, we conducted this survey in Shanghai, a region with generally higher educational levels than other parts of China. Therefore, our data might inherently be skewed and may not truly represent the views of all guardians of dementia patients. Thirdly, we conducted the survey through an online questionnaire, which was voluntary, creating potential for bias in the responses. Guardians’ preferences may change over time, and this might not be reflected in the original survey responses. In future studies, we plan to directly engage the guardians of dementia patients, addressing their real concerns regarding vaccination through face-to-face, semi-structured interviews.



Conclusion

Vaccination rates for SARS-CoV-2 are notably low among people with dementia, particularly those residing in long-term care facilities. With the support of medical supervision, hesitancy among guardians can be significantly reduced, resulting in 42% of guardians potentially opting for vaccination later. Factors such as the patient’s age, vaccine concerns, and misperceptions contribute to vaccine hesitancy among family guardians. Our findings shed light on the low vaccination rates observed among older individuals with dementia in Shanghai and can help inform future policy and practice initiatives aimed at promoting vaccination in this vulnerable population.
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Introduction: The Italian mass COVID-19 vaccination campaign has included children aged 5–11 years as part of the target population since December 2021. One of the biggest challenges to vaccine uptake was vaccine hesitancy among parents and children's caregivers. Primary care pediatricians (PCPs), as the first point of contact between the National Health Service (NHS) and parents/caretakers, initiated various communication strategies to tackle this hesitancy. This study aims to evaluate the impact of a PCP-led social media intervention and a digital reminder service (DRS) on parental hesitancy regarding vaccinating their 5–11-year-old children against COVID-19.

Methods: A prospective cohort study was designed, and the chosen target populations were parents and caretakers of children aged 5–11 years. Two PCP cohorts were recruited. The first group received a social media intervention and a DRS; while the second group did not. Both cohorts had access to traditional face-to-face and telephone-based counseling. The vaccination coverage rate in the two groups was evaluated.

Results: A total of 600 children were enrolled. The exposed cohort (277 patients) received social media intervention, DRS, and counseling options (face-to-face and telephone-based), whereas the non-exposed cohort (323 patients) received only counseling options. In total, 89 patients from the exposed cohort did not receive any dose of the COVID-19 vaccine (32.5%), 165 were fully immunized (59.5%), and 23 received only one dose (8.5%). A total of 150 non-exposed patients did not receive any dose of the COVID-19 vaccine (47%), 147 were fully immunized (45.5%), and 24 only received one dose (7.4%). The difference between the two groups was statistically significant (chi square = 11.5016; p = 0.0006).

Conclusion: Social media and DRS interventions had a positive impact on vaccine uptake and may be helpful in tackling vaccine hesitancy. Better-designed studies are needed to corroborate these findings.

KEYWORDS
vaccine hesitancy, COVID-19, social media, vaccine campaign, primary care setting


1. Introduction

The Italian universal COVID-19 vaccination campaign was launched in December 2020, targeting adults and older people. After 1 year, vaccination was also extended to the pediatric population of 5–11 years of age. However, shortly after the authorization granted by the Food and Drug Administration and the European Medicines Agency, a wave of vaccine hesitancy arose nationwide: vaccine hesitancy refers to the delay in accepting or refusing vaccinations (1), despite the availability of vaccination services (2) and is a potential threat to coverage. In Apulia, a southern region of Italy, COVID-19 vaccine pediatric hubs were set up in various locations (e.g., schools and gyms) around Apulian cities. Primary care pediatricians (PCPs) were in charge of delivering the vaccine. According to the national guidelines, the regional Apulian government offered two 10 μg doses of the Comirnaty vaccine administered 21 days apart, free of charge, to children aged 5–11 years.

Extensive research has been conducted on the importance of primary care doctors in increasing vaccine acceptance. Recent studies reveal that these family physicians are a trusted source of information and play a vital role in addressing vaccine hesitancy (3). Being the first point of contact with the National Health System for most individuals, general practitioners and PCPs bring healthcare closer to the public. According to the Alma-Ata declaration in 1978 and various studies (4), primary care is the critical link to a flourishing healthcare system. There is a proven relationship between robust primary care and better population health outcomes (5). Multiple authors have emphasized, for example, the importance of primary care in increasing vaccine uptake. However, despite this knowledge, there are still barriers to achieving this goal; for example, combining research and good clinical practice in primary care (6). Research shows that effective communication is essential in increasing vaccine acceptance among parents who are hesitant (7–9). Physicians are critical in providing information and support to address vaccine safety and effectiveness concerns, as they are often asked about these issues. Communication strategies can take various forms, including traditional one-on-one counseling and utilizing social media and instant messaging as new communication channels.

The use of social media as a source of information has increased during the COVID-19 pandemic. However, there is a need for further research to study its impact on physician–patient communication, particularly in primary care settings (10).

The purpose of this study is to examine how social media intervention and digital reminder service (DRS) impact the rate of COVID-19 vaccination uptake among children aged between 5 and 11 years in a primary care setting. In addition, the study compares the results of using these services to the results of not using them.



2. Materials and methods

We have conducted a longitudinal cohort study for 4 months, from 16 December 2021 to 30 March 2022, in two pediatric primary care offices (PPCOs) in the Apulia region. This study aimed to evaluate the effectiveness of social media-based intervention and DRS compared to no organized digital intervention. Both groups were given access to traditional in-person or remote vaccination-related counseling during working hours if requested. The intervention was implemented at the PPCO in Margherita di Savoia (ASL BAT), while the other PPCO in Palese (ASL BA) served as the control group. The study included all children aged between 5 and 11 years, who were enrolled at the two PPCOs, at the start of the research, as per the regulations of the local health authority. The catchment area of each PPCO was defined based on its geographical location.

This study focused on children whose parents received social media-based vaccine education interventions to address their concerns about the COVID-19 vaccine. Additionally, they received digital appointment reminders. The social media interventions were created and/or mediated by their PCP and shared through a professional Facebook page (https://www.facebook.com/antoniodimauropediatra) with over 50,000 followers. The page regularly featured posts with reliable vaccine information, including infographics, videos from trusted sources, and Q&A sessions with experts, e.g., the Italian Society of Pediatrics (https://www.facebook.com/societaitalianadipediatria). Other Facebook posts were arranged into short, easy-to-read paragraphs, discussing the risks and benefits of vaccines and news on pediatric COVID-19 and its management. The pediatrician in charge of the ASL BAT PPCO certified the validity and trustworthiness of the content.1 During the study period, a total of 102 posts were published on Facebook. These posts received 462,883 interactive visualizations, 37,915 likes, 5,740 shares, and 3,481 comments. It is estimated that the social network activity reached 1,488,437 Facebook users. This data were extracted through Facebook Insight. Additionally, four active digital messages were sent to parents/caretakers to remind them to vaccinate children on dedicated open days through messaging services, Pediatotem and Whatsapp, as part of the DRS program.

The control group received no specific communication through social media. However, they could receive counseling from their PCP in person or remotely during working hours, if requested. Due to the COVID-19 pandemic, PCPs only saw patients by appointment and did not accept walk-ins.

With an alfa level of 0.05 and a power of 95% to detect an absolute difference of 30% between the coverage of cases and controls, a sample size of 235 in each group was calculated, assuming that 18% of the age group had obtained at least one dose of vaccine, as reported by the US administration in December 2021. The lists of children aged 5–11 years from the two cohorts were obtained from the regional database (EDOTTO), which stores databases of PPCO-registered patients. We acquired information on the administration dates of the first and second COVID-19 vaccine doses from the Apulian vaccination registry (GIAVA) for both groups. However, some of the data were missing or only partially available. Unfortunately, we were also unable to access individual-level age data due to aggregation. In addition, data on sex were missing, so we had to rely on names to retrieve individual-level data, which may have introduced some inaccuracies. To connect the data, we used Microsoft Access to link it through a primary key. All data were anonymized for privacy purposes. We only included children who had received two vaccine doses when calculating the coverage. Those who had received only one dose were not included. The data were collected on 30 March 2022 and analyzed using SPSS 28 software. We compared the percentage of fully vaccinated children in the exposed group to that of the non-exposed group. We used the Pearson chi-square test to determine whether the difference was significant. A p < 0.05 was considered statistically significant.



3. Results

A total of 600 patients aged 5–11 years were included in the study. In total, 277 patients were registered to the PPCO of Margherita di Savoia (exposed cohort), of which 49% were boys and 51% were girls.

In this cohort, 89 patients did not receive any dose of the COVID-19 vaccine (32.5%), 165 were fully immunized (59.5%), and 23 received only one dose (8.5%). The total number of children aged 5–11 years registered to the Palese PPCO (non-exposed cohort) was 323, of which 45% were girls and 55% were boys. In total, 152 did not receive any dose of the COVID-19 vaccine (47%), 147 were fully immunized (45.5%), and 24 only received one dose (7.4%). The results are shown in Figure 1.
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FIGURE 1
 Proportions of fully immunized, partly immunized, and non-immunized children compared between the two cohorts (The pink color represents the exposed group, and the blue color represents the unexposed).


The proportion of children fully immunized in the exposed cohort was 59.5%, while in the non-exposed cohort, only 45.5% were fully vaccinated. The proportion of the difference between the two groups was 14%, and there is strong evidence that this difference might not be due to chance (chi square = 11.5016; p = 0.0006). The odds ratio calculation yielded a value of 1.8 (95% CI: 1.2; 2.5), suggesting that parents exposed to this intervention are 80% more likely to vaccinate their children. However, confidence intervals are wide, indicating a significant uncertainty in the estimate.



4. Discussion

Numerous studies have highlighted the negative impact of social media as a source of fake news, misinformation, and conspiracy theories. Research has demonstrated that exposure to vaccine-critical content can decrease the intention to vaccinate. Specifically, users who are exposed to vaccine-critical content for 5–10 min a day are more worried about the potential risks of vaccination compared to those who view evidence-based medical content (11–13).

Many individuals within the healthcare community believe that social media can be an effective tool for disseminating scientific information to a wider audience. Regrettably, this potential benefit appears to be undermined by the growing number of people who use these platforms to promote vaccine hesitancy (14, 15). A thorough review of research studies investigating the connection between social media and COVID-19 vaccination indicates that social media has an overall negative impact on people's willingness to get vaccinated. This study also reveals, however, that vaccine acceptance rates differ depending on which social media platform people use, suggesting that exposure to different types of content might influence vaccine hesitancy (16). While the relationship between social media and vaccine hesitancy is complex and multifaceted, these studies highlight the urgent need for PCPs, other health managers, and healthcare providers to actively work to combat misinformation and promote accurate information about vaccines on social media.

Parents play an essential role in pediatric vaccination uptake and should receive adequate support and information from their healthcare providers, who are highly qualified people to address their concerns. The Center for Disease Control and Prevention (CDC) released guidance on vaccine protection that highlights the importance of parents feeling cared for by physicians who lead by example and can provide both personal stories and scientific facts while taking the time to listen during consultations (17). Without proper guidance, parents may turn to the internet for information about vaccines, which can be risky as they may come across misleading content. Research has suggested that parents who actively seek vaccine information online tend to have more concerns about vaccine safety, effectiveness, and disease susceptibility than those who do not use them (18). According to a study, social groups that had physicians as influencers on social media were more likely to accept vaccines. This suggests a growing need for a “public physician” role on social media, where a physician can represent and share information with the public (16).

Literature studies describing and analyzing the impact of health system interventions on vaccine uptake are scarce, inconclusive, and often not well-targeted: one systematic review discovered that the majority of studies were predominantly focused on individuals with higher levels of education. However, these studies failed to take into account the potential impact of language and cultural differences, which may also contribute to vaccine hesitancy (19). A systematic review by Kaufman et al. shows that intervention could increase early vaccine adherence in populations lacking an understanding of the role of the vaccine. At the same time, their impact is less evident in people whose primary barrier is vaccine hesitancy (20). Primary care settings are potentially valuable places to test the effectiveness of health education interventions (21). Unfortunately, these settings often lack the necessary resources to conduct such studies.

This study has several limitations. First, we could not determine whether the positive impact on vaccination was due to the social media intervention or the digital reminders received solely by the intervention group. While there is existing literature supporting the effectiveness of digital reminders in increasing vaccination rates in children aged 0–5 years and 11–18 years, the data available are scarce for the 5–11 years age group (22). Therefore, we cannot rule out the possibility that the digital reminder was the main factor in boosting vaccination rates, rather than the social media intervention.

The data used in the study were obtained from regional software that only provided information on sex and age, making it difficult to compare the two cohorts at the beginning of the study. There was also no record of any face-to-face or remote counseling that may have taken place. Differences in socioeconomic status, age, gender, and parental attitudes toward vaccination could have influenced the results. To reduce any potential bias, collecting primary data would be beneficial. In addition, exposure to Facebook posts could not be assessed precisely; other social media influencers or web pages might have impacted the willingness to uptake vaccination. Off-line influences were not evaluated, but they are likely to account for a more or less positive impact on the cohorts. Our study was conducted in a region with a highly effective vaccination protocol, so it may only be relevant to certain areas. To confirm our findings, more randomized controlled trials need to be performed. However, our study is valuable because it provides some useful, albeit somewhat confounded evidence on the impact of social media educational interventions in primary care settings.



5. Conclusion

Primary care-mediated social media has the potential to be an effective tool for implementing public health. It can build on PCP trust and reach many patients simultaneously, transcending space and time. Additionally, it tends to provide information in accessible and understandable ways, which can enhance health literacy, ownership, and utility of end users. Although this study shows that social media interventions combined with DRS may increase vaccine uptake, we cannot definitively conclude that they effectively address parental vaccine hesitancy due to the study's limitations. Further research is necessary to fully understand the relationship between social media exposure and vaccination uptake. Additional efforts and resources should be dedicated to exploring this association. To combat vaccine hesitancy and improve vaccination coverage, we call for more ongoing scientific partnerships between universities, local health organizations, and PCPs to develop such innovative solutions.
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Background: Vaccine hesitancy has hampered the control of COVID-19 and other vaccine-preventable diseases.

Methods: We conducted a national internet-based, quasi-experimental study to evaluate COVID-19 vaccine informational videos. Participants received an informational animated video paired with the randomized assignment of (1) a credible source (differing race/ethnicity) and (2) sequencing of a personal narrative before or after the video addressing their primary vaccine concern. We examined viewing time and asked video evaluation questions to those who viewed the full video.

Results: Among 14,235 participants, 2,422 (17.0%) viewed the full video. Those who viewed a personal story first (concern video second) were 10 times more likely to view the full video (p < 0.01). Respondent–provider race/ethnicity congruence was associated with increased odds of viewing the full video (aOR: 1.89, p < 0.01). Most viewers rated the informational video(s) to be helpful, easy to understand, trustworthy, and likely to impact others' vaccine decisions, with differences by demographics and also vaccine intentions and concerns.

Conclusion: Using peer-delivered, personal narrative, and/or racially congruent credible sources to introduce and deliver vaccine safety information may improve the openness of vaccine message recipients to messages and engagement.

KEYWORDS
vaccine decision-making, vaccine hesitancy, COVID-19, personal narrative, race/ethnic congruence, internet-based intervention


Introduction

Vaccine hesitancy and its role in vaccine uptake and also the subsequent control of vaccine-preventable diseases have become a major focus of research and practice (1). Since the convening of WHO's Strategic Advisory Working Group (SAGE) on vaccine hesitancy (2012) and the group's published definition of vaccine hesitancy in 2015 (2), researchers and practitioners in the vaccine community have continued to propose frameworks for measuring (3) and testing strategies to address vaccine hesitancy (3–7). In light of rising attention and efforts to address vaccine hesitancy over the past decade, vaccine hesitancy was formally recognized—prior to the start of the COVID-19 pandemic—as one of the top 10 threats to global health and security (8, 9).

The acceptance or refusal of COVID-19 vaccination—despite the widespread availability of vaccines—has been hampered by beliefs that COVID-19 does not present a serious health risk and a variety of concerns related to vaccine effectiveness and safety (10, 11). Along with sociodemographic factors (e.g., sex, education, race/ethnicity, and age), political affiliation, trust in public health authorities, and receiving the influenza vaccine in the prior year have been identified factors of COVID-19 vaccination (10–13). Despite a plethora of publications on vaccine hesitancy and the piqued interest of both experts and the public, to the best of our knowledge, there are few examples of rigorously tested vaccine communication strategies and interventions that have increased vaccine acceptance (14–16).

Experts agree that addressing vaccine hesitancy is context-specific, requiring tailored interventions that include a range of vaccine communication strategies (7). Patient–provider race/ethnicity concordance—defined as the occurrence of matching patient race/ethnicity and provider race/ethnicity—has been associated with an increased likelihood of care-seeking and continued care-seeking behaviors (17), as well as better patient–provider communication (18). Moreover, in science communication, listeners have been found to delay or not develop counter-arguments when listening to peer/personal narratives (19).

Our study was conducted as a part of the CDC-funded COVID-19 Vaccines Information Equity and Demand Creation (COVIED) program (20–22), a body of work designed to increase COVID-19 vaccination through the use of evidence-based, context-specific/tailored messaging. Based on our previous study on tailored vaccine education using racial/ethnic and gender diverse clinicians as credible sources and animation as a vehicle for conveying vaccine information (23), we conducted an internet-based, quasi-experimental study to evaluate the performance of 11 animated informational vaccine animation videos to address common vaccine attitudes and beliefs. We aimed to (1) evaluate the effect of using peer/personal narrative introductions (24) and (2) examine the role of race/ethnic congruence between the survey participant and a credible source (25) on the viewer engagement and their subsequent evaluation of the animated vaccine video intervention, randomizing on both video characteristics. We hypothesized that (1) introducing COVID-19 vaccine information with a personal narrative and (2) race/ethnic congruence between the survey participant and a credible source would be associated with an improvement in survey participant engagement, including an increase in the time spent viewing video content and positive ratings of video content. Additionally, we explored whether a credible source or participant's race/ethnicity was independently associated with viewer engagement and their evaluation of the intervention.



Methods


Study design

Using real-time interactive worldwide intelligence's (RIWI) patented Random Domain Intercept Technology (RDIT) (20–22), we implemented a national-level quasi-experimental design to evaluate 11 animated vaccine information videos with three variations of each based on different credible sources (i.e., clinical providers differentiating by race/ethnicity) who introduced and concluded each of the videos. A personal story video—narrated by an average peer of survey respondents, i.e., not a clinical provider—was created to precede or succeed eight (of the 11) videos that provided information on a common vaccine concern.



Development of intervention

We developed content tailored to each of the following relevant sub-populations of COVID-19 vaccine decision-makers: primary caregivers of children (i.e., <18 years of age) who have concerns about COVID-19 vaccines for their children, primary caregivers who do not have concerns about COVID-19 vaccines, non-caregivers who have concerns about COVID-19 vaccines for themselves, and non-caregivers who do not have concerns about COVID-19 vaccines. Formative research for our study was conducted using analyses of RIWI RDIT-derived data from two other national-level rapid response surveys designed to ascertain the public's COVID-19 vaccination attitudes and beliefs (21, 22), rapid formative ethnography to elicit insights from sub-populations on the root causes and other related influencing factors of reluctance (and the intention) to receive a SARS-CoV-2 vaccine, and continuous message development and testing. Based on a similar process described elsewhere (23), we collaborated with a scriptwriter to develop evidence-driven video content grounded in the insights gained for each sub-population during our formative phase. We developed 11 animated vaccine informational videos that were refined through an iterative process between the scriptwriter and scientists to ensure content appropriateness, messaging true to current scientific knowledge, and application of defined behavioral theories (23).

All videos included an introduction and concluding message by a clinical provider as well as an animated informational video. Introduction and concluding recordings were performed by three clinicians representing different racial and ethnic backgrounds (Black, White, and Hispanic). The use of a personal story to introduce (or conclude) eight informational videos on COVID-19 vaccine concerns was developed based on the theory of change (26) that by establishing empathy and credibility and briefly addressing specific concerns followed by conveying disease risk and vaccine effectiveness, attitudes toward COVID-19 vaccination would become more positive. The effect is hypothesized to be greater if the message is introduced by a strong and personalized recommendation from a clinical provider (27).



Data collection

We implemented the quasi-experiment from 06 December 2021 to 01 January 2022. We collected participant sociodemographic characteristics and determined video intervention eligibility based on answers to five questions regarding (1) caregiver status, (2) COVID-19 vaccination status, (3) race and ethnicity, (4) presence of COVID-19 vaccination concerns, and (5) intention to get the COVID-19 vaccine among the unvaccinated respondents. Based on answers to these questions, participants were assigned to appropriate message pathways (Supplementary Figure 1). Supplementary Table 1 presents all 11 possible response-specific videos.



Video assignment

Child caregivers were stratified by those with any COVID-19 vaccine concern and those without a concern. All caregivers without any concern were assigned to view a video discussing benefits for the child (Child Benefit video). Caregivers who had a concern about the COVID-19 vaccine and infertility were randomly (3:1) assigned to view a concern video addressing their concern about infertility or the child benefit video. The remaining concerned caregivers were assigned to the child benefit video.

Among non-caregivers, any unvaccinated participant without COVID-19 vaccine concerns was assigned to a video discussing benefits for adults (adult benefit video). Vaccinated non-caregivers with a previous COVID-19 vaccine concern as well as any unvaccinated non-caregivers with a COVID-19 vaccine concern were asked a multiple-choice question—“what are/were your main concerns about the COVID-19 vaccine?”—and could select all that applied. Based on anticipated sample size limits, any participant indicating concern about vaccine ingredients (specifically, fetal cell lines) was automatically assigned to the concern video addressing this specific concern. Participants selecting only one concern were assigned to the associated concerned video. Participants who selected more than one concern (not about fetal cell lines) were randomly assigned to a concern video addressing one of the selected concerns. Participants who selected “other” concerns were assigned to view the adult benefit video. In order to test our theory of change using personal narrative to introduce vaccine risk and safety messages, one out of every eight participants assigned to view a concern video was randomly selected to view a personal story video before viewing the concern video (i.e., seven out of every eight viewed the personal story after).

Unvaccinated non-caregivers without concern about the COVID-19 vaccine were assigned to view the adult benefit video. Clinical provider race/ethnicity was randomly assigned (with equal probability) for all videos. Vaccinated non-caregivers without previous COVID-19 vaccine concerns were asked to participate in a brief survey about COVID-19 vaccine boosters.



Outcomes of interest

We used a continuous measure of the length of time (in seconds) each respondent spent viewing their assigned video and a standardized measure of the proportion of the video viewed based on the total length of each video. The total length included the introduction, informational animation, and concluding message. We then created a dichotomous outcome variable identifying those who fully viewed their assigned video and those who did not. For respondents viewing a concern video, the total length of viewing time included both the concern video and the personal story video.

Participants who completed viewing their assigned video were asked to provide their level of agreement or disagreement using a five-point Likert scale (strongly agree, agree, neither agree nor disagree, disagree, and strongly disagree) with three statements to evaluate their assigned video:

(1) The video was helpful in making a vaccine decision.

(2) I trusted the information in the video.

(3) The video was easy to understand.

Viewers were asked to answer a fourth evaluation question (“how would this video influence others to get vaccinated?”) using a five-point Likert scale (much more likely, somewhat more likely, no impact, somewhat less likely, and much less likely). We opted for a neutral phrasing of the question to avoid any appearance of favor toward or against vaccination. Likert scales were dichotomized for analysis by combining “strongly agree” and “agree” or “much more likely” and “somewhat more likely” to form agree vs. disagree and likely vs. unlikely categories, respectively.



Exposures of interest

The main exposure of interest was a categorical variable classifying respondents according to their assigned video type. For those assigned to any of the concern videos, separate categories were used to indicate whether the personal story video or concern video was viewed first. Sociodemographic characteristics of respondent age, sex, race and ethnicity, and COVID-19 vaccination status (vaccinated vs. unvaccinated), as well as provider's race and ethnicity, were measured. We created a dichotomous variable to indicate racial/ethnic congruence between the provider and the respondent. Respondent location was categorized according to nine regions using Centers for Disease Control and Prevention (CDC) definitions (28).



Statistical analysis

For descriptive analyses, we compared distributions using chi-square and Fisher's exact tests for proportions, Wilcoxon rank-sum for non-parametric data, and Student's t-test for normally distributed data. No covariates had missingness of data exceeding 5%. Analyses were performed using the two-sided significance level (0.05). All analyses were conducted using Stata 16.1 (StataCorp, College Station, TX).

We used multivariable logistic regression to model the log odds of each of our dichotomous outcomes of interest: (1) viewing the assigned video in its entirety vs. not, and the respondent agreed (or disagreed) the following of the video; (2) is easy to understand; (3) is helpful for making vaccination decisions; (4) information is trustworthy; and (5) will influence others to get vaccinated. Table 1 shows video and respondent characteristics included in a backward stepwise selection process using 0.2 as the level of significance. We reviewed both the statistical significance of a fixed term used to control for survey date and interaction terms between provider–respondent racial congruence and provider race (and secondly, respondent race), and the results of a likelihood ratio test comparing extended and nested models that included (and subsequently excluded) a survey data fixed term. We reviewed the residual plots as well as Hosmer–Lemeshow chi-square estimates to evaluate the model goodness of fit. We used a robust variance estimator to adjust for clustering on respondent location (region).


TABLE 1 Demographic, survey, and COVID-19 vaccination characteristics among non-caregivers, stratified by completely viewing the assigned video or not.
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Results


Study population characteristics—descriptive analysis

Among 117,750 individuals who initially reached for participating, 75,616 (64.2%) completed the first five qualifying questions required for video assignment and 14,235 (18.8%) started to view the assigned video, allowing us to evaluate the length of time spent viewing the assigned video (e.g., the proportion of viewers who completed viewing their assigned video). Among those who started, 2,422 (17.0%) completed viewing the full video and answered at least one video and content quality or potential video utility evaluation question.

Among respondents assigned to view a concern and personal story video (4,043 non-caregivers with a COVID-19 vaccine concern), distributions of age, sex, race and ethnicity, COVID-19 vaccination status, COVID-19 booster status among the vaccinated, and intention to get the COVID-19 vaccine among the unvaccinated differed significantly by video viewing completion status (Table 1, left; all p-values < 0.01). Specifically, we observed higher proportions of video completion compared to demographic counterparts among respondents aged 46–55 and 56–64 years of age (19 and 21%, respectively), women (15.8%), self-reporting race and ethnicity as Hispanic/Latinx or Multiple (15–21%), those who were COVID-19 unvaccinated (19%), those who were COVID-19 vaccinated who are planning to get a COVID-19 booster (14%), and those who were COVID-19 unvaccinated and hesitant (delaying or refusing vaccination) (22%).

Among adult benefit video viewers (4,116 non-caregivers with or without a COVID-19 vaccine concern), we observed statistically significant differences in the distributions of age, race and ethnicity, and COVID-19 booster status among the vaccinated by video viewing completion status (Table 1, right; all p-values < 0.01). Mainly, those who were 36–74 years of age (~17%), self-identified race and ethnicity as Multiple (18%), Black (17%), and White or Hispanic/Latinx (15%) and were vaccinated but had not yet received the first COVID-19 booster but planned to (19%) had higher proportions of viewing compared to their younger (12–13%), Asian (9%), Alaskan Native (12%), American Indian (12%), and COVID-19 vaccinated (and have received a booster) (12%) counterparts (Table 1, right).

In Table 2 (left), among caregivers assigned to view the infertility concern video (n = 324), mostly 5–11-year-old children (36%) completed viewing than those aged 0–4 (23%) or 12–17 (18%) years (p = 0.02). No other significantly different distributions were found by video viewing completion status. Distributions of age (p < 0.01), sex (p = 0.01), and race and ethnicity (p < 0.01) differed significantly by child benefit video viewing completion status among 5,752 respondents where greater proportions of 36–64-year-olds (~9%), female (8%), and White (9%), Black (7%), Multiple (7%), Hispanic (7%), or American Indian (7%) completed viewing the video compared to those younger and older than the middle aged (~5%), male (7%), and Asian, Alaskan Native, or American Indian (all 5% completed viewing; Table 2, right).


TABLE 2 Demographic, survey, and COVID-19 vaccination characteristics among caregivers, stratified by completely viewing the assigned video or not.
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Evaluation of viewing completion

In Table 3, the odds of completing the view of the assigned video are adjusted for the assigned video, provider race and ethnicity, and respondent race and ethnicity, sex, age, and COVID-19 vaccination status (vaccinated vs. unvaccinated). When compared to those who viewed the assigned concern video first (personal story second), viewers of the personal story first (concern video second) were ~10 times (p < 0.01) more likely to watch the complete informational animation. Viewers of the personal story first (concern video second) were also ~4.5 times (p < 0.01) more likely to watch the complete informational animation compared to viewers of the infertility concern video, as well as 20 times (p < 0.01) and nine times (p < 0.01) more likely to watch than the viewers of the child benefit and adult benefit videos, respectively. Unadjusted estimates of viewing time measures are provided in Supplementary Tables 2, 3.


TABLE 3 Association between fully viewing the assigned video or positive opinions of the viewed informational video and video and viewer sociodemographic characteristics.

[image: Table 3]

Those viewing introduction/concluding material presented by the Black or Hispanic physician had lower odds of fully viewing the assigned video (58%, p < 0.01; 82%, p < 0.01) than those viewing videos presented by the White physician (Table 3). There was title difference between the adjusted and crude odds ra8os for respondent sex, age, race and ethnicity, and COVID-19 vaccina8on status except that viewers who self-iden8fied as American Indian (AI), Alaskan Na8ve (AN), or Other had lower odds of fully viewing the assigned video (27%, p < 0.01) compared to their White counterparts as did Asian viewers (40% lower, p < 0.01). Those reporting a multi-racial and/or ethnic identity had greater odds of completely viewing the assigned video (aOR 1.30, 95% CI 0.99, 1.71) though the relationship had borderline statistical significance (p = 0.06). Women aged 36–74 years and unvaccinated viewers had increased odds of fully viewing the assigned video compared to their men aged 18–35 years and vaccinated counterparts (aORfemale: 1.29; aOR36−74−years−old range: 1.44–1.76; aORUnvaccinated: 1.32; all p < 0.01).

When adjusting for racial congruence between the provider and the viewer/respondent (Table 4), the odds of fully viewing the assigned video were lower for all videos compared to personal story video first (concern video second) viewers (all p-values < 0.01). Racial congruence was associated with increased odds of fully viewing a video (aOR: 1.89, p < 0.01).


TABLE 4 Association between fully viewing the assigned video or positive opinions of the viewed informational video and video and viewer sociodemographic characteristics that include provider-respondent racial congruence.

[image: Table 4]



Evaluation of video content (post-viewing)

Overall, the odds of evaluating the video positively (easier to understand, helpful for making vaccination decisions, providing trusted information, and influencing others to get vaccinated) were greater among those who viewed the personal story first (concern video second) though the adjusted odds ratio was statistically significant only when asking about the video's influence on others to get vaccinated (1.6 times greater odds, p < 0.01; Table 3). Independently, the provider's race was not significantly associated with a positive evaluation of the videos, whereas respondent race/ethnicity was significantly associated with positive evaluation, and mainly Black, Asian, and Hispanic/LatinX have greater odds (aOR: 1.4–2.1 where p < 0.01) of evaluating the videos positively [and American Indian or Alaskan Native (AI/AN)] or others have a lower odds (≤46% lower odds where p < 0.01) than their White counterparts (Table 3). Racial congruence was associated with increased odds of evaluating the video as influencing others to get vaccinated (Table 4; aOR: 1.14, p = 0.03). When adjusting for racial congruence, female viewers had greater odds (1.3 greater odds compared to males, all p ≤ 0.03) of positively evaluating their assigned videos whereas older adults (75+ years of age; ≤53% lower odds where p ≤ 0.02) and the unvaccinated ones had lower odds ( ≤84% lower odds where p < 0.01; Table 4).



