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Introduction: The decision about vaccinating children is subject to their parents' decision. To inform strategies that support full vaccination coverage, it is important to understand the parents' vaccination attitude and tendency to act. This study aims to investigate the intention and the factors affecting parents' decision-making about vaccinating their children.

Methods: A cross-sectional, self-administered online questionnaire was completed by parents of children aged 3–12 yeas in Macao between 7 March and 17 April 2022. The survey tool was informed by the Theory of Planned Behavior (TPB) which composes of the variable “intention” and three TPB constructs (Attitude, Subjective Norm, and Perceived Behavioral Control). Respondents rated their level of agreement on the construct statements using a 5-point Likert scale. Multiple linear regression analysis was used to determine if the TPB constructs were predictors of parents' intention.

Results: A total of 1,217 parents completed the questionnaire. The majority of participants were mothers (83.2%), aged 31–40 years (62.7%), having two or more children (74.1%), had at least one dose of COVID-19 vaccine (84.4%) and considered themselves knowledgeable about the vaccine (62.1%), all of which were significantly associated with the intention to vaccinate their children (all p < 0.05). Their intention varied from negative (19.1%), neutral (38.4%) to positive (42.5%). Respondents were mostly concerned about the serious side effects that the COVID-19 vaccine (mean = 3.96 ± 1.23), highly acknowledged the expectation by the school (mean = 3.94 ± 1.15) and the community (mean = 3.90 ± 1.19) of children vaccination, and rated highly the ease of making necessary arrangement (mean = 3.93 ± 1.25). In the multiple linear regression model which explained 63.5% of the variance in the intention-to-vaccinate their children, only Attitude (B = 0.52, p < 0.001) and Subjective Norm (B = 0.39, p < 0.001) were identified as strong predictors. The major reasons for not having intention were safety concerns (n = 646/699, 92.4%). Participants' most trusted local information sources were doctors (n = 682), government (n = 426) and healthcare professional organizations (n = 416).

Conclusions: Vaccinating children with COVID-19 vaccine is a complex decision-making for parents. A key to a successful COVID-19 vaccination program is effective communication about the safety profile and the usage experiences warranting the integration of reliable information sources across different healthcare sectors.
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Introduction

COVID-19 vaccination for children entails both individual benefits (protecting them from rare but severe cases of COVID-19 infection) and community benefits (protecting others by reducing the spread of the virus) (1). Although the risk of severe illness and death from the COVID-19 remains quite low for children, more cases and more serious symptoms among younger children have been linked to the emergence of new variants (2). Reportedly, the incidence rate of the Omicron variant was 6–8 times that of the Delta variant in children younger than 5 years (3, 4). Infected children may be at risk of severe illnesses such as croup and multisystem inflammatory syndrome requiring more aggressive treatment, hospitalization or even intensive care unit admission (5, 6) in addition to long-term symptoms (7). Although not common, COVID-19 deaths did occur among children. According to the UNICEF, as of March 2022, of the 13,400 COVID-19 deaths in people under 20 years of age reported, 58% occurred among people aged 10–19 and 42% among children aged 0–9 (8). Vaccination against COVID-19 remains one of the most effective protection against infection. Moreover, high vaccination coverage among children is also crucial to achieving herd immunity for the overall control of the COVID-19 pandemic (9–11).

For children under the age of 18 years, parents are usually the key, if not the sole, decision-makers for whether they will receive a COVID-19 vaccine. To facilitate the uptake of COVID-19 among children, it is important to understand parents' acceptability of their children's COVID-19 vaccination and related barriers and facilitators. However, the current research shows that parents' intentions and refusal and the influencing factors vary substantially between studies. For instance, a systematic review involving 44 studies including 317,055 parents found that the overall proportion of parents that intend to vaccinate their children against COVID-19 was 60.1%, but the heterogeneity ranged from 25.6 to 92.2% (12). Similar variations were also reported in another systematic review involving 29 studies from 16 countries and regions with 68,327 participants (13), which found that the vaccination willingness could be as high as 91.4% (14), or as low as 21.6% (15).

Factors influencing the decision about COVID-19 vaccination were multifaceted and might include sociodemographic characteristics, attitudes toward vaccination, psychological factors, perceptions of risk and susceptibility to COVID-19, knowledge, information, personal factors, etc. (16–18). While being fathers, older age of parents, older age of children, higher income, and higher levels of perceived threat from the COVID-19 had been commonly identified as the predictors (12, 13), how such factors influenced parents' intention remained inconclusive. Parents' intention may also be influenced by vaccine hesitancy constituted by concerns about vaccine safety and effectiveness and variations in their information accessibility and sources (19–21). As parents' intentions and the predictors are context-specific, research specific to the local context is needed to inform vaccination programs more precisely (12).

