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Background: We aimed to comprehensively analyze awareness, knowledge and attitude toward influenza vaccine and the factors associated to vaccine acceptance among the young and middle-aged general population, healthcare workers, and health-related administrators in China. The factors influencing the promotion of influenza vaccination were also evaluated among healthcare workers and administrators.

Methods: This is a multicenter, cross-sectional study. General population adults, healthcare workers (HCWs), and health administrators were enrolled in seven regions across China during the 2020–2021 flu season. Data were collected via an online questionnaire, which included information request as to awareness, knowledge, and attitude toward influenza vaccination. Statistical significance set at p-values < 0.05.

Results: A total of 3,239 individuals were included in our analyses. There were gaps in consciousness to action, especially between awareness (87.1%) and knowledge (57.7%), and between willingness (57.3%) and vaccination (22.3%). The downward trends were similar in all three groups. HCW group and the health administrator group showed more positive propensity to accept influenza vaccines than the general population group. For the general population group, those with a lower educational level (lower than a bachelor's degree) were less likely to be vaccinated (aOR = 0.66, 95% CI: 0.45–0.96). For the HCW group, practitioners older than 45 years were more reluctant to be vaccinated than those under 25 years (aOR = 0.41, 95% CI: 0.19–0.86). For the health administrator group, personnel aged 26 years and above were less inclined to be vaccinated (aORs = 0.17–0.20). In all groups, people who had received influenza vaccines in the past 5 years (aOR = 1.72, 95% CI: 1.31–2.26 in general population group, 13.05, 95% CI: 7.71–22.10 in HCW group, and 19.30, 95% CI: 9.66–42.63 in health administrator group) were more likely to be vaccinated in future seasons. People who were not covered by the free program or those without awareness of the related programs were less likely to be vaccinated (aORs < 0.63). Most (70.8%) of HCWs showed intention to recommend the influenza vaccine. Clinical doctors, those who had flu shots themselves, and those who had more knowledge, were more like to make recommendations. Health administrators stated that insufficient budget resources and workforce, and low public awareness are main difficulties in the promotion of influenza vaccine.

Conclusion: The influencing factors of the attitude toward influenza vaccination vary across populations. Governments need to carry out focused vaccination promotion programs, especially for healthcare workers, to improve the coverage of influenza vaccination.
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Introduction

Historically, influenza viruses have caused substantial mortality associated with seasonal influenza (1). Approximately 20% of unvaccinated children and 10% of unvaccinated adults are infected every year (2). It is estimated that there were 3 million influenza-related cases of influenza-like illness in out-patient and emergency departments, 2.34 million in-patient cases of severe acute respiratory infection, and 88 thousand respiratory deaths on average every year between 2006 and 2019, before Coronavirus disease 2019 (COVID-19) pandemic in China (3).

Influenza vaccination is recognized as the most cost-effective way to prevent seasonal influenza infection and its potentially deadly complications, and annual vaccination is recommended by World Health Organization, Advisory Committee on Immunization Practices, and the Technical Working Group on National Immunization Programmes Influenza Vaccine Working Group in China (3). The number of influenza vaccine doses given in China had gradually increased to 57.7 million shots in 2020 since it hit a record low in 2018, however, in 2021 there was a sharp drop of 96%, to <2.2 million (4). The seasonal influenza vaccination rate was discouraging for a country with 1.4 billion people, which achieved only 15% among healthcare workers (HCWs) (5). The non-pharmaceutical interventions (NPIs) taken to contain COVID-19 pandemic played a positive role in preventing and controlling the spread of seasonal influenza and other respiratory infections (6), which resulted in a 94% reduction in incidence in the month following the implementation of strict NPIs (7, 8). However, scientists are concerned that the unremitting flatness of seasonal influenza activity trends and undesirable vaccine uptake rate may lower the public's immunity acquired by natural infection or immunization, especially for children and elderly at high risk (9, 10). Influenza vaccination is critical for preventing the rebound of an influenza epidemic, as NPIs are relaxed (11, 12).