Sub-analyses—potential confounding and effect modifying effects

There was no evidence of a confounding effect of survey time on the primary relationship of interest (p = 0.97). Moreover, we found no evidence that provider race (or respondent race) acts as an effect modifier on the relationship between provider–respondent racial congruence and our outcomes of interest (p > 0.40 and p > 0.30 for provider and respondent race, respectively).




Discussion

Using peer-delivered, personal narratives to introduce vaccine safety information may increase the likelihood that viewers will engage with informational vaccine videos. Despite fewer clear benefits in the likelihood of videos receiving positive evaluations, personal story videos had a consistently improved effect on the likelihood that viewers thought their respective videos would influence others to get vaccinated. Emotional engagement—an important part of communication strategies developed to engage the public for fostering vaccine confidence—has been a central part of health behavior change research and practice (23, 29, 30). Emotional engagement and transparent communication likely serve as important tools for messaging and vaccination program administration, particularly during periods of heightened collective and diverse emotions among the public such as the COVID-19 pandemic (30). Moreover, the use of personal narratives may foster learning environments of openness (open-mindedness) (31) for vaccine messages designed to build general confidence and understanding of evidence-based medicine (32). In light of these findings and previous research that has highlighted the polarization of social media content between positive and negative-toned content on vaccines, especially vaccine-hesitant topics (33), our findings on the influence of peer-delivered, personal narrative to introduce vaccine safety information may be an important area of further research.

Our findings suggest the importance of racial congruence between the patient and the provider in vaccine safety communication and also further support the importance of identifying sub-population attitudes (e.g., by race and ethnicity) and tailoring messages. Race and ethnicity have been identified as factors associated with COVID-19 (and other) vaccine uptake and vaccine hesitancy (25, 34–36). In general, healthcare providers who communicate effectively with patients are known influencers of vaccine uptake (25, 37, 38). However, some evidence supports that persons self-identifying as non-Hispanic White are more likely to receive a healthcare provider's recommendation than racial and ethnic minorities (37). Studies have shown that patients who are racially and/or ethnically concordant with their provider report greater satisfaction, levels of trust, and perceived quality of care (17). Although concordance has been found to affect patients' clinical encounter experiences and relates to better patient–physician communication, there is no general consensus on the positive effect of racial/ethnic patient–provider concordance on patient outcomes (nor specifically on effective vaccine communication) (18). Our study indicates support for this theory.

We found that while unvaccinated respondents were more likely to fully view their assigned video compared to vaccinated respondents, they were also less likely to give positive feedback on video content and usefulness. The majority of unvaccinated respondents (62%) agreed or strongly agreed that the video content was easy to understand, but greater proportions of unvaccinated respondents disagreed or strongly disagreed that the videos were helpful for making vaccine decisions or influencing others to get vaccinated or that the information was trusted than agreed or strongly agreed (69, 68, and 74%, respectively). Even before the COVID-19 pandemic, vaccine hesitancy and refusal were identified as public health concerns (4, 8), with emotion-driven vaccine beliefs spreading across (and even flourish) during the pandemic (30, 39). Regardless of their interest to view the content of our informational videos, deliberate efforts to engage viewers in a positive manner may rather activate emotions that decrease the likelihood of positive feedback (30). Resistance to vaccination is complex, and positive vaccine messages may have unintended and undesirable consequences (25, 40). Rigorous approaches to both measuring latent vaccination attitudes and beliefs and testing interventions for their effect on vaccination behavior (i.e., uptake) are needed and must take the psychology behind health decision-making into consideration (23, 25, 41, 42).


Limitations

Selection bias may have been introduced due to the opt-in, unincentivized design of the study. We explored the distribution of sociodemographic characteristics (Supplementary Table 4) among those who were lost to follow-up (i.e., early drop-out and did not get assigned to a video or did not start viewing the assigned video), noting that the proportion of these individuals are more vaccinated (77.3 vs. 55.0%, p < 0.01) and have fewer reported COVID-19 vaccine concerns than those described in our study sample (26.3 vs. 52.7%, p < 0.01). This may strengthen our findings that suggest the usefulness of our vaccine communication videos among specific sub-populations of the American public, noting that the distribution of intentions to complete the COVID-19 vaccine series or booster were similar between those lost to follow-up and those in our study (Supplementary Table 4). We note that our sample size may have limited our ability to identify statistically significant differences in the odds of viewing the entire assigned video among the multi-racial and/or ethnic subgroup compared to their racial/ethnic counterparts. The focus of this study was on the evaluation of the whole package of information and associations with demographic characteristics and vaccine intentions and concerns. Thus, we were not able to determine if vaccination rates improved in persons who viewed full videos compared to others. Further research is needed to evaluate this question.




Public health implications

Our study findings further support the importance of tailoring vaccine communication strategies to sub-population vaccine attitudes by delivering vaccine messages through trusted, race/ethnicity-congruent providers or other trusted health authorities. Introducing vaccine safety information with peer-delivered, personal narratives may improve the openness of vaccine message recipients to vaccine messages and engagement. Further research is needed to evaluate the effect of vaccine safety informational video packages on vaccine uptake. Additionally, further formative work is needed to explore message engagement among sub-populations that maintain fewer positive views of vaccine safety information.
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Objectives: India’s Covid-19 vaccination campaign engaged frontline workers (FLWs) to encourage vaccination among vulnerable segments of society. The FLWs report encountering a variety of barriers to vaccination and are often unsuccessful despite multiple visits to the same person. This cross-sectional study aims to pinpoint which of these barriers drive vaccine hesitancy among these segments, to help streamline vaccine communication, including FLW training, to better safeguard the population.

Methods: Trained field enumerators contacted 893 individuals from five states across India and collected self-reported assessments of fifteen vaccination barriers (identified through discussions with FLWs), current vaccination status and future vaccination intentions, and covariates (demographics/comorbidities). Factor analysis of the fifteen barriers yielded two factors, one relating to fear of vaccine adverse effects and a second focused on peripheral concerns regarding the vaccine. The covariates significantly associated with current vaccination status were combined under a latent class regime to yield three cluster types (health access, financial strength, and demographics). The primary analysis examined the effect of the two barrier factors, the covariate clusters, and comorbidity, on current vaccination status and future vaccine intentions.

Results: Fear of vaccine adverse effects was the primary driver of vaccine hesitancy; peripheral concerns frequently mentioned by the FLWs had no impact. Although cluster membership and the presence of comorbidities predicted vaccine uptake, neither of them materially altered the effect of fear of vaccine adverse effects with the following exception: fear of adverse effects was not associated with vaccination status among young Muslim men.

Conclusion: Subject to limitations, these results indicate that interventions to decrease vaccine hesitancy should focus primarily on fear associated with vaccines rather than spend resources trying to address peripheral concerns.

KEYWORDS
 vaccine hesitancy, vulnerable populations, fear of vaccination, COVID-19, frontline workers, factor analysis, latent class analysis, multi-level model


1. Introduction

The success of vaccination drives is affected by delays in accepting or refusing vaccines. Therefore, it is crucial to understand why people hesitate to get vaccinated, the barriers leading to this hesitancy, and their relative significance. By doing so, we can develop more effective strategies to address this issue. However, unpacking the complexities of this decision can be challenging, especially among socially and economically vulnerable populations, as vaccine hesitancy may also vary spatially across diverse communities and regions. In this paper, we present the findings of a nationwide survey in India that enlisted frontline workers (FLWs) to identify the obstacles that hinder vaccination among vulnerable citizens.

India was one of the worst affected countries by the COVID pandemic, with about 30 million infections and about half a million deaths by August 2021 (1). Like many other countries, India also had the rolled-out vaccination through emergency authorization starting as early as January 16, 2021 (2). The Indian government’s response was one of the world’s most intensive vaccination drives in response to the COVID pandemic. Vaccines were delivered using a multi-stage and phased approach to curtail the spread of the pandemic and minimize its impact. The first stage began with health and frontline workers, extending to the older adults (>60 years old) and comorbid individuals in the second stage, above 45 years old in the third stage, above 18 years old in the fourth stage, 15–18 years old in the fifth stage and has finally reached the stage of vaccine drives for 12–15 years old (3).

This multi-staged phased effort has yielded considerable success, with almost 220 million doses of vaccines administered. However, many challenges hampered the progress of COVID-19 vaccination in the country and amplified disparities across various locations and populations, including concerns about gender and geographical inequities (4–6). One of the major challenges has been vaccine hesitancy (7–9), defined as the refusal or delay in taking the vaccine when available.

A nationwide online survey conducted among the eligible adult population revealed that 37% of the participants were unsure or refused to be vaccinated, and most had one or other concerns about the vaccine, like the rapid development of vaccines, as well as the safety and efficacy of the vaccine (10). The findings from a similar longitudinal survey suggest that the major factors influencing vaccine hesitancy and resistance were concerns about adverse health effects post-vaccination, both major and minor, and lack of clarity about vaccines and their effects on individuals with pre-existing comorbidities (11). Globally, vaccine hesitancy and unwillingness to get vaccinated have been a constant challenge. In the context of a pandemic, addressing hesitancy becomes a critical priority because vaccination is the only effective tool to curtail the spread of this disease when administered to enough individuals (12).

The Indian government vaccination program is carried out by frontline workers who contact the citizens one-on-one and encourage them to get vaccinated. As a result, any obstacles to vaccination usually arise during fieldwork interactions between the frontline worker and the citizen. For this reason, we utilize FLWs as a valuable source of information about the barriers to vaccination in our research approach. This interpersonal approach is a unique feature of the present research.

Frontline workers have reported a variety of barriers to vaccination. Given this assortment, it is vital first to prioritize which barriers to tackle to design FLW training balanced with available time and resources. Frontline healthcare workers may experience physical and mental strain on the job, impacting their effectiveness in addressing barriers. By ranking the barriers by importance, we can ease the burden on FLWs and improve their ability to persuade people to get vaccinated. Additionally, a simplified and personalized approach may alleviate the substantial fatigue and strain associated with this type of work in the field (13, 14).

We assess the strength of the association between vaccine status and barriers identified by FLWs by surveying eligible citizens. Our focus is on vaccine hesitancy among socially and economically vulnerable populations who are hard to reach. Despite having a higher likelihood of not being vaccinated, this group is often underrepresented in research. They are also at greater risk of experiencing acute health and financial impacts if affected by the disease.

It is essential to understand the difference between vaccine uptake and vaccine hesitancy. Vaccine uptake refers to whether a person has been vaccinated, while vaccine hesitancy is a state of indecision and uncertainty before deciding to get vaccinated (15). Vaccine uptake results from both vaccine hesitancy (caused by internal barriers) and external structural factors like vaccine availability. Our research concentrates on examining internal barriers, which is vaccine hesitancy.

In summary, this research aims (a) to catalog the barriers that FLWs encounter when interacting with socially and economically disadvantaged individuals, (b) to determine if the barriers have any commonalities, and (c) to estimate the strength of association between these barriers and vaccine status. To achieve these objectives, we conducted a qualitative pre-study to enlist the barriers to vaccination as reported by FLWs, followed by a quantitative cross-sectional study on the relationship between the barriers and vaccination status. The next section provides details of both studies.



2. Materials and methods

The Institutional Review Board of the University of Houston approved the study protocols and informed consent scripts. The qualitative pre-study was conducted as part of the routine operations in which the FLWs periodically meet with program managers to review progress on vaccination rates within their geography. One of the meetings was dedicated to reviewing the barriers. Before that meeting, the FLWs were briefed on the study context and interaction purpose. A similar informed consent form was deployed for the quantitative study and was administered to the respondents by trained enumerators who proceeded with the survey only following consent. Participants in both studies could skip any question, discontinue participation at any stage, and were not paid any monetary or non-monetary incentive to participate. No personally identifiable information was collected.


2.1. Qualitative pre-study – identifying frequently encountered barriers

Our first goal was to generate a list of frequently encountered hesitancy barriers to vaccination, as observed by the FLWs. To this end, we conducted guided discussions with the frontline workers who actively encouraged vaccination in the communities.

The program managers initiated the discussions that a member of the author team moderated. The discussions were conducted between March and April 2022 through video conference. We had six video conferences with teams from five states/union territories, Tamil Nadu, Karnataka, Andhra Pradesh, Delhi, and Jharkhand. Each video conference had between 4 and 5 FLWs, in addition to the program manager and a member of the author team who moderated the discussion. Twenty-five FLWs participated in this qualitative study.

The discussions ran about 1–2 h and focused on the following question: “What are some of the major reasons people give for refusing to take the vaccine?” This prompt led to a discussion with each of the FLWs, sharing the barriers they have encountered and bouncing off others’ experiences either in assent or dissent. The moderator’s role was to (a) identify the barriers as and when they were discussed, (b) intervene to clarify, amplify, or qualify any of the barriers, (c) encourage participation by those who were not speaking up, and (d) toward the end of the discussion, summarize the list of the barriers that came up, making any modifications as needed. This discussion resulted in 15 barriers to vaccine hesitancy, as shown in Table 1.



TABLE 1 Measures of vaccination barriers.
[image: Table1]



2.2. Cross-sectional study: association between barriers and vaccination status


2.2.1. Study design and participants

We conducted a cross-sectional study in India between May and June 2022 to assess the relationship between vaccination barriers (identified by the FLWs in the qualitative pre-study described above) and vaccination status. At the time of the study, the third wave with the omicron variant of COVID had ended, and India had reported 43 million confirmed cases of COVID-19 with 524,000 deaths to the WHO.1 The sampling was purposive because we intended to recruit both vaccinated and unvaccinated adults, economically/socially vulnerable populations from diverse geographical backgrounds.

To recruit the participants, we collaborated with community-based organizations that are part of the Covid Action Collaborative (CAC) led by the Catalyst Group. CAC aims to facilitate vaccinations throughout India using a network of over 300 partner organizations. These organizations specialize in serving vulnerable populations by providing health/social services and helping coordinate access to government-run programs. The partner organizations played a critical role in COVID vaccination by training their personnel to become FLWs and sending them out into the community to help increase vaccination among the population.

In consultation with the partners, we identified five states in India, Andhra Pradesh, Jharkhand, Karnataka, Tamil Nadu, and Uttar Pradesh. In addition, within each state, we identified two districts, one with a lower and one with a higher vaccine penetration rate, to increase the chances of having both vaccinated and unvaccinated participants in our final sample.



2.2.2. Questionnaire and measures

The study questionnaire was designed in English in the Qualtrics platform and translated into Telegu, Kannada, Tamil, and Hindi as appropriate. Trained interviewers acted as enumerators for the survey delivery and data collection. Interviewers launched the online survey from their mobile/tablet devices, read the questions to the respondent, and recorded the response.

The principal dependent measures in the study were current covid vaccination status (0, 1, 2, booster) and willingness to take the booster if available (yes, no, or unsure). In addition, we assessed the fifteen barriers identified in discussion with frontline workers using Likert-type 5-point scales (strongly disagree to strongly agree). We followed this up with a set of demographic questions on age, gender (male, female, transgender, other), religion, income source derived from the nature of the occupation (daily, monthly, not working), education, geographic location type (metro/city, town, or village), community background (general, scheduled cast/scheduled tribe, or backward community). We also assessed self-reported comorbidities (high/low blood pressure, heart disease, diabetes, asthma, other). Finally, we assessed questions about the number of government benefits they received, the type of food/social assistance card they had (the ‘ration’ card), and whether they had to support adults in their household.



2.2.3. Statistical analyses

The focus was to identify the most important barriers (among the 15 identified by the FLWs, Table 1) associated with vaccination status. To this end, we conducted two preliminary analyses before the focal analysis.

First, we subjected the set of 15 barriers to factor analysis to identify potential common factors. This analysis resulted in factor scores used to predict vaccination status and future intent.

Second, given that we had a large set of potential additional measures that could impact vaccination status and that these covariates are not necessarily independent, simultaneous inclusion would result in the misspecification of the principal model. Therefore, we subjected the covariates to latent class analysis and used the resulting class membership as proxies for the covariates. The results section presents details of both factor and latent class analysis.

Turning to the primary research goal of the association between barriers and vaccination status, we dichotomized the dependent variable, vaccination status, as “Not vaccinated” (0 doses taken) and “At least one dose taken” (1, 2 doses or booster taken), and predicted this using the factor scores from the factor analysis (detailed later).

Given that the dependent variable was binary, and the individual responses were nested within interviewers, we analyzed the individual responses in a mixed-model framework (PROC GLIMMIX in SAS9.4 M6®) with a binary specification for the dependent variable and the interviewer as a random effect in the model. We refer to this as the core hesitancy model because this focuses on how the barriers relate to vaccine hesitancy. We used G*Power3.1 (16) to compute the apriori sample size needed under a logistic regression to detect an odds-ratio of 0.66, assuming a 60% baseline vaccination rate (the rate at that time), an alpha of 0.05, power of 0.95, with a single standardized continuous predictor (factor scores). The needed sample size was 334. That said, we intentionally exceeded the recommended sample size because we expected to test more complex models with multiple predictors.

After estimating the core hesitancy model, we added covariates (from latent class membership) to assess both the robustness of the effect of the barriers on hesitancy and how covariate class membership may modify any of the effects of the barriers. For the additional models, we computed the post-hoc observed power using G*Power since the models involved more predictors than the one used for the a-priori sample size.





3. Results

Sixteen interviewers completed 893 interviews between May 10 and June 1, 2022. Table 2 displays baseline demographics. We now describe the factor analysis, latent class analysis, and focal analysis of vaccine hesitancy.



TABLE 2 Baseline socio-demographic and situational characteristics.
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3.1. Factor analysis of barrier set

As noted above, the FLWs identified 15 frequently encountered objections/barriers to taking the vaccination in their day-to-day interactions with the end users (Table 1). As noted earlier, our primary goal was to understand how these barriers are associated with vaccination status. A quick scan of the barriers indicated that they may not be entirely independent of each other and treating them as such may induce model specification challenges. For instance, fear of long-term side effects of the vaccine is closer to the fear of exacerbating existing health conditions than it is to trust in media/government. For this reason, we first aimed to assess whether these fifteen barriers can be reduced to a set of common factors, expecting that the common factors will be used as predictors in the core hesitancy model.

To this end, we analyzed the 15 Likert-type items using PROC FACTOR in SAS9.4; the most interpretable model was a 2-factor model (Table 3 for the rotated factor pattern) using promax rotation. Table 4 provides the descriptive statistics associated with the barriers. The first factor comprises barriers associated with concerns about the long and short-term consequences of taking the vaccine. We refer to this factor as “fear of vaccine adverse effects.” The second factor comprises items concerning religious prohibitions, alcohol/meat consumption prohibitions, discounting the nature of COVID infection, discounting the usefulness of the vaccine, etc. We refer to this factor as “peripheral concerns.” Thus, for each participant, we have two factor scores associated with the factors above. The focal analysis used these two factor scores to predict vaccination status (described later).



TABLE 3 Barrier descriptive statistics.
[image: Table3]



TABLE 4 Rotated factor pattern for the vaccination barriers.
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3.2. Latent class analysis

Identifying and targeting subgroups within a population is essential in developing effective and efficient health marketing programs. To this end, we used LatentGOLD version 6.0 (17) to conduct a latent class analysis (LCA) to profile and cluster individuals based on access to healthcare, financial welfare, and socio-demographics using indicators selected on theoretical grounds.


3.2.1. Variables of interest

First, we wanted to test whether Access to Health (AH) impacted individuals’ vaccination status because barriers such as travel distance to the provider and lack of transportation may reduce vaccine status independent of vaccine hesitancy. Costs associated with geographic distance, access to, and modes of transportation can impact vaccination status (18–20). In this study, we investigate patterns in residency (metro/town versus village), distance to health care services (travel time), and mode of transportation to go to the nearest health facility (walk, auto, bus, bicycle) and how they covary with vaccination status.

Second, we examined Financial Welfare (FW) based on patterns in household income, the number of household earners, family support obligations, receipt of government benefits and ration cards, and the ability to receive support from others if needed. In some nations, the receipt of financial benefits is contingent on vaccination (21), and family income is a reason for vaccine hesitancy (22), a plight further complicated for those lacking steady incomes, including migrants and seasonal workers (23). In this study, we consider household income (low, high), receipt of government benefits (count), support of older family members (count), ration card type (none, priority household [PHH], Antyodaya Anna Yojana [AAY] meant for the poorest sections of the population, below poverty line [BPL], and above poverty line [APL]), household earning members (count), and ability to secure the support of others in the community in times of crisis (level).

Third, individuals exhibit heterogeneity concerning age, education, community background, religion, and gender, yet intersections among these Socio-Demographic (SD) variables are typical. For example, research reports higher rates of vaccine refusal among people with a low education level (24), resistance among vaccine-hesitant religious groups (25), and cultural differences based on caste (26). Therefore, this study examines alignments in community background (General Category [GC], scheduled caste/scheduled tribe [SC/ST], and backward category [BC]), level of education, religion, age, and gender.

By reducing many variables into three latent class covariates, we expect to improve the interpretability and actionability of the results and subsequent analyses.



3.2.2. Selecting the number of classes

Next, we ran a latent cluster analysis on the three covariates classes: access to healthcare, financial welfare, and socio-demographics. The analysis involved 873 individuals who completed all the covariate questions. Following conventions, we examined several fit statistics, beginning with BIC, a reliable indicator that rewards model parsimony (27, 28). Lower BICs indicate a better fit. We also examined the Vuong-Lo–Mendell–Rubin (VLMR) adjusted likelihood ratio test and the bootstrapped likelihood ratio (BLR) test (using 500 samples) to assess whether one model is statistically better. Together with theoretical interpretability, these criteria informed our solution choices. Finally, entropy, a diagnostic statistic that indicates a model’s ability to define the classes accurately, is reported but was not used to determine the final class solutions.

These statistics, presented in Table 5, support a three-cluster solution for health accessibility, a four-cluster solution for financial welfare, and a five-cluster solution for demographics. In each case, the recommended model had the best fit based on the lowest BIC values, further supported by the results of the VLR and BLR model comparisons. Each solution (the latent class variable) was more parsimonious than the collection of indicator variables. Also, the entropy index values indicate a good classification of individual cases into clusters. Research team members, including fieldwork leaders, reviewed the best-fitting models to ensure they made sense.



TABLE 5 Latent cluster analysis – model fit evaluation information.
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3.2.3. Class membership and size

The model class profiles are in the Appendix. Parameter estimates are omitted for space but are available upon request. First, we highlight the top-line findings, focusing on cluster size and distinctive qualities.

Healthcare access (HA) cluster: the LCA model reduced the set of variables to three latent clusters:

• HA Group 1 (31.4%): healthcare is nearby, within walking distance

• HA Group 2 (40.3%): intermediate distance, likely requiring a bus ride, and

• HA Group 3 (28.3%): healthcare is distant, needing auto transportation.

Financial strength (FS) cluster: the financial welfare indicators are reduced to four latent clusters:

• FS Group 1 (46.6%): no government benefits, moderate family support, BPL card

• FS Group 2 (33.6%): some government benefits, greater family support, BPL card

• FS Group 3 (14.3%): some government benefits, no family support, APL, or BPL card

• FS Group 4 (5.5%): higher income, no government benefits or crisis safety net, PHH card.

Socio-demographics (SD) cluster: the indicators reduced to five latent clusters, distinguished as:

• SD Group 1 (29.2%): older adults from a scheduled or tribal caste (SC or SC)

• SD Group 2 (24.1%): younger Hindus from a scheduled or tribal caste (SC or SC)

• SD Group 3 (21.8%): older adults skewed female

• SD Group 4 (18.1%): educated, general category or open (GC or O), and

• SD Group 5 (6.8%): less educated Muslim males from a backward caste (BC).

Individuals’ class membership designations were calculated using the three regression models and saved for subsequent analyses. In summary, each respondent was characterized along three covariate clusters, health access (HA cluster), financial strength (FS cluster), and socio-demographics (SD cluster). Notice that these clusters include external barriers (accessibility to health care facilities) as well as non-hesitancy barriers (gender, religion etc.). This allows us to assess the impact of hesitancy barriers (section 2.3.2.2) on vaccination status while controlling for some non-hesitancy factors.




3.3. Models of vaccination status

This section describes the various linear mixed models we specified predicting the two barrier factors (fear of vaccine adverse effects and peripheral concerns) and the covariate cluster membership identified in the latent class analysis (described above). Overall, we specified six models. The statistical significance of the associations between the predictors in the model and vaccination status is summarized in Table 6.



TABLE 6 Linear mixed models of effect of vaccine barrier factors and vaccination status.
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3.3.1. Core hesitancy model

As noted earlier, the factor analysis indicated that the fifteen barriers arose from two factors, fear of vaccine-related adverse effects and peripheral concerns. These two factor scores were used to predict vaccination status in a linear mixed model framework. We refer to this model as ‘Model 0’.

The results indicated that vaccination status was significantly associated with fear of adverse consequences associated with taking the vaccine, F(1, 843) = 67.97, p < 0.0001, β = −0.77 (se = 0.09), which translates into an odds ratio of 0.46 (95% CL: 0.39–0.56), indicating that a one-point increase in the factor score for fear of adverse consequences (relative to the mean) is associated with a 54% reduction in the odds of having taken at least one dose. Furthermore, the peripheral concerns factor was not associated with vaccination status, F(1, 843) = 1.68, p = 0.1956, β = 0.13 (se = 0.10), OR = 1.14 (95% CL: 0.94–1.39).



3.3.2. Additional hesitancy models with covariates

To test the robustness of the effect of fear of vaccine adverse effects on vaccination status, we specified several additional covariates to Model 0, as detailed below.

Model 1 added the presence of comorbidities as a main effect and its interaction with the two factors (fear and peripheral concerns) as additional predictors to Model 0. The results indicated that the presence of comorbidities was significantly associated with vaccination status, F(1, 840) = 4.65, p < 0.0313, β = −0.44 (se = 0.20), with an odds ratio of 0.64 (95% CL: 0.43–0.96). This indicates that those with comorbidities had 36% lower odds of being vaccinated. Fear of vaccine side effects continued to be a significant predictor of vaccine status, F(1, 840) = 53.75, p < 0.0001; those with greater fear were less likely to be vaccinated, OR = 0.51 (95% CL: 0.42–0.63). No other effects were statistically significant predictors of vaccination status.

Model 1a added health access cluster membership (easy, moderate, and difficult access) as a covariate. In this model, health access was a significant predictor of vaccination status, F(1, 829) = 6.79, p = 0.0012; those in the difficult access cluster had 60% lower odds of being vaccinated compared to those who belonged to the easy health access cluster, OR = 0.39 (95% CL: 0.24–0.65). Although the moderate health access cluster had directionally lower odds of vaccination than the easy access cluster, OR = 0.69 (95% CL: 0.45–1.05), the difference did not reach statistical significance. As with Model 0 and Model 1, vaccine status was significantly associated with fear of vaccine side effects F (1, 829) = 46.18, p < 0.0001, OR = 0.53 (95% CL: 0.43 to 0.66), and with comorbidities, F(1, 829) = 4.29, p = 0.0387, OR = 0.65 (95% CL: 0.43 to 0.98). No other effects were statistically significant predictors of vaccination status. The key takeaway from Model 1a is that the health access cluster is a significant predictor of vaccination status along with fear of vaccine side effects and the presence of comorbidities.

Model 1b added the interaction between health access cluster membership and the two barrier factors, fear of side effects and peripheral concerns, to Model 1a. However, neither of these interactions was statistically significant, and none of the other effects from Model 1a changed substantively.

Model 1c added financial strength cluster membership as a covariate and removed the interactions involving health access cluster membership. Financial strength cluster membership was not significantly associated with vaccination status. However, the previously significant effects, fear of adverse effects, comorbidities, and health access cluster membership, continued to remain significant predictors of vaccination status.

Model 1d added demographic cluster membership as a covariate and removed the financial strength cluster from Model 1c. The results showed that demographic cluster is significantly associated with vaccination status; compared to educated respondents in the general category, the group comprising women with higher age, education, and membership in the general category had 40% lower odds of being vaccinated, and Muslim men had 82% lower odds of being vaccinated. In addition, the previously significant effects from Model 1c, fear of vaccine side effects and health access cluster, remained significant. However, the presence of comorbidities was no longer statistically significant, p = 0.0564. Non-significant effects from Model 1c remained non-significant.

Finally, Model 1e added interaction between demographic cluster membership and the two barrier factors, fear of vaccine side effects and peripheral concerns, to Model 1d. In addition to preserving the main effect of fear of vaccine side effects, F (1, 809) = 26.43, p < 0.0001, OR = 0.59 (95% CL: 0.42–0.83), health access cluster membership, F (1, 809) =7.65, p = 0.0005, and demographic cluster, F (1,809) = 5.95, p = 0.0001, we observed an interaction between demographic cluster and fear of vaccine side effects, F (1, 809) = 3.36, p = 0.0097. Specifically, the negative effect of fear on vaccination status was attenuated for older women and neutralized for young Muslims. This is suggestive of the possibility that there might be other forces than fear of vaccine side effects that account for low vaccine adoption in these groups. In the next section, we discuss the implication of these findings.





4. Discussion

This research aimed to understand the relative impact of various vaccine hesitancy barriers on vaccination status. Understanding and tackling vaccine hesitancy is crucial because it delays or stops people from getting the protection they need and prevents the achievement of herd immunity. We focused on hesitancy among the vulnerable sections of society because they need more health and financial protection.

The COVID vaccination drive in India relied heavily upon frontline workers (FLWs) who sought to vaccinate hundreds of millions of people through interpersonal interactions with them, either one-on-one or in small groups. This direct interaction with hesitant citizens, attentive listening, adept questioning, and astute observation of nonverbal cues empowers frontline workers (FLWs) to uncover latent concerns and uncertainties among unvaccinated citizens. As such, FLWs are an excellent source of information on vaccination barriers. This proactive approach facilitates early issue detection, enabling organizers to swiftly address emerging challenges and effectively curb potential escalations.

Our empirical strategy included a preliminary qualitative study where we had discussions with FLWs to identify the barriers they face. From the discussions, we distilled fifteen barriers (Table 1). Our primary goal was to assess the relative impact of the FLW-identified barriers on vaccination status. Vaccination status. We conducted a cross-sectional study and contacted nearly 900 participants from ten districts across five states with varied cultural and geographic features and vaccine penetration levels. Before studying their effect on hesitancy, we first investigated whether the barriers had common underlying factors. Factor analysis revealed that fear of side effects (fear of death, fear of lost wages, fear of long-term side effects, fear of infertility, and exacerbation of comorbidities) and peripheral concerns (discounting the effectiveness of the vaccine, discounting the concerns about COVID, religious concerns, concerns about alcohol/meat consumption, etc.) explained the fifteen barriers best.

The results indicated that fear of side effects was the principal and robust driver of hesitancy. Although peripheral concerns came up frequently in the FLW discussions and were often rated as generally more important (rank of 1, 2, 3, 4, 7, and 11) than fear-related barriers (rank of 6, 8, 9, 13, and 14), the latter consistently and strongly predicted vaccine hesitancy. This finding reveals that asking people which barriers are more important does not necessarily correlate with what holds sway regarding vaccine hesitancy. Peripheral concerns may appear more important than they were (they were not important) in predicting vaccination status.

We tested the impact of potential covariates that may modify this core finding with a host of variables under a latent class clustering regime to group participants into three clusters based on their health access, financial status, and social-demographic traits. The advantage of this approach is that it is statistically efficient (allows estimation of the clusters) and potentially insightful for the types of messages different class clusters should receive. In addition, we considered comorbidities as an independent covariate. Finally, the covariates’ effects were assessed in various regimes (Table 6). The results indicated the following. First, the effect of fear of vaccine side effects as the primary driver of vaccine hesitancy was robust to covariates in the model. Second, the health access cluster was consistently associated with vaccine status; those far away were significantly less likely to be vaccinated. Third, mere membership in certain social-demographic clusters (older women and Muslim men) was associated with lower vaccination.