Currently, no existing scale is available to assess parents' expressed intent to have their children receive COVID-19 vaccines. A theoretically informed approach was employed in order to provide a foundation to gather, interpret, and analyze data in a systematic manner in this study (22). The Theory of Planned Behavior (TPB) being one of the most robust models for explaining health-related behavior has been widely used as a practical framework to understand important factors for intention to uptake vaccination, including COVID-19 vaccines (23, 24) as well as influenza and human papillomavirus (HPV) (25–27). In light of the ongoing need to investigate parents' intention to have their children receive COVID-19 vaccines and the possible influencing factors, particularly in areas whereby intention may be negatively affected by low incidence of COVID-19 cases, this study aimed to (1) investigate the parents' intention to have their children receive COVID-19 vaccines by employing the TPC model; (2) to identify the main factors predicting their intention; and (3) to assess the usefulness of the TPB model in predicting such intention. Understanding parental COVID-19 intention for the children and the factors affecting their decision-making would help inform evidence-based actions that change the stereotypes and to facilitate the success of COVID-19 vaccination program.



Methods

This study employed a cross-sectional survey informed by the TPB framework and self-administered online voluntarily by parents of children aged between 3 and 12 years old in Macao between 7 March and 17 April 2022. The survey was only open for 6 weeks in order to provide a snapshot of the parents' intention soon after the government lowered the age limit for the COVID-19 vaccination down to 12 years of age (previously only available to people over 16 years old).

The project was approved by the Panel on Research Ethics of the University of Macau in January 2022 (SSHRE21-APP064-ICMS). As indicated in the Participant Information Statement (PIS), it was assumed that, by completing and submitting the survey online, they agreed to take part in the research study. At the beginning of the survey, a checkbox was set for the respondents to clearly indicate their consent before proceeding to answer the survey questions. The PIS also clearly indicated the study purpose, the potential use of the information provided by the respondents and the measures in place to protect their confidentiality. No incentives were offered to the respondents upon completion of the survey. Following the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guideline and the Checklist for Reporting Results of Internet E-Surveys (CHERRIES) (28, 29), the reporting of the study is as follows.


Study target

Macao is one of the most densely populated places in the world with a population of 682,800 (in the third quarter of 2020) and is a famous tourist destination, exposing the city to a high risk of community transmission and imported cases amid the COVID-19 pandemic. As of February 21, 2022, the city had 80 cumulative confirmed cases of COVID-19, with the first case confirmed on January 22, 2020, all of those having recovered from the disease (30). The top-down infection control actions undertaken by the local government have been effective in keeping the infection rate low and preventing community transmission in the city. Macao remained as one of the very few “COVID zero” regions across the globe at the time of this study (30, 31).

On February 9, 2021, the Macao government launched the COVID-19 vaccination campaign to provide free COVID-19 vaccines to all Macao residents and people who were studying or working in Macao. The supply of COVID-19 vaccines had been steady, an online registration system had been established, and the vaccination sites had been widely distributed to be in close proximity to the people's neighborhood. A 1-year group insurance for COVID-19 vaccine recipients was also arranged to cover major adverse events associated with vaccination. Information about the doses of COVID-19 vaccines given and adverse events reported was updated on the Health Bureau official website on a daily basis. In November 2021, the government lowered the age limit for the COVID-19 vaccination down to 3 years of age. Since then, the uptake of vaccines among young children has been slow. As of February 21, 2022, the vaccination rate among children aged 3–11 years old was only 8.5%, whereas that for the age groups of 12–19 years and 20–49 years were 72.9% and well over 96%, respectively (32). By law, parents need to give consent before people under 18 years of age can receive COVID-19 vaccines.

The target population of this survey study was parents or legal guardians of people aged between 3 and 12 years residing in Macao during the COVID-19 pandemic. According to the official statistics, there were around 115,600 people aged 18 or younger in Macao as of 2019. Assuming they are all the only children, the maximum number of parents eligible for this study would be 231,200 (115,600 × 2). Based on a sample population of 231,200, the valid sample size is determined at a minimum of 384 (confidence level 95%, margin of error 5%).



Questionnaire design

The design of the questionnaire was developed in consultation with: (1) the current literature on parents' intention to get their children vaccinated with COVID-19 vaccines and other vaccines (26, 33–35), (2) studies employing the Theory of Planned Behavior as the theoretical framework (36, 37), and (3) a clinician experienced in public health measures and the local COVID-19 vaccination campaign.