In countries with large population densities like China, influenza transmission is common among household contacts, from infected individuals to vulnerable household members (13, 14). Those young or middle-aged who have mild or no symptoms, are likely to be the infection source in the family and community. Given that most young-middle aged individuals are employed, the influenza infection may also cause absenteeism or influenza spread within the workplace, it is also important to evaluate the willingness to get the influenza vaccination among the middle-aged general population. Furthermore, those that work in hospitals are a priority for influenza vaccination with a higher risk of occupational exposure and playing a critical role in disrupting influenza transmission (15). In addition, their attitude toward the influenza vaccine also affects their patients (16, 17). The promotion of influenza vaccination is also affected by health-related administrators and policies (18). The fact that COVID-19 vaccines can prevent severe and fatal cases has enhanced public confidence in vaccines (19), making it an opportune time to maintain the increasing flu vaccination rates as a more powerful strategy than limiting social contacts (20).

Thus, we accessed the public's willingness to receive the influenza vaccine and hoped that the findings would provide a reference to improve immunization in China. As a joint effort of multiple sectors, we comprehensively analyzed the awareness, knowledge and attitude toward the vaccine in the young and middle-aged general population, HCWs, and health-related administrators separately. This survey also evaluated the factors influencing the promotion of influenza vaccination among HCWs and administrators.



Methods


Study design and population

This multicenter, cross-sectional study was conducted in mainland China during the 2020–2021 season between December 2020 and April 2021. Convenient sampling methods were used throughout seven geographically administrative regions of China to enroll participants above 18 years old. Those without signs of cognitive impairment and agree to participate in this survey were eligible. The participants in general population group were recruited from the community. HCW group refers specific to doctors and nurses recruited from hospitals, which administrative and research staff were excluded. Health administrator group refers to staff taking office at health commissions, Centers for Disease Prevention and Control, community healthcare centers, and hospitals in charge of vaccination. The face-to-face survey was carried out by trained investigators with self-designed questionnaire. All data were collected with an online platform (Wenjuanxing, Changsha Haoxing Information Technology Co. Ltd., Changsha, China) during or after the interviews.



Sample size

The sample size per group was estimated by the formula [image: image], based on 5% type one error, the rate of willingness of influenza vaccine in the general population group (p) = 50%, and maximum permissible error (δ) = 0.1p. We estimated a sample size of 385 participants each group. Considering the potential invalid response, the sample size was 424 per group after increased 10%. Given that there are seven geographically administrative regions across China, each region was assigned at least 61 participants per group.



Measurement

Sociodemographic characteristics of participants, including age, gender, living area, ethnicity, educational background, marital status, annual household income, were collected. Their influenza vaccination history and attitude were also collected.

The primary outcome variables were the awareness, knowledge, and favorable willingness rates toward the influenza vaccine in the 2020–2021 season. Awareness and knowledge of the influenza vaccine were determined using the question: “Do you know about the influenza vaccine? (No/Yes, but do not know the use of it/Yes, it can prevent all colds/Yes, it can only prevent flu)”. The awareness of the influenza vaccine was defined as respondents knowing that influenza vaccines have already existed. Among them, only those who had correct information about it were regarded to equip knowledge of the influenza vaccine. Thus, the awareness rate was computed with answers including “Yes”, while the knowledge rate was determined by the answer “Yes, it can only prevent flu.” Willingness to be vaccinated was defined using the question: “Are you going to get influenza vaccines this season if available? (Strongly willing/Willing/Not sure/Unwilling/Strongly unwilling)” The willingness rate was computed with the answers including “strongly willing” and “willing”, others were categorized as hesitancy. The knowledge of seasonal influenza was asked with the question: “Do you think influenza is the same as a regular cold? (Yes/No/Unclear)”.

The secondary outcome variables were the recommendation of influenza vaccination by HCWs, and the promotion preference by administrators. The recommendation intention of HCWs was measured by the question: “Would you recommend influenza vaccination for those without contraindications? (Yes/Neutral/No)”. Answers “neutral” and “no” were merged into one group during analyses. The preference of health administrator group on promoting influenza vaccination was evaluated by the question: “Do you agree that governments should take charge of influenza vaccination promotion? (Yes/No)”. Multiple choice questions were offered to identify the reasons of their choice, and their suggestions toward influenza vaccination delivery.