These findings have specific implications for what the communication should focus on and to whom. While there has been extraordinary effort spent in mobilizing the FLWs to help vaccinate the population, the training for the FLWs has focused primarily on the clinical protocol, such as maintaining the integrity of the vaccine (cold chain), proper sterilization at the point of vaccination, etc. While this training is crucial to maintain supply, it does little to address vaccine hesitancy, which, as noted earlier, is the uncertainty/delay/deferral when the vaccine is available for the citizen. This approach requires additional training for the FLWs to help handle the objections they encounter. Specifically, our research finds the fear of adverse consequences of vaccination as the primary hesitancy driver. Therefore, FLW training should address vaccination-related fears and place lesser emphasis on peripheral concerns that seem interesting but are empirically unrelated to hesitancy (peripheral concerns, Table 4). Given the significant fatigue and potential mental health challenges the FLWs experience Field (13, 14) when encouraging citizens to vaccinate, this training assumes additional importance.

Although our study was in the context of COVID vaccination, the findings’ implications could go beyond COVID vaccines. Fear of adverse consequences of vaccination is not limited to COVID vaccines; it has the potential to apply to all vaccines. There is already a disturbing downturn in the non-COVID vaccination among children. As it stands, there is a disturbing trend of lower routine immunizations in the post-pandemic phase (29), partly due to the elevated media attention on concerns about vaccine safety. For this reason, it is imperative that the findings from this study be examined in the context of non-COVID vaccines and followed up with studies that point to ways of addressing vaccine-related fears in general.

In addition, vaccine supply considerations are a good candidate for focus in areas with low health access. Moreover, places with vaccine shortages may consider age-specific transmission risks (30) and vaccine allocation strategies to reduce deaths and new infections (31). Finally, regarding the social-demographic clusters at risk for low vaccination, our study does not have a specific prescription. It was not designed to assess underlying reasons and therefore warrants further study.

In this regard, the models presented in this research focus on vaccination status as the dependent variable. As noted in the methods section, we also measured future intentions regarding the booster. However, we did not present the analysis in the interest of expositional simplicity. The analysis of future intentions is ongoing, and the preliminary results indicate that fear of adverse consequences of vaccination continues to be the principal driver of whether people intend to vaccinate.

While the presented findings are noteworthy, there are some limitations to consider and opportunities for further exploration. Firstly, the sample is limited to five states and communities the organizational partners serve, making it difficult to generalize to the wider population. Secondly, the study was conducted from May to July 2022, so the findings may not reflect the current situation regarding barriers to vaccination. However, it is worth noting that the finding that vaccine hesitancy is related to adverse effects is likely applicable to all vaccines, not just COVID-19. Nevertheless, more research is needed to confirm this.

Moreover, the finding that hesitancy is related to adverse effects of vaccination probably applies to all vaccines, but the presented results cannot assert that without further research. The fear of vaccine side effects is notable as it may apply to hesitancy towards all vaccines, not just COVID vaccines. The study’s cross-sectional nature limits the results to association rather than causation, suggesting that future studies should use an appropriate methodological framework to examine the potential causal relationship between fear of vaccine side effects and vaccine hesitancy.

Additionally, the study did not address the timing of vaccination adoption, which may provide insights into how to increase the speed of adoption, which is crucial in managing infectious diseases. Finally, the drivers of hesitancy are conceptualized as unchanging over time, which may not be the case. A longitudinal study may reveal important shifts that predict a change in hesitancy, which requires further research. This holds particular significance considering the potential for ‘pandemic fatigue,’ a phenomenon in which individuals progressively diminish their vigilance and precautionary measures against infections over time (32). This not only sustains the prevalence of the virus but also amplifies the risk of emergence for vaccine-resistant mutant strains (33).

Lastly, prospective studies could explore the potential and constraints of engaging Frontline Workers (FLWs) within vaccination initiatives. Our proposed approach acknowledges the capability of FLWs to actively listen, generate innovative insights, and tailor their responses to align with the evolving needs of citizens. This concept draws inspiration from the adaptive selling paradigm in marketing, which underscores the benefits of empowering employees for agile customer interactions (34, 35). Notably, this competency is not solely contingent on personnel selection but can be effectively nurtured through comprehensive training interventions (36). There remains a considerable research gap in public health, necessitating exploring strategies to influence employee adaptability and cultivate an organizational ethos that fosters empowerment, ultimately contributing to an enhanced customer experience.
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Total sample

N =402 vaccinate N =193 to vaccinate
(48%) N =209 (52%)
M (SD) M (SD) M (SD)
Mother's HPV perceptions
HPV knowledge 9.20 (2.04) 9.44(1.93) 8.99(2.13) 0.03*
HPV susceptibility 338 (1.80) 372(181) 207(1.73) <0.001+%
HPV severity 476(1.77) 5.14(161) 440 (1.83) <0.0014%
Mother's vaccine attitudes
General vaccination atttudes 485(1.43) 542(131) 432(133) <0.0014%
HPV vaccine benefits 498 (1.49) 570 (1.14) 432(1.46) <0.0014%
HPV vaccine safety concerns 336 (1.49) 247(1.17) 419(1.26) <0.001%
Mother's self-efficacy 489 (1.14) 5.10(1.05) 470(1.20) <0.001+%
Cues to action
Community norms 3.12(1.00) 346 (091) 281(0.97) <0.001%
Mother's peer norms 433(115) 488 (1.02) 383(1.02) <0.001+%
Doctor HPV vaccine recommendation 442(3.18) 3.40(5.52) 2.39(3.55) <0.001%%%
Doctor has not mentioned the HPV vaccine 227 (56.5%) 97 (50.3%) 130 (62.2%) <0.001%%%
Doctor mentioned but did not recommend 83 (20.6%) 36 (18.7%) 47 (22.5%)
Doctor mentioned and recommended 92 (22.9%) 60 (31.1%) 32(15.3%)

Perceived doctor’ influence 2:56/(1.02) 295 (0.95) 2.19(0.95) <0.001%5%

Barriers to HPV vaccination

HPV vaccine inaccessibility 206 (0.85) 190(0.87) 220(0.81) <0.001%5%
Cultural medical mistrust 357 (0.81) 340 (0.84) 3.73(0.76) <0001+
Sexual risk and stigma concerns 2:85(1.56) 257 (1.45) 3.12(1.61) <0.001%5%

Statistical tests: Independent -tests for all means and chi-square tests ofindependence assessed percentage endorsement of doctors mentioning/recommending the HPV vaccine. HPV
knowledge was scored out of a total of 13 points.
*p £0.05, **p <0.01, ***p <0.001
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Participant characteristics

Daughter’s age 100 (091, 1.10] 096
Mother’s age 1.01(0.99,1.04] 027
Number of daughters 0.60[0.39,092] 002
Education level 1.08(0.70, 1.66] 073
Employment status 136 (091, 2.06] 014
Income level 114(102,1.27) 002%
Financial situation 151 (0.96,2.36] 008
Daughter’s vaccine history 114 (1.06,1.22] <0.001
Mother’s vaccine history 115 (1,08, 1.23] <0.001
Mother’s HPV vaccine status 6.50 (387, 1091] <0.001
Has experience with cervical cancer or other HPV-related cancer 142(0.87,232) 016
Mother's HPV perceptions

HPV knowledge 112 [101,1.23] 003
HPY susceptibility 123(1.10,1.37) <0.001%
HPY severity 128[1.14, 1.44) <0.001%

Mother's vaccine attitudes

General vaccine attitudes 1.84(1.56,2.18) <0.001%
HPY vaccine benefits 235 (192,2.87) <0.001%
HPY vaccine safety concerns 033(0.27,042] <0.001%
Mother’s self-efficacy 138 (115, 1.66] <0.001%
Cues to action

Community norms. 213 (168, 2.70] <0.001%
Mother’s peer norms 299 (2.28,3.90] <0.001
Doctor HPY vaccine recommendation 127 (118, 1.36] <0001+

Perceived barriers to HPV vaccination

HPV vaccine inaccessibility 065[051,0.83] <0001+
Cultural medical mistrust 060 046, 0.77) <0001+
Sexual risk and stigma concerns. 079 (069, 0.90] <0001

Statistical tests: Unadjusted logistic regressions. Mother’s HPV vaccine status recoded as 0=No and 1=Yes. Education level recoded as 0= High school education or less and 1=Some college or
more. Employment status recoded as 0 = Not employed and 1 = Part-or full-time employment. Financial situation recoded as 0.=Cannot make ends meet and 1 =Just enough or comfortable.
OR=0dds ratio; Cl = Confdence interval.

*p<0.05 **p<0.01 **%p<0.001
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Covariates.
Number of daughters

Income level

Daughter’s vaccine history
Mother’ vaccine history
Mother’s HPV vaccine status
Mother's HPV perceptions
HPV knowledge

HPY susceptbilty

HPV severity

Mother's vaccine atttudes
General vaccine atitudes
HPV vaceine benefits

HPV vaceine safety concerns
Mother's sel-effcacy

Cues to action

c

mmunity norms
Mothers peer norms
Doctor HPV vaccine

recommendation

Step1

AOR [95%
cih

0581036,0.94]
112099,1.26]
107 [0.95,1.21]
1,06 [0.94,1.19]
623 (3.65,10.60]

Perceived barriers to HPV vaccination

HPV vaccine inaccessibility

Cultural medical mistrust

Hosmer and Lemeshow test

Nagelkerke pseudo K

exual risk and stigma concerns

p value

003
o007
=
03

<0007+

22 =634 (8),p=055

021

Step 2

AOR [95%

il p value
057(035,093] | 002*
1.11[098,126] 0.09
1.06[094,120) 032
103092, 1.17) 059
697(400,12.12] | <0.001%**
1.06[0.94,1.19) 038
115 099,133] 0.07
LI8[L01L,137)  004*

22(d0)=7.66 (), p=047

029

Step 3

AOR [95%
Cll

0521029093
09910:84,1.17)
09710:84,1.14]
104(090,1.21]

636(3.17,1277)

09410:81,1.10]
133 (109, 161]
1.0610:85,1.31]
1.0610:82,1.37)
173 [1.31,230]
03610.27,047)
0871067,1.13]

pvalue

<0001%%

<0001%%

030

22(d) =105 (8), p=055

060

Step 4

AOR [95%
Cll

0551031,099]
0971082,1.14]
0981083, 115]
103(0:88,1.21]
431(2.10,886]

095081, 1.11]
125(102,1.52)
112(0:89,1.40)

0951072,1.24]
156[115,212]
0331025,045]
07310.54,099]

118(0:83,1.67)
169(115,247)
L15(104,1.29]

p value

069
001
<0014+

004

20 =476 (8),p=078

061

Step5

AOR [95%
Cll

05310.29,098)
0981082, 1.16]
096081, 113]
105089, 1.24)
408197, 846

0941080, 111
1190.96, 1.46]
111 (088, 1.40)

0991075, 1.31]
157 (116, 214]
0.2810:20,040)
0781057, 1.06]

118 (083, 1.68)
167 (115,244
115103, 1.28]

127083, 1.97)
097 [0.63, 1.50)
125097, 161]

pvalue

o0s*
o7
062
036

<0001+

0004+
<0001%++

oz

001

002

Statistical tests: Adjusted multivariable logistic regression with five steps. Variables were entered as followed: Step 1-Covariates only, Step 2-Mother’s HPY Perceptions, Step 3-Mother's
Vaccine Atitudes, Step 4-Cues to Action, and Step 5-Perceived Barriers to Vaccination. Mother’s HPV vaccine status recoded as

terval

*p<0.05, **p<0.01, ***p <0.001.

=Noor 1= Yes. AOR=Adjusted odds ratios Cl=Confidence
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Mother’s HPV Perceptions

+ HPV Knowledge (13 items)

- Perceived Susceptibility to HPV Infection
(3 items)

- Perceived Severity of HPV Infection (3
items)

Mother’s Vaccine Attitudes

- General Vaccine Attitudes (4 items)

Perceived Benefits of the HPV

Vaccine (3 items)

+ HPV Vaccine Safety Concerns (6 items)

+ Mother's Self-Efficacy Regarding HPV
Vaccination (2 items)

Cues to Action
- Subjective Norms in the Community (7
items)

Subjective Norms among Mother's Peers
(8 tems)

Doctor HPV vaccine recommendation (2
items)

HPV Vaccine
Intentions

Barriers to Vaccination
« Inaccessibility of the HPV Vaccine
(3 items)
Cultural Medical Mistrust (12 items)
Sexual Risk and Stigma Concerns (2
items)
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3440 individuals responded to the
Qualtrics XM email invitation
between December 2021 and
February 2022.

1261 declined (i.e., did not begin the screener)

266 screener responses were “timed out”

1397 screener responses were excluded due to:

- participant was not Black (n = 90)

- participant was younger than 25 (n = 72)

- participant did not have children (n = 135)

- participant did not identify as a woman
(n=127)

- participant did not identify as a mother
(n=100)

- participant was not responsible for child’s
health care decisions (n = 9)

- child age was not 9 —15 years old (n = 855)

- participant did not live in the US (n = 9)

516 individuals were eligible to
participate.

114 responses were excluded due to:

= response ‘timed out” (n = 83)

- did not pass validation checks

- participant did not consent to parti
(n=8)
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Total sample Intends to vaccinate Does not intend to p value

N =402 N =193 (48%) vaccinate N =209 (52%)

N (%) N (%) N (%)
Mother’ age M =7.88) M =37.90 (SD=7.70) M =37.03 (SD=8.05) 0.27
Education level 062
8th grade or less 2(0.5%) 1(0.5%) 1(0.5%)
Partial high school 12(3%) 6(31%) 629%)
High school graduate 106 (26.4%) 49(25.4%) 57 (27.3%)
Partial college (at least 1 year) 142 (35.3%) 62(32.1%) 80 (38.3%)
Undergraduate college degree 78 (19.4%) 44(22.8%) 34163%)
Graduate degree 62 (15.4%) 31(16.1%) 31 (14.8%)
Employment status 0.03*
Not employed 144 (35.8%) 62(32.1%) 82(39.1%)
Employed part-time 64 (15.9%) 25 (13%) 39 (18.7%)
Employed full-time 194 (48.3%) 106 (54.9%) 88 (42.1%)
Annual household income 009
Less than $5,000 55 (137%) 27 (14%) 28 (13.4%)
$5,000-519,999 60 (14.9%) 22 (11.4%) 38 (18.2%)
$20,000-530999 71(17.7%) 37(19.2%) 34(16.3%)
$31,000-850999 89 (22.1%) 38(19.7%) 51(24.4%)
$51,000-579,999 60 (14.9%) 32 (16.6%) 28 (13.4%)
$80,000-5100,000 23 (5.7%) 8(38%) 15 (7.8%)
More than $100,000 32(8%) 13 (62%) 199.8%)
Declined to respond 12(3%) 30.6) 9(43%)
Subjective financial situation 008
“I cannot make ends meet” 106 (26.4%) 43 (22.3%) 63 (30.1%)
“I'have just enough” 210 (52.2%) 101 (523%) 109 (52.2%)
“Tam comfortable” 86 (21.4%) 49 (25.4%) 3717.7%)
Region of reidence 062
Northeast 61(15.2%) 21 (14%) 34(16.3%)
Midwest 75 (18.7%) 41(21.2%) 34(16.3%)
South 236 (58.7%) 111 (57.5%) 125 (59.8%)
West 30 (7.5%) 14(7.3%) 16 (7.7%)
Mother’ shares parenting responsibility 048
Yes 249 (61.9%) 123 (63.7%) 126 (60.3%)
No 153 (38.1%) 70 (36.3%) 83(39.7%)
Believes co-parent would support HPV
vaccination (N=249) oo
Yes (somewhat - strongly agree) 175 (70.3%) 113 (91.9%) 62 (49.2%)
No (somewhat - strongly disagree) 74(29.7%) 10 (8.1%) 64 (50.8%)
Number of daughters 0.05*
1 328 (81.6%) 164 (85%) 164 (78.5%)
2 63 (15.7%) 28 (14.5%) 35 (16.7%)
3 8(2%) 1(05%) 7(33%)
4or more 3(07%) 0% 3 (1.4%)
Daughter’ age M=1186 (SD=205) M=1185(SD=1.97) M=1187 (SD=2.13) 096
9to 12years old 247 (61.4%) 120 (62.2%) 127 (60.8%)
13 to 15years old 155 (38.6%) 73 (37.8%) 82(39.2%)
Daughter’ insurance status 042
Uninsured 14(3.5%) 9(47%) 5(24%)
Public health insurance 272 (67.7%) 127 (65.8%) 145 (69.4%)
Private health insurance 116 (28.9%) 57(29.5%) 59 (28.2%)
Daughter has pre-existing health condition 023
Yes 158 (39.3%) 70 (36.3%) 88 (42.1%)
No 244 (60.7%) 123 (63.7%) 121 (57.9%)
Daughter’ vaccine history (out of 10 M=578 (SD=3.10) M =640 (SD=2.90) M=521(SD=3.17) <0.001%#
recommended vaccines)
Previously heard of HPV 0,02
Yes 345 (85.8%) 174 (90.2%) 171 (81.8%)
No 57 (14.2%) 19(9.8%) 38 (18.2%)
Aware of HPV vaccine 001+
Yes 332 (82.6%) 170 (88.1%) 162 (77.5%)
No 70 (17.4%) 23 (11.9%) 47 (22.5%)
Mother's HPV vaccine status <0.001%
Has received the HPV vaccine 109 (27.1%) 86 (44.6%) 23 (11%)
Has not received HPV vaccine 253 (62.9%) 92 (47.7%) 161 (77%)
Does not know 40 (10%) 15 (7.8%) 25(12%)
Mother’ vaccine history (out of 11 M=625(SD=3.10) M=693(SD=281) M=563(SD=323) 000155

recommended vaccines)

"Have you or anyone close to you received 005¢

an abnormal pap smear result?

Yes 200 (49.8%) 106 (54.9%) 94 (45%)
No or I do not know 202 (50.2%) 87 (45.1) 115 (55%)
Have you or anyone close to you ever had 0.12

genital warts?

Yes 67(16.7%) 38 (19.7%) 29(13.9%)

Noor I do not know 335 (83.3%) 155 (80.3%) 180 (86.1%)

Have you or anyone close o you ever 062
developed an STI?

Yes 145 (36.1%) 72(37.3%) 73 (349%)

Noor I do not know 257 (63.9%) 121 (627%) 136 (65.1%)

Have you or anyone close to you received a 016

cervical cancer or other HPV-related cancer

diagnosis?
Yes 80 (19.9%) 44.(22.8%) 36(17.2%)
No or I do not know 322 (80.1%) 149 (77.2%) 173 (828%)

Statistical tests: Independent -tests for participant and daughter’s age, mother’s and daughter's vaccine history; Chi-square tests of independence for all other variables.
#5<0.05, **p<0.01, ***p < 0.001.
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Vaccine hesitancy scale Factor pattern Rotated factor pattern
items

VHS Factor 1: Lack of VHS Factor 2: VHS Factor 1: Lack of VHS Factor 2:
confidence Risks confidence Risks

L1%, Childhood vaccines are [not]

072256 ~0.10910 071744 ~0.13888
important for my childs health
L2% Childhood vaccines are [not]

0.78602 0.14369 079129 011108
effective
L3*. Having my child vaccinated is
[not] important for the health of 084635 009351 0.84950 005845

others i

my community

L4*. National Immunization
Program vaccines offered in my 0.83517 0.06194 0.83701 0.02737
community are [not] beneficial
L6 The information I receive
about vaccines from the vaccine
0.81637 0.01077 0.81612 —0.02298
program is [not] reliable and
trustworthy
L7%. Getting vaccines is [not] a
good way to protect my child/ 0.78834 —0.04483 0.78581 —0.07738
children from disease
L8*. Generally; I [do not] do what

my doctor or health care provider

079238 ~004504 0.78984 ~007776
recommends about vaccines for my
child/children
L5. New vaccines carry more risks

~0.13846 073321 ~0.10803 073830
than older vaccines
19. 1am concerned about serious

009355 075242 0.12457 074791
adverse effects of vaccines
L10. My child/children does or do
not need vaccines for diseases that ~009507 075332 ~0.06385 0.75661

are not common anymore

ltems with a * were reverse coded. VHS, vaccine hesitancy scale.
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VHS Factor 1: Lack of confidence VHS Factor 2: Risks

Mean Simple linear Multiple linear Mean(SD) Simple linear Multiple linear
()] regression regression regression regression
VACEY P p(95% P B (95% P p(95% P
CI) Ci) CI) (@)
Total 189 (0.53) 3.20(075)
Region
~0.10 -0.10 -006
East 188(052) (0.4, <0.001 (-0.14, <0.001 3.14(076) 0.166 (013, 0.066
~0.05) ~0.03) 0.00)
~0.16 ~0.18 -000 -002
Center 182(053) (021, <0.001 (=023, <0.001 3.18(0.80) (~008, 0911 (-0.10, 0571
-0.11) -0.12) 007) 0.03)
West 198(0.50)  Reference Reference 3.19(0.67) Reference Reference
~0.12 ~0.10
0.15 (007, 0.12 (0.04,
Northeast 186(055) (<047, <0.001 (-0.16, <0.001 334(077) 0 0.000 00 0.003
~006) ~0.05) )
Period of survey
Before the
COVID-19 189(053)  Reference 321(075) Reference Reference
pandemic
After the -0.16 ~016
0.09 (001,
COVID-19 1.98 (0.41) o 0.021 - - 3.04(0:66) (<028, 0.004 (=028, 0.009
pandemic : ~0.05) ~0.04)
Attainment of education
Junior high
192(053)  Reference 3.17(0.74) Reference
school or below
-0.00
Senior high 002(=005,
1920054 (<005, 0.941 - - 319(075) 0,569 - -
school 0.09)
0.05)
-006
0.04 (=003,
Bachelor degree  186(0.52) (=011, 0003 - - 3.21(075) 00 0.256 - -
1
-002)
-0.10
Master degree or 0.10 (=006,
183(049) (<021, 0.094 - - 328(073) 0215 - -
above 0.26)
0.02)
Occupation
Non-healthcare-
related 191(053)  Reference Reference 321(074) Reference Reference
profession
Healthcare- ~0.16 -015 -012 ~010
related 175051 (<023, <0.001 (0.2, <0.001 308 (0:84) (022, 0011 (-0.9, 0.048
profession -0.09) -0.08) -0.03) ~0.00)
Age group (years)
<25 195(0.49)  Reference 3.15(0.70) Reference
~006
0.05 (=003,
25-34 189053 (<012, 0,039 - - 320(075) o) 0192 - -
~0.00)
~008
0.05 (=004,
235 187052 (=015, oon - - 320(075) s 0216 - -
-0.02)
Per-capita annual income group (RMB)
<8,000 194(0.54)  Reference Reference 3.15(0.75) Reference
8,000-15,999 194(050)  0.00(-005, 0948 ~0.00 0793 321(073) 005(=002,  0.154 - -
0.05) (=006, 0.12)
0.04)
1600024999 184 (0.52) -0.10 0,000 ~0.11 <0.001 3.23(077) 007(-001, 0070 - -
(-0.16, (=017, 0.15)
~0.05) ~0.06)
225,000 185 (0.54) ~0.09 0,000 -0.10 <0.001 320(074) 005(-002, 0185 - -
(=014, (=0.15, 0.12)
~0.04) ~0.05)
Relationship with child
Mother 190(051)  000(-0.04, 0942 001(-0.04, 0733 3.17(072) .12 0.000 -0.12 0.000
0.05) 0.05) (=0.19, (<018,
~0.06) ~0.05)
Father 190(0.58)  Reference Reference 3.29(0.79) Reference Reference
Grandparents 1,83 (0.49) ~007 0.100 0.1 0010 327(076) -001 0819 | 000(=012, 0953
(-015, (-0.19, (=013, 0.12)
001) —0.03) 0.10)
Other 180 (0.68) -0.10 0.107 0.1 0057 324(0:88) -0.05 0554 -003 0,69
(=021, (=023, (=021, (=020,
002) 0.00) 0.11) 0.13)
Child
Gender
Boy 189(053)  Reference 3.18(0.76) Reference
Girl 19(052) | 002(-002  0.298 - - 3.22(073) 004(-002, 0471 - -
0.05) 0.09)
Age group (months)
<12 19(053) | Reference 3.23(074) Reference Reference
13-24 191(052)  000(=0.04, 0810 - - 3.18(073) -0.05 0.103 ~006 0058
005) (=01, (012,
0.016) 0.00)
25-36 1.86(0.52) -0.04 0.074 - - 3.12(076) i 0.001 -0.11 0.001
(=0.09, (-0.18, (=018,
0.00) ~004) ~0.05)
“The order of birth
First 189(052)  Reference 325(073) Reference Reference
Secondorabove | 19(053) | 0.00(-0.03, 0865 - - 3.13(0.76) -1 <0.001 ~008 0,003
0.04) (=0.16, (=013,
~006) ~003)

VHS, vaccine hesitancy scale; SD, standard deviation,
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Participant Region Organization

number

01 Policy Los Angeles Academic Health
System

02 Policy Los Angeles State Inmunization
Registry

03 Policy Los Angeles State Cancer Control
Coalition

04 Policy Los Angeles County Immunization
Program

05 Policy Los Angeles School District
Wellness Center
Nonprofit

06 Policy Los Angeles Office of County
Supervisor

07 Policy Los Angeles Office of City
Councilmember

08 Policy Los Angeles State School-Based
Health Non-Profit

09 Policy New Jersey Office of State
Legislator

10 Policy New Jersey State Department of
Health

11 Policy New Jersey State Department of
Health

12 Payer Los Angeles Managed Care
Organization

13 Payer Los Angeles County Health Plan

14 Payer Los Angeles Managed Care
Organization

15 Payer Los Angeles County Health Plan

16 Payer Los Angeles Consulting Firm for
Publicly Funded
Healthcare

17 Payer New Jersey Managed Care
Organization

18 Payer New Jersey Health Insurance Plan

19 Payer New Jersey State Medicaid

Program
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Policy and payer
strategies defined as

“big P” and “little p”
policies

“Little p” policies

Themes and supporti

1) Payer representatives were not prioritizing HPV vaccination
specifically in incentive-driven clinic metrics

“This year, in ‘2022, as we focus on it, we're [going to] have to focus
on adolescent immunizations because our rates really low... that’s
actually an area of interest because that measure directly can impact
our [CMS] Stars score which we need to get up.” (Participant 18, NJ
payer)

“Since we're a Medi-Cal health plan, we get a lot of regulatory
oversight.... I can’t recall something specifically coming down from the
state in terms of any new policies or processes that they’re putting
place to focus in on HPV.” (Participant 14, LA payer)

Priorities for action

o Targeting HPV vaccination separate from other
adolescent immunizations in clinic quality metrics

“Big P” policies

2) Policy representatives noted region-specific HPV vaccine policy
options in the greater LA region and state of NJ (e.g., minor
consent, Family PACT)

.. we know that in California, I guess if you are in high school, you
don’t need your parent’s permission to get the [HPV] vaccination. So,

I think that is the other reason why we [want to] empower these youth
to be able to know that this is something they can do....” (Participant

03, LA policy)

“I would want to see there be a requirement that by a certain age, that
adolescents get the HPV vaccine. Or to allow for adolescents, at
16....to make that decision for themselves...” (Participant 11, NJ
policy)

I think pushing the state with Family PACT reimbursement is a
feasible option.” (Participant 05, LA policy)

In California: Empowering adolescents (age 12 and
older) to consent to HPV vaccination

In California: Expanding Family PACT to cover HPV
vaccination

In New Jersey: Passing minor consent law for HPV
vaccination

In New Jersey: Limiting religious exemptions to
vaccinations required for school

N/A

3) Inconsistent motivation identified across policy and payer groups
to improve HPV vaccination

“... we want to increase our HEDIS rates because these vaccinations
are the right things to do for our members” (Participant 17, NJ payer)

“I think they're definitely supportive [of HPV vaccination]... the
question was how not to burden the physicians. .. So, they are open to
different strategies but they have to be kind of limited disruption in
the workflow.” (Participant 01, LA policy)

“You know i’ really easy for staff to put blinders on and—for
example with all due respect to your study and the focus on HPV
vaccine—yeah, it’s important but it’s only one thing that’s important
for adolescent health.” (Participant 13, LA payer)

o Identifying clear HPV vaccination champions within
health policy organizations and health plans

“Little p” policies

4) Targeting of HPV vaccination in quality improvement initiatives
suggested across policy and payer groups

“I think focus is all we need. .. It’s medically indicated and it just
requires continued focus and monitor. Whatever we measure can
improve, whatever we don’t measure won’t improve. .. We've got to
measure and then give that feedback back to our providers as how
well they’re doing.” (Participant 15, LA payer)

“I think incentives for prevention and for immunizations to teens
would help. You know, movie ticket[s]. .. Amazon gift cards or stuff
like that.” (Participant 16, LA payer)

“Now, that [quality improvement] program includes member
outreach where they see that theres a gap. By extension, we know that
HPY is often a gap, so they can send reminder postcards [to
members].”(Participant 17, NJ payer)

o Creating quality improvement or value-based programs
specifically for HPV vaccination

N/A

5) COVID-19 pandemic viewed as both a barrier and opportunity
for HPV vaccination improvement across policy and payer groups

“The big focus now is on COVID vaccinations... it’s really [going to]
be COVID and influenza for the time being as being priority
vaccinations. So, those are the two ones that we're focusing on right
now. (Participant 14, LA payer)

“So, I think accessibility is a big one that also we've learned a lot about
with COVID that just making sure that it’s easy for the patient to go
to the clinic or to go to their doctor to go get vaccinated [for

HPV].... Making it more convenient, I think, would be a large—it
would facilitate a lot more people to get vaccinated [for HPV].”
(Participant 02, LA policy)

“Incorporating it [HPV] into COVID vaccine events, I would think
would be helpful right now... I think incorporating it [HPV] into
back-to-school events. .. both educating families and/or making
vaccines available at school registration.” (Participant 08, LA policy)

our company has a lot of goals in a lot of different areas and we're
like, “This is the year of health equity and social determinants of
health’ and all that [kind of] stuff. But the bottom line is vaccination’s
people’s prevention, and as a healthcare insurance company that pays
out claims, that's what we're all about: preventing disease.”
(Participant 18, NJ payer)

o Employing COVID-19 vaccination strategies and
community efforts for HPV vaccination
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Variables

Maternal age

Category

<18

Frequency | Percentage X2 square,
9 df, p-value

18-35

>35

Marital status

Single

Married

Divorce

Widowed

Maternal
education

Unable to
read and
write

di=
p-value = 0063

Primary
education

Secondary
education

College and
above

Maternal
occupation

Housewife

X’= 18452

Civil servant

df=3

Farmer

p-value = 0,641

Merchant

Religion

Protestant

X*=1305

Orthodox
Muslim

d
pvalue = 0316

Residence

Urban

X2=21119

Rural

d
p-value = 0003

Age of infants
(in months)

<45 days

X*=6177

45days to
9month

df=
pvalue = 0613

910
11months

Sex of infant

Male

Female

p-value = 0407

Home

X*=2305

Healthy
facility

d
pvalue = 0316

The child is
sick

X*=3305
df

Vaccination

pvalue =0346

Others
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Variables

Vaceination message in last month

Category

Yes

Frequency | Percentage

No

X? square, df,

Source of message for vaccination in last month

Media

Health extension workers

Previous vaccination history

Yes

No

p-value = 0.730

Vaccination requested and refused by the provider

Yes

No

X*=0536
df
p-value = 0.464

Sickness

No vaccination supplies on that day

Was not vaccination day

‘The vaccination site was closed

X7 = 0481

Knowledge of the number of schedules left/contact time

Yes

No

Caretakers knew the vaccine-preventable disease

Knows one to two diseases

Knows three to five diseases

Knows six to nine diseases

Do not know

Purpose of vaccination

To prevent disease

To help children grow up to be
healthy

To cure disease

Not sure what they are for

Caretakers thought that there would be disease development if the child is not
vaccinated

Yes

No

Do not know

Perception of caretaker

Yes

No
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Variables

Age of infants

<45 days

Immunization status

Missed

Not missed

COR(95% ClI)

12,129 (0.114-0.637)

AOR(95% Cl)

7.15 (061, 31.54)

45 days to 9 months 26 56 0284 (0.162-0.499) 0.169 (0.044, 2.655)
9 to 11 months 28 21 1 1
Age of caretaker (yr.) <18 3 12 1 1
18 10 35 50 67 1.348 (1.061-3.941) 083 (003, 18.31)
>35 14 6 0421 (0.609-28.303) 051 (002, 13.38)
Maternal education Unable to read and write 60 69 955 (4.73-19.26) 245 (2.14, 422)"
Able to read and write 64 48 429 (192-9.58) 339 (012, 1.91)
Primary education 26 27 0.4 (0.05-3.62) 056 (071, 1.88)
Above Secondary 20 EY) 1 1
Residence Rural 40 25 1.86 (2.58-10.24) 432 (3.11, 6.38)
Urban 130 151 1 1
Vaccination message No 131 112 1.92 (0.26-4.71) 0.37 (0.11,1.32)
Yes 39 64 1 1
Knowledge contact time No 139 115 1.19 (0.63-7.32) 0.36 (0.15,0.86)
Yes 9 9 1 1
Perception of caretakers No 17 6 2.98 (1.95-657) 213 (1.89, 4.07)°
Yes 152 160 1 1
Purpose of visit ‘The child is sick 87 2 0413 (0.351-6.921) 032 (0.046,3.82)
Vaccination 26 56 1.213 (0.647-9.812) 1.39 (0.28,6.83)
Others. 28 21 1 1

= reference category (infant age between 9 and 11 months, age of caretaker <18 years, maternal education attended greater than secondary school, urban residence,

source of vaccination message, having knowledge of contact time of vaccine, have a good perception of caretakers and others (children to grow up healthy, not sure

what they are for)
*Statistically significant.