According to the TPB, Attitude, Subjective Norm, and Perceived Behavioral Control are the key variables, which influence behavior through their impact on behavioral intention. As depicted in Figure 1, regarding the 3 constructs in the TPB model employed in this study, Attitude referred to the degree to which a parent had a favorable or unfavorable evaluation of the COVID-19 vaccine for the health of their children, Subjective Norm referred to the belief about whether peers and people of importance to the parents thought he or she should get their children vaccinated with COVID-19 vaccines, and Perceived Behavior Control referred to the perception of the parent on the level of ease or difficulty of having their children receive the vaccination.
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FIGURE 1
 Research model of parents' intention to vaccinating their children (aged 3–12 years) against COVID-19.


The study hypotheses are, therefore, as follows:

H1: Favorable Attitude is a positive and significant predictor of the intention to have their children receive COVID-19 vaccines.

H2: Positive Subjective Norm is a positive and significant predictor of intention to have their children receive COVID-19 vaccines.

H3: Strong Perceived Behavior Control is a positive and significant predictor of intention to have their children receive COVID-19 vaccines.

The questionnaire mainly comprised of three sections. In Section A, the participants were asked to confirm if they were parents of children aged between 3 and 12 years residing in Macao and to answer 11 questions regarding their demographic information (including relationship to the child in question (38–40), age (41–43), marital status, number of children in total (14, 43), age of children in question (43, 44), highest education level attained (45, 46), type of residency, employment status, average monthly household income (47, 48), the personal history of COVID-19 vaccination (44, 49), and their perceived level of knowledge of COVID-19 vaccine (33, 45).

In Section B, there were 4 sub-sections, each of which contained a set of statements that measured Attitude (7 statements), Subjective Norm (6 statements), Perceived Behavioral Control (4 statements), and Intention (1 statement). Respondents were asked to rate their level of agreement on these items using a 5-point Likert scale with possible answers being strongly disagree, disagree, neutral, agree, and strongly agree.

In Section C, respondents were asked to identify factors hindering their decision to vaccinate their children and the information sources about COVID-19 vaccination among children deemed reliable. All the questions were assigned to be mandatory answer items to avoid incompleteness and missing data. At the conclusion of the questionnaire, a free-text response box was provided for respondents to provide additional feedback, and to indicate their interests in participating in a follow-up qualitative study to provide more in-depth insights about this topic.



Development of the questionnaire

The self-administered structured questionnaire used in this study was prepared in English and Chinese in order to minimize sampling bias due to language barrier. The questionnaire underwent two rounds of pilot studies following the suggestions by Leavy (50). To ensure the face validity of the questionnaire that the theoretical constructs (Attitude, Subjective Norm, and Perceived Behavioral Control and Intention) were appropriately represented, the initial instrument was first assessed by three researchers experienced in quantitative studies and public health measures of mass vaccination through a focus group. The researchers thoroughly evaluate the statements and agreed that the measuring statements matched the corresponding constructs and collectively formed a valid measure of the TPB concept that addressed the research objectives. The researchers also provided minor suggestions on the wordings of the statement to improve the validity of the questionnaire design. All comments were taken into consideration.

The revised questionnaire was pilot tested on a convenience sample of 15 parents who were in bilingual (English and Chinese) and were invited through the authors' personal network. They were requested to specifically evaluate the content validity, content consistency and the time needed to complete. They all agreed that the questions were straightforward and easy to understand, confirming the face and content validity of the questionnaire. No removal of the original statements or addition of new ones was needed. None of the responses collected in the pilot tests was included in the study results for analysis.



Data collection

The online questionnaire, hosted by Survey Monkey, was open for 6 weeks between 7 March and 17 April 2022. In order to minimize selection bias, multiple avenues were attempted to recruit respondents with diverse range of demographic characteristics: parents' communication groups, schools and social media (such as Facebook and WeChat). Invitations to participate in the study were sent to parents' communication groups of 20 primary schools through convenience sampling. Invitations to support the study were also extended to the schools and the link to the online survey was displayed during information session on COVID-19 vaccination hosted for parents at school. Invitations were also distributed through social media like Facebook and WeChat. Follow-up reminders were made in the parents' communication groups and on social media at two weekly intervals during the study period. A snowball sampling technique was also used whereby the participants were invited to pass the invitation and the survey link to their contacts. Given the wide usage of social media among the Macao population and the challenges of collecting data face-to-face during the pandemic, social media and online communication platform were chosen. To ensure the completeness of the answers, a logic function available was adopted to require an answer to every question before proceeding to the next page and before submission. Respondents were able to review and change their answers using a Back button before the submission of the survey, and were allowed to pause and continue answering the survey as long as the survey remained open. The survey was estimated to take around 6–8 min to complete. To minimize the risks of double entries or duplication of entries by the pharmacists, the setting allowing only one attempt per device was employed.