Statistical analysis

Data were exported into Microsoft Excel and automatically filled by the Wenjuanxing online questionnaire administration system. Data were analyzed with SPSS version 24 (Armonk, NY, USA) and R version 4.1.3 (R Foundation for Statistical Computing, Vienna, Austria). Absolute and relative frequencies were calculated for categorical variables, and Chi-square test was used for comparison. Associations between sociodemographic factors (age groups, gender, ethnicity, educational level, marital status, place of residence, and self-reported financial status) and influenza vaccination (awareness, knowledge and positive willingness) were analyzed using the multivariate logistic regression analyses. Predictors of intention to recommendation were analyzed by both univariate and multivariate logistic regression. Results are presented with adjusted odds ratios (aORs) and 95% confidence intervals (CIs). The level of statistical significance was a p-value < 0.05 (two-tailed). Bar graphs were used to illustrate the cascade of influenza vaccination behavior, and an additional Sankey diagram to visualize this evolution from consciousness to action progress.



Ethics

This study was reviewed and approved by the National Cancer Center/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College (approval number: 20/054-2250, approval date: March 12, 2020). Informed consent was obtained at the beginning of the survey, and those who failed to provide consent could not have access to the survey. Datasets were anonymous and prevented the identification of any individual study subject by the research team at any stage of the study.




Results


Demographic characteristics and influenza vaccination behaviors

A total of 3,547 questionnaires were collected in this survey with a response rate of 97.7%, of which 3,239 (91.3%) valid records were included. Among the 3,239 respondents, 1,845 (57.0%) came from the general population group, 1,010 (31.2%) from the HCW group, and 384 (11.9%) from the health administrator group. The overall mean age was 32.0 (SD ± 10.3) years. As shown in Table 1, respondents were predominantly female (67.4%) and resided in urban areas (81.8%). Retrospective behavior more than 6 months in the past, 402 (12.4%) respondents reported smoking, and 508 (15.7%) were considered alcohol consumers status.


TABLE 1 Participant characteristics and their attitude toward influenza vaccines.

[image: Table 1]

There were gaps in consciousness to action, especially between awareness (87.1%) and knowledge (57.7%), and between willingness (57.3%) and vaccination uptake (22.3%). As the influenza vaccination behavior cascade shown in Figure 1, the downward trends of the three groups appeared to be similar, with one exception: willingness (53.1%) was higher than knowledge (44.0%) in the general population group. Although the groups' results of knowledge and willingness were close, they are not always the same participants, as shown by different color flows in the Sankey diagram (Figure 2).


[image: Figure 1]
FIGURE 1
 Gaps in awareness, knowledge, willingness, and vaccination behavior toward influenza vaccine. The numbers of awareness, knowledge, willingness, and 5-year vaccination rate among general population, healthcare worker, and health administrator groups was calculated and shown in the graph. Rates of awareness, knowledge, willingness, and 5-year vaccination rate in all respondents was calculated and shown by the broken line.
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FIGURE 2
 Behavior pattern Sankey diagram showed leading nodes of vaccination rates among groups.




Awareness and knowledge of influenza vaccine

Most respondents (2,820/3,239, 87.1%) were aware of the influenza vaccine, including the health administrator group (97.1%), however, only 1,870 (1,870/2,820, 66.3%) of them have a good understanding of its effect against seasonal influenza. The proportion of participants with awareness and knowledge was higher in the HCW group (93.3 and 72.3%, respectively) and health administrator group (97.1 and 85.7%, respectively) than that in the general population group (81.6 and 44.0%, respectively, p-values < 0.05). Respondents presented confidence in distinguishing flu from a regular cold (74.2%), which was less than their awareness of influenza vaccines (87.1%). Due to the extremely high awareness rate of the health administrator group, only influencing factors in general population group and HCW group were explored. As shown in Table 2, only in the general population group were males (aOR = 0.64, 95% CI: 0.50–0.83), ethnic minorities (aOR = 0.67, 95% CI: 0.47–0.97), and those with a degree lower than bachelor (aOR = 0.39, 95% CI: 0.24–0.63) had significantly lower awareness of influenza vaccines. Compared to those with self-reported family annual income under 50 thousand yuan (RMB), the awareness was significantly associated with income at the level of 60–100 k per year (aOR = 1.44, 95% CI: 1.08–1.93 in general population group; aOR = 3.06, 95% CI: 1.61–5.78 in HCW group), and 110–350 k per year (aOR = 1.43, 95% CI: 1.03–2.00 in general population group; aOR = 3.53, 95% CI: 1.72–7.31 in HCW group) (Table 2).