OPS/images/fpubh-11-1144659/fpubh-11-1144659-g002.jpg
Pre-survey

Demographics

Knowledge &
Opinion about
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HE

Post-survey

Knowledge &
Opinion about
COVID-19

O

Follow-up

survey
Knowledge &
Opinion about

COVID-19

P
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Cohort Selection Comparability Outcome
studies

Representativeness  Selection of Ascertainment  Outcome  Age and Most of Assessment  Follow- Adequacy Total
of the exposed non-exposed of exposure not BMI additional of up long of follow score
cohort cohort presented P outcome enough up
at the start actors

Bentov etal. (19) * % * * * * * * . 919
Aharon etal. (20) . . . . . . . . . -
Aizer etal. (21) * * * B . B B N . o
Avraham et al. (22) * * * * ® * N * * 8/9
Brandao etal. (23) - ¥ * - * * - * * 79
Castiglione Morelli * * o * * * . * * 8/9
etal. (18)

Dong etal. (24) B B N N . . . . v o9
Huang et al. (25) « B N N . . . = w oo
Huang et al. (26) * * * * * * N * . 8/9
Jacobs etal. (27) * * * * * * . * * 8/9
Karavani et al. (28) * * * * * * . N . 99
Wang etal. (29) B - N N . . . ,. R -
Wuetal. (30) * * * * * * * * * 99
Bosch etal. (31) * e * * - - - * * 6/9
Cao etal. (32) * * * * . * * . . 919
Chen etal. (33) * o o N * * * . - 8/9
Shietal. (34) . . . . . : . . . .
Alder Lazarovits * * i = * * - * ® 8/9
etal. (35)

Huang et al. (36) . x N N . . . . 5 5
Zhao etal. (37) * * * * ® * N * * 8/9

A single asterisk (*) indicates 1 score, and dash (-) indicates 0 score.
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Effect
(95%Cl)

Newcastle-
Ottawa scale of
each study

Clinical pregnancy RR 0.97 0

rates (0.94,0.99)

Biochemical RR0.95 58 8,9.8,8,8,8,7,9

pregnancy rates (0.88,1.03)

Ongoing pregnancy RR0.93 13 9989,7.9

rates (0.87,0.99)

Implantation rates RR 1.02 0 9,7,8,8,8,9

(0.97,1.07)

No. of oocytes MD 0.12 51 8,9,8,8,9,8,8,8,8
(—0.65,0.88)

No. of MII/mature MD 0.27 13 9,9,8,9,8,8,8

oocytes (—0.36, 0.90)

Blastocysts rates MD 0.01 0 9,8,8,8,8
(—0.04, 0.06)

Fertilization rates MD 1.08 36 9,8,8,8.8.8
(=0.57,2.73)

CI, confidence interval; MD, Mean Difference; RR, risk ratio.
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Study design

Sample
size

Median
age
(years)

Population

Vaccine type

Transfer
strategy

Outcomes

Bentov etal. Israel Prospective cohort 159 1:353 I: received vaccine mRNA vaccine (BNT162b2) NA No. of oocytes
(19 study C: 14 C:325 C: unvaccinated No. of mature oocytes
Aharon et al. United States | Retrospective L:214 1:36.5 I: received vaccine mRNA vaccine (BNT162b2 or Single euploid Clinical and ongoing pregnancy
0 cohort study C:733 C:36.5 C: unvaccinated mRNA-1273) frozen-thawed embryo rates
transfer No. of MII/mature oocytes Blastocysts
and fertilization rates
Aizer etal. Israel Retrospective 1:115 1:304 I: received vaccine (between Jan mRNA vaccine (BNT162b2) Frozen-thawed embryo Clinical and ongoing pregnancy rates
Q@1 cohort study C:93 C:30.7 and Aug 2021) transfer Implantation rates
C: unvaccinated (between Jan
and Aug 2021)
Avraham et al. Israel Retrospective 1:128 1:35.41 I: received vaccine mRNA vaccine (BNT162b2) Fresh embryo transfer Clinical and biochemical pregnancy rates
22) cohort study C:133 C:307 C: unvaccinated freeze-all cycles No. of oocytes
Fertilization rates
Brandio et al. Spain Retrospective 1: 890 1:38.7 I: received 1-2 doses of vaccine mRNA vaccine (BNT162b2 or Fresh embryo transfers Clinical pregnancy rates
(23) cohort study C:3272 C:38.2 C: underwent embryo transfer mRNA-1273) cryopreserved implantation rates
in the year before the pandemic embryo transfers
Castiglione Ttaly Prospective cohort L6 1:36.2 I: received vaccine mRNA vaccine (BNT162b2 or Fresh embryo transfer No. of oocytes
Morelli et al. study C:9 C:36.2 C: unvaccinated in the year mRNA-1273) No. of MII/mature oocytes
(18) before the pandemic Viral vector vaccine
(Oxford/AstraZeneca vaccine)
Dongetal. China Prospective cohort 1:155 1:329 I: received two doses of vaccine Inactivated SARS-CoV-2 Fresh embryo transfer Clinical and biochemical pregnancy rates
(24) study C: 340 C:32.69 C: unvaccinated vaccines frozen embryo transfer No. of oocytes
(PSM) Blastocysts and fertilization rates
Huang et al. China Retrospective 1: 146 1:33.6 I: received two doses of vaccine | Inactivated SARS-CoV-2 Fresh embryo transfer Clinical and biochemical pregnancy rates
(25) cohort study (PSM) C: 584 C:334 C: unvaccinated vaccines (Sinopharm or Sinovac) | frozen embryo transfer implantation rates
No. of oocytes
No. of MII/mature oocytes
Blastocysts and fertilization rates
Huang et al. China Retrospective 1:20 1:36.1 I: vaccinated with two doses Inactivated SARS-CoV-2 Frozen embryo transfer | Clinical and biochemical pregnancy rates
(26) cohort study C:25 C:359 of vaccines vaccines (Sinopharm or Sinovac) No. of oocytes
C: unvaccinated No. of MII/mature oocytes
Blastocysts and fertilization rates
Jacobs et al. United States | Retrospective I: 142 I: 34 I: vaccinated with one/two doses | mRNA vaccine (mRNA-1273or | Fresh embryo transfer Clinical and ongoing pregnancy rates
@7 cohort study C: 138 C:33 of vaccines BNT162b2); Viral vector vaccine No. of oocytes
C: unvaccinated (Ad26.COV2.S) Blastocysts and fertilization rates
Karavani et al. Israel Retrospective 1: 69 1:35.4 I: vaccinated with two doses mRNA vaccine (BNT162b2 or Fresh embryo transfer No. of oocytes
(28) cohort study C: 103 C:354 of vaccines mRNA-1273) No. of MII/mature oocytes
C: unvaccinated
Wang etal. China Retrospective 1: 460 1:33.58 I: vaccinated with two doses Inactivated SARS-CoV-2 Frozen embryo transfer | Clinical pregnancy rates
29 cohort study C: 1036 C:33.13 of vaccines vaccines (Sinopharm or Sinovac)
C: unvaccinated
Wuetal. (30) China Retrospective 1:239 1:33.8 I: received vaccines Inactivated SARS-CoV-2 Fresh embryo transfer Clinical, biochemical, and
cohort study (PSM) C:928 C:334 C: unvaccinated vaccines ongoing pregnancy rates
implantation rates
Bosch etal. Spain Prospective cohort 1&C: 32 NA I: vaccinated with two doses mRNA vaccines NA Clinical pregnancy rates
(1) study of vaccines
C: unvaccinated
Cao etal. (32) China Retrospective 1:502 1:32.43 I: received vaccines Inactivated vaccines Frozen-thawed embryo Clinical, biochemical, and
cohort C: 1589 C:32.70 C: did not receive vaccine transfer ongoing pregnancy rates
Chen etal. China Retrospective 1:223 1:33.32 I received vaccines Inactivated or recombinant Frozen embryo transfer Clinical pregnancy rates
(33) cohort C: 268 C:32.81 C: unvaccinated vaccines implantation rates
No. of oocytes
No. of MII/mature oocytes
Shi et al. (34) China Prospective cohort 1: 667 1:32.0 I: received vaccines Inactivated vaccines Fresh embryo transfer Clinical, biochemical, and
study C:2385 C:31.0 C: unvaccinated ongoing pregnancy rates
Alder Israel Prospective cohort 175 1:32.9 I: vaccinated and boosted, or mRNA vaccines Fresh and thawed Clinical pregnancy rates
Lazarovits study C:9 C:343 vaccinated without the embryo transfer
etal. (35) booster dose
C: unvaccinated
Huang et al. China Retrospective 1&C: 265 1:31 I: received vaccines Inactivated vaccines Frozen-thawed embryo Clinical and biochemical pregnancy rates
(36) cohort study C:30.9 C: unvaccinated transfer implantation rates
Zhaoetal. (37) | China Retrospective 1781 NA I: received vaccines Inactivated vaccines Fresh embryo transfer Clinical pregnancy rates
cohort study C: 1851 C: unvaccinated frozen embryo transfer

C, control group; I, intervention group; MII, metaphase [T; NA, not available; PSM, propensity score matching; SARS-CoV-

severe acute respiratory syndrome coronavirus 2.
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N Percentage

Total 3359 100.00
Region
East 1,087 3236
Center 638 18.99
West 1,083 3224
Northeast 551 1640

Period of survey

Before the COVID-19 pandemic 3178 9461
After the COVID-19 pandemic 181 539
Caregivers

Attainment of education

Junior high school or below 1,003 2986
Senior high school 899 2676
Bachelor degree 1,368 4073
Master degree or above 8 265

Occupation
Non-healthcare-related profession 3,104 9241
Healthcare-related profession 255 759

Age group (years)

<25 378 1125
25-34 2202 65.56
235 779 2319

Per-capita annual income group (RMB)

<8,000 778 2.6
8,000-15,999 910 27.09
16,000-24,999 681 2027
225,000 990 2947

Relationship with child

Mother 2423 7213
Father 648 19.29
Grandparents 198 589
Other 90 268
Child
Gender
Boy 1733 5159
Girl 1626 4841
Age group (months)
<12 1,806 5377
1324 945 2813
25-36 608 18.10
The order of birth
First 1870 5567

Second or above 1,489 4433
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Abbreviated Item Pre (N=164) Post (N=164) Follow-up (N=60!

Belief in CDC recommendations 155 169 156
Concern about mild reaction of virus infection 104 086 078
Trust in the vaccine 126 144 129
Adequate testing of vaccine 131 141 137
Vaccine developed too quickly 101 085 09
Concern about side effects of vaccine 104 093 094
Past mistreatment with medical care 0.56 067 06

Trusted source 129 142 135
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Abbreviated item

Protection and reduction of COVID-19 transmission
How COVID-19 spreads

How vaccines work

How COVID-19 vaccine works

Being cautious in public

COVID-19 vaceine side effects

COVID-19 vaccine development

Pre (N=164)

126
161
168
15
161
135

126

Follow-up (N=60

129

187
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L1*. Childhood vaccines are [not] important for my child's health
L2*. Childhood vaccines are [not] effective

L3 H;

ing my child vaccinated is [not] important for the health of others in my community
L4*. National Immunization Program vaccines offered in my community are [not] beneficial
L6®. The information I receive about vaceines from the vaccine program is [not] reliable and trustworthy

L7*. Getting vaccines is [not] a good way to protect my child/children from discase

L8*. Generally, I [don't] do what my doctor or health care provider recommends about vaccines for my
child/children

LS. New vaccines carry more risks than older vaccines

L9. Tam concemed about serious adverse effects of vaccines

L10. My child/children does o do not need vaccines for diseases that are not common anymore

0% 20% 40% 60% 80% 100%

W Strongly disagree M Disagree ™ Neither agree nor disagree ¥ Agree M Strongly agree
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Action
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Characteristi otal N (%)

Gender
Female 158 (76%)
Male 49 (23.6%)
Other 1(05%)
Age
18-24years 31(137%)
25-34years 71(613%)
35-4dyears 41(18.1%)
45-54years 19 (8.4%)
55-64years 25 (11%)
65+ years 22(9.7%)
Missing 18 (7.9%)
Ethnicity
White or Caucasian 142 (69.3%)
Black or African American 50 (24.4%)
American Indian or Alaska Native 2(1.0%)
Asian 3(1.5%)
Other 8(3.9%)
Race
Hispanic 12(7.0%)
Non-Hispanic 159 (93%)
Residence
Metropolitan 140 (69.0%)
Non-Metropolitan 63 (31.0%)
Income
Less than $15,000 54(26.3%)
$15,001-45,000 73 (35.6%)
$45,001-90,000 55 (26.8%)
$90,001-150,000 16 (7.8%)
Over $150,000 7(3.4%)
Education
Did not finish high school 11(5.3%)
High School diploma or GED 56 (27.1%)
Some college credit, no degree 57(27.5%)
‘Tradeftechnical/vocational training 20(9.7%)
2-year college degree or Associate’s 17(8.2%)
4-year college degree or Bachelor’s 33(159%)
Master’s degree 11(53%)
Doctorate degree 2(1.0%)
Political affiliation
Republican 42205%)
Democrat 88 (42.9%)
Independent 40(19.5%)
Something else 35 (17.1%)
Religion
Christian 147 (75.0%)
Other rel 49 (25.0%)
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Abbreviated i Pre Post Difference p value
Belief in CDC recommendations 155 169 0.14 284 0.005
Concern about mild reaction of virus infection 104 086 018 286 0.005
Trust in the vaccine 126 144 018 329 0.001
Adequate testing of vaccine 131 141 [ 237 0.019
Vaccine developed t0o quickly 101 085 ~0.16 -340 <0.001
Concern about side effect of vaccine 104 093 -~ -218 0.031
Concern about long-term effects of vaccine 112 102 -0.1 ~196 0052
Trust in healthcare 154 161 0.07 178 0077
Past mistreatment with medical care 056 067 o1 283 0.005
Trusted source 129 142 013 247 0.015
Do not have time to receive vaccine 014 024 01 229 0.023
Cannot find childcare 098 086 —0.12 —167 0097
Religion [ 017 0.06 168 0095

Bold values represent statistically significant values (p<(0.05).
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Abbreviated ltem Pre Post Difference Paired

Protection and reduction of COVID-19 transmi 126 15 024 444
How COVID-19 spreads 164 174 01 224
How vaccines work 168 18 012 284
How COVID-19 vaccine works 17 176 0.06 135
Being cautious in public 15 164 014 236
COVID-19 vaccine side effects 161 17 0.09 200
COVID-19 vaccine development 135 147 012 269

Bold values represent statistically significant values (p<(0.05).
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Drop-out
(n=174)

Completed follow-up
survey
(n=60)
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Themes

Factors influencing COVID-19

vaccination intention

1. Sociodemographic
(i) Gender

(ii) Age

Positive effect

o Male (30, 40, 41, 52, 55, 57, 60, 63, 72, 73)
Negative effect

e Female (62,67, 76, 79)

o Pregnant/lactating women (76)

o Multiparous women (37)

Direction of effect not specified

© Gender (32, 35, 38, 46, 48, 58, 60, 74, 75, 77)

Positive effect

o Older age (36, 41-43, 47, 59, 73)

© Young age groups (20-40 years old) and the
older adult (over 60 years old) compared to
other age groups (50)

Negative effect

© Younger (67)

Direction of effect not specified

o Age (32,35, 38, 40, 46, 48, 58, 74, 77)

(iii) Education

Positive effect

e Higher education (41, 47, 50, 57, 59, 73)
o Secondary education and above (30, 36)
Negative effect

o Lower education (37, 62, 67, 70, 76)

o Higher educational level (72)

Direction of effect not specified

e Education (32, 35, 38, 48, 58, 74, 75, 77)

(iv) Income

Positive effect

o Higher income (43, 54, 59, 73)
Negative effect

o Lower income (62, 67, 76)
Direction of effect not specified
o Income (32,74,77)

(v) Occupation/profession

Positive effect

o Healthcare workers (41, 59, 60, 74)

o Physicians (40, 41,52, 54)

e Medical staff (50)

o Healthcare workers vs. healthcare students
(29)

o Healthcare workers who participated in
quarantine or had been in contact with
confirmed cases (72)

o employees (50)

Negative effect

o Healthcare workers (79)

e Nurses vs. doctors and other healthcare
workers (52, 72)

o Healthcare workers vs. general population
(1)

Direction of effect not specified

e Occupation (48, 74)

© Profession (46,77)

(vi) Ethnicity

Positive effect

o White people (41, 49, 73)

Negative effect

o Black people (76)

e Belonging to an ethnic minority group
(49, 67)

Direction of effect not specified

o Ethnicity (74, 77)

(vii) Marital status

Positive effect
o Married (59, 74)

2. Geographical

3. Social factor

Positive effect

o Continent (Asia) (44, 56)

© Region (middle East) (54)

o Region (South America) (31)
o WHO regions of the world (51)
o High-income countries (54)
Negative effect

o Continent (Europe) (56)

© Region (Africa) (56)

o Region (Middle East (31)

© Rural residence (62)

o High-income countries (37)
Direction of effect not specified
o Geographical (77)

e Continent (21, 60)

o Country (69, 70, 76)

o Residency (74)

o Regions (29, 31, 38, 60, 72)

Positive effect

o Social influence (Europe) (68)

o COVID-19-related prosocial behaviors (44)

 Social factors affecting thoughts/attitude in
social contexts in general situations (32)

4. Political factor

Positive effect

o Political leaning (Liberal or moderate) (74)
o Political party orientation (53, 77)

o Political roles (68)

Negative effect

o Political issues (23)

® Perceived political interference (53)

5. Government role

Positive effect

o Vaccine-mandates (United States) (68, 74)

Negative effect

o Inefficient efforts and initiatives by the
government (70)

6. Study time

Positive effect

o Survey year (72)

o Survey month (33)

Negative effect

o CVIdeclined from 2020 to 2021 (76)

o CVI declined in the second half of the study
period when compared to the first half (62)

o CVIdeclined from March 2020 to September
2020 (48)

o CVI declined pre- to post-pandemic (56)

o CVIdeclined from first survey to second
survey (60)

7. Attitude

Positive effect

o Attitude toward vaccine (21, 30, 32, 34,41,57,
58,74, 80)

o Attitudes toward vaccination (34, 43)

8. Perceived severity

Positive effect

o Lower level of perceived vaccine harms
(73,76)

Negative effect

® Perceived severity of COVID-19 infection
(76)

o Concerns for adverse reactions to
COVID-19 vaccine (23, 42, 45, 61)

e Concerns about side effects and safety
(29, 38, 45, 52, 53, 68, 75, 80)

9. Perceived susceptibility

Positive effect

o perceiving risk/susceptibility of COVID-19
infection (1, 35, 41, 43, 45, 48, 52, 53, 59, 63,
73,74)

o fear about COVID-19 (41, 46, 59)

o anxiety about COVID-19 (27)

10. Perceived benefits

Positive effect

o Perceived benefit of COVID-19 vaccine (23,
35,59, 74)

e Perceived efficacy of the COVID-19 vaccine
(29, 38, 48, 60, 68, 74, 80)

o Public confidence in the vaccines” efficacy (29,
48, 64, 68)

Negative effect

e Concerns about efficacy and effectiveness of
COVID-19 vaccine (52)

11. Perceived barriers

Negative effect

o Financial barriers (34, 74)
o Shortage of vaccine (79)
o Logistical issues (49)

12. Self-efficacy and
perceived behavioral control

Positive effect

o Confidence in their ability to receive COVID
vaccine (21, 41, 42, 74)

e Perceived behavioral control (21)

Negative effect

e Low confidence in the health system (1)

13. Norms Positive effect
o Subjective norms (21)
e Social norms (74)

14. Trust Positive effect

e Trust in vaccine (50, 68)

o Trust in the vaccine effectiveness (28)

o Trust in public health agencies/health science
(“47)

o Trust in healthcare system (59, 74)

o Trust in medical system (64)

e Trust in government and public health
authorities (44, 48, 64, 75, 80)

e Trust in the accuracy of the measures taken
by the government (46)

o Trust in information sources (38, 44)

Negative effect

e Mistrust in healthcare system (38)

o Distrust of the government and healthcare
system (23, 53)

Lack of social trust (29)

15. Conspiracy theory,
propaganda, and
misinformation

Negative effect

o Anti-vaccine conspiracy theories and beliefs
(61, 66, 68)

 Propaganda (59)

e Misinformation or negative information
(1,23, 49)

16. Knowledge

Positive effect

e Knowledge about COVID-19 vaccine (30, 35,
57,59, 64, 80)

e Knowledge about COVID-19 (32, 44)

17. Information and
Communication

Positive effect

o Information sufficiency (68)

o Inclusive communications which address

vaccine concerns via trusted communicators

(49)

Increased visibility of minority ethnic groups

in the media (49)

Explicit communication about the safety of

COVID-19 vaccines for pregnant women

(47)

Trusted information sources (44)

Access to scientific information from public

health authorities and physicians (39)

Negative effect

o Lack of information about the vaccine’s safety
(29, 49)

o Inaccessible communications (49)

18. Recommendation for
vaccination

Positive effect

e recommended for vaccination by others (34,
39,53, 74)

e recommended for vaccination to others (46)

19. Vaccination history

20. History of COVID-19
infection

Positive effect

o Influenza vaccination history (39-43, 48, 52,
55,59, 65,71,75)

o Inoculation history (50, 53, 77)

e Up-to-date on vaccinations (74)

o Receiving any vaccine in the past 5 years (74)

Positive effect

o COVID-19 self-history (29, 30, 59, 74, 77)
o COVID-19 family history (77)

Negative effect

o Previous COVID-19 infection (28)

21. Health status and
well-being

Positive effect

o Having chronic diseases (28, 36, 59, 74)

e Comorbidities (41, 45, 46, 77)

o Early cancer stages (stages [ and I1) (65)

o Depression symptoms in the past week (46)
o Mental well-being (77)

22. Other factors

Positive effect

e Contact with suspected or
COVID-19 patients (41)

e Health insurance (74)

o Religious beliefs (35)

e Cues to action (74)

confirmed
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Review type

Vaccine
intention rate %

Search
source/database

No. of studies
included

Population

Key factors influencing
vaccination intention

and meta-analysis

PsycInfo

Abdelmoneim etal. (28) 2022 Systematic review: 81 PsycINFO, Scopus, EBSCO, 48 General population Previous COVID-19 infection (-), having chronic
and meta-analysis PubMed, ProQuest, SciELO, disease, trust in the vaccine effectiveness, region
SAGE, Web of Science,
Google Scholar, Science
Direct
Ackah etal. (29) 2022 Systematic review 46 PubMed, Google Scholar, 21 HCW in Africa Region, higher acceptance among HCW, than
and meta-analysis Africa Journal Online healthcare students, side effects of the vaccine,
vaccine’s safety, efficacy and effectiveness, short
duration of the clinical trials, COVID-19
infections, limited information, social trust
Al-Amer etal. (1) 2022 Systematic review 27.7-933 CINAHL, Cochrane Library, 30 General population, | Socio-demographic, perceptions of risk and
Google Scholar, ProQuest, HCW susceptibility to COVID-19, vaccine attributes,
PsycINFO, PubMed, Scopus negative information about COVID-19 vaccines in
the social media (-), low confidence in the health
system (-)
Alarcén-Braga et al. (23) 2022 Systematic review 78 PubMed, Scopus, Web of 19 Latin America and Fear of adverse effects (-), distrust in local health
and meta-analysis Science the Caribbean systems (-), misinformation or fake news shared in
(LAC) population social media (-), health-system-related variables,
local concerns (economy, virtual education,
teleworking, etc.), political issues (purchase of
vaccine batches, quarantine isolation measures,
vaccination process implementation, etc.),
demographic and geographical variables,
entrenched vaccination culture in LAC
population, the promotion of the importance of
vaccination at the first level of care
Alemayehu et al. (30) 2022 Systematic review 60.2 PubMed, Google Scholar, East Africa Attending above secondary school, having good
and meta-analysis Global Health knowledge about the vaccine, having a positive
attitude toward vaccine, history of COVID-19
infection, male
Alimohamadi et al. (31) 2022 Systematic review 65.1 PubMed, Scopus, Web of 74 General population | HCW:s (-) vs. general population, region Middle
and meta-analysis Science East (-) vs. South America
Al-Jayyousi et al. (32) 2021 Scoping review 29.4-86. PubMed, Embase, Web of 50 General population, | Socio-demographic, individual factors, social and
Science, Cochrane Central HCW organizational factors, certain characteristics of
COVID-19 vaccines
Azami et al. (33) 2022 Systematic review 53.46 PubMed, Web of Science, 16 Pregnant women Month of the study
and meta-analysis Scopus, Science Direct,
Cochrane Library, Embase,
EBSCO, Google Scholar
AlShurman etal. (34) 2021 Scoping review 60-93 PubMed, Scopus, CINAHL, 48 General population, | Demographics, social factors, vaccination beliefs
PsycINFO HCW and attitudes, vaccine-related perceptions,
health-related perceptions, perceived barriers,
vaccine recommendations
Bayou and Amare (35) 2022 Systematic review 31.4-92.33 PubMed, Google Scholar, 21 Ethiopian Age, sex, educational status, perceived
Science Direct susceptibility, perceived benefit, knowledge about
COVID-19 vaccine, other socio-demographic
factors
Belay et al. (36) 2022 Systematic review 51.2 PubMed, Embase, Web of 14 Ethiopian Having good knowledge, chronic disease, older
and meta-analysis Science, Google Scholar, age, secondary education and above
Ethiopian universities’
research repository
Bhattacharya et al. (37) 2022 Systematic review 49 MEDLINE, Embase, 17 Pregnant women High- income countries (-), participants with
and meta-analysis CINAHL, PubMed fewer than 12 years of education (-), multiparous
women (-), COVID- 19 knowledge
Biswas et al. (38) 2021 Scoping review 28-86.1 Embase, PubMed, Google 82 General population | Vaccine efficacy, vaccine side effects, mistrust in
Scholar healthcare, religious beliefs, trust in information
sources, demographic factors (age, gender,
education)
Chen etal. (39) 2022 Systematic review 61.4 PubMed, Embase 29 Parent Age of parents and guardians, access to scientific
and meta-analysis information and recommendations, routine and
influenza vaccination behavior, willingness of
parents and guardians to vaccinate themselves
Desye (40) 2022 Systematic review 21-95 PubMed, Science Direct, Web 33 HCW Gender (male), age, profession (medical doctors),
of Science, Google Scholar previous influenza vaccination
Galanis et al. (41) 2021 Systematic review 635 PubMed, MEDLINE, Scopus, 24 HCW Gender (male), age (older), white people, HCWs,
and meta-analysis Web of Science, ProQuest, higher education level, comorbidity among
CINAHL, medRxiv HCWs, vaccination against flu during previous
season, stronger vaccine confidence, positive
attitude toward COVID-19 vaccine, fear about
COVID-19, individual perceived risk about
COVID-19, contact with suspected or confirmed
COVID-19 patients
Galanis et al. (42) 2022a Systematic review 79 Scopus, Web of Science, 14 General population, | Older age, flu vaccination in the previous season,
and meta-analysis Medline, PubMed, ProQuest, HCW confidence in COVID-19 vaccination, adverse
CINAHL, medrxiv reactions and discomfort experienced after
previous COVID-19 vaccine doses (-), concerns
for serious adverse reactions to booster doses (-)
Galanis et al. (43) 2022b Systematic review 60.1 Scopus, Web of Science, 44 Parent Fathers, older age of parents, higher income,
and meta-analysis Medline, PubMed, CINAHL, higher levels of perceived threat from the
medrxiv COVID-19, positive attitudes toward vaccination
(e.g. children’s complete vaccination history,
history of children’s and parents’ vaccination
against influenza, confidence in vaccines and
COVID-19 vaccines, COVID-19 vaccine uptake
among parents)
Gengetal. (14) 2022 Systematic review 69 PubMed, Web of Science, 34 College student Knowledge, trust conception, social behavior,
and meta-analysis Cochrane Library, CNKI information sources, country
Halemani et al. (45) 2022 Systematic review 54 PubMed, Clinical key, Google 24 Pregnant women Risks of infections, comorbidities, adverse effects
and meta-analysis Scholar, Cochrane Library, (-), safety concerns (-)
CINAHL
Hajure et al. (46) 2021 Systematic review Google Scholar, Science 24 HCW Age, sex, profession, concerns about the safety of
Direct, PubMed vaccines and fear of COVID-19, trust in the
accuracy of the measures taken by the
government, flu vaccination during the previous
season, comorbid chronic illness, history of
recommendation, depression symptoms
Januszek et al. (47) 2021 Systematic review 29.7-77.4 PubMed 9 Pregnant women Trust in the importance and effectiveness of
vaccine, explicit communication about the safety
of COVID-19 vaccines, acceptance of other
vaccinations (e.g., influenza), belief in the
importance of vaccines/mass vaccination, anxiety
about COVID-19, trust in public health
agencies/health science, compliance to mask
guidelines, older age, higher education,
socioeconomic status
Joshi et al. (48) 2021 Scoping review 72 PubMed 2 General population | Socio-demographic variables (gender, age,
education, occupation), trust in authorities, risk
perception of COVID-19 infection, vaccine
efficacy, current or previous influenza vaccination,
vaccine safety, study period
Kalu etal. (37) 2022 Mapping review PubMed, Ovid, Embase, 68 African countries Sociodemographic factors; knowledge, attitude,
CINAHL, PsychINFO and belief-related factors; COVID-19 vaccine
efficacy and safety concern factors; trust in
government and public health authorities
Kamal et al. (49) 2021 Rapid review ‘Web of Science, Ovid, Scopus, 21 Minority ethnic Inclusive communications which address vaccine
PsychINFO, Google Scholar groups in the UK concerns via trusted communicators, increased
visibility of minority ethnic groups in the media,
pre-existing mistrust of formal services (-), lack of
information about the vaccine’s safety (-),
‘misinformation (-), inaccessible communications
(-), logistical issues (-)
Kazeminia et al. (50) 2022 Systematic review 63.9 PubMed, Embase, Scopus, 98 Not specific Older adult and young people, medical staff,
and meta-analysis ‘Web of Science, Google employees, education level, socioeconomic status,
Scholar trust in vaccine, positive vaccination history
Kukreti etal. (51) 2022 Systematic review 60.1 Cochrane Library, Medline, 19 General population | COVID-19 cases per million population, deaths
and meta-analysis Embase, Registers per million population, WHO regions of the world
Lietal. (52) 2021 Rapid systematic 27.7-773 PubMed, Embase, Science 13 HCW Male, older age, physicians, previous influenza
review Direct, Web of Science, China vaccination, self- perceived risk, concerns for
National Knowledge safety (-), efficacy and effectiveness (-), distrust of
Infrastructure, VIP, Wanfang the government (-)
Data
Limbuetal. (21) 2022 Systematic review 73.19 PubMed, CINAHL, Web of 43 General population Attitude, subjective norms, perceived behavioral
and meta-analysis Science, and Google control, self-efficacy, region (continent), sample
population
Lin etal. (53) 2021 Rapid review 50 PubMed, Embase, PsycINFO 126 General population | Perceived risk, concerns over vaccine safety and
effectiveness, doctors’ recommendations,
inoculation history, political party orientation,
perceived political interference
Lin etal. (54) 2022 Systematic review Practitioners (81.1%), Google Scholar, PubMed, 10 Dental student, Dental practitioners from middle East and
and meta-analysis students (60.5%). Web of Science, Science dental practitioner high-income countries
Direct, Cochrane Library,
EBSCO, LILACS, Open Gray
Luo etal. (55) 2021 Systematic review 51 4 English databases (PubMed, 9 HCW Miale, aged 30 years or older, having a history of
and meta-analysis Embase, Web of Science, the prior influenza vaccination
Cochrane Library) and 4
Chinese databases (CNKI,
VIP, Wanfang Database,
CBM)
Mahmud et al. (56) 2022 Systematic review 62.79 PubMed, Medline, Web of 79 General population, | Pre- to post-pandemic (-), region (South-East
and meta-analysis Science, Google Scholar HCW Asia), region (Africa) (-)
Mose etal. (57) 2022 Systematic review 51.64 PubMed, Scopus, Google 12 Ethiopian Male, secondary and above educational status,
and meta-analysis Scholar, African Journals knowledge, positive attitude
Online, Web of Science
Nehal et al. (58) 2021 Systematic review 66.01 PubMed 63 General population | Age, gender, education, attitudes and perceptions
and meta-analysis about vaccines
Nindrea et al. (59) 2021 Systematic review ProQuest, PubMed, EBSCO 24 General population | Female, older age, high income, high education,
and meta-analysis high level of knowledge, encountered with
COVID-19, fear about COVID-19, perceived
benefits, flu vaccine during the previous season,
HCWs, male, married, perceived risk, trust in
health system, chronic diseases
Norhayati et al. (60) 2022 Systematic review 61 PubMed 172 Not specific Regions, population, gender, vaccine effectiveness,
and meta-analysis survey time, continent, HCWs, vaccine
effectiveness, during the first survey
Olu-Abiodun et al. (61) 2022 Rapid review 20-58.2 PubMed, Web of Science, 10 Nigerian Propaganda (-), adverse effect concerns (-),
Cochrane Library, Embase conspiracy theories (-)
Parthasarathi et al. (62) 2022 Systematic review 70 PubMed, MEDLINE, Scopus 35 General population | Study period (-), female gender (-), rural residence
and meta-analysis (-), lower income (-), lower formal education (-)
Patwary etal. (63) 2022 Rapid review 58.5 PubMed, Scopus, Web of 36 Low-and Male, perceiving risk of COVID-19 infection
Science lower-middle
income countries
Popa etal. (64) 2022 Literature review PubMed, Google Scholar 44 Eastern European Public confidence in the vaccines' safety and
countries efficacy, vaccine literacy, public trust in the
government and the medical system
Prabani et al. (65) 2022 Systematic review 59 PubMed, Science Direct, the 29 Patients with cancer | Early cancer stages (stages I and II), good
and meta-analysis Cochran compliance with prior influenza vaccinations
Ripp and Roer (66) 2022 Rapid review COVID-19 Data Portal, APA 10 General population | Belief in COVID-19-related conspiracy narratives
PsycArticles, Psychology and
Behavioral Sciences, Scopus,
PubMed
Robinson et al. (67) 2021 Systematic review PubMed, Scopus, pre-printer 28 Female (-), younger (-), lower income or education
and meta-analysis servers level (-), belonging to an ethnic minority group (-)
Roy etal. (68) 2022 Systematic review PubMed, Elsevier, Science 47 General population Safety, efficacy, side effects, conspiracy beliefs
Direct, Scopus (Asian countries), trust, social influence (Europe),
information sufficiency, political roles,
vaccine-mandates (United States)
Sahile et al. (69) 2022 Systematic review 57.8 Google Scholar, Web of 18 Ethiopian Region, country
and meta-analysis Science, Science Direct,
Hinari, Embase, PubMed
Shakeel et al. (70) 2022 Systematic review PubMed, Web of Science, 81 General population | Country, low levels of education and awareness,
IEEE Xplore, Science Direct inefficient efforts and initiatives by the
government
Shamshirsaz et al. (71) 2022 Systematic review 47 PubMed, Scopus, 12 Pregnant women Uptake of other vaccines (influenza and/or TdaP)
and meta-analysis archive/pre-print servers during pregnancy
Shui etal. (72) 2022 Systematic review 78 PubMed, Embase, The 18 HCW Survey time, male, educational level (-), nurses (-)
and meta-analysis Cochrane Library, Web of vs. doctors and other HCW, regions, HCWs who
Science, CNKI, Wanfang participated in quarantine or had been in contact
Database, CBM, VIP with confirmed cases
Terry etal. (73) 2022 Systematic review Medline, Embase, CINAHL, 2 General population | Greater perceived risk of COVID-19, lower of
and meta-analysis PsycINFO, PsycARTICLES, perceived vaccine harm, higher education, higher
Sociological Abstracts, household income, older age, ethnicity, male
Applied Social Sciences Index
and Abstracts
Wake (74) 2021 Systematic review 27.7-913 PubMed/Medline, HINARI, 45 General population | Age, education, gender, income, residency,
Embase, Google Scholar, Web occupation, marital status, ethnicity, perceived
of Science, Scopus, African risk, trust in healthcare system, health insurance,
journals, Google for gray norms, attitude toward vaccine, perceived benefit,
literature perceived barriers, self-efficacy, vaccination status,
history of COVID-19 infection, perceived efficacy,
recommended for vaccination, political leaning,
perceived severity, vaccine safety concern, fear
about COVID-19, cues to action, presence of
chronic disease, confidence, vaccine hesitancy,
complacency
Wang etal. (75) 2021 Systematic review 73.31 PubMed, Web of Science, 38 General population, Gender, educational level, influenza vaccination
and meta-analysis Cochrane Library, Embase HCW history, trust in the government, protecting
oneself or others, concerns about side effects and
safety (-)
Wang etal. (76) 2022 Systematic review 67.8 PubMed, Embase, Web of 519 General population | Pregnant/lactating women (-), country, study
and meta-analysis Science, EBSCO period (-), aged < 60 years (-), Black people (-),
lower education (-), lower income (-)
Willems et al. (77) 2022 Scoping review 27.7-92 CINAHL, APA PsycArticles, 26 HCW Profession, age, gender, education, income,
APA PsycInfo, Web of ethnicity, geographical, political orientation, past
Science, Semantic Scholar, vaccine behavior, comorbidities, mental
Prospero, Outbreak Science, well-being, COVID self-history, COVID family
Cochrane, Scopus history
Zintel etal. (78) 2022 Systematic review PubMed, Web of Science, 16 General population | Women (-), HCWs (-)