Data analysis

The survey responses were analyzed using the Statistical Package for Social Sciences (SPSS) version 27 software for Windows. For respondents' demographic characteristics, descriptive analysis (frequencies) were conducted and univariate analysis using Pearson chi-square test was employed to compare the differences in the intention to get their children vaccinated with COVID-19 vaccines among subgroups. For the ratings given by the respondents' on TPB constructs and the sub-items, descriptive statistics (frequencies, means, and standard deviations) were conducted and Spearman's rho was used to test the correlation of intention with the constructs and the sub-items. Since the instrument was self-developed, Cronbach's alpha coefficients were used to determine the internal consistency of the measuring items for each construct.

Multiple linear regression analysis was conducted on the data to identify predictors of intention, with intention as the outcome factor and Attitude, Subjective Norm and Perceived Behavioral Control as the predictor factors. Demographic variables with a p < 0.05 in univariate analysis were also included in multivariable analysis. The demographic variables significant in univariate analysis were entered into the multivariable linear regression first, then the TPB construct variables were sequentially tested and retained when they remained statistically significant and contribute for a better fit of the model. All analyses based on two-sided p-values, and the association would be considered statistically significant at a confidence level of 95% whenever the P-value was found to be smaller than 0.05.




Results

A total of 1,217 responses had been received, all of which were complete giving a completion rate of 100%. As shown in Table 1, the majority of the respondents were mothers (n = 1,013, 83.2%), aged between 31 and 40 years (n = 763, 62.7%) and had 2 children (n = 705, 57.9%). The age of their children in question ranged from 3 to 12 years of age. Around two-thirds of them (61.0%) had a Bachelor degree, 879 (72.2%) were employees, and 626 (51.5%) had a monthly household income of MOP50,000 or less (average monthly household income was MOP55,497 as of 2017) (the exchange rate of 1 USD was around 8.10 MOP) (51). Nearly 85% of the respondents had received COVID-19 vaccines themselves [45 (3.7%) had 1 dose, 740 (60.8%) had 2 doses, and 242 (19.9%) had 3 doses]. Most of them believed they were knowledgeable about the COVID-19 vaccines (n = 755, 62.1%).


TABLE 1 Respondents' demographic information (n = 1,217).
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Intention for their children to receive COVID-19 vaccines

Overall, 518 or 42.5% of the respondents indicated their intention for their children to receive COVID-19 vaccines, while 467 (38.4%) were hesitant and 322 (19.1%) did not want their children to get vaccinated. Among the subgroup, respondents who were fathers, aged 41 years or above, had more children, decided for older children, had a history of COVID-19 vaccination, or were perceived to have good knowledge of COVID-19 vaccines had a higher intention for their children to receive COVID-19 vaccines. According to the Pearson Chi-square test results, statistically significant differences in the intention were observed among the subgroups of the respondents' parental role, their age, the number of children they had, the age of the child in question, their personal history of COVID-19 vaccination, and their perceived knowledge of COVID-19 vaccines.



Respondents' perception about the measurements

The ratings of individual survey statements under each of the three key constructs (Attitude, Subjective Norm, and Perceived Behavioral Control) and the intention are presented together with the percentage of respondents giving positive (strongly agree/agree), neutral, and negative (strongly disagree/disagree) responses. Descriptive statistics, such as the mean and standard deviation, of the ratings for each statement for each TPB key variable and intention were also listed.

In terms of the construct Attitude, the respondents agreed to the greatest extent that they were concerned about the serious side effects that the COVID-19 vaccine might cause to their children (mean = 3.96 ± 1.23). At the same time, the respondents also acknowledged to a high extent that getting their children to receive the COVID-19 vaccine would be important for the health of others in their community (mean = 3.90 ± 1.15), even more important than for their own child/children's health (mean = 3.45 ± 1.26). They were less likely to agree that the COVID-19 vaccine was effective just because it had been approved by the government (mean = 3.26 ± 1.25) which could be explained by their high rating for the statement about the COVID-19 vaccine being too new to fully understand its safety (mean = 3.77 ± 1.22). Almost half of the respondents (49%) believed that the COVID-19 vaccine might cause lasting health problems for their children, and 31.5% were not sure about it.

In terms of the construct Subjective Norm, the respondents were more likely to agree that both the school (mean = 3.94 ± 1.15) and the community that their children attended (mean = 3.90 ± 1.19) expected the children to receive COVID-19 vaccines. In comparison, the level of expectation from their spouse (mean = 3.34 ± 1.38), other family members (mean = 3.22 ± 1.30) and friends (mean = 3.11 ± 1.19) as the respondents perceived were lower. Only 25% of the respondents believed that their parents' friends would have their children take up the COVID-19 vaccination.