TABLE 2 Socio-demographic factors associated with awareness rate and knowledge rate of influenza vaccines among groups-multivariable logistic regression analysis.

[image: Table 2]

Taking knowledge rate as a predictive factor, those with a degree lower than a bachelor's (aOR = 0.33, 95% CI: 0.22–0.49), and married individuals (aOR = 1.54, 95% CI: 1.09–2.18) had significantly changed only in the general population group. Males had less knowledge than females in the general population and HCW groups (aOR = 0.73, 95% CI: 0.60–0.89 in general population group; aOR = 0.66, 95% CI: 0.47–0.93 in HCW group), and rural residents knew less about influenza vaccines in the general population and health administrator groups (aOR = 0.70, 95% CI: 0.56–0.88 in general population group; aOR = 0.27, 95% CI: 0.09–0.81 in health administrator group). The more the HCW earned, the more likely they had acquired knowledge. More details are shown in Table 2.



Willingness to be vaccinated against influenza

The willingness to get influenza vaccines is difference among three group with the proportion of 53.1, 59.9, and 70.6% in general population group, HCW group and health administrator group separately (p-values < 0.05). The multivariate logistic regression of influenza vaccine awareness suggested that factors influencing people's willingness to get it were different among these groups. As shown in the Figure 3, low educational level (aOR = 0.66, 95% CI: 0.45–0.96), were associated with lower willingness to be vaccinated in general respondents (Figure 3A). For the HCW group, practitioners older than 45 years (aOR = 0.41, 95% CI: 0.19–0.86) were more reluctant to be vaccinated than those under 25 years (Figure 3B). For the health administrator group, compared to the young-aged group (18–25 years old), personnel aged 26–35 years (aOR = 0.17, 95% CI: 0.03–0.76), or 45 years and older (aOR = 0.17, 95% CI: 0.02–0.95) were less inclined to be vaccinated (Figure 3C). People who had received influenza vaccines in the past 5 years were more likely to accept it in future seasons, no matter in general population group (aOR = 1.72, 95% CI: 1.31–2.26), HCW group (aOR = 13.05, 95% CI: 7.71–22.10), or health administrator group (aOR = 19.30, 95% CI: 9.66–42.63). Considering favorable policies at residence, those out of related programs expressed reluctance to vaccination than those covered in three groups (aOR = 0.53, 95% CI: 0.40–0.70 in general population group; aOR = 0.63, 95% CI: 0.43–0.93 in HCW group; aOR = 0.45, 95% CI: 0.23–0.89 in health administrator group). Moreover, the same declarations were in respondents who did not know relevant policies (aOR = 0.36, 95% CI: 0.29–0.46 in general population group; aOR = 0.44, 95% CI: 0.31–0.63 in HCW group; aOR = 0.33, 95% CI: 0.16–0.64 in health administrator group).


[image: Figure 3]
FIGURE 3
 Factors associated with positive attitudes toward influenza vaccination. (A) In general population group, (B) in healthcare worker group, and (C) health administrator group.




Attitude toward seasonal influenza vaccination recommendation in HCW

The HCW group was additionally asked about their attitude toward making a recommendation on influenza vaccination for others. A total of 70.8% (715/1,010) of the group, including 393 doctors and 322 nurses (55.0 vs. 45.0%, p = 0.27), expressed a firm willingness to give immunization recommendations (Table 3). Others (295/1,010) gave no precise indication of positive intention or a recommendation. Potential predictors of the likelihood of making recommendations on influenza vaccination were analyzed. As expected, staff gravitated toward recommendations after they got the recommendation (aOR = 2.13, 95% CI: 1.57–2.89). Doctors were more likely to make a recommendation than nurses (aOR = 0.72, 95% CI: 0.53–0.97). Two other factors were significant predictors, as shown in Table 3.