HCW, Healthcare worker.
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Characteristics Frequency Percel
Publication by year 2022 39 70.91
2021 16 29.09
Types of review Systematic review 34 61.82
and meta-analysis
Systematic review 8 14.55
Rapid review 6 10.91
Scoping review 5 9.1
Literature review 1 1.82
Mapping review 1 1.82
Study population General population 21 36.21
Healthcare worker 13 2241
Pregnant women 5 8.62
Ethiopian 4 6.9
Other African 3 5.17
countries
Student 2 3.45
Parent 2 3.45
Other 8 13.79
Search database PubMed 54 21.51
‘Web of science 32 12.75
Scopus 23 9.16
Embase 19 7.57
Google scholar 19 7.57
Cochrane library 11 4.38
Science direct 11 438
CINAHL 11 4.38
MEDLINE 9 359
PsycINFO 8 3.19
EBSCO 7 2.79
ProQuest 5 2.0
Other 42 16.73
Average number of Range 9-519 46.65
studies included
Average CVI Range 46-78 56.97

CVI, COVID-19 vaccination intention.
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Alemayehu etal. (30) 2022 + + + + + + + + + + + + + +
Alimohamadi et al. (31) 2022 + + + + + + + + + $ + + + + + +
Al-Jayyousi et al. (32) 2021 + + + + + + + + - - - = = + = +
Azami etal. (33) 2022 + + + + + + + + 4 + + + b + H +
AlShurman et al. (34) 2021 + + + + + + t + t + - - b + 3 +
Bayou and Amare (35) 2022 + + i ¢ + + + + + L4 + - - 1 + 54 +
Belay et al. (36) 2022 + + + + + + + + + + + + + + + +
Bhattacharya etal. (37) 2022 + + + + + + + + + + + + + + + +
Biswas et al. (38) 2021 + + + + + + + + ¥ + - . 3 + 2 +
Chen etal. (39) 2022 + + + + + + os + ¥ + + + i + 3 +
Desye (40) 2022 + + + + + + + + b4 -4 - - 4 + k4 +
Galanis et al. (41) 2021 + + + + + + o + i - + + b + 1 +
Galanis et al. (42) 2022 + + 4+ + + + + + + + + + + + + +
Galanis et al. (13) 2022 + + + + + + + + + + + + + + + +
Gengetal. (44) 2022 + + + + + + + + i + + + b + b +
Halemani etal. (45) 2022 + + + + + + + + + + + + + + + +
Hajure et al. (46) 2021 + + + + + + + + b + = - 1 + t +
Januszek et al. (47) 2021 + + + - + + + + £ + - - t + t +
Joshi et al. (48) 2021 + + t - + + + + i - - - 1 + i +
Kalu etal. (37) 2022 + + + + + + - + b = - = 53 + ¥ -
Kamal et al. (49) 2021 + + + + + + + + + + - - + + + +
Kazeminia et al. (50) 2022 + + + + + + + + + + + + + +
Kukreti etal. (51) 2022 + + + + + + + + + + + + + +
Lietal. (52) 2021 + + + + + + + + + + . - + + + +
Limbuetal. (21) 2022 + + + + + + + + - + + + - + - +
Lin etal. (53) 2021 + + + + + + + + - + - - - + - +
Lin etal. (54) 2022 + + + + + + + + + + + + + + + +
Luoetal. (55) 2021 + + + + + + + + b4 + + + b4 + 3 +
Mahmud et al. (56) 2022 + + + + + + + + 4 + + + 3 + i +
Moseetal. (57) 2022 + + + + + + + + + + + + + + + +
Nehal etal. (58) 2021 + + i = + + + + + + + + + + + +
Nindrea etal. (59) 2021 + + + + + + + + 4 + + + b + t -
Norhayati et al. (60) 2022 + + + + + + + + + - + + + + + +
Olu-Abiodun etal. (61) 2022 + + + + + + + + 4 + - - 1 + it +
Parthasarathi et al. (62) 2022 + + + + + + + + + = + -+ + + + +
Patwary etal. (63) 2022 + + + + + + + + + + + + + +
Popa etal. (64) 2022 + + + H + + + + - + - - - + - +
Prabani et al. (65) 2022 + + + + + + + + + + + + + + + +
Ripp and Roer (66) 2022 + + b4 + + + + + t + - - % + + +
Robinson etal. (67) 2021 + + + + + + + + + + + + + + + +
Roy et al. (68) 2022 + + b + + + + + i + - - i + 1 +
Sahile et al. (69) 2022 + + + + + + + + + 3 + + + + + +
Shakeel et al. (70) 2022 + + + + + + + + t + - - b + b =5
Shamshirsaz et al. (71) 2022 + + + + + + + + + S + + + + +
Shui etal. (72) 2022 + + + + + + + + + + + + + + +
Terry etal. (73) 2022 + + + + + + + + + + + + + + +
Wake (74) 2021 + + b4 + + + + + 4 - - - i + i+ +
Wangetal. (75) 2021 + + + + + + + + b4 + + + b + H +
Wang et al. (76) 2022 + + + + + + + + + + + + + + + +
Willems et al. (77) 2022 + + b4 + + + + + ¥ + - - H + t +
Zintel et al. (78) 2022 + + + + + + + + b4 + + + t + :: +

+ for “yes” - for “no” and § for partial “yes” or “unclear”.
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Searched database

Scopus

Search terms and Boolean operators

TITLE (review) AND ALL (vaccination AND intention) OR (vaccine AND acceptance)
AND ALL (covid-19) OR (coronavirus) OR (SARS-CoV-2) AND (LIMIT-TO (PUBYEAR,
2022) OR LIMIT-TO (PUBYEAR, 2021) OR LIMIT-TO (PUBYEAR, 2020)) AND
(LIMIT-TO (DOCTYPE, “re”)) AND (LIMIT-TO (LANGUAGE, “English”)) AND
(LIMIT-TO (SRCTYPE, “j"))

Web of Science

(((TI=(review)) AND ALL=(vaccination intention)) OR ALL=(vaccine acceptance)) AND
TI=(covid-19) and Review Article (Document Types) and 2020 or 2021 or 2022
(Publication Years) (((TI=(review)) AND ALL=(vaccination intention)) OR
ALL=(vaccine acceptance)) AND TI=(coronavirus) and Review Article (Document
Types) and 2020 or 2021 or 2022 (Publication Years) (((TI=(review)) AND
ALL=(vaccination intention)) OR ALL=(vaccine acceptance)) AND TI=(SARS-CoV-2)
and Review Article (Document Types) and 2020 or 2021 or 2022 (Publication Years)

147

PubMed

(((review[Title]) AND (vaccination intention) OR (vaccine acceptance)) AND (covid-19)
(((review[Title]) AND (vaccination intention) OR (vaccine acceptance)) AND
(coronavirus) (((review([Title]) AND (vaccination intention) OR (vaccine acceptance))
AND (SARS-CoV-2)

197

CINAHL

TI review AND TX vaccination intention OR TX vaccine acceptance AND TI covid-19 TT
review AND TX vaccination intention OR TX vaccine acceptance AND TI coronavirus TI
review AND TX vaccination intention OR TX vaccine acceptance AND TI SARS-CoV-2

366
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Theoretical Domain No of comments
Environmental contest and resources 326
Beliefs about consequences 28
Knowledge 243
Social and professional roles and identity 142
Social influences 109

Total 1,068
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TDF Domain

Knowledge and skills

Beliefs about capabilities

Beliefs about consequences
Environmental context and resources
Goals

Emotions

Memory, attention, and decision processes

Behavioral regulation
Social influences

Social and professional role
Intention

Optimism

Reinforcement

Defini

(o]

Knowledge about the pandemic and/or COVID 19 vaccine

Abilities o take the vaccine

Negative or positive outcomes as a result of having taken COVID19 vaccine
Vaceine related actions of authorities, policies, procedures and resources
Decision to take vaccination

Emotions linked with COVID-19 vaccine or COVID-19 vaccine uptake

Influence of trust and mistrust towards COVID-19 vaccines, vaccination program, authorities COVID-19 response in

decision-making process
Having made a concrete action that indicates that COVID-19 vaccine either will or will not be taken
Social influences related to COVID-19 vaccine, social norms, social pressures.

Group beliefs, perceptions, and behaviors linked with COVID-19 vaccines

‘Thinking of taking COVID-19 vaccine, having considered taking COVIDI9 vaccine

Perception that taking COVID-19 vaccine will lead to some positive outcomes

Perception of support, pressure, feedback that encourages uptake of COVID-19 vacci
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Vaccine efficacy (326)
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2017 443 0 443 (3.3) 2,457 0 2,457 2,806 0 2,806 2,387 1 2,388 872 1 873 (6.5) 1,012 3,503 4,515 (33.49) 9,977 3,505
(18.2) (20.8) 17.7)
2018 12,389 0 12,389 15,767 6 15,773 7,633 1 7,634 2,502 0 2,502 430 0 430 (1.0) 444 4,711 5,155 (11.75) 39,165 4,718
(282) (35.9) (17.4) (5.7)
2019 21,984 2 21,986 19,889 0 19,889 9,639 6 9,645 2,725 1 2,726 322 2 324 (0.5) 196 6,855 7,051 (11.44) | 54,755 6,866
(35.7) (323) (15.7) (4.4)
2020 16,257 1,771 18,028 20,262 2,747 23,009 8,121 1,506 9,627 1,366 769 2,135 128 495 623 (1.1) 73 5,693 5,766 (9.74) 46,207 12,981
(30.5) (38.9) (16.3) (3.6)
2021 16,116 10,170 26,286 13,812 10,134 23,946 4,229 4,501 8,730 575 1,754 2,329 33 911 944 (1.5) 19 2,258 2,277 (3.53) 34,784 29,728
(40.8) (37.1) (13.5) (3.6)
Total 67,189 11,943 79,132 72,187 12,887 85,074 32,428 6,014 38,442 9,555 2,525 12,080 1,785 1,409 3,194 1,744 23,020 | 24,764 (10.20) = 184,888 57,798
(32.6) (35.1) (15.8) (5.0) (1.3)

21 month refers to children who have received their first dose at the age of 6 weeks and <2 months. 2 month refers to children who have received their first dose at the age of 2 months and <3 months. 3 month refers to children who have received their first dose at

the age of 3 months and <4 months. 44 month refers to children who have received their first dose at the age of 4 months and <5 months. €5 month refers to children who have received their first dose at the age of 5 months and <6 months.
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Region central urban | Shagncheng 75,020 30,526 4,673 35,199 46.9 29,884 3,017 32,901 29,344 1,875 31,219 24,654 788 25,442 339 124,761
areas
Gongshu 55,937 24,456 | 2,388 | 26844 | 480 23969 | 1,666 | 25635 | 23,541 | 1318 | 24859 | 19,586 754 20,340 36.4 97,678
Xihu 58,469 23,312 4,751 28,063 48.0 23,111 3,695 26,806 22,698 2,839 25,537 19,396 1,597 20,993 359 101,399
Binjiang 31,364 8,773 2,007 | 10,780 344 8,703 1,633 | 10,336 | 8528 1,221 9749 | 6924 653 7,577 242 38,442
Qiantang 41,637 11,583 | 4,197 | 15780 37.9 11,497 | 1,956 | 13453 | 11,381 | 1,195 | 12576 | 9427 425 9,852 237 51,661
Fengjing 752 351 8 359 47.7 348 5 353 341 3 344 279 0 279 37.1 1,335
near central | Xiaoshan 111,738 26492 | 10,694 | 37,186 333 26255 | 8,618 | 34,873 | 25904 | 6941 | 32,845 | 22,174 | 3812 | 25986 233 | 130,890
urban area
Yuhang 76,113 22,650 9,618 32,268 424 22,449 7,624 30,073 22,182 6,182 28,364 19,659 3,243 22,902 30.1 113,607
Linping 70,899 17,306 | 6336 | 23,642 333 17,085 | 5143 | 22228 | 16797 | 4,006 | 20803 | 14442 | 1943 | 16385 | 231 83,058
Fuyang 40,883 10,010 3,653 13,663 334 9,994 2,932 12,926 9,795 2,303 12,098 8,425 1,330 9,755 239 48,442
Linan 31,358 3,002 5,384 8,386 267 2879 | 3034 | 5913 2,799 1,871 4,670 2213 995 3,208 102 22,177
remote areas | Tonglu 22,874 2846 | 2233 5,079 222 2,808 1,881 4,689 2,742 1,554 4,296 2,351 896 3247 142 17311
Chunan 12,995 792 828 1,620 125 774 720 1,494 755 501 1,256 603 228 831 64 5,201
Jiande 19,910 2,789 1,028 3,817 192 2,749 795 3,544 2,686 639 3,325 2,036 397 2433 122 13,119
Gender Male 337,832 96217 | 30,099 | 126316 | 374 94,969 | 22,208 | 117,177 | 93,334 | 16821 | 110155 | 78,966 | 8,878 | 87,844 | 260 | 441492
Female 312,117 88,671 27,699 | 116,370 37.3 87,536 20,511 108,047 | 86,159 15,627 | 101,786 | 73,203 8,183 81,386 26.1 407,589
Household Local 434,922 148,010 | 40,242 | 188252 433 | 146,684 | 30,622 | 177,306 | 144679 | 24302 | 168,981 | 123613 | 13080 | 136,693 | 314 | 671,232
registration household
registration
non-local 215,027 36,878 17,556 54,434 253 35,821 12,097 47,918 34,814 8,146 42,960 28,556 3,981 32,537 15.1 177,849
household
registration
Year 2017 157,002 9,977 3505 | 13,482 8.6 9,381 4 9,385 | 8818 2 8,820 7,347 1 7,348 47 39,035
2018 137,493 39,165 4718 43,883 319 38,925 79 39,004 38,453 7 38,460 36,184 4 36,188 263 157,535
2019 135,044 54755 | 6866 | 61,621 45.6 54,200 | 2,989 | 57,198 | 53,523 179 53,702 | 50,166 9 50,175 372 | 222,69
2020 115719 46,207 12,981 59,188 51.1 45,586 11,762 57,348 45,044 8,879 53,923 43,075 6,918 49,993 43.2 220,452
2021 104,691 34784 | 29728 | 64,512 61.6 | 34,404 | 27,885 | 62,289 | 33,655 | 23381 | 57,036 | 15397 | 10,129 | 25526 244 | 209363
Total 649,949 184,888 | 57,798 | 242,686 37.3 182,505 | 42,719 | 225,224 | 179,493 | 32,448 | 211,941 | 152,169 | 17,061 169,230 260 849,081
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Country Prediction Prediction Type Type Il True-positive True-negative

accuracy rate error rate I error error rate rate
(Sensitivity) (Specificity)
Libya 714% 28.6% 63.5% 103% 897% 36.5% 073
(67.0-75.9) [24.1-330) (s88-682] | [73-133] 86.7-92.7) (31.8-41.2] [0.68-0.77)
Lebanon 69.1% 309% 597% 93% 90.7% 403% 083
(639-74.3) (25.7-36.1) (ba1-652] | [62-126] [87.4-94.0] [35-459] (0.79-0:84)
Syrian Arab 67.6% 324% 589% 105% 89.6% 411% 078
Republic (629-723] [27.7-37.1) (539-638] | [7.4-135] [86.5-92.6] [36.2-46.1] [0.74-0:82]
Iraq 789% 211% 50.6% 12.6% 87.4% 49.4% 074
(74.9-83.0] (17.0-25.1] [45.6-555] | [93-159] (84.12-90.7] [44.5-84.1] (0.70-0.79)
Palestine 699% 30.1% 642% 9.1% 909% 35.1% 075
[65.4-745) [25.5-346) (59426895 [63-94] 88.0-93.7) (31.0-10.6] [70.84-
79.43)
Sudan 77.1% 29% 517% 133% 867% 483% 078

(71.6-825) (17.5-28.4] [453-58.2) [89-17.7) [823-91.1) [41.83-54.7) (0.72-0.83)





OPS/images/fpubh-11-1146792/fpubh-11-1146792-t002.jpg
Predictors Coefficients (ps) Odds Ratios [95%Cl]

(OR)
(intercept) 0152* 116 [1.06-1.90] 0032
PACV score —0083%+* 092 0.89-0.94] <0.001
Mother’s age 0030 103 [0.97-1.09] 0315
working mother 0374 145 0.79-2.67) 0.226
Mother’s education: high school 1197 331 0.26-4.49] 0337
Mother’s education: university or ons 112 [0.09-1.53] 0.924
higher
Place of residence: rural 0007 100 0.983
Parents received influenza vaccine 0308 136 0377
the past year
Total number of children 0.074 108 0.703
Child age
Preschool 0.004 100 0.993
Schoolchildren ~0044 096 0931
Adolescents —1796%* 017 0.05-0.54] 0.003
Child gender (Female) 0271 131 0.76-2.26] 0328
Childs birth order ~0.162 085 [0.61-1.24] 0348
Child have a chronic disease ~0264 077 [0.28-2.16] 0610
Child get sick from influenzalast yes ~0431 085 [0.46-155] 0.600
Routine vaccination
Child partally vaccinated ~0273 076 (032-1.78] 0527
Child not vaccinated atall ~0552 058 0.09-4.17) 0561
Child get the COVID-19 258155 132 3.66-7.05] <0.001
vaccination
Child get influenza vaccination last 0436 155 0.59-4.45) 0390

year

Reference Categories. Mother education: les than high school. Place of residence: urban. Child age: infant, Routine vaccinati
and one.

Regression equation: In (0dds that parents intend to vaccinate their children)=0.152-(0.083*PACY score) + (0.030"mother age) + (0.374*working mother) + (1.197*mother with high
school) +(0.118 mother with university degree) + (0.007*rural parents) + (0.308* parents received vaccine) + 0.074*total number of children) + (0.004* preschool children) + (0.044school
children) ~ (1.796*adolescents) + (0.271 *female child) — (0.162*birth order) — (0.264*child with a chronic disease) — (0.431Child get sick from influenza) + (~0.273*child partially
vaccinated)  (0.552*child not vaccinated at all + (2.381%child get the COVI vaccination) + (0.436*child get inf vaccination).

p<00s.

**p <001

+4p<0.001.

‘ompletely vaccinated. Other variables are binary takes zero
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VEUELIES Group (1) development sample Group (2) validation Test statistic

N =430 sample p-value
N =2095
n(%)
T=638
Mean age of mother 3449278 3653290
0,001+
Mother's highest education level
Less than high schaol 49(11.4) 417(199) 2=2176
High school 11927.7) 453 (21.6) 0,001+
University or higher 262 (60.9) 1,225(585)
Mother’s employment status
Employed 179 (416) 1,196(57.1) 2=3438
Unemployed 251(58.4) 899 (42.9) 0,001+
Place of residence
Urban 304(70.7) 1,677 (80.0) 2=3319
Rural 124 288) 369 (17.6) 0,001+
Mountains and desert 2(05) 9023
Parents received influenza vaccination
Yes 147(34.2) 606(28.9)
No 283(65.8) 1,489(71.1)
10,116
Average number of children 23212 317619
0,001+
Child’s age
Infant 90(209) 432(206)
Preschool 158(36.7) 641(30.6) 0054
School children 88(20.5) 515(24.6)
Adolescents 94(21.9) 507(24.2)
Childs gender
Male 220(51.2) 1,131(540)
Female 210(48.8) 964(46.0) 0155
Child s birth order
First 151(35.1) 524(25.0) 1228546
Second-third 218(507) 791(37.8) 0,001+
Forth or more 6114.2) 780(37.2)
Child had chronic disease
Yes 36(8.4) 24(11.2) 2=293
No 394(91.6) 1861(88.8) 0.049%
Child got sick from influenza last year
Yes 247(57.4) 1240(59.2) 72=3389
No 86(20.0) 591(282) 0,001+
Do not remember 97(226) 264(126)
Child got influenza vaccination last year
Yes 44(10.2) 457(21.8) 223008
No 386 (89.8) 1,638(782) <0.001%
Child got routine vaccination
Completely vaccinated 350(81.4) 1732(82.7) =616
Partially vaccinated 73(17.0) 291(139) 0.046%
Not vaccinated at all 7(1.6) 72(3.4)
Child got COVID-19 vaccination
Yes 60(14.0) 220(1035)
No 370(86.0) 1875(89.5) 043
Intention to vaccinate children
Yes 315(73.25) 1,361(65.0) 22=1099
No 115(26.75) 734(35.0) 0,001+

Age of children were categorized into infants: from 6 to 12 months, preschool age: 24 years, school age: 5-9 years, and adolescents: 10-18 years. The chi-square test was used to test differences
betwveen proportions, while the t-test is used to compare the means of the two groups.

p<0.05.

“4p <0001,
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Constructs

Measurement Factor loading Cronbach’s Composite Average variance

items alpha reliability extracted

Perceived infection risk PIRL 0.857 0815 0.880 0.710
(PIR) PIR2 0.837
PIR3 0.834
Perceived vaccine PVEL 0.949 0.939 0.961 0.891
effectiveness (PVE) PVE2 0.958
PVE3 0.926
Perceived vaccine PVSEL 0.925 0.935 0.958 0.885
side-effects (PVSE) PVSE2 0.960
PVSE3 0.936
Attitude toward AV1 0.944 0.958 0.970 0.889
vaccination (AV) AV2 0.938
AV3 0.948
AV4 0.942
Anticipated regret (AR) ARI 0.964 0977 0.983 0.936
AR2 0.971
AR3 0.972
AR4 0.961
Anticipated pride (AP) AP1 0.931 0.934 0.958 0.884
AP2 0.943
AP3 0.946
Descriptive norms (DN) DN1 0.864 0.962 0.969 0.841
DN2 0.868
DN3 0.940
DN4 0.949
DN5 0.943
DN6 0.933
Injunctive norms on the INIT 0.958 0.955 0.971 0918
Internet (INI) INI2 0.957
INI3 0.959
Perceived moral PMOL 0.932 0.929 0.950 0.826
obligation (PMO) PMO2 0.929
PMO3 0.949
PMO4 0.820
Self-efficacy for SEV1 0.908 0.884 0.928 0.811
vaccination (SEV) SEV2 0.851
SEV3 0.940
Vaccination intention vil 0.964 0.968 0979 0.940
V1) V2 0972
VI3 0.972
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PIR PVE PVSE AV AP INl  PMO SEV
Perceived infection risk (PIR) 0.843 0.284 0.080 0.252 0.226 0.220 0.272 0.254 0.337 0.262 0.200
Perceived vaccine effectiveness (PVE) 0272 0.944 0.229 0.604 0.128 0.580 0.321 0.482 0.560 0.624 0.460
Perceived vaccine side-effects (PVSE) 0.037 —0.215 0.941 0.225 0.026 0.176 0.091 0.178 0.163 0.203 0.099
Attitude toward vaccination (AV) 0.247 0.574 —0213 0.943 0.325 0.776 | 0.489 | 0.648 0.761 0.707 0.652
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Anticipated pride (AP) 0.221 0.544 —0.165 0.735 —0.34 0.94 0.471 0.630 0.737 0.701 0.643
Descriptive norms (DN) 0.255 0.305 —0.087 0.470 —0.229 0.446 0.917 0.590 0.510 0.519 0.516
Injunctive norms on the Internet (INI) 0.252 0.456 —0.168 0.620 —0.281 0.595 0.563 0.958 0.669 0.612 0.604
Perceived moral obligation (PMO) 0.321 0.527 —0.152 0722 —0.355 0.69 0.482 0.631 0.909 0.761 0.674
Self-efficacy for vaccination (SEV) 0.240 0.572 —0.182 0.657 —0.247 | 0.643 | 0.567 | 0.567 0.698 0.901 0.660
Vaccination intention (VI) 0.206 0.439 —0.094 0.628 —0.196 | 0.614 | 0582 | 0.582 0.641 0.617 0.969

Numbers in bold font are the sauare roots of average variance extracted.
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Frequency Perce
Sex
Male 123 30.4%
Female 282 69.6%
Educational level
Secondary school or lower 99 24.4%
High school or equivalent 104 25.7%
College or equivalent 185 45.7%
Postgraduate 17 4.2%
Region
Urban 273 67.4%
Rural 132 32.6%
Average monthly household income
RMB 5,000 and below 65 16.0%
RMB 5,001-10,000 102 25.2%
RMB 10,001-15,000 101 24.9%
RMB 15,001-20,000 76 18.8%
RMB 20,001-30,000 36 8.9%
RMB 30,001 or above 25 6.2%
Daughter’s HPV vaccination status
Yes 155 38.3%
No 250 61.7%
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Factors Not vaccinated Vaccinated Chi-square

(vaccination status) P—
(Vaccination status)

Marital status

Divorced 1 0
Married 7 B
Single 37 29 13.996 0.001
Age
18-25 19 7
13,061 0.004
26-44 2 50
45-59 0 1
Income
Above #100,000 2 45
Higher than average but below #100,000 10 4 10.766 0013
Average 3 6
Lower than average 8 3
Denomination
Anglican n 2
Catholic 19 2%
Jehovah Witness 1 0
14027 0051
Methodist 1 1
Pentecostals n 6
Presbyterian 0 2
Others 2 1
Religion 3 55
Christian 1 3
1858 0395
Muslim 1 0
Other
Sex
Female 2 29 1532 0216
Male 17 B
Occupation
1 doctor 2 2
Medical laboratory Scientist 3 1 5471 014
Nurse 14 n
Other 5 4
Educational Level 10 3
Post graduate 35 35 4568 0102
Tertiary
Current State of health
Fairly good 5 9 0419 0518
Very good 0 9
Previous COVID-19 infection
No 2 2
4677 0,09
Not sure 6 7
Yes 14 30

*Value of p was derived using chi-square analysis on IBM SPSS version 21. Significant value of p i defined as values les than 0,05, The comparisons were based on vaccination status. **There
were 103 respondents. 58 respondents have received the COVID-19 vaccines partially or fully while 45 respondents had not received the vaccines atall.
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Reasons for refusing n/N (N=Total) Percentage

vaccine

Fear of side-effects 30(45) 66.7%
Concern about efficacy 29(45) 64.4%
Lack of adequate information on 18 (45) 40%

available vaccines

Preferred vaccine unavailable 5(45) 11%
Religious reasons 3(5) 67%
COVID-19is not a dangerous disease 3(43) 67%
Against vaccines in general 3(45) 67%

Cultural reasons. 1(45) 22%
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Variable Frequency n (%)

Age (y)

18-25 26(25.2)
26-44 76 (73.8)
45-60 1(1.0)
>60 il
Sex

Female 57(55.3)
Male 46 (44.7)
Marital status

Single 66(64.1)
Married 36 (35.0)
Divorced 101.0)
Widowed il
Religion

Christian 98 (95.1)
Muslim 409
Other 101.0)
African traditional religion Nil

If Christian, denomination

Catholic 45 (45.9)
Pentecostal 33(33.7)
Anglican 13(133)
Methodist 2(20)
Jehovah Witness 10.0)
Presbyterian 1010)
Others. 3(3.0)
Level of education
Tertiary 70(68.0)
Post-graduate 33 (32.0)
Secondary il
Primary il
Occupation
Medical doctor 65(63.1)
Nurse 25(24.3)
Medical laboratory scientist 409)
Other
Physiotherapist 9(8.7)
Radiographer Nil
Record staff il
il

Family income

Above #100,000 69 (67.0)
Higher than average but less than #100,000 14(13.6)
Lower than average 11(107)
Average (¥30,000) 9(87)

Chronic llness
Yes 14(13.6)

No 89 (86.4)
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Twill receive a COVID-19 health certification (HC) that will allow to avoid limitations to my daily life.