In terms of the construct Perceived Behavioral Control, the respondents rated the ease of arranging for their children to receive COVID-19 vaccines highly (mean = 3.93 ± 1.25). They were highly aware that the supply of COVID-19 vaccine in Macao was adequate (mean = 4.48 ± 0.87). Around 4.9% of the respondents agreed that it would be costly for their children to receive COVID-19 vaccines, and 6.5% of them indicated that they did not have the time to take their children for COVID-19 vaccination.



Results of multiple linear regression

All factors found to be significantly associated with intention shown in Table 1 (including relationship with the child in question, age, number of children in total, age of child in question, perceived level of COVID-19 vaccine knowledge and personal history of COVID-19 vaccination) and Table 2 (the three TPB constructs) were analyzed as the independent variables, with intention as the dependent variable. Table 3 shows the results of multiple linear regression that analyzed the relationship between the intention of getting their children to receive COVID-19 vaccines and the independent variables.


TABLE 2 Measurement of the TPB constructs.
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TABLE 3 Results of multiple regression analysis.
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In Model 1, the independent variables comprised only the control variables, i.e., the demographic variables shown to have a statistically significant correlation with intention as shown in Table 1. The coefficients indicate that age of the respondents, the age of the child in question, the respondents' perceived level of COVID-19 knowledge and their personal history of COVID-19 vaccination had statistically significant influence over their intention to get their children vaccinated with COVID-19 vaccines. Nevertheless, Model 1 could only explain 14.4% of the variance in such (R2 = 0.144).

In Model 2, the control variables identified in Table 1 and the three TPB constructs indicated in Table 2 were computed as the independent variables. The coefficients indicated that Attitude and Subjective Norm as well as the respondents' personal history of COVID-19 vaccination and age were significant predictors of intention (all p < 0.001), whereas Perceived Behavioral Control and other demographic variables were not (all p > 0.05). In other words, only hypotheses H1 (Favorable Attitude is a positive and significant predictor of parents' intention to have their children receive COVID-19 vaccines) and H2 (positive Subjective Norm is a positive and significant predictor of parents' intention to have their children receive COVID-19 vaccines) are supported. A total of 63.7% (R = 0.799, adjusted R2 = 0.635) of the variance in the intention to get their children to receive the COVID-19 vaccine can be explained by Model 2 (F = 236.238, d.f. = 9, p < 0.001). Among the four statistically significant predictors, Attitude toward COVID-19 vaccination among children had stronger influence on their intention (β = 0.52, p < 0.001) as compared to that of Subjective Norm (β = 0.40, p < 0.001).

In Model 3, all the sub-items of Attitude and Subjective Norm as well as the respondents' personal history of COVID-19 vaccination and age were computed as the independent variables. The coefficients indicated that 5 out of 7 Attitude sub-items and 3 out of 6 Subjective Norm sub-items together with the respondents' personal history of COVID-19 vaccination and age were significant predictors of intention (all p < 0.001). Similar to Model 2, Model 3 can explain 65.8% (R = 0.813, adjusted R2 = 0.658) of the variance in the intention to get their children to receive the COVID-19 vaccine.

According to Model 3, in the order of the strongest influence, the positive predictors were: (1) Subjective Norm —“My spouse would support me in having my child/children take up COVID-19 vaccination.” (β = 0.223, p < 0.001); (2) Attitude—“My child/children getting a COVID-19 vaccine would be a good way to protect them from COVID-19.” (β = 0.118, p < 0.001); (3) Subjective Norm—“My other family members would support me in having my child/children take up COVID-19 vaccination.” (β = 0.109, p < 0.001); (4) Subjective Norm—“Many of my parent friends will have their child/children take up COVID-19 vaccination.” (β = 0.100, p < 0.001); (5) Attitude—“My child/children getting a COVID-19 vaccine will be important for my child/children's health.” (β = 0.118, p < 0.001); (6) Attitude—“My child/children getting a COVID19 vaccine will be important for the health of others in my community.” (β = 0.078, p < 0.001); and (7) older age (β = 0.052, p < 0.001). Negative predictors were: (1) Attitude—“I am concerned about serious side effects of a COVID-19 vaccine for my child/children.” (β = −0.109, p < 0.001); (2) Attitude—“I think a COVID-19 vaccine might cause lasting health problems for my child/children.” (β = −0.091, p < 0.001); and (3) No history of COVID-19 vaccination (β = −0.070, p < 0.001).