TABLE 3 Factors affecting healthcare workers' willingness to recommend influenza vaccines-univariable and multivariable logistic regression analysis.

[image: Table 3]



Perspectives of seasonal influenza vaccination promotion in health administrators

To promote influenza vaccine uptake, preventive health workers (373/384) had voted almost unanimously in favor of a vital catalytic role played by governments. The minority was reluctant mostly because the promotion of vaccination is beyond their duty (6/11). Community health service centers (77.3%) and Centers for Disease Control and Prevention (66.1%) were considered regular vaccination agencies. Among respondents, 216 (56.3%) supported the idea that the costs should be shared between the governments and citizens, while 67.2% thought governments should take charge of more than 50%, if not all, of expense allocation. Extensive publicity and education were selected as the way to promote flu vaccines by most administrators (90.6%). However, facing difficulties included insufficient budget and workforce (79.4%), followed by low public awareness (76.3%), and worries about the safety and effectiveness (52.6%) of the vaccine. Table 4 shows details to facilitate influenza vaccine adoption.


TABLE 4 Health administrators' opinions toward promoting influenza vaccines.

[image: Table 4]




Discussion

This cross-sectional survey revealed a significant difference in influenza vaccination among groups that played different roles in health promotion. Our results support previous findings and add new insights. There was about a 30% difference between awareness of influenza vaccines and the intention to be vaccinated. Intentions do not always predict behaviors well. A further 35% decrease was observed in influenza vaccination records in the past 5 years. The annual vaccination rate should be even lower considering not every respondent take influenza vaccine every year. These influenza vaccination behavior patterns were slightly different among the three groups, but could be explained by some reasonable behavior and social drivers.

The influenza vaccine was widely recognized, but people were unaware of its benefits. Looking at the socio-demographic characteristics, the influencing factors of awareness status varied within gender, ethnicity, educational level, and annual family income, along with associated factors of knowledge in gender, educational level, marital status, residential area, and annual family income. It is almost universal that a broad group with main ethnic (ethnic-Han in China), higher educational background, and income resulted in greater chances to have health information and express respectable knowledge. Preferential policies impact influenza vaccination willingness, as other studies showed (21–23), illustrating that external incentives could be indispensable to all people. Interestingly, income as an economic factor was associated with awareness or knowledge but offset by other influencing factors in willingness. An assumption that may explain this is that economic conditions are relevant to literacy standards, but people may have a desire for health. Previous seasons' behavior predicted intentions well. Differences also existed among groups. Professions related to health usually require advanced degrees; thus, lower educational background is only significant in the general population group. Also, seniors in the health field with experience would become complacent about their health, which would not appear in the general population group.

Critical nodes of vaccination behavior detailed unexpected discrepancies in groups. The positive inclination toward influenza vaccination was not limited by the public's knowledge. Also, even a stronger desire to get vaccinated, they confessed, might attribute to a lack of health literacy, leading to their high expectation of vaccination or misunderstanding of the vaccine. Admittedly, health-related workers have a better command of this information, which contributes in part to willingness. However, the willingness generation mechanism of poor knowledge people is worth exploring, evaluating, and utilizing during influenza vaccination popularity. Further in-depth interviews will be conducive to figuring out how their illogical thinking and feelings had impact on their behavior.

A striking finding regarding to perception about influenza vaccination from the Wheelock et al. study held true in this survey (24). The public's misunderstanding of influenza vaccine against the virus was identified through the current survey, which was in accord with experienced administrators' concern about vaccine confusion. Even knowledge of flu vaccines in the HCW group was unsatisfactory. Those desirable means and reality impediments in Table 4, who, what, and how to deliver during health education should become a priority to weaken the unfavorable thinking and feeling. In the light of this survey, doctors and mass media were popular ways to disseminate influenza vaccine propaganda. Rural men who never went to colleges need to boost their health literacy. For unvaccinated people, knowledge and favorable policies predict their increased willingness. Effective communication should be concrete and heterogeneous (e.g., “Influenza vaccine can prevent young children from asthma or pneumonia caused by flu”) rather than generous description (e.g., “Influenza vaccines protect you”). Also, communications need to be forward (e.g., “Well, get vaccinated”) rather than an optional approach (e.g., “What do you want to do about it?”) (24, 25).