“This willallow me o travel freely.

T will receive a monetary reward for vaccinating.

Phoim

<0.001
0074
1000
1000

0865
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95% Cl for mean

Mean difference difference Cohen's d
Lower Upper
Tax" ~0.456 ~0652 ~0.260 0070 -6539" ~0252
Feet ~0515 ~0711 ~0319 0070 ~7.388" ~0285
Monetary
HC! -1275 -1471 ~1079 0070 ~18283" ~0704
Travelt -1175 -1371 ~0.979 0070 ~16.855" ~0619
Feet ~0059 0255 0.137 0070 ~0819
Tax HC! ~0819 -1015 ~0623 0070 ~11.744" ~0452
Travelt -0719 ~0915 ~0523 0070 ~10316' ~0397
HC! ~0.760 ~0956 ~0564 0070 ~10895" ~0.420
e Travelt ~0.660 0856 ~0.464 0070 ~9.467" 0365
HC Travel® 0.100 ~009 0.295 0070 1428

Results are averaged over the levels of: gender, wage, education.
Signifcative (pau <0.001).

“The government will reduce my taxes.

“The government will fee me for not vaccinating.

I will receive a COVID-19 health certfication (HC) that will allow to avoid limitations to my daily e
“This will allow me to travel frecly.
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Label of

| will do further doses of vaccine, in addition to the the Type of Mean b Sraniess | onieds

current “booster” dose, if (item text)... 5 incentive 5
variable

. Twill receive a monetary reward for vaccinating Monetary  Financial 3.095 1802 0275 ~1309

.. the government will reduce my taxes Tax Financial 3562 1721 ~0097 -1.236

...the government will fee me for not vaccinating Fee Financial 3635 1619 ~0.197 -1.019

. Twill receive a COVID-19 health certification (HC) that will allow to HC

Legal 4352 1383 ~0736 ~0.060

avoid limitations to my daly life

....this will allow me to travel freely Travel Legal 4282 1480 0658 0364
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Gender
Male 330 48.96
Female 344 5104

Geographical area of residence

North-west 177 2626
North-cast 121 1795
Center 122 18.10
South & slands 254 37.69

Education level

No degrees 1 015
Elementary degree 2 030
Middle school degree 106 1573
High school degree 375 5564
University degree 19 219

Family monthly wage

Up to 6006 37 549
601-900€ 38 564
901-1,200€ 69 1024
1,201-1,500€ 92 1365
1,501-1800€ 64 650
1801-2,500€ 138 2048
2,501-3,500€ 126 18.69
3,501-4,500€ 72 10.68

More than 4,500€ 38 564





OPS/images/fpubh-10-1018899/fpubh-10-1018899-t003.jpg
Statements

Correct answer on vaccination
Susceptible to influenza infection
Afraid of being infected with influenza
Influenza infection will bring about serious consequences
Perceiving influenza vaccine as safe for SLE patients
Perceiving influenza vaccine as effective for SLE patients
Perceiving influenza vaccine as beneficial for health
Influenza vaccination willingness
Reasons for non-vaccination against influenza (n = 220)
Concerned about SLE exacerbation or flare by the vaccine
or its adjuvants
Concerned about adverse event
Lack of awareness of vaccine availability
Concerned about no effectiveness
Concerned about causing infection
Costs.
People I know are not vaccinated
Not recommend by doctors
Do not know where and how to get vaccinated
Unnecessary
Fail in appointment due to lack of vaccines
Adverse events relating to vaccination in the past
Inconvenient
Have no time
Susceptible to Streptococcus pneumoniae infection
Afraid of being infected with Streptococcus pneumoniae
Streptococcus pneumoniae infection will bring about serious
consequences
Perceiving pneumococcal vaccine as safe for SLE patients
Perceiving pneumococcal vaccine as effective for SLE
patients
Perceiving pneumococcal vaccine as beneficial for health

Pneumococcal vaccination willingness

n (%)

122 (508)
163 (67.9)
185 (77.1)
225 (93.8)
52(21.7)
53(22.1)
93 (38.8)
135 (56.3)

98 (40.8)

91(37.9)
82(34.2)
47(19.6)
44 (18.3)
33(13.8)
33(13.8)
26(9.6)
21(8.8)
13 (5.4)
11(4.6)
10 (4.2)
10 (4.2)
6(2.5)
151 (63.0)
201 (83.8)
234/(97.5)

30(12.5)
43(17.9)

74 (30.8)
127 (529)

Reasons for non-vaccination against Streptococcus pneumoniae (n = 236)

Lack of awareness of vaccine availability
Concerned about SLE exacerbation or flare by the vaccine
or its adjuvants

Concerned about adverse events

Concerned about causing infection

Concerned about no effectiveness

People I know are not vaccinated

Do not know where and how to get Vaccinated

Not recommend by doctors

Costs.

Adverse events relating to vaccination in the past
Unnecessary

Inconvenient

Have no time

Fail in appointment due to lack of vaccines

127 (52.9)
90 (37.5)

88 (36.7)
48 (20.0)
29(12.1)
27(11.3)
22(92)
13 (5.4)
12(5.0)
7(29)
(2.5)
3(1.3)
2(08)
2(08)
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Variables

Age
Gender
Educational level
Marital status
Married vs. Unmarried Divorced,
Widowed or separated vs. Unmarried
Disease duration
Family income per month
Residence
Suburban vs. Urban
Rural vs. Urban
Coresident
Perceived care from family members
Current state of health
Comorbidities
History of infection
Emergency room visits due to infection
Hospitalization due to infection
Having heard of vaccine
Having consulted health professionals about vaccination
Correct answer on vaccination
Susceptible to infection
Afraid of being infected
Infection will bring about serious consequences
Perceiving vaccine as safe for SLE patients
Perceiving vaccine as effective for SLE patients
Perceiving vaccination as beneficial for health
Role of health professionals
Ask about immunization history
Suggest vaccination to prevent infection
Recommend influenza/pneumococcal vaccine

Explain matters needing attention regarding vaccination in SLE patients

Influenza vaccine

OR (95% CI)

1.013 (0.844-1.215)
0.724 (0.206-2.543)
0.935(0.779-1.122)

2.066 (1.137-3.756)
0.867 (0.334-2.250)
0,925 (0.793-1.078)
0.836 (0.644-1.085)

1.422 (0.700-2.889)
1.068 (0.591-1.928)
1.095 (0.864-1.389)
0.810 (0.603-1.089)
0.807 (0.608-1.071)
1.632 (0.913-2.916)
1.564 (0.709-3.450)
1.176 (0.778-1.776)
1.090 (0.767-1.550)
0.981 (0.453-2.122)
1.152 (0.689-1.925)
2.904 (1.712-4.927)
2230 (1.284-3.871)
2.135 (1.158-3.935)
2737 (0.906-8.268)
10.682 (4.068-28.050)
20.000 (6.023-66.407)
15.163 (7.249-31.720)

1024 (0.599-1.750)
2,022 (0.996-4.106)
3.638 (1.186-11.162)
1,555 (0.862-2.806)

P

0.893
0.615
0.935

0.017
0.770
0319
0.179

0.330
0.828
0.452
0.163
0.137
0.098
0.268
0.441
0.631
0.961
0.590
<0.001
0.004
0.015
0.074
<0.001
<0.001
<0.001

0.932
0.051
0.024
0.143

Pneumococcal vaccine
OR (95% CI) P
1.044 (0.870-1.252) 0.643
0.406 (0.105-1.568) 0.191
0921 (0.791-1.073) 0292
1.619 (0.895-2.930) 0.111
1.027 (0.399-2.646) 0.111
0.929 (0.775-1.113) 0426
0.788 (0.606-1.024) 0.075
1.064 (0.533-2.125) 0.860
1.104 (0.613-1.991) 0.741
1.126 (0.888-1.428) 0329
0724 (0.538-0.975) 0.033
0.973 (0.738-1.284) 0.847
1.284 (0.729-2.261) 0387
1.581 (0.713-3.503) 0259
1.226 (0.812-1.850) 0332
1.100 (0.776-1.558) 0.593
1.191 (0.674-2.105) 0.548
1.067 (0.641-1.776) 0.803
1.766 (1.058-2.946) 0.030
2594 (1.513-4.446) 0.001
1.564 (0.784-3.122) 0204
2.294 (0.412-12.766) 0343
3349 (1.378-8.141) 0.008
5.991 (2.543-14.110) <0.001
10.463 (5.010-21.854) <0.001
1.006 (0.590-1.714) 0983
1.637 (0.830-3.226) 0.155
1.343 (0.220-8.184) 0.749
1.309 (0.735-2.333) 0.360
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Variables

Age, years, median (IQR)
Females, n (%)
Educational level, n (%)
Primary school
Middle school
High school
College or above
Marital status, n (%)
Unmarried
Married
Divorced, widowed or separated
Disease duration, months, median (IQR)
Family income per month (yuan), 7 (%)
<1,000
1,000-3,999
4,000-6,999
7,000-9,999
>10,000
Residence, 1 (%)
Urban
Suburban
Rural
Coresident, (%)
Living alone
Living with strangers
Living with friends, colleagues or classmates
Living with family members
Perceived care from family members, 7 (%)
None
Little
Alittle
Some
Alot
Current state of health, n (%)
Excellent
Good
Average
Bad
Very bad
Comorbidities, 1 (%)
History of infection, n (%)
History of respiratory infection, 7 (%)
Emergency room visits due to infection, 1 (%)
Hospitalization due to infection, 1 (%)
Use of medications since diagnosis, 1 (%)
Corticosteroids
DMARDs
Biologics
Hydroxychloroquine
Having consulted health professionals about

vaccination, 1 (%)

IQR, interquartile range.

32 (26-41)
229 (95.4)

11 (4.6)
60 (25)
49 (20.4)
120 (50)

61 (25.4)
154 (64.2)
25 (10.4)

79.5 (45.3-159)

30/(12.5)
117 (48.8)
61 (25.4)
20(8.3)
12 (5.0)

129 (53.8)
43(17.9)
68(28.3)

35 (14.6)
2(08)

14 (5.8)
189 (78.8)

1(04)
125
69 (28.7)
95 (39.6)
63(26.3)

25 (10.4)
54(22.5)
119 (49.6)
36 (15)
6(2.5)

68 (28.3)
212 (88.3)
149 (62.1)
79 (32.9)
83 (34.6)

238 (99.2)
211 (87.9)
43(17.9)

220 91.7)

149 (62.1)
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Variables Influenza Pneumococcal

Vaccine, Vaccine,
1 (%) n (%)

Vaccination rate 20(8.3) 4(1.7)
Having heard of vaccination 210 (87.5) 66 (27.5)
Information source of vaccine

Media 83 (34.6) 33(13.8)

Community bulletin board or brochures 62 (25.4) 23(9.6)

Search in Internet 78 (32.5) 21(8.8)

Health professionals 74 (30.8) 19(7.9)

Family or friends 77 (32.1) 19(7.9)

Wardmates 61 (25.4) 6(25)
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Variables

Afraid of being infected
Perceiving vaccine as effective for SLE patients
Perceiving influenza vaccination as beneficial for health

Constant

0.836

1.681

2.068
—1.280

S.E

0.392
0.687
0.422
0.360

Wald

4.554
5.992
24.044

OR (95% CI)

2.306 (1.071-4.969)
5.372 (1.398-20.643)
7.909 (3.460-18.076)

0.033
0.014
<0.001
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Variables

Family income per month

Perceived care from family members

Susceptible to infection

Perceiving pneumococcal vaccination as beneficial for health

Constant

—0.331
—0.419
1123
2.688
1.145

S.E

0.164
0.182
0.332
0.417
0.883

Wald

4.087
5.287
11.423
41.545

OR (95% CI)

0.718 (0.521-0.990)
0.658 (0.460-0.940)
3.073 (1.603-5.893)
14703 (6.493-33.296)

0.043

0.021

0.001
<0.001
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April 2021 May 2021 June 2021

Vaccine hesitancy P-value Vaccine hesitancy P-value Vaccine hesitancy P-value
rate(95%Cl) rate(95%Cl) rate(95%Cl)
Age (years) 0.995 0.234 0.616
<20 30.0% (9.9~50.1) 27.3% (8.7~45.9) 16.7% (-0.5~33.9)
20~ 29.7% (26.3~33.2) 13.7% (10.9~16.5) 8.8% (6.6~11.1)
35~ 30.7% (25.0~36.4) 12.1% (8.6~15.6) 9.7% (6.6~12.8)
50~ 30.0% (18.4~41.6) 14.8% (7.4~22.2) 7.6% (2.8~12.3)
Gender 0.922 0.281 0.060
Men 30.2% (25.9~34.4) 12.2% (9.2~15.3) 7.2% (4.9~9.5)
Women 29.9% (26.1~33.7) 14.6% (11.7~17.4) 10.5% (8.1~12.9)
Residence 0.028 0.491 0.556
Rural 23.6% (17.7~29.5) 11.9% (6.9~16.9) 8.0% (4.2~11.8)
Urban 31.6% (28.0~34.4) 13.9% (11.6~16.2) 9.3% (7.4~11.2)
Education 0.030 0.325 0.017
<Primary school 52.2% (31.8~72.6) 14.3% (-4.0~32.6) 28.6% (4.9~52.2)
Junior high school and high school 32.9% (26.6~39.2) 16.3% (11.8~20.9) 11.2% (6.8~15.6)
>Undergraduate 28.5% (25.3~31.7) 12.6% (10.3~15.0) 8.3% (6.5~10.1)
Monthly income 0.535 0.792 0.254
<5,000 28.4% (24.5~32.3) 14.8% (10.4~19.1) 10.8% (7.2~14.3)
5,000~10,000 31.9% (26.7~37.1) 13.6% (10.2~15.8) 7.4% (5.0~9.8)
>10,000 31.1% (24.4~37.9) 13.6% (9.0~18.2) 9.8% (6.7~12.9)
Profession 0.203 0.010 0.637
Healthcare workers 20.4% (9.6~31.1) 0.0% 6.7% (9.6~31.1)
Administrators, staff, cultural educators, 27.5% (22.4~32.6) 14.4% (11.2~17.5) 8.2% (22.4~32.6)
Businesspersons, and service workers 30.5% (24.7~36.2) 10.7% (5.6~15.8) 12.8% (24.7~36.2)
Workers and farmers 35.3% (19.2~51.4) 21.7% (12.8~30.6) 9.4% (19.2~51.4)
Others* 32.6% (27.8~37.4) 13.6% (9.6~17.6) 10.7% (27.8~37.4)
Underlying diseases (chronic diseases such as 0.175 <0.001 0.001
hypertension and diabetes)
Yes 37.7% (25.5~49.9) 45.3% (33.1~57.5) 18.7% (10.7~26.7)
No 29.5% (26.6~32.4) 11.5% (9.5~13.5) 8.2% (6.5~9.9)
Self-assessed health score 0.032 0.010 <0.001
Good 29.5% (26.2~32.9) 12.7% (10.6~14.9) 7.8% (6.2~9.5)
moderate 40.4% (31.0~49.8) 25.4% (15.2~35.5) 17.3% (9.9~24.8)
Poor 25.8% (19.4~32.3) 0.0% 71.4% (38.0~104.9)
Have you had an unpleasant experience during 0.899 0.106 0.001
the vaccination process?
Yes 29.5% (21.4~37.6) 20.7% (10.3~31.1) 22.4% (10.8~34.1)
No 30.1% (27.0~33.1) 13.2% (11.1~15.3) 8.5% (6.8~10.1)
Have you consulted a professional for the 0.177 0.160 0.995
COVID-19 vaccine?
Yes 27.1% (22.2~32.0) 15.7% (13.3~21.7) 9.1% (6.1~12.1)
No 31.3% (27.9~34.8) 12.5% (10.0~15.0) 9.1% (7.0~11.1)
Do you think the emergence of mutant strains 0519 0.275 0.316
has an impact on vaccines?
Yes 28.8% (24.1~33.4) 11.7% (8.8~14.6) 10.4% (7.8~13.0)
No 30.7% (27.1~34.3) 15.4% (11.3~19.6) 8.0% (3.0~13.0)
I don’t know. - 14.9% (10.6~19.2) 7.8% (5.3~10.2)
Do you think getting the COVID-19 0.000 0319 <0.001

vaccine can reduce the symptoms of COVID-19
in the future?

Yes 25.5% (22.3~28.7) 12.6% (10.1~15.0) 6.5% (4.8~8.2)
No 45.7% (31.3~60.0) 15.7% (5.7~25.7) 39.5% (23.9~55.0)
I don’tknow. 40.2% (34.1~46.4) 16.2% (11.6~20.8) 12.6% (8.6 ~16.7)

*students, housewives, unemployed individuals, retired workers, and others.
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Vaccination rate in subjects Actual cumulative vaccination rate in the

population
Completed first Completed full Completed first Compl_etet_:l full
vaccination vaccination vaccination vaccination
April 2021 29.4% - 202% -
May 2021 57.1% — 51.0% -
June 2021 61.1% — 59.6% —
November 2021 93.9% 11.6% 90.9% 11.2%
April 2022 97.8% 83.9% 94.6% 77.3%
May 2022 96.6% 78.7% 95.0% 81.5%
June 2022 96.4% 80.7% 95.3% 81.9%
November 2022 95.3% 78.6% 96.4% 84.0%
December 2022 97.0% 84.6% 96.5% 84.3%
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Total Number of Vaccine
people whoare  hesitancy~rate

vaccine (95%Cl)

hesitant
April 2021 1,000 300 30.0% (27.2~32.8)
May 2021 1,023 139 13.6% (11.5~15.7)
June 2021 1,101 100 9.1% (7.4%~10.8)
November 2021 | 1,577 216 13.7% (12.0~15.4)
April 2022 1,945 261 13.4% (11.9~14.9)
May 2022 1,162 229 19.7% (17.4~22.0)
June 2022 1,350 310 23.0% (20.6~25.2)
November 2022 | 1,620 384 23.7% (21.6~25.8)
December2022 | 21,99 669 30.4% (28.5~32.3)
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aracte pril 20 ay 20 e 20 embe April 20 ay 20 e 20 embe Decembe
Total 1,000 1,023 1,101 1,577 1,945 1,162 1,350 1,620 2199
Age (years)
<20 20 (2.0%) 22 (2.2%) 18 (1.6%) 64 (4.1%) 45 (2.3%) 30 (2.6%) 16 (1.2%) 18 (1.1%) 97 (4.4%)
20-35 669 (66.9%) 582 (56.9%) 613 (55.7%) 769 (48.8%) 994 (51.1%) 633 (54.5%) 741 (54.9%) 937 (57.8%) 1115 (50.7%)
35-50 251 (25.1%) 331 (32.4%) 351 (31.9%) 530 (33.6%) 744 (38.3%) 375 (32.3%) 503 (37.3%) 576 (35.6%) 755 (34.3%)
>50 60 (6.0%) 88 (8.6%) 119 (10.8%) 214 (13.6%) 162 (8.3%) 124 (10.7%) 90 (6.7%) 89 (5.5%) 232 (10.6%)
Gender
Men 441 (44.1%) 433 (42.3%) 472 (42.9%) 801 (50.8%) 1055 (54.2%) 682 (58.7%) 599 (44.4%) 519 (32.0%) 1249 (56.8%)
Women 559 (55.9%) 590 (57.7%) 629 (57.1%) 776 (49.2%) 890 (45.8%) 480 (41.3%) 751 (55.6%) 1337 (82.5%) 950 (43.3%)
Residence
Rural 200 (20.0%) 160 (15.6%) 200 (18.2%) 285 (18.1%) 360 (18.5%) 182 (15.7%) 196 (14.5%) 283 (17.5%) 448 (20.4%)
Urban 800 (80.0%) 863 (84.4%) 901 (81.8%) 1292 (81.9%) 1585 (81.5%) 980 (84.3%) 1154 (85.5%) 1337 (82.5%) 1751 (79.6%)
Education
Elementary school and below 23 (2.3%) 14 (1.4%) 14 (1.3%) 11(0.7%) 19 (1.0%) 2(02%) 7 (0.5%) 5(0.3%) 16 (0.7%)
Junior high school and high school 213 (21.3%) 257 (25.1%) 197 (19.9%) 361 (22.9%) 366 (18.8%) 153 (13.2%) 173 (12.8%) 186 (11.4%) 488 (22.2%)
Undergraduate and above 764 (76.4%) 752 (73.5%) 890 (80.8%) 1205 (76.4%) 1560 (80.2%) 1007 (86.7%) 1170 (86.7%) 1429 (88.2%) 1695 (77.1%)
Monthly income
<5,000 510 (51.0%) 257 (25.1%) 297 (27.0%) 556 (35.3%) 543 (27.9%) 254 (21.9%) 288 (21.3%) 401 (24.8%) 662 (30.1%)
5,000~10,000 307 (30.7%) 553 (54.1%) 457 (41.5%) 589 (37.3%) 779 (40.1%) 407 (35.0%) 511 (37.9%) 638 (39.4%) 855 (38.9%)
>10,000 183 (18.3%) 213 (20.8%) 347 (31.5%) 432 (27.4%) 623 (32.0%) 501 (43.1%) 551 (40.8%) 581 (35.8%) 682 (31.0%)
Profession
Healthcare workers 54 (5.4%) 47 (4.6%) 30 (2.7%) 77 (4.9%) 46 (2.4%) 44 (3.8%) 64 (4.7%) 96 (5.9%) 62 (2.8%)
Administrators, staff, cultural educators, 298 (29.8%) 473 (46.2%) 671 (60.9%) 811 (51.4%) 1044 (53.7%) 716 (61.6%) 795 (58.9%) 993 (61.4%) 1154 (52.5%)
Businesspersons, and service workers 246 (24.6%) 140 (13.7%) 47 (4.3%) 94 (6.0%) 137 (7.0%) 47 (4.0%) 94 (7.0%) 61 (3.8%) 195 (8.9%)
Workers and farmers 34 (3.4%) 83 (8.1%) 53 (4.8%) 96 (6.1%) 138 (7.1%) 48 (4.1%) 43 (3.2%) 50 (3.1%) 181 (8.2%)
Others* 368 (36.8%) 280 (27.4%) 300 (27.2%) 499 (31.6%) 580 (29.8%) 307 (26.4%) 354 (26.2%) 420 (25.9%) 607 (27.6%)

*students, housewives, unemployed individuals, retired workers, and others.
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Odds of fully viewing the Odds the video is easier to Odds the video is helpful Odds the video will QOdds the viewer trusted
assigned video understand for making vaccinations influence others to get the information in the
decisions vaccinated video

n = 13,890 n=2378 n=2,384 n=2416 n = 2,380

aOR p- 95% Cl aOR p- 95% ClI p- 95% ClI aOR p- 95% Cl aOR p- 95% Cl
value value value value value

Viewed video (assigned)

Personal story Ref Ref Ref Ref Ref

first (concern

second)*

Concern video 0.11 <0.01 (0.08, 0.90 0.72 (0.51, 0.95 0.81 (0.64, 0.65 <0.01 (0.48, 1.08 0.60 (0.8, 1.46)

first (personal 0.15) 1.59) 1.43) 0.87)

story second)®

Infertility 0.25 <0.01 (0.19, 0.66 0.08 (0.41, 0.57 <0.01 (0.44, 0.33 <0.01 (0.25, 0.40 <0.01 (031,

concern® 0.32) 1.04) 0.74) 0.44) 0.53)

Child benefit® 0.06 <0.01 (0.05, 0.78 0.39 (0.45, 116 0.55 .71, 0.67 0.04 (0.46, 144 0.05 (0.99,
0.08) 1.36) 1.89) 0.97) 2.08)

Adult benefit? 0.12 <0.01 (0.1,0.15) 0.67 0.74 (0.07, 175 0.51 (034, 1.87 0.37 (0.47, 1.98 0.44 (0.35,

6.77) 9.18) 7.36) 11.32)

Provider and respondent races are congruent

No Ref Ref Ref Ref Ref

Yes 1.89 <0.01 (162, 1.03 082 (0.79, 1.00 1.00 (08,1.25) 114 0.03 (o1, 1.06 0.46 (0.90,
2.20) 1.36) 1.29) 1.25)

Respondent sex

Male Ref Ref Ref Ref Ref

Female 128 <0.01 (115, 129 001 (1.05, 097 078 079, 1.29 <001 (111, 125 0.03 (1.02,
1.41) 1.58) 1.20) 1.50) 1.54)

Respondent age (years)

18-35 Ref Ref Ref Ref Ref
36-55 1.38 <0.01 (21, 120 0.10 (097, 074 005 (055, 1) 092 0.48 072, 098 0.86 (0.76,
1.58) 1.48) 1.16) 1.26)
46-55 1.56 <001 (13,1.88) 151 <0.01 (114, 0.80 0.06 (0.63, 1.03 079 (0.82, 093 0.63 (069,
2.00) 1.01) 1.29) 1.25)
56-64 173 <0.01 (145, L1 062 (.73, 070 005 (049, 089 0.63 (054, 073 0.08 (051,
2.07) 1.69) 1.00) 1.45) 1.04)
65-74 153 <0.01 (135, 115 044 (081, 079 013 (058, 1.06 0.74 (075, 077 0.16 (0.54,
1.74) 1.62) 1.07) 151) 111)
75+ 094 0.69 ©.71, 0.42 <0.01 (031, 0.62 <001 (046, 047 <001 (033, 0.57 <001 (0.4,
1.26) 0.55) 0.83) 0.65) 0.73)

COVID-19 vaccination status

Vaccinated Ref Ref Ref Ref Ref

Unvaccinated 1.33 <0.01 (112, 031 <0.01 022, 029 <001 (0.24, 0.26 <001 (0.2,033) 0.16 <001 012,
1.59) 0.44) 0.35) 0.20)

BO—intercept 0.70 <0.01 (056, 5.43 <0.01 (298, 1.89 0.04 (1.03, 2.45 <001 (157, 1.83 0.02 (L12,
0.88) 9.89) 3.48) 3.82) 2.99)

2Concern videos include: Benefits of vaccination for pregnancy, COVID-19 is not that serious, Concerned about common side effects, Concerned about vaccine ingredients, Concerned about fetal cell line, Concerned about general safety (of COVID-19 vaceines),
Vaccines were developed too fast, and Serious side effects (see Supplementary Table 1). The total viewing time—regardless of viewing order—includes both Concern and Personal Story video lengths added together.

bVideo for those Concerned about infertility (Supplementary Table 1).

©Video about the Benefits of vaccination for children.

4Video about the Benefits of vaccination for adults. The bold values are used where the associated p-value indicates statistical significance <0.05.
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Odds of fully viewing the Odds the video is easier to Odds the video is helpful Odds the video will Odds the viewer trusted
assigned video understand for making vaccinations influence others to get the information in the
decisions vaccinated video

n = 13,889 n=2378 n=2,384 n=2416 n = 2,380

aOR* p- 95% Cl aOR* p- 95% ClI aOR* p- 95% ClI aOR* p- 95% ClI aOR* p- 95% ClI
value value value value value

Viewed video (assigned)

Personal story Ref Ref Ref Ref Ref

first (concern

second)*

Concern video 0.10 <001 (0.07, 093 0.80 (052, 0.93 074 (0.6,1.43) 0.64 <001 (0.48, 1.08 0.65 079,

first (personal 0.14) 1.66) 0.87) 1.47)

story second)®

Infertility 0.22 <001 (0.16, 073 0.27 (0.42, 0.53 <0.01 (0.39, 0.33 <0.01 0.24, 0.41 <0.01 (033,

concern® 0.30) 1.27) 0.70) 0.44) 0.51)

Child benefit¢ 0.05 <001 (0.04, 0.80 044 (045, 1.07 0.80 (0.64, 0.64 0.02 (0.44, 1.40 0.09 (0.95,
0.07) 1.42) 1.77) 093) 2.05)

Adult benefit! 0.11 <001 (0.09, 0.65 073 (0.06, 1.33 0.76 (021, 1.63 053 (0.35, 1.74 059 (0.24,
0.14) 7.30) 8.42) 7.56) 12.76)

Provider race

White Ref Ref Ref Ref Ref

Black 042 <001 (0.40, 096 0.68 (081, 1.05 058 (0.8, 085 0.18 (0.67, 087 0.16 071,
0.45) 1.14) 125) 1.08) 1.06)

Hispanic 0.18 <001 (015, 098 0.89 071, 0.96 0.63 (081, 0.8 021 073, 090 0.42 (0.70,
0.22) 1.35) 1.14) 1.07) 1.16)

Respondent race and ethnicity

White Ref Ref Ref Ref Ref

Black 0.99 0.96 (076, 1.09 0.65 (074, 162 <0.01 (1.39, 1.39 <0.01 (112, 1.20 022 (0.90,
1.29) 1.61) 1.88) 1.72) 1.60)

American 0.73 <001 (0.60, 056 0.03 (033, 1.03 0.88 (0.67, 0.68 0.04 (0.48, 0.56 <0.01 (0.41,

Indian, Alaskan 0.90) 0.94) 1.60) 0.98) 0.76)

Native, Other

Asian 0.60 <001 (0.45, 083 0.50 (0.48, 2.10 <001 (128, 122 0.10 (0.96, 1.39 020 (0.84,
0.79) 1.44) 3.44) 1.54) 2.28)

Hispanic/Latinx 099 0.97 (075, 135 020 (0.85, 1.66 <0.01 (119, 1.54 0.01 (110, 1.54 0.01 (111,
1.32) 2.14) 233) 2.14) 2.13)

Multiple 1.30 0.06 (0.99, 067 0.05 (0.45, 1.06 0.82 (0.63, 0.95 0.82 (0.59, 1.02 0.87 079,
1.71) 0.99) 1.80) 1.52) 1.31)

Respondent sex

Male Ref Ref Ref Ref Ref

Female 129 <0.01 (117, 127 0.02 (1.05, 099 090 (080, 1.29 <0.01 (L1, 1.26 0.03 (102,
1.43) 1.55) 122) 1.50) 1.55)

Respondent age (years)

18-35 Ref Ref Ref Ref Ref

36-55 1.44 <0.01 (1.22, 121 0.07 (0.98,1.5) 0.79 0.12 (059, 0.95 0.67 (0.76, 1.02 0.90 (0.78,
1.70) 1.06) 1.19) 133)

46-55 1.62 <0.01 (1.30, 1.53 <0.01 (1.14, 0.88 0.29 .71, 110 0.40 (0.88, 0.98 0.89 0.72,
2.02) 2.06) L11) 1.36) 1.33)

56-64 1.76 <0.01 (1.42, 110 0.64 (0.73, 0.78 0.12 (0.56, 0.93 0.77 (0.58, 078 0.12 (0.57,
2.19) 1.66) 1.07) 1.50) 1.07)

65-74 1.58 <0.01 (1.32, 114 0.46 (0.80, 0.90 0.47 (0.66, 114 0.46 (0.80, 0.84 0.34 (0.58,
1.90) 1.63) 1.21) 1.63) 1.20)

75+ 095 0.73 (0.71, 047 <0.01 (0.34, 0.70 0.02 (052, 0.53 <0.01 (0.38, 0.66 0.01 (0.50,
1.26) 0.64) 0.94) 0.75) 0.89)

COVID-19 vaccination status

Vaccinated Ref Ref Ref Ref Ref

Unvaccinated 1.32 0.01 (1.09, 031 <0.01 (0.22, 0.30 <0.01 (0.24, 0.26 <0.01 021, 0.16 <0.01 0.13,
1.60) 0.44) 0.37) 0.34) 0.21)

BO—intercept 1.98 <0.01 (151, 5.60 <0.01 (3.38, 1.53 0.19 (081, 2.54 <0.01 (1.60, 1.84 0.02 (L12,
2.60) 9.30) 2.89) 4.02) 3.02)

Variance calculated using clustering term for geographic region (CDC definitions).
*Statistically significant point estimates (p < 0.05) are bolded.