Reasons for a lack of intention

For respondents who indicated that they did not intend to get their children vaccinated with COVID-19 vaccines (n = 232) or were unsure (n = 467), they were asked to provide the reasons. As shown in Figure 2, a general concern over vaccine safety among children (n = 646/699, 92.4%) and a lack of scientific evidence for COVID-19 vaccination in children (n = 392/699, 56.1%) were cited as the most common reasons for their hesitation. This was followed by the awareness of personal shortcomings in terms of their knowledge about the use of COVID-19 vaccines in children (n = 330/699, 47.2%) and the lack of awareness about reliable information sources (n = 253/699, 36.2%). Some respondents also indicated a lack of trust in the vaccine development process (n = 135/699, 19.3%) or a disbelief that COVID-19 vaccine would work for children (n = 123/699, 17.6%).
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FIGURE 2
 Reasons for not intending to get their children receive COVID-19 vaccines.


Some respondents believed that the risk of their children getting infected with COVID-19 was low (n = 71/699, 10.2%) or that their children were too healthy to need COVID-19 vaccination (n = 17/699, 2.4%). A lack of knowledge about how to arrange their children to receive COVID-19 vaccines (n = 17/699, 2.4%), a lack of time to do so (n = 16/699, 2.3%), or a lack of convenience to make such an arrangement (n = 11/699, 1.6%) were also cited by some respondents. A small number of respondents cited health conditions (n = 48/699, 6.9%) or religious reasons (n = 6/699, 0.9%) as factors preventing their children from getting COVID-19 vaccines.



Information sources considered reliable

The respondents were also asked to choose what they believed to be the reliable sources of information about COVID-19 vaccination among children. Doctors, among all the information sources and all the healthcare providers, were considered the reliable information sources by most respondents (n = 682). This was followed by international health organizations (e.g., the World Health Organization) (n = 526), the local government (n = 426) and the healthcare professional organizations (n = 416). News resources (such as newspapers, radio, and television) (n = 371) and online medical information (n = 313) were also cited as reliable information sources by many respondents. Some respondents also entrusted university academics (n = 195), pharmacists (n = 195) and nurses (n = 135) with the care of their patients. The schools which their children went were also considered reliable regarding information about the COVID-19 vaccine. It is also worth notice that social media (such as Facebook, Instagram, WeChat, Twitter, etc.) were also considered reliable by some respondents (n = 193).




Discussion

This is one of the few studies that used the framework of the TPB to quantitatively examine parents' intention to have their children receive COVID-19 vaccines in areas with a low incidence rate. It was found that, 4 months into the COVID-19 vaccination program for children 3–12 years old in Macao, 42.5% of the parents indicated their intention, while 38.4% were not sure and 19.1% were negative. Parents' gender, age, number of children, perceived level of COVID-19 vaccine knowledge and history of COVID-19 vaccination, as well as the age of the child in question, demonstrated significant correlation with parents' intention. Importantly, it was also found that Attitude and Subjective Norm but not Perceived Behavioral Control were predictors of increased intention. Together with parents' age and history of COVID-19 vaccination, these predictors could explain 63.8% of the variance in parents' intention of vaccinating their children against COVID-19. Lack of intention was mostly due to the concerns about the vaccine safety and the lack of scientific evidence developed for children. Parents' decisions were also affected by their lack of vaccine knowledge and awareness of reliable information sources. In consistence with previous findings (52, 53), in helping parents make informed decision about vaccinating their children, healthcare providers, especially doctors, had a pivotal role to play.

The proportion of parents who intended to vaccinate their children against COVID-19 in Macao (42.5%) was lower than the overall proportion (60.1%, range 25.6–92.2%) as reported in a systematic review involving 43 studies from 18 countries (12). This is not surprising for areas like Macao, where the pandemic was under tight control and the number of infection cases was kept at a minimum. Uptake of COVID-19 vaccines by children was low due to low parental intention and was particularly challenging in areas that had been effective in stopping COVID-19 transmission. While increased perceived threat from the COVID-19 was related to parents' willingness to vaccinate their children against the COVID-19 (38, 47), vaccine complacency can be expected in the absence of perceived benefit from vaccination when there is no risk of infection as exemplified by the case of Macao (54).

The low perceived susceptibility may undermine the appreciation of the true benefits of the COVID-19 vaccine by parents, thus shifting their evaluation of the risk and benefit balance further toward safety concerns (39, 55, 56). Indeed, as reported in our study, some parents perceived the risk of their children contracting COVID-19 as low and considered the symptoms of the disease as mild; they reported less intent to have their children receive the vaccine (25). Studies have generally found that people who perceive COVID-19 to pose a greater risk engage more readily in preventive efforts (57, 58). It is obvious that some parents have yet to fully comprehend the possible impact of COVID-19 on children should a local widespread occur or a new variant emerge.