HCWs are part of vaccine willingness research. Their health conditions guarantee essential medical resources in any infectious disease emergency (26). For influenza vaccination, they are always given high priority for taking and offering recommendations to others, and thus their individual behavior and recommendations have formed a social process when interacting with others within their social network. A recommendation is one of the strongest factors in vaccination propensity, specifically by boosting propaganda and encouraging people to get it early. Vaccination records within 5 years in this study among respondents were higher than average (15%) but below the optimum level. Multivariance results showed that vaccination history affected the likelihood of being vaccinated but not giving advice, demonstrating that personal behavior does not influence a practitioner's recommendation (27). As a priority vaccinated group, their vaccination could prevent both themselves and patients from respiratory infections. Healthcare providers who have been advised are more likely to deliver vaccination recommendations to others in our survey, indicating another important role in which they play in facilitating the uptake rate. From this, on-site influenza vaccination could give practitioners policy support, namely enhancing the possibility of recommending it under an active atmosphere. It would also serve as a cue to perform the decision-making process for others.

In line with previous evidence (28, 29), vaccination history in former seasons is conducive to future seasons. This hints to administrative departments to take action before it is too late. Practical issues including vaccination expense, accessing vaccination services and relative service experience are direct antecedents influencing influenza vaccination. Due to the cost of influenza vaccines, diverse reimbursement strategies have been used across China. This study suggests that having access to favorable policies is the main factor affecting vaccination propensity. Hit by COVID-19 led to residents in Shanghai expressing an increased positive inclination toward influenza vaccines, but actions would be catalyzed only if vaccines were available at no cost (30). Policies of influenza vaccination should also take the interests of the young and middle-aged into account. Such programs may assist people in making healthy lifestyle choices. Almost all administrators agreed that governments play a vital role in promoting influenza vaccination. Since administrators indicated inadequate resources, they can emphasize HCWs' role in social network and work with them. Supportive environments learning from the successful COVID-19 vaccination campaign could be fostered through introducing mobile carts or on-site vaccination, providing paid time off for employees with side effects after receiving a vaccine, and sending personalized notifications of vaccine compliance status and scheduling options (31). Such workable programs produced the desired result though multi-sectors apportioned cost to reduce the practical barriers together.

Our study has practical implications for influenza vaccine promotion. First, factors that impact the young and middle-aged population's attitudes have been brought into focus. A gap still exists in awareness, willingness, and vaccination. Influencing factors of those who had differences also maintained close relationships. Awareness and knowledge are necessary but not the trigger to act (32, 33). Moreover, behavioral and social science research proposed miscellaneous theories to build the foundation of intervention strategies. Identifying factors at different levels in this study-intrapersonal, interpersonal, organizational, and governmental is essential to clear intervention function and develop programs and incorporate resources.

There are some limitations in this study. Primarily, the cross-sectional nature of the present work does not allow the comparison of changes in vaccination intention and behavior from time to time, but we took the previous 5 years' vaccination status in our survey and some of the similar purpose surveys as reference. It also indicates that such a survey could be given at regular intervals. Secondly, respondents chosen according to this study's purpose may have produced bias. Convenience sampling was more likely to lead to limited representative of our results. However, we included participants from all seven administrative regions in China with a relatively large sample size to minimize this limitation, and outcomes were compared between different groups. Also, the cost was not considered in the general population group, making us unable to do a willing-to-pay analysis.



Conclusions

Vaccine hesitancy has posed a worldwide threat and impeded the progress of avoiding vaccine-preventable diseases including influenza. To close the influenza vaccination coverage gap, those with a willingness would be targeted in future vaccination campaigns, while those hesitant are even more in need of a regular monitor and strong intervention to stimulate their minds' change. Vaccine-seeking is a complex behavior. The double-edged role played by HCW was detailed in this study's results. The practical information provided by administrators may help advocacy campaigns in the coming seasons. Leveraging physicians and nurses as paradigms and informants could be considered as a top priority. Our findings inspire a deeper assessment of other contributing social factors and socio-psychological variables in seasonal influenza and other vaccines to better interpret the vaccination uptake behavior.
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