2Concern videos include: Benefits of vaccination for pregnancy, COVID-19 is not that serious, Concerned about common side effects, Concerned about vaccine ingredients, Concerned about fetal cell line, Concerned about general safety (of COVID-19 vaccines),
Vaccines were developed too fast, and Serious side effects (see Supplementary Table 1). The total viewing time—regardless of viewing order—includes both Concern and Personal Story video lengths added together.

®Video for those Concerned about infertility (Supplementary Table 1).

©Video about the Benefits of vaccination for children.

4Video about the Benefits of vaccination for adults.
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Infertility video ld benefit video

Total Dropped Completed p-value Total Dropped Completed p-value
| off viewing _ off viewing
viewing viewing

N =324 N =241 N =83 N=5,752 N=5,328 N =424
Age category (years) 0.14 <0.01
18-25 39 (12.0%) 33 (85%) 6 (15%) 994 (17.3%) 938 (94.4%) 56 (5.6%)
26-35 76 (23.5%) 61 (80%) 15 (20%) 1223 (21.3%) | 1,132 (92.6%) 91 (7.4%)
36-45 89 (27.5%) 59 (66%) 30 (34%) 1,392 (242%) | 1,276 (91.7%) 116 (8.3%)
46-55 42 (13.0%) 29 (69%) 13 (31%) 932 (16.2%) 848 (91.0%) 84 (9.0%)
56-64 16 (4.9%) 14 (88%) 2 (12%) 360 (6.3%) 326 (90.6%) 34 (9.4%)
65-74 7(2.2%) 4(57%) 3 (43%) 199 (3.5%) 190 (95.5%) 9 (4.5%)
75+ 55 (17.0%) 41 (75%) 14 (25%) 652 (11.3%) 618 (94.8%) 34 (5.2%)
Gender 0.43 0.01
Male 133 (41.0%) 102 (76.7%) 31(23.3%) 2,947 (512%) | 2,755 (93.5%) 192 (6.5%)
Female 191 (59.0%) 139 (72.8%) 52 (27.2%) 2,805 (48.8%) | 2,573 (91.7%) 232 (8.3%)
Race and ethnicity 0.19 <0.01
White 146 (45.1%) 114 (78.1%) 32 (21.9%) 2453 (42.6%) | 2,233 (91.0%) 220 (9.0%)
Black 54 (16.7%) 38 (70.4%) 16 (29.6%) 920 (16.0%) 853 (92.7%) 67 (7.3%)
Alaskan Native 16 (4.9%) 13 (81.2%) 3(18.8%) 129 (2.2%) 123 (95.3%) 6 (4.7%)
Asian 24 (7.4%) 21 (87.5%) 3(12.5%) 765 (13.3%) 729 (95.3%) 36 (4.7%)
Hispanic/Latinx 35(10.8%) 26 (74.3%) 9(25.7%) 757 (13.2%) 706 (93.3%) 51 (6.7%)
Multiple 22 (6.8%) 13 (59.1%) 9 (40.9%) 239 (4.2%) 222 (92.9%) 17 (7.1%)
American Indian 7(2.2%) 4(57.1%) 3 (42.9%) 154 (2.7%) 144 (93.5%) 10 (6.5%)
Other 20 (6.2%) 12 (60.0%) 8 (40.0%) 334 (5.8%) 317 (94.9%) 17 (5.1%)
Missing - - - 1(0.0%) 1(100.0%) 0 (0.0%)
COVID-19 vaccine concern 0.43 0.57
No 144 (44.4%) 104 (72.2%) 40 (27.8%) 3,657 (63.6%) 3,382 (92.5%) 275 (7.5%)
Yes 180 (55.6%) 137 (76.1%) 43 (23.9%) 2,095 (36.4%) 1,946 (92.9%) 149 (7.1%)
Child age (years) 0.02 0.10
0-4 144 (44.4%) 111 (77.1%) 33 (22.9%) 2270 (39.5%) | 2,109 (92.9%) 161 (7.1%)
12-17 79 (24.4%) 65 (82.3%) 14 (17.7%) 1,876 (32.6%) | 1,750 (93.3%) 126 (6.7%)
5-11 101 (31.2%) 65 (64.4%) 36 (35.6%) 1,606 27.9%) | 1,469 (91.5%) 137 (8.5%)
Survey date, 18 Dec 2021 19 Dec 2021 17 Dec 2021 0.28 19 Dec 2021 19 Dec 2021 20 Dec 2021 0.08
median (IQR) (12-26 Dec) (13-26 Dec) (11-25 Dec) (12-26 Dec) (12-26 Dec) (12-28 Dec)
Vaccination status 0.99 0.74
Vaccinated 117 (36.1%) 87 (74.4%) 30 (25.6%) 3,961 (68.9%) | 3,666 (92.6%) 295 (7.4%)
Unvaccinated 207 (63.9%) 154 (74.4%) 53 (25.6%) 1,791 BL1%) | 1,662 (92.8%) 129 (7.2%)
Received COVID-19 booster (among vaccinated only) 0.89 0.25
Yes 35(29.9%) 25 (71.4%) 10 (28.6%) 1,908 (33.2%) | 1,762 (92.3%) 146 (7.7%)
No, but plan to 44 (37.6%) 33 (75.0%) 11 (25.0%) 1,526 (26.5%) | 1,407 (92.2%) 119 (7.8%)
No, do not plan to 38 (32.5%) 29 (76.3%) 9(23.7%) 527 (9.2%) 497 (94.3%) 30 (5.7%)
Intention to get COVID-19 vaccine (among unvaccinated) 0.05 0.09
Will definitely as 14 (6.8%) 10 (71.4%) 4(28.6%) 274 (4.8%) 255 (93.1%) 19 (6.9%)
soon as can
Wil likely as soon 7 (3.4%) 7 (100.0%) 0(0.0%) 177 (3.1%) 173 (97.7%) 4(2.3%)
as can
Will likely but not 22 (10.6%) 13 (59.1%) 9 (40.9%) 292 (5.1%) 266 (91.1%) 26 (8.9%)
right away
Wil likely not 38 (18.4%) 24 (63.2%) 14 (36.8%) 298 (5.2%) 276 (92.6%) 22(7.4%)
Will definitely not 126 (60.9%) 100 (79.4%) 26 (20.6%) 750 (13.0%) 692 (92.3%) 58 (7.7%)
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Concern video + Personal video Adult benefit video

Total Dropped  Completed p-value Total Dropped  Completed p-value
_ off viewing _ off viewing
viewing viewing

N = 3,505 N =538 N=4116 N =3,529 N =587
Age category (years) <0.01 <0.01
18-25 1,241 (30.7%) 1,116 (89.9%) 125 (10.1%) 1,514 (36.8%) 1,315 (86.9%) 199 (13.1%)
26-35 630 (15.6%) 568 (90.2%) 62 (9.8%) 683 (16.6%) 602 (88.1%) 81 (11.9%)
36-45 365 (9.0%) 321 (87.9%) 44 (12.1%) 443 (10.8%) 369 (83.3%) 74.(16.7%)
46-55 467 (11.6%) 378 (80.9%) 89 (19.1%) 443 (10.8%) 371 (83.7%) 72 (16.3%)
56-64 478 (11.8%) 378 (79.1%) 100 (20.9%) 343 (8.3%) 281 (81.9%) 62 (18.1%)
65-74 417 (10.3%) 343 (82.3%) 74 (17.7%) 245 (6.0%) 199 (81.2%) 46 (18.8%)
75+ 445 (11.0%) 401 (90.1%) 44.(9.9%) 445 (10.8%) 392 (88.1%) 53 (11.9%)
Gender <0.01 0.05
Male 2403 (594%) | 2,124 (88.4%) 279 (11.6%) 2,690 (65.4%) | 2,327 (86.5%) 363 (13.5%)
Female 1,640 (40.6%) 1,381 (84.2%) 259 (15.8%) 1,426 (34.6%) 1,202 (84.3%) 224 (15.7%)
Race and ethnicity <0.01 <0.01
White 2,397 (59.3%) 2,053 (85.6%) 344 (14.4%) 2,112 (51.3%) 1,795 (85.0%) 317 (15.0%)
Black 484 (12.0%) 427 (88.2%) 57 (11.8%) 642 (15.6%) 536 (83.5%) 106 (16.5%)
Alaskan Native 28 (0.7%) 27 (96.4%) 1(3.6%) 42 (1.0%) 37 (88.1%) 5 (11.9%)
Asian 444 (11.0%) 411 (92.6%) 33 (7.4%) 468 (11.4%) 427 (91.2%) 41 (8.8%)
Hispanic/Latinx 359 (8.9%) 305 (85.0%) 54 (15.0%) 400 (9.7%) 342 (85.5%) 58 (14.5%)
Multiple 120 (3.0%) 95 (79.2%) 25 (20.8%) 149 (3.6%) 122 (81.9%) 27 (18.1%)
American Indian 81 (2.0%) 72 (88.9%) 9 (11.1%) 73 (1.8%) 64 (87.7%) 9 (12.3%)
Other 130 (3.2%) 115 (88.5%) 15 (11.5%) 230 (5.6%) 206 (89.6%) 24 (10.4%)
Survey date 19 Dec 2021 19 Dec 2021 19 Dec 2021 078 19 Dec 2021 19 Dec 2021 19 Dec 2021 0.66
(median, IQR) (12-26 Dec) (12-26 Dec) (12-26 Dec) (12-26 Dec) (12-26 Dec) (12-26 Dec)
COVID-19 vaccine concern* 0.42
No - - - 2,930 (71.2%) 2,504 (85.5%) 426 (14.5%)
Yes 4,043 (100%) 3,505 (100%) 538 (100%) 1,186 (28.8%) 1,025 (86.4%) 161 (13.6%)
Viewing order: concern vs. personal video first** <0.01
Concern first 3,515 (86.9%) 3,070 (87.3%) 445 (12.7%) - - e
Personal first 528 (13.1%) 435 (82.4%) 93 (17.6%) - - =
Vaccination status <0.01 0.39
Vaccinated 2,888 (71.4%) 2,571 (89.0%) 317 (11.0%) 868 (21.1%) 752 (86.6%) 116 (13.4%)
Unvaccinated 1,155 (28.6%) 934 (80.9%) 221 (19.1%) 3,248 (78.9%) 2,777 (85.5%) 471 (14.5%)
Received COVID-19 booster (among vaccinated only) <0.01 <0.01
Yes 1,661 (57.5%) 1,516 (91.3%) 145 (8.7%) 517 (59.6%) 453 (87.6%) 64 (12.4%)
No, but plan to 832 (28.8%) 719 (86.4%) 113 (13.6%) 223 (25.7%) 180 (80.7%) 43 (19.3%)
No, do not plan to 395 (13.7%) 336 (85.1%) 59 (14.9%) 128 (14.7%) 119 (93.0%) 9 (7.0%)
Intention to get COVID-19 vaccine (among unvaccinated) <0.01 0.05
Will definitely as 214 (18.5%) 197 (92.1%) 17 (7.9%) 723 (22.3%) 633 (87.6%) 90 (12.4%)
soon as can
Will likely as soon 80 (6.9%) 65 (81.2%) 15 (18.8%) 307 (9.5%) 273 (88.9%) 34(11.1%)
as can
Will likely but not 151 (13.1%) 125 (82.8%) 26 (17.2%) 475 (14.6%) 391 (82.3%) 84 (17.7%)
right away
Will likely not 238 (20.6%) 185 (77.7%) 53 (22.3%) 583 (17.9%) 496 (85.1%) 87 (14.9%)
Will definitely not 472 (40.9%) 362 (76.7%) 110 (23.3%) 1,160 (35.7%) 984 (84.8%) 176 (15.2%)

*All respondents for concern + personal video viewing answered “yes” to COVID-19 vaccine concern.
**Viewing order only applies to concern + personal video viewing where the total viewing time—regardless of viewing order—includes both concern and personal story video lengths
added together.
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Willing
(n =109)

esitation
(n =151)

Caregivers, n(%)

Couples 50 (19.1)
Adult children 191(73.5)
Nonimmediate family 19(7.3)
Age, n(%)

<60 177 (68.1)
>60 83(31.9)
Gender, No.(%)

Female 168 (64.6)

Education, n(%)

Junior Secondary and below 9(3.4)
High school 62(23.9)
University or above 189 (727)

Guardian vaccinated COVID-19 vaccine, n(%)

Yes 212(81.5)
No 48(18.5)
Patients, n(%)

Age, n(%)

60-69 44(16.9)
70-79 97(37.3)
80-89 95(36.5)
Over 90 24(9.2)

Chronic health diseases, n(%)
NO 97(37.3)
1kind 104 (40.0)

2o0r more 59(22.7)

21(19.3)
83 (76.5)

5(46)

74(67.9)
35 (32.1)

69 (63.3)

328
26(23.9)
80(73.4)

100 (91.7%)

9(8.3%)

20(18.3)
47 (43.0)
31(28.4)

11(10.1)

43 (39.4)
42(385)
24(220)

29(19.2)
108 (71.5)

14(93)

103 (68.2)
48(318)

99 (65.6)

6(4.0)
36(23.8)
109 (72.2)

112(742)

39(25.8)

24(159)
50 (33.1)
64 (42.4)

13 (8.6)

54(35.8)
62(41.1)
35(232)

208

0.003

014

028

12.98

544

036

035

095

070

086

0.00

083
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Hospital term

(n =88) care (n =132)
Guardians, n(%)
Couples 63193) 18 (205) 28(212) 17(159)
Adult children 244 (74.6) 64(727) 94(72.1) 86 (30.4) 320 0525
Nonimmediate family 20(6.1) 6(68) 10(7.6) 4(37)
Age, n(%)
<60 220 (67.3) 61(693) 84(63.6) 75 (70.1)
135 051
>60 107 (327) 27(307) 29(36.4) 36(29.9)
Gender, n(%)
Female 218(667) 47 (53.4) 86(652) 85 (79.4)° 1495 0.001
Education, n(%)
Junior Secondary and below 19(5.8) 9(10.2) 6(45) 40.7)
High school 72(220) 18 (205) 38 (288)* 16 (15.0) 127 0.024
University or above 236 (72.2) 61(693) 88 (66.7)* 87(31.3)
Guardian vaccinated COVID-19 vaccine, n(%)
Yes 273 (835) 74(84.1) 106 (80.3) 93 (86.9)
191 0386
No 54(165) 14(159) 26(19.7) 14013.1)
Patients, n(%)
Age, n(%)
60-69 57(17.4) 21(239) 24182) 12011.2)
70-79 131 (40.1) 34(386) 55(41.7) 42(393)
842 0.209
80-59 112(343) 29(330) 140(303) 3(102)
Over 90 27(83) 4(45) 13(9.8) 10(9.3)
Chronic health diseases, n(%)
NO 125(38.2) 37(420) 4161 47(439)
Ikind 128 (39.1) 26(295) 70(53.0)* 32(299) 1845 0.001
20r more 74(226) 25(28.4) 210159) 28(262)

ificantly different compared to home; “significantly different compared to hospital, longterm care.
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Social hetworks sample (n = 910) Panel sample (n = 963)

n % n %
Age
18-29 years 281 309 472 49.0
30-40 years 629 69.1 491 51.0
Sex
Man 349 384 473 49.1
‘Woman 561 61.6 490 50.9

Education level

Incomplete primary or less 13 14 7 07
Primary 6 07 186 193
Secondary 162 17.8 302 314
University 729 80.1 433 450
Other/Do not answer 0 0.0 35 36

Employment status

Working 705 77.5 537 55.8
Not working* 204 224 426 442
Do not answer 1 0.1 0 0.0
Type of work

With high risk of contagion 137 194 90 16.8
With moderate risk of contagion 232 329 206 384
No risk 335 47.5 240 447
Do not answer 1 0.1 1 02

*Unemployed, student, homemaker.
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Social networks sample (n = 910) Panel sample (n = 963)

n
Vaccines for COVID-19 have been developed very quickly, they are not 625 68.7 528 5438
safe, they are in the experimental phase
I think vaccines are a business 421 46.3 274 285
Tam healthy and do not need to be vaccinated 403 443 215 223
Vaccines are bad for my health 351 38.6 213 222
1 think the vaccines against COVID-19 do not Work 347 38.1 204 212
The coronavirus does not exist, it is a hoax, there is a conspiracy 110 12.1 37 38
behind it
I don’t think I will get infected 105 11.5 50 52
I'have had COVID-19, I am immune 83 9.1 173 17.9
Medical recommendation of not being vaccinated or health problems 64 7.0 59 6.1
I have a phobia of needles 62 68 81 84
I don’t believe in vaccines in general 55 6.0 50 52
T only believe in natural medicine 48 53 31 32
Religious or ethical reasons 47 52 13 13
Iam pregnant 46 5.1 31 32
Distrust in information (it is not clear, it is a lie), in pharmaceutical 46 5.1 4 04
companies, in the media, in the system, in the government, in the
WHO
Concerns about side effects 42 4.6 18 1.8
T am scared because of my legal situation 16 18 33 34
The vaccination point is too far away 14 L5 33 34
I don’t know what I have to do to get the vaccine 6 0.6 29 3.0
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Variables Percentage
Numbers of ANC follow up

No 496 44.68
1-3 335 30.18
4+ 279 25.14
PNC uptake

No 1,041 93.78
Yes 69 6.22
Place of delivery

Home 872 74.53
Health facility 298 25.47
Parity

1 126 10.77
2-5 694 59.32
6+ 350 29.91
Child birth order

1 124 10.60
2-5 623 53.25
6+ 423 36.15
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ETGETES

Residence

Rural 1,055 90.17
Urban 115 9.83
Media exposure

Low 919 78.55
High 251 2145
Region

Emerging 489 41.79
Developed 614 52.48
City administration 67 573
Distance to the health facility

Big problem 709 60.60
Not big problem 461 39.40
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Measures of variation

Null-model Model-two Model-three
Variance
1cC 048 022 036 020
MOR 3.98 (3.12-5.05) 2.49 (1.69-3.68) 3.61 (2.81-4.64) 239 (1.59-3.62)
Model fitness
Deviance (-2*LLR) 1,305 1,066 1,245 1,050
AIC 1,309 1,115 1,257 1,104
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Variables Full immunization coverage COR Model-| Model-II Model-IlI
(95%Cl) AOR AOR AOR
(95%Cl) (95%Cl) (95%Cl)

Yes (%) No (%)

Age of mothers/caregivers (in year)

15-24 58 (25.22) 172 (74.78) 097 (059, 1.61) 1.08 (054, 2.16) 116 (0.58,2.33)
25-34 174 (27.80) 452 (72.20) 1.14 (0.7, 1.70) 1.07 (0.67, 1.69) 111 (0.69, 1.76)
235 88 (28.03) 226 (71.97) 1 1 1

Employment status

Not employed 158 (22.32) 550 (77.68) 1 1 1
Employed 162 (35.06) 300 (64.94) 1.98 (1.39,2.84) 1.57 (1.09,2.28) 1.69 (1.68,2.45)*
Religion

Muslim 159 (23.77) 510(76.23) 1 1 1
Orthodox 122 (38.98) 191 (61.02) 2.37(1.48,3.79) 1.45 (0.91,2.31) 1.52 (0.92,2.52)
Others 39 (20.74) 149 (79.26) 0.86 (0.48, 1.55) 0.86 (049, 1.49) 0.95 (0.54, 1.69)

Educational status of husband

Uneducated 177 (23.95) 562 (76.05) 1 1 1
Primary 110 (34.92) 205 (65.08) 1.68 (1.15,2.44) 1.14(0.78, 1.69) 1.04 (0.70, 1.54)
Secondary and above 18 (30.0) 42(70.0) 138 (0.65, 291) 0.72(0.32, 1.61) 0.76 (0.34,1.72)

Sex of household head

Male 273 (29.32) 658 (70.68) 1 1 1

Female 47 (19.67) 192 (80.33) 0.68 (0.43, 1.08) 0.73 (0.44, 1.21) 0.78 (0.47, 1.31)
Wealth index

Poor 153 (20.40) 597 (79.60) 1 1 1

Middle 57 (32.76) 117 (67.24) 1.71 (1,06, 2.75) 1.26 (0.78, 2.04) 1.21 (0.75, 1.98)
Rich 110 (44.72) 136 (55.28) 4.62 (2.93,7.29) 2.84(1.79, 4.50) 2.54(1.53,4.22)*
Sex of child

Male 160 (26.94) 434 (73.06) 0.88 (0.63, 1.23) 097 (0.69, 1.36) 0.99 (0.71, 1.40)
Female 160 (27.78) 416 (72.22) 1 1 1

Covered by health insurance

No 304 (26.71) 834(73.29) 1 1 1

Yes 16 (50) 16 (50) 2.27(0.84,6.10) 1,10 (0.43,2.84) 1.12 (0.4, 2.88)
Number of ANC follow up

No 63 (12.70) 433 (87.30) 1 1 1

1-3 111 (33.13) 224 (66.87) 3.67(243,5.54) 3.21(2.09,4.94) 3.28(2.12,5.07)*
>4 131 (46.95) 148 (53.05) 629 (4.13,9.59) 4.23(2.65,6.73) 3.91 (245, 6.24)*
PNC

No 272 (26.13) 769 (73.87) 1 1 1

Yes 33 (47.83) 36 (52.17) 279 (1.43,5.44) 1.37 (0.72,2.63) 1.46 (0.76,2.81)

Place of delivery

Home 192 (22.02) 680 (77.98) 1 1 1

Health facility 128 (42.95) 170 (57.05) 2.63(1.81,3.81) 1.26 (0.84, 1.89) 117 (0.77, 1.78)
Parity

1 35(27.78) 91(72.22) 1 1 1

25 193 (27.81) 501 (72.19) 0.95 (0.5, 1.65) 1.82 (0.39, 10.44) 1.81(0.32, 10.26)
>6 92(26.29) 258 (73.71) 0.84 (046, 1.53) 2.14(032, 14.23) 233(0.35, 15.49)
Birth order

1 37 (29.84) 87 (70.16) 1 1 1

25 172 (27.61) 451 (72.39) 0.84 (049, 1.46) 051 (0.83,3.12) 0.55(0.09, 3.32)
=6 111(26.24) 312 (73.76) 0.77 (0.43, 1.38) 0.41 (0.58, 2.88) 0.42 (0.06, 2.93)
Residence

Rural 271(25.69) 784 (74.31) 1 1 1

Urban 49 (42.61) 66 (57.39) 3.69 (1.86,7.31) 2.16 (1.05, 4.44) 0.96 (0.46, 1.99)

Media exposure

Low 227 (24.70) 692 (75.30) 1 1 1

High 93 (37.05) 158 (62.95) 1.95(1.31,2.92) 1.52(1.01,2.29) 1.02 (0.6, 1.58)
Region

Emerging 91 (18.61) 398 (81.39) 1 1 1
Developing 188 (30.62) 426 (69.38) 2.70 (168, 4.35) 2.75(1.71,4.46) 1.33(0.80,2.22)
City administration 41(61.19) 26 (38.81) 18.10 (6.87, 47.6) 13.11 (496,34.61) | 5.69 (239, 13.61)*

Distance to health facility

Big problem 176 (24.82) 533 (75.18) 1 1 1

Not big problem 144 (31.24) 317 (68.76) 1.42(0.99, 2.04) 1.33(0.92, 1.93) 0.99 (0.68, 1.44)

*Statistically significant at p-value < 0.05 in the full model (model 3).
AOR, Adjusted Odds Ratio; COR, Crude Odds Ratio; PNC, Postnatal care; Model 1: adjusted for individual-level factors, Model 2: adjusted for community-level factors, Model 3: adjusted for
both individual and community-level factors (full model).
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Variables Frequenc Percentage

Age of mothers/caregivers (in years)

15-24 230 19.66
25-34 626 5350
>35 314 26.84
Religion

Muslim 669 57.18
Orthodox 313 26.75
Other 188 16.07

Employment status

Not employed 708 60.51

Employed 462 39.49

Mothers/caregivers marital status

Not married 56 4.79

Married 1,114 95.21

Educational status of husband

Uneducated 739 66.34
Primary school 315 28.28
Secondary and above 60 5.39

Sex of household head

Male 931 79.57

Female 239 20.43

Household wealth index

Poor 750 64.10
Middle 174 14.87
Rich 246 21.03
Sex of child

Male 594 50.77
Female 576 49.23

Age of child (in months)

12-18 791 67.61

19-23 379 32.39

Household covered by health insurance*

No 1,138 97.26

Yes 32 2.74

Other = Protestant, catholic.
*Insurance = in Ethiopia, community-based health insurance the only health insurance that
has been implemented in all regions at household level.
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% Willng group (n=109)
== Group with hesitant (n=151)

Worry about negative
news of the vaccine

Worry about vaccine may
make dementia worse

Worry about the vaccine may
interact with other medication

Worry about the side
effect of vaccine

Unvaccinated people are more
likely to deveiop serious symptoms

Patients with comorbidities are more
likely to develop serious symptoms

Older people are more likely to
develop serious symptoms.

1%

Older people are more susceptible -
to SARS-CoV-2 infection

F T T T T 1
0 20 40 60 80 100

A.Comparison of hesitation factors and willingness to vaccinate (%)

Dementia is one of the ] *
contraindications of the vaccine’

The vaccine may prevent T«
from serious symptoms

The vaccine may prevent, ] -
from getting infected
Believe that vaccine is effective- :| *
Believe that vaceine is safe- =
o 2 4 e s 10

B.Comparison of vaccine knowledge and willingness to vaccinate (%)
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mean (SD) I p value

Junior high  High school College Bachelors Masters and
school and (n=277) (n=431) (n=571) above (n=68)
below
(n=149)

Factor] 5.87(0.65) 5.81(0.65) 5.93(0.70) 5.99(0.59) 5.88(0.63) 3.786

Factor2 4.71(1.10) 4.88(0.91) 5.04(0.89) 5.26(0.75) 5.24(0.81) 17.449

Factor3 621(0.60) 6.15(0.66) 5(0.59) 6.28(0.58) 627(0.62) 2508

Factor 5 6.03(0.76) 6.03(0.72) 6.07(0.75) 6.15(0.68) 0919
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Male(; '47),  Female(s 49),
mean (SD) mean (SD) value
Factorl 59(06) 59(07) 13 031
Factor2 5009 51(09) -1603 01
Factor3 62(06) 62(06) -0065 095

Factor4 6.000.7) 6.1(0.8) -1225 | 022
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Model df GFI RMSEA SRMR  AGFI
Four- 74803 | 162 0949 0.049 0048 0934
factor

model
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Characteristi Mean (SD) /n (%)
Age 42.0014.6)
Gender
Male 747(49.9%)
Female 749(50.1%)
Education
Junior high school and below 149(10.0%)
High school (including technical 277(18.5%)
secondary school)
College (three-year or two-year college 431(28.8%)
diploma)
Bachelors 571(38.2%)
Masters and above 68(4.5%)
Factors
Factor | 6.0(0.8)
Factor 2 5.4(10)
Factor 3 62(06)

Factor 4 61(0.7)
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Factorl  Factor2 Factor3  Factor4

Factor 1 0630

Factor 2 0.524%% 0.656

Factor 3 0571 0327%% 0577

Factor 4 0366 0215+ 0.536+* 0635

#* Correlation issignificant a the 0.01 level (2-tailed).
The number on the diagonal line is the root value of the factor’s AVE.
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It

Item 23 072

Factorl Factor2 Factor3 Factor4

Item 24 067
Item 29 067

Item 16 062

Item 31 0.60

Item 8 055

Item 25 055

Item 19 0.69

Item 18 0.68

Item 7 0.66

Item 27 0.64

Item 15 0.60

Item 30 0.65

Item 2 0.62

Item 20 055

Item 12 053

Item 14 052

Item 6 0.69
Item 4 0.65
Item 1 0.56
Cronbach 0827 0.769 0730 0631
alpha

McDonalds 0833 0778 0731 0.637
omega

Extraction method: principal component analysis method.
Rotation method: Caesar normalization maximum variance method."
- Only factor loadings above 0.50 in each factor are presented.

 The rotation has converged after 25 iterations.
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Characteristi Mean (SD) / n (%)

Age 407051
Gender
Male 273(47.3%)
Female 304(52.7%)
Education
Junior high school and below 23(4.0%)
High school (including technical
105(18.2%)
secondary school)
College (three-year or two-year college
- B G 155(26.9%)
diploma)
Bachelors 196(34.0%)

Masters and above 98(17.0%)
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Social hetworks sample Panel sample

n % %

Preventive behavior (yes)

Wearing face masks according to norms 583 64.1% 757 78.7%
Ventilating closed spaces 536 58.9% 516 53.6%
Washing hands often with soap and water 428 47.0% 494 51.3%
Using hydroalcoholic gel or disinfectants 402 44.2% 578 60.0%
Ensuring physical distance 343 37.7% 436 45.3%
Avoiding crowded places 361 39.7% 367 38.1%
Wearing the facemask outside 220 24.2% 366 38.1%
Avoiding social/family events 142 15.6% 194 20.2%

Do you think you will be vaccinated in the future?