Another important factor affecting the parents' decision-making was their perceived risks of vaccination for their children (9, 42, 43, 59, 60). Out of the 699 parents who did not have the intention or were unsure about COVID-19 vaccination for their children, 646 quoted safety concerns as one of the main reasons. During the pandemic, some vaccine candidates had been granted fast-track licensure by the regulatory authorities, which contributed to vaccination hesitancy (40). Due to the short development process and the expedited approval procedures, evidence about the safety of the vaccines, especially among special age groups, was limited. Parents understandably expressed concern about the hurried nature of testing and expressed reservations about its safety (60). As such, it is crucial for the government and medical professionals to communicate effectively with parents about novel vaccine types and their safety evidence as it accumulates.

The concept of real-world evidence should also be introduced to the parents. For instance, while the results of a randomized, double-blind, controlled, phase 1/2 trial, which reported that the inactivated COVID-19 vaccine (the same type of COVID-19 vaccine available to children from 3 years in Macao) was safe and well tolerated in all participants aged 3–17 years, were published in early 2022 (61), 84 million children aged 3–11 in China had already received the first of two doses of the vaccine as of November 2021 (62). Similarly, in the US, 8 million of the ~28 million (28.1%) 5–11 year-old children had received at least one COVID-19 vaccine dose as of January 18, 2022, and the safety would be under close monitoring by the local public health authorities (63, 64). It is important for parents to be informed that while clinical trial data may be limited, the understanding of vaccine safety continues to grow with real world data. Parents were also worried about potential side effects, both immediate and long-term (65). Clarifying the side effects of COVID-19 vaccines may significantly reduce vaccination hesitancy.

The factors associated with parents' intention to vaccinate their children against COVID-19 aligned with most of the previous findings: father rather than mother (40, 41), older age (14, 66), older children (43, 44), high level of knowledge/information about the COVID-19 vaccination (33, 45), and COVID-19 vaccine uptake by the parents were associated with a higher intention to have their children receive vaccination (67, 68). These findings shed light on vaccination promotion strategies which should be targeted more specifically on mothers, younger parents, and those with younger children. Parents should be empowered to make vaccination decisions for their children with tailored and targeted communication materials and balanced information on both the benefits and risks of vaccination (69, 70). For this, it is important for the COVID-19 vaccine educational campaign implemented by public health officials to be robust and transparent.

Education about misinformation should also be prioritized as global misinformation spread through social media during the pandemic may pose challenges for COVID-19 vaccination programs (71). As shown in this study, social media was deemed reliable by many parents. However, previous research has already shown that there has been a lot of misinformation, conspiracy theories, and even anti-vaccine propaganda during the pandemic (72). The chance was that people might be more likely to bias toward negative information during a disease outbreak (73). The increasing influence of social media as a powerful tool for disseminating false data and unverified rumors, and the explosion of the available information made it difficult for parents to distinguish between true and false information (71). A unified and authoritative information outlet monitored by the local public health authority would be detrimental to preventing the creation of a vacuum with parents eager for advice and therefore turning to other sources to fill this informational void, which sometimes results in potential misinformation (67).

Who is responsible for delivering the education to achieve the best outcome should greatly depend on who the parents trust the most. In this study, most parents found doctors, international health organizations, and government and healthcare professional organizations reliable for advice about COVID-19 vaccination in children. Indeed, previous studies also stressed the importance of accessing scientific information or recommendations from public health authorities and physicians (15, 42, 74, 75). People who were exposed to scientific and positive information related to COVID-19 vaccines were shown to be more willing to have their children vaccinated (9, 41). In light of the above, the influence of stakeholders considered reliable by parents, such as doctors, health care professional organizations, or even schools as identified in this study, should be harnessed to reach out and raise people's awareness, to inform them of the importance of vaccines, and provide scientific information and recommendations on vaccinating their children against COVID-19 for parents from different walks of life (76).

The two important predictors of parents' intention to vaccinate their children against COVID-19 were Subjective Norm and Attitude. More specifically, it was the support and acknowledgment from their spouse, family, and friends; the perceived vaccine benefits for their children; and their sense of social responsibility that played the most part in encouraging their decision making. Previous studies have reported the positive influence of peer support (77, 78), confidence in COVID-19 vaccines (79), and perceived social responsibility on vaccination decision-making (80–82). Particularly in the context of Macao, the findings about 64.4% of parents agreeing to the importance of their children receiving the COVID-19 vaccine to the health of others in this study echoed previous findings about 67.8% of the general public considering getting the COVID-19 vaccination a social responsibility (83). This reinforced the importance of social norms on COVID-19 vaccination as emphasized by the World Health Organization that “individuals and communities understand the value of vaccines and demand immunization as both their right and responsibility” (84). Considering that promoting and displaying the social norms would help to shift public mentality toward health behavior change (85), publicly recognizing individual's social responsibility and empowering parents and their vaccinated children to share their experiences of and reasons for vaccination would help harness the power of social norm.