No 481 52.9% 250 26.0%

Tam not sure 327 35.9% 419 43.5%

Yes 102 11.2% 294 30.6%
Mean sD Mean SD

Health literacy (1-4)

Understanding what to do when you are a close contact of a case of 32 0.9 3.1 0.8
COVID-19
Follow recommendations on how to protect yourself against 29 1.0 3.0 0.8

coronavirus/COVID-19

Decide if I should get the coronavirus/COVID-19 vaccine 29 12 27 1.0
Understanding the benefits and risks of being vaccinated against 26 12 26 10
coronavirus

Finding the information you need about coronavirus/COVID-19 26 1.1 28 0.9
Understand coronavirus/COVID-19 recommendations and 2.5 11 26 0.9
regulations

Find the information you need about coronavirus/COVID-19 vaccines 23 L1 2.5 0.9
Assess whether the information provided by mass media about 21 12 22 10
COVID-19 is reliable.

Assess the reliability of media reports about coronavirus/COVID-19 2.1 12 22 1.0
vaccines

Trust in information from (1-5)

Scientists 2.9 14 3.1 12
Health professionals 24 13 3.0 12
Internet 24 13 2.3 L1
My friends 2.0 L1 2.4 L1
The website of the Ministry of Health 18 12 24 12
The World Health Organization 1.8 1.1 23 12
My association 1.8 12 2.1 11
Social networks (e.g., Facebook, Twitter, YouTube, WhatsApp) 17 11 19 10
Television, radio or national press 14 0.8 1.8 1.0
My church 1.3 0.8 1.6 11

How severe do you think the disease would be if you get infected? (1-5) 37 13 2.7 1.0
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Social hetworks sample Panel sample

95% Cl P-value 95% Cl

Living with older people 0.445 0.277-0.713 0.001
(Ref: yes)

Preventive behavior:

Avoiding social/family 0.420 0.199-0.887 0.023 0.533 0.335-0.847 0.008
events (Ref: yes)

Physical distancing (Ref: 1.579 1.084-2.301 0.017
yes)

Avoiding crowded places 0.450 0.290-0.699 <0.001
(Ref: yes)

COVID-19 health literacy:

Assess the reliability of 0.687 0.569-0.829 <0.001
information coming
from the media about

coronavirus vaccines

How severe do you think 0.730 0.604-0.881 0.001
the disease would be if
you get infected? (1-5)

Trust in information from:

Health professionals 0.733 0.615-0.874 0.001 0.723 0.614-0.852 <0.001
Social networks 1271 1.058-1.526 0.010
Internet 1.352 1.163-1.572 <0.001

The World Health 0.559 0.430-0.726 <0.001

Organization

Do you think you will get vaccinated in the future? (Ref: No)

Not sure 0.300 0.195-0.462 <0.001 0.296 0.177-0.494 <0.001
Yes 0.165 0.062-0.442 <0.001 0.115 0.066-0.201 <0.001
Dependent variable: Cluster 1= 0; Cluster 2= 1. Ref, reference; CI, Confidence interval.
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X df CFI MSEA (9 ACFI ARMSEA
Measurement invariance model of the PACV
Configural 107.95 10% 0.991 0.040 (0.03,0.05)
Metric 449.80 22 0.962 0.057 (0.05,0.06) 0.029 —0.017
Scalar 561.66 26" 0.952 0.058 (0.05,0.06) 0.01 —0.001
Measurement invariance model of the CVS
Configural 4229 10% 0.994 0.023 (0.01,0.03)
Metric 109.87 22 0.985 0.026 (0.02,0.03) 0.009 0.003
Scalar 114.89 26* 0.985 0.024 (0.02,0.03) 0.000 —0.002
Measurement invariance model of the FWB
Configural 7537 107 0993 0.033 (0.02,0.04)
Metric 301.52 22% 0.972 0.046 (0.04,0.05) 0.021 —0.013
Scalar 316.54 26" 0.971 0.043 (0.03,0.05) 0.001 0.003
Measurement invariance model of the PVH
Configural 82.51 10% 0.995 0.035 (0.03,0.04)
Metric 278.59 227 0.982 0.044 (0.04,0.05) 0.013 —0.009
Scalar 1,066.95 26" 0.927 0.081 (0.07,0.08) 0.055 —0.037

*P < 0.05,**P < 0.001.
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Standardized effects BC 95% CI

Direct Indirect Lower Upper

Australia (n = 2,734)

FWB--»PACV —0.09**
FWB--sCVS —0.20**
PACV--+PVH —0.67** 0.04* 0.02 0.06
CVS--»PVH 0.11*
FWB--»PVH —0.03

China (n = 523)

FWB--»PACV 0.12%
FWB--»CVS 0.40**
PACV--sPVH 0.09* 0.04% 0.01 0.08
CVS--»PVH 0.08*
FWB--+PVH —0.13*

Iran-Pre (n = 1,187)

FWB--»PACY —0.16"

FWB--»CVS 036"

PACV--sPVH 030" 0.06" 0.04 0.09
CVS--»PVH —0.04

FWB--»PVH —0.04

Iran-Post (n = 1,260)

FWB--»>PACV —0.15*

FWB--»CVS —033"

PACV--»PVH —0.41% 0.08* 0.05 011
CVS--»PVH —0.06*

FWB--»PVH 0.00

Turkey (n = 369)

FWB--»PACV —0.19*

FWB--»CVS —0.20"

PACV--»PVH —031% 0.07* 0.04 011
CVS--»PVH —0.05

FWB--»PVH —0.04

BC 95% CI for standardized indirect effects: bootstrapped bias-corrected and accelerated
confidence interval with sample 5000. *P < 0.05, **P < 0.001.
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Country Australia Iran
(n =2734) (n = 2447)
Variable n (%) n (%) M (sd)
Parents’ Gender Female 2611 (95.5) 347(6.1) 340 (65) 215(42) 1990 (8132) 361 (42) 170 (46.1) 340(53)
Male 116(4.2) 334(65) 183 (35) 218 (52) 433 (17.69) 353(52) 199(53.9) 34.1(42)
Other 6(0.2) 37.7(43) 0(0) 0(0) 24(0.98) 34.4(0) 0(0) 0(0)
P=0064,F=27 P=0547,F=03 P=0001,F=72 P=0718, F=0.1
Parents’ Age <20 years old 3(0.0) 336 (6.6) 12(2.3) 19.6 (9.7) 24(0.98) 358 (5.4) 0(0) -
20-40 years old 1,208 (44.2) 344 (63) 483 (92.3) 216 (4.4) 1,508 (61.62) 359 (4.1) 118 (32) 340 (49)
40-60 years old 1,517 (55.5) 349(6.0) 28 (5.4) 226 (4.6) 904 (36.95) 35.9(42) 251 (68) 34.1(47)
60 and more 6(0.2) 235(7.5) 0(0) - 11(0.45) 37.0(2.7) 0(0) -
P <000, F=8.1 P=0.165F=18 P=0800,F=0.3 P=0880,F=00
Child vaccination Yesx 2515 (92) 358 (4.6) 335 (64.1) 213 (4.4) 1983 (81.03) 362 (4.01) 286 (77.5) 343(47)
history Nox 219 (8) 21.1(59) 188 (35.9) 22.1 (458) 464 (18.9) 346 (4.6) 83 (22.5) 333(49)
P <0.001, t =359 P=006l,t=—18 P <0.001,t=66 P=0112,t=15
Child Chronic Positive 313 (11.4) 352(6.1) 75 (14.3) 221(5.8) 276 (11.3) 362 (4.4) 60 (16.3) 33.4(54)
disease or Negative 2,421 (88.6) 346(6.2) 448 (85.7) 215 (4.3) 2,171 (88.7) 359 (4.1) 309 (87.3) 342(46)
abnormality
P=0071,t=18 P=023Lt=10 P=0235t=11 P=0278,t=—10
Child COVID-19 Positive 33(12) 31.9(8.0) 26(5) 19.8 (6.4) 838 (34.24) 357 (43) 78(21.1) 344(42)
history Negative 2,627 (96.1) 349 (5.9) 476 (91) 215 (4.2) 1,379 (56.35) 360 (4.1) 278 (75.3) 339(50)
The parent is not 74 (2.7) 262 (8.5) 21 (4) 27.1(55) 230 (9.40) 36.1(4.0) 13(35) 356(27)
sure
P <0001, F=780 P <0.001,F=182 P=0230,F=14 P=0307,F=11

*Yes: The child is up-to-date with the vaccination schedule, No: The child is not up-to-date with the vaccination schedule.
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Australia China Iran-Pre 5th Iran-Post 5th Turkey

COVID-19 waves COVID-19 waves

Parent attitudes about child vaccines Mean 10.34 9.82 11.69 11.41 10.03
SD 3.54 311 3.00 3.18 334
‘Max/Min 4/20 4/20 4/20 4/20 4/20
Skewness —0.32 —0.32 —0.90 —0.83 —0.39
Kurtosis —0.99 —0.81 0.23 —0.12 —0.68
Internal reliability 0.87 0.87 0.76 0.80 0.84
Child vulnerability Mean 10.14 15.07 11.05 11.01 9.97
SD 3.85 3.87 3.86 3.77 3.35
Max/Min 8/40 8/40 8/40 8/40 8/40
Skewness 0.62 0.35 0.55 0.49 0.70
Kurtosis 0.07 0.50 0.13 —0.02 1.02
Internal reliability 0.81 0.81 0.80 0.79 0.81
Financial well-being Mean 14.90 12.69 13.32 13.65 13.77
SD 6.25 3.84 3.88 3.69 3.81
‘Max/Min 5125 5/25 5/25 5/25 5/25
Skewness —0.73 —0.16 —0.42 —0.51 —0.66
Kurtosis 0.05 —0.98 —0.43 0.12 —0.06
Internal reliability 0.85 0.87 0.73 0.74 0.84
Parental vaccine hesitancy Mean 24.16 12.87 24.38 24.65 23.74
SD 6.25 3.89 3.89 3.80 442
‘Max/Min 10/50 10/50 10/50 10/50 10/50
Skewness —1.33 0.45 —0.56 —0.55 —L10
Kurtosis 0.99 0.15 0.33 0.19 232
Internal reliability 0.81 0.76 0.81 0.84 0.70
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Australia (n = 2734)

1. Parent attitudes about child vaccines - 0.06* —0.12* —0.58*
2. Child vulnerability - —0.26"* 0.14**
3. Financial well-being - 0.01

4. Parental vaccine hesitancy -

China (n = 523)

L. Parent attitudes about child vaccines B 0.09* 0.12** 0.08
2. Child vulnerability - 0.30** 0.18**
3. Financial well-being - —0.08*

4. Parental vaccine hesitancy -

Iran-Pre (n = 1187)

1. Parent attitudes about child vaccines - 0.08** —0.16" —0.26"*
2. Child vulnerability - —0.38"* —0.05
3. Financial well-being - 0.10%

4. Parental vaccine hesitancy -

Iran-Post (n = 1260)

1. Parent attitudes about child vaccines - 0.17** —0.16* —0.35*
2. Child vulnerability - —0.36** —0.11**
3. Financial well-being - 0.09**

4. Parental vaccine hesitancy -

Turkey (n = 369)

L. Parent attitudes about child vaccines - 0.16** —0.24* —0.29"
2. Child vulnerability - —0.29* —0.02
3. Financial well-being = 0.02

4. Parental vaccine hesitancy -

*P < 0.05,*P < 0.001.
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df CFI RMSEA (95%)

Australia (n = 2,734)

1. PACV 88.95 2% 0.99 0.12 (0.10,0.14)
2.CVS 337 2 0.99 0.02(0.00,0.04)
3.FWB 13.27 2 099 0.04 (0.02,0.07)
4.PVH 14.03 2 099 0.04 (0.03,0.07)
China (n = 523)

1. PACV 6.14 ¥ 0.99 0.06 (0.07,0.12)
2.CVS 16.28 5% 0.96 0.11 (0.06,0.13)
3.FWB 0.12 2 0.99 0.00 (0.00,0.02)
4.PVH 0.86 2 099 0.00 (0.00,0.06)
Iran-Pre (n = 1,187)

1. PACV 323 2 0.99 0.02 (0.00,0.06)
2.CVS 8.35 5 099 0.05 (0.02,0.09)
3.FWB 37.50 o 098 0.12 (0.09,0.15)
4.PVH 197 2 099 0.03 (0.00,0.07)
Iran-Post (n = 1,260)

1. PACV 6.03 2% 0.99 0.04 (0.00,0.07)
2.CVS 4.69 5 0.99 0.03 (0.00,0.06)
3.FWB 23.98 2% 099 0.09 (0.06,0.12)
4.PVH 2183 i 098 0.08 (0.05,0.12)
Turkey (n = 369)

1. PACY 3.62 2 099 0.05 (0.00,0.12)
2.CVS 955 5 098 0.10 (0.04,0.11)
3.FWB 051 2 099 0.04 (0.00,0.06)
4.PVH 3.09 2 0.99 0.03 (0.00,0.11)

PACYV, Parent attitudes about child vaccines; CVS, child vulnerability scale; FWB, financial

well-being; PVH, Parental Vaccine Hesitancy. * P < 0.05, **P < 0.001.
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% vaccinated

% boosted

Primary reasons to get

vaccine

Primary reasons for
vaccine hesitancy

vaccine uptake in Australia

Japan (47) 79.94% 4321% 1. Worrying about getting infected 1. Adverse reactions (73.9%)
(33.2%) 2. Doubts about effectiveness of
2. Desire to protect family and friends vaccine (19.4%)
(33.4%)
3. Societal pressure (31.7%)
Greece (48, 49) 73.27% 54.63% 1. Fear of contracting severe COVID-19 1. Concerns about safety of vaccine
infection (65.5%)
2. Restrictions for social activities 2. Doubts about effectiveness of vaccine
(15.7%)
3. Pandemic is associated with hidden
political agenda
4. Belief that COVID-19 doesn’t pose
a threat
Italy (50, 51) 79.24% 64.57% 1. Trust in safety of vaccine (63.2%) 1. Not enough information on utility
2. Vaccines are an effective tool, and safety of vaccine
individually and for community 2. Trust in scientific community
(44.8%)
3. No negative personal experiences
with prior vaccinations (35%)
4. Trustin doctors and healthcare
professionals (33.7%)
China (52-54) 85.91% 46.48% 1. Doctor’s recommendation 1. Concerns about vaccine safety
2. Protecting friends and family 2. Vaccine quality and effectiveness
3. Social benefits 3. Perceived low risk of COVID-19
Jordan (41, 55, 56) 43.40% 6.21% 1. Fear of family members being 1. Low confidence in healthcare
infected with COVID-19 2. Belief that vaccine causes infertility,
2. Death from COVID-19 contains tracking device, and alters
3. Becoming infected with SARS-CoV2 ones genes
Malaysia (57-59) 78.82% 48.40% 1. Effectiveness of vaccine to stop 1. Concerns about side effects (95.8%)
spread of COVID-19 2. Low confidence in vaccine safety
2. Suggestions from the Ministry (84.7%)
of Health 3. Lack of available information (80.9%)
4. Perceived low risk of COVID-19
5. Theories of vaccine read on
social media
Brazil (60, 61) 76.82% 41.60% No studies regarding the reasons of 1. Fear of adverse outcomes from the
vaccine uptake in Brazil vaccine and thus being unable to
fulfill daily responsibilities
2. Concerns of vaccine safety
Australia (62) 84.03% 53.84% No studies regarding the reasons of 1. Lack of information regarding

vaccine
2. Uncertainty about safety of vaccine
3. Low perceived risk of COVID-19

Note that these statistics are before the roll-out of the bivalent COVID-19 booster.
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Effect Model 0 Model 1 Modella  Modellb  Modelic  Modelld  Model le

FearAE, <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
PeriConcerns 0.1956 0.7761 0.867 0938 09316 09296 04115
Comorbidities 00313 00387 0.0423 0.0369 00564 0.0871

FearAEx Comoy s 0.1059 0,109 0.0956 0.1125 0.079 0.0197
PeriConcerns x Comorbidities 01741 0.306 0.2576 02774 03264 04677
HealthAccess 00012 0.0009 0.0015 0.0006 0.0005
FearAEx HealthAccess 0.9352

PeriConcerns x HealthAccess 0.1102

FinancialStrength 0472

Demographics 0.0002 0.0001
FearAEx Demographics 0.0065
PeriConcerns x Demographics 0.2585

The above models represent the p-values of the effcts (column) on the various modelling regimes (columns). The first two rows represent the two vaccine-related barrier factors, fear of
vaccine adverse side effects (Fear AE) and peripheral concerns (PeriConcerns) about vaccination. These two factors are always present in every model. Model 0 represents only these two
factors. Models 1 through 1e show various covariates being added and removed from the base model, Model 0. Models with highly correlated predictors based on variance inflation factor > 10
using PROC HPREG in SAS9.4° were not estimated.
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Covariate clusters
Class BLR VLMR

LL BIC (LL)  AIC (LL) p-value error Entropy R?  p-value p-value

(A) Health accessi

I-Cluster 8 —2927.4 5909.0 5870.7 0.000 0.00 100 - -
2-Cluster 15 ~2684.8 54714 5399.7 0.000 007 077 0.000 0.000
3-Cluster 2 ~2655.9 54610 5355.7 0.000 015 0.65 0.000 0.000
4-Cluster 29 ~2641.1 5479.0 53403 0.100 017 070

5-Cluster 36 ~26393 5522.7 5350.5 0.007 021 0.66

(B) Financial welfare

I-Cluster 20 -5234.7 10605.0 10509.5 0.000 0.00 100 - -
2-Cluster 32 ~5009.7 102362 10083.4 0.000 0.00 0.96 0.000 0.000
3-Cluster 44 —4916.8 101317 9921.6 0.000 006 079 0.000 0.000
4-Cluster 56 —4870.5 101203 9852.9 0.000 008 078 0.000 0.000
5-Cluster 68 —4846.3 101533 9828.6 0.000 015 072

6-Cluster 80 —4827.5 10197.0 9815.1 0.000 020 070

(C) Demographics

I-Cluster i —6745.6 135657 135132 0.00 1.00 - -
2-Cluster 21 —6554.2 132507 131504 0.000 002 0.88 0.000 0.000
3-Cluster 31 —6454.4 131190 129708 0.000 011 075 0.000 0.000
4-Cluster 41 —6397.5 130730 12877.0 0.000 010 079 0.000 0.000
5-Cluster 51 —6354.8 130553 128116 0.000 010 082 0.000 0.000
6-Cluster 61 —6332.1 130778 12786.3 0013 013 079

The headings indicate the number of parameters (Npar) in the fitted model and measures of model i, including the lo
Akaike information criterion (AIC), and tests of the bootstrap likelihood ratio (BLR), and Vuong-Lo-Mendell-Rubin adjusted likeli

kelihood value (LL), Bayesian information criterion (BIC),
lihood ratio (VLMR),
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Barrier Factor 1 Factor 2

Fear of vaccine adverse effects Vaccination-related peripheral
concerns
Promax Varimax Promax Varimax

Vaccine causes death 74 72¢ -7 6

Loss of wages from vaccine side-effects 72 71 -4 8

Fear of LT vaccine side effects 71 69 -3 9

Vaccine can cause infertility 53 s4+ fl 17
Vaccine will worsen health conditions 50 s52° 15 23
Religion does not permit vaccine 39 39 5 37
Treating side effects is costly 35 39 31 n

COVID will not make me sick -21 -10 72 67
Tdo not want to become a burden to others 0 10 66" 66"
Vaccine is not effective 16 A 56" 58*
Do not trust the government/media -3 2 a8 a7
No support for vaccine side-effects 16 4 45+ a7
Cannot consume alcohol 17 2 40 a2
Do not like needles/injections 2 3 33 38
COVID is nota big problem 2 14 19 20

The above table represents the factor pattern under promax and varimasx rotation regimes using a two-factor approach. The asterisk refers to variables which had a factor loading of 40 or
higher (automaticall generated by PROC FACTOR). We specified 2 to 5 factors under both rotation regimes and found that the two-factor model gave the most interpretable and consistent
pattern. Factor scores from the promax rotation were used in modeling hesitancy (Table 6). Shortened barrier descriptors are provided here; the actual barrier items are provided in Table |
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Barrier Factor N Mean (SD)

1do not want to Peripheral 890 3.18(1.29)
becomeaburdento  concerns

others®

Vaccine is not Peripheral 891 308 (131)
effective’ concerns

COVID will not Peripheral 891 299(1.29)
make me sick! conerns

No support for Peripheral 891 298 (1.26)
vaccine side-effects’  concerns

COVID is nota big 889 296(1.32)
problem

Loss of wages from 891 2.89(132)

vaccine side-effects’

Do not trust the Peripheral 891 286(1.3)
government/media®  concerns
Vaccine will worsen 893 285(1.32)

health conditions'

Fear of LT vaccine 893 2.82(1.36)
side effects!

Treating side effects is 892 280(1.25)
costly

Cannot consume Peripheral 891 274 (1.25)
alcohol® concerns

Do not like needles/ 893 263 (1.32)
injections

Vaccine causes death! 891 240 (1.26)
Vaccine can cause 891 206(1.02)
infertility!

Religion does not 892 195 (0.89)

permit vaccine

Shortened descriptors are used here to fit the table. Actual measures of the barriers are
provided in Table 1. The barriers are sorted on descending magnitude of self-rated
agreement (1-5 scale, higher values indicate greater agreement) with the said barrier. The
second column shows the factor which each barrier loaded onto (if any; Table 4 for
details). Barriers withlight shading (second column) load on the “peripheral concerns™
factor, and those with darker shade load on the “fear of vaccine adverse effects” factor
(hence, fear of AE). Barriers that do not have any factor mentioned in the second column
do not load on any factor: Notice that barriers loading on “peripheral concerns 2 rank
higher in self-reported agreement (rank 1, 2, 3,4,7, and 11) than those loading on factor 1
(6,8,9, 13and 14).
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Variable Val

Participants (N) 893
Age

Mean (SD) 410 (14.5)
Range 180,880

Household income, 1 (%)

Below 1 Lakh Rupees 793 (89)
Above 1 Lakh Rupees 95 (1)
Gender, 1 (%)

Female 572 (64)
Male 309(35)
Transgender 8(1)
Area, n (%)

Metro_City_Town 360 (41)
Village 528 (59)

Community background, n (%)

GC (general category) 50/(6)
SC/ST (scheduled caste/scheduled tribe) 474(53)
BC (backward category) 367 (41)

Primary source of income, 7 (%)

Daily wage 488 (55)
Not working 103 (12)
Monthly 298 (34)

Comorbidities, 1 (%)

No 702.(79)
Yes 191 (21)
Current COVID vax status, 1 (%)

Not vaccinated 348 (39)
Atleast one dose taken 545 (61)

Education, n (%)

Not lterate 303 (34)
Up to eighth standard 228 (26)
Beyond eighth standard 358 (40)
Religion, n (%)

Hindu 554 (62)
Muslim 160 (18)
Other 178 (20)

Intention to take COVID booster, 1 (%)
Yes 455 (52)

No/Unsure 428 (48)
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Barrier (short form| Measure

Fear of LT vaccine side effects

Cannot consume alcohol

COVID is not a big problem

Loss of wages from vaccine side-effects

Do not trust government

No support for vaccine side-effects

Vaccine will worsen health conditions

Vaccine causes death

Vaccine is not effective

Do not like needles/injections
COVID will not make me sick
Vaccine can cause infertility

“Treating side-effects is costly
1 do not want to become burden to

others

Religion does not permit vaccine

These fifieen barriers (from the guided d

Tam afraid of long term.side effects of

the vaccine
I cannot take alcohol/non-veg food
before or afier the vaccine

1do not think COVID is such a serious

disease

Tam afraid that the side-effects will

‘make me unable to work and earn

1do not trust government/media
information regarding COVID or

vaccines

1do not have anyone support me if
I have side-cfects

1am worried that the vaccine will

worsen health conditions like BP,

Diabetes etc.

Tam afraid that the vaccine may cause
death

“The vaccine is not effective because

people get COVID even after

vaccination

1do not like needles/injections
Evenif I get COVID, I will not get sick
‘The vaccine can cause infertility
“Treating vaccine side-effects can

be costly

Ido not want to become burden to

others due to side-effects from vaccine

Thave religious objections for tal

the vaccine

ssion with frontline workers) were assessed

using a 5-point Likert-type scale ranging from strongly disagree (1) to strongly agree (3). The
English version is given here, however,the survey was delivered in local languages (Hindi,

Kannada, Tamil, and Telugu).
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Maternal characteristics Maternal vaccine acceptance

Odd ratio (95% CI)  p-value AOR (95% Cl)

Age

<35 656 (76.2%) 0252 Ref p=0252 Ref p=0.668
>35 325 (79.1%) 1.18 (0.89 - 1.57) 1.07 (0.78 - 1.46)

Ethnicity

Malay ethnicity 880 (77.3%) 0.731 1.08 (0.71—1.64) p=0732 1.14 (0.74 - 1.76) p=0549
Non-Malay 101 (75.9%) Ref Ref

Household income

<RM 5000 605 (71.4%) <0.001 Ref P <0.001 Ref P <0.001
>RM 5000 476 (84.2%) 2.14 (1.62 - 2.83) 1.87 (1.38 - 2.54)

Education

Non-tertiary education 149 (69.0%) 0.002 Ref p=0.002 Ref p=0.484
Tertiary education 832 (78.8%) 1.67 (1.21 - 2.31) 1.13 (0.80- 1.61)
Employment

Employed/self-employed 808 (80.1%) <0.001 2.09 (1.55-2.82) P <0.001 1.52 (1.10 - 2.10) p=0011
Housewife/ unemployed 173 (65.8%) Ref Ref

Parity

Nulliparous 322 (78.5%) 0.408 Ref p=0408 Ref p=0339
Multiparous 659 (76.5%) 0.89 (0.67 - 1.18) 0.86 (0.64 - 1.17)

Medical condition

Yes 364 (79.1%) 0.199 1.20 (0.91 - 1.58) p=0200 1.15 (0.86 - 1.52) p=0346

No 617 (76.0%) Ref Ref

Health sector worker

Yes 267 (85.7%) <0.001 2.04(1.44 - 2.89) p <0.001 1.79 (1.25- 2.57) p=0.001

No 714 (74.4%) Ref Ref

Internet and Social apps/media as an information source

Yes 552 (80.8%) 0.001 1.60 (1.13 - 2.25) p=0.007 1.63 (1.14 - 2.33) p=0.08

No 429 (72.8%) Ref Ref

COVID-19 infection to self or contact
Yes 648 (80.1%) 0.001 1.57 (120 - 2.05) p=10001 1.33 (1.01 - 1.75) p=0044

No 333(71.9%) Ref Ref

Maternal general anxiety

Yes 70 (78.7%) 0.722 1.10 (065 - 1.86) p=0722 118 (0.69-202) | p=0540

No 911 (77.0%) Ref Ref

Greater COVID-19 pregnancy-related anxiety
Yes 932 (78.1%) 0.001 2.19(1.36 -3.51) p=10.001 2.42(1.48 -3.97) p < 0.001

No 261 (21.9%) Ref Ref

*Chi-square test; AOR, adjusted odd ratio; CI, confidence interval, Ref reference; AOR, adjusted for age, parity, household income, education, employment, and health worker.
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Maternal perception > © w L Oa a6o a 7} as >QE (R >a
Vaccine Acceptance 1 0785% | 0692 | 0828™ | 0782 0.059* ~0020 0285 —0.188" 0781 0777 0279 0230
Adequate information 1 0658% | 0733 | 0703 | 01t 0.029 0288" —0.113* 0.667* 0672 0286 0247
COVID-19 Protection 1 0762° | 0743 0,097 0.025 0221 ~0.103* 0611 0619* 0265 0262
Prevents severe disease 1 0893 | 0.104™ 0.039 0292 ~0.130* 0734 0732 0302 0248
Death prevention 1 0.118" 0.062* 0295 —0.122 0723 0715* 0287 0245
Vaccine side effects worry 1 0.769% 0535 0475 0.125% 0.124%* 0,365 0.156*
Harmful to baby 1 0534 0514 0,054 0.063* 0355 0.165"
COVID-19 anxiety 1 0267 0347 0333 0352 0217
Postnatal vaccination 1 ~0.113" ~0.101* 0315 0132
Vaccines for family & friends 1 0909 0340 02547
Societal responsibility 1 0.366™ 0243
Vaccine choice 1 0354
Vaccine purchase 1

Significance level: *p < 0.005; **p < 0.001.
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Maternal characte n (%)
Age, mean (SD) 322 (4.6)
Ethnicity, n (%)
Malay 1,139 (89.6)
Chinese 73(5.7)
Indian 32(2.5)
Others 28(2.2)
Education, n (%)
Primary 2(0.2)
Secondary 214 (16.8)
Tertiary 1,056 (83.0)
Employment, n (%)
Employed/self-employed 1,009 (79.3)
Housewife 263 (20.7)
Household income, n (%)
<RM 2000 140 (11.0)
RM 2000-4999 567 (44.6)
RM 5000-10000 459 (36.1)
~RM10000 106 (8.3)
Health sector employment, n (%) 312(24.5)
Parity, mean (SD) 1.3 (1.27)
Nulliparous 410(32.2)
Multiparous 862 (67.8)
Pregnancy status, n (%)
Antenatal 1,057 (83.1)
Postnatal 215(16.9)
Post vaginal birth 116 (54.0)
Post cesarean delivery 99 (46.0)
Gestation, mean (SD) 29.9(7.7)
Medical or obstetric complication, n (%) 460 (36.2)
Hypertensive disorder 58 (4.6)
Diabetes 202 (15.9)
Anemia 117 (9.2)
Others 121 (9.5)






OPS/images/fpubh-11-1092724/fpubh-11-1092724-t002.jpg
Status n (%)

Vaccination status

History of COVID-19 infection (self or contact) 809 (63.6)
Self 288 (22.6)
Household 232(18.2)
Family/relatives 440 (34.6)
Other social contacts (friends/work colleagues) 340 (26.7)
COVID-19 complications to family/social contact

ICU admission and Death 92(7.2)
COVID-19 to self

Home quarantine 167 (58.0)
Hospital admission 108 (37.5)

13 (missing data)

Completed both doses 1,244 (97.8)
Received one dose 18 (1.4)
Registered, awaiting appointment 9(0.7)
Declined 1(0.1)
Vaccine received

Pfizer 893 (70.2)
Sinovac 254 (20.0)
Astra Zeneca 112(8.8)
Others 3(0.2)
Source of vaccine information

Internet 880 (69.2)
Social Media (FB, Instagram, others) 683 (53.7)
Television 643 (50.6)
Social app (WA, Telegram, MKN) 626 (49.2)
Healthcare Professionals 570 (44.8)
Family/Relatives 321 (25.2)
Friends 255 (20.0)
Printed Media 254 (20.0)
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Perception Responses, n (%)

Neutral Disagree
1. Iagree to be vaccinated 981 (77.1) 197 (15.5) 94 (7.4)
2. I receive enough information on the vaccine 906 (71.2) 269(21.1) 97 (7.6)
3. The vaccine will prevent me from getting COVID-19 815 (64.1) 301(23.7) 156 (12.3)
4. The vaccine will protect against severe disease 949 (74.6) 227(17.8) 96 (7.5)
5. The vaccine will reduce the risk of death due to COVID-19 937 (73.7) 235(18.5) 100 (7.9)
6. T worry about the side effect of the vaccine on myself 501 (39.4) 473 (37.2) 298 (23.4)
7. Iworry about the vaccine I received causing harm to my baby/newborn 512 (40.3) 430 (33.8) 330 (25.9)
8. Istill worry about getting infected even after I completed my vaccination 739 (58.1) 354 (27.8) 179 (14.1)
9. I prefer to be vaccinated after delivery 386 (30.3) 367 (28.9) 519 (40.8)
10. T would recommend my family and friends to get vaccinated 1,000(78.6) 178 (14.0) 94 (7.4)
11. Getting the vaccine is a societal responsibility 1,011(79.5) 178 (14.0) 83(6.5)
12. Vaccine recipients should be allowed to choose their vaccine type 715 (56.2) 382 (30.3) 175(13.8)
13. Tam willing to pay to get the vaccine of my choice 379(29.8) 483 (38.0) 410(32.2)
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