It is also worth discussing the reasons why Perceived Behavioral Control was not a predictor of parents' intention in this study. In particular, of the 4 sub-items under this construct, only the level of ease to make the decision and perceived vaccine supply were significantly associated with parents' intention, while cost and time were not. First, the COVID-19 vaccines were provided free-of-charge. Secondly, between February and May 2022, a series of actions to promote child vaccination have been initiated by the government to address different needs of parents. Schools were supported to organize in-house “vaccination days” operated by the outreach vaccination team. They were also recommended to continuously monitor parents' intentions and give them encouragement (86). A special “School Child Vaccination Day” was held to accommodate the parents' different work schedules. A mobile vaccination vehicle was also arranged to provide vaccination services to children and their parents who lived nearby (87). Representatives of pharmacist professional organizations were also invited to deliver public education directly to the parents at the schools (88). Such a multipronged campaign that includes education/promotion, good access to vaccines, and role models has helped to keep the cost or time constraints at a minimum, which were therefore not factored in parents' decision-making (67).

In Macao, as of May 7, 2022, more than 76% of children aged between 3 and 11 years had already received at least 1 dose of COVID-19 vaccines (87). In order to further promote children vaccination rate, as informed by the findings of this study, effective communication about the safety and the efficacy of the COVID-19 vaccine among children should remain prioritized in the vaccination campaign. For this, a number of actions should be considered: (1) While the public health authority continues to be the reliable sources of information about the safety and efficacy of COVID-19 vaccines, the government can also take the initiative to harness the trust of parents on healthcare professionals and have them play the role of “translators” to convey the scientific evidence in expressions that are easy to understand and reach out to different target parent groups; (2) Communication mechanisms should also make use of the close ties of schools and teachers with the parents to promote information sharing in their communities; (3) Collaboration between the public health authority and the research institutes should be reinforced to conduct studies on the immunogenicity, efficacy and safety of the COVID-19 vaccines among children based on local data; (4) Opportunities should be provided for parents of different demographic attributes to share their experiences and viewpoints on children vaccination to recognize and encourage the practice of social responsibility.



Limitations

This study had a number of limitations. Firstly, under the impact of the pandemic, using an online platform to invite participants and operating the survey online were deemed the most feasible but might have induced sampling bias. It was not possible to find out the population to which the invitation was sent, so the response rate could not be determined. Also, due to a lack of demographic information about the overall parent population, the representativeness of the respondents could not be fully evaluated. Moreover, people who lacked technology literacy might be under-represented in this study. Secondly, due to the nature of a cross-sectional study, causal relationship between the key factors and the intention could not be inferred. As the factors affecting people's intention are subject to change as the pandemic evolves and the evidence about vaccine safety and efficacy emerges, findings from the current study may only provide a snapshot of the parents' intention around the beginning of the child vaccination program. Thirdly, the associations identified in this study mostly involved psychosocial factors. External factors, such as rewards of action, motivation to comply, and policy support, which might have an impact on Attitude, Subjective Norm, and Perceived Behavioral Control, respectively, were not considered in this study. Future studies are warranted to explore environmental factors that were not accounted for in this study but may play a role in predicting parents' intention to vaccinate their children against COVID-19 within the framework of TPB. As the vaccination requirements evolve over time, follow-up studies to monitor the changes in people's intentions to receive COVID-19 vaccination are warranted. In addition, as the topic of COVID-19 vaccination among children may be considered sensitive, the risks of social desirability bias cannot be ruled out which might have led the participants to indicate their indication when they in fact had not yet made the decision or had decided otherwise. Moreover, as this study was dependent upon voluntary participation, parents who found the topic of vaccinating their children sensitive or even controversial might not opt to take part in this study, resulting in non-response bias. Indeed, parents' with no intention to vaccinate their children in the study might have been under-represented in this study considering the differences between the proportion of parents with no intention to vaccinate their children with COVID-19 vaccines (19.1%) in this study and the non-vaccination rate of children aged 3 to up to 12 years old (< 25%) as of April 2022 according to official statistics. All the limitations mentioned above should be taken into consideration when interpreting the results of this study.



Conclusions

This study found a moderate level of parents' intention to vaccinate their children against COVID-19, and empirically tested and demonstrated the utility of the TPB to evaluate how psychosocial attributes might guide the parents' decision-making. Targeted public health strategies should aim to address parents' concerns regarding COVID-19 vaccines and to provide precise and up-to-date information about vaccine uptake, safety, and effectiveness. Importantly, public awareness about the social responsibility associated with vaccination should be raised through orchestrated efforts of entities entrusted by parents. Continuous studies about the changes in the factors affecting parents' decision-making and the differences in the influences of such factors on various subgroups of parents would be instrumental for precise vaccination campaign design that achieves optimal children's uptake of a COVID-19 vaccine.
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