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High vaccination coverage is essential to prevent and control the spread of the COVID-19 epidemic. Currently, the real-world acceptance of COVID-19 vaccines among adolescents aged 12–17 years in China has not been reported. We aimed to assess the acceptance rate of COVID-19 vaccination among adolescents in eastern China and to identify factors associated with the intention to get vaccinated against COVID-19. We conduct a cross-sectional questionnaire survey among adolescents from three provinces in the eastern part of China from 16 August to 28 October 2021. The questionnaires were distributed to 2,100 students, and 2,048 students completed the questionnaires. The results showed that 98.4% (2,016/2,048) of adolescents had received at least one dose of the COVID-19 vaccine and 1.6% (32/2,048) declined the vaccination. The participants from rural districts, or whose parents were vaccinated, were more likely to accept the vaccine. The main reason for declining vaccination was worry about vaccine safety (25%). The main adverse event after the vaccination was pain at the injection site. In conclusion, the vaccine coverage rate reached 98.4% among the adolescents in this study, which met the criteria for herd immunity to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The high vaccination rate is beneficial to the prevention and control of the COVID-19 pandemic.
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Introduction

First occurred at the end of 2019, the COVID-19 caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has caused a pandemic by March 2020 (1). The disease has spread worldwide, instigating a pandemic causing more than 533 million confirmed cases and leading to more than 6.3 million deaths worldwide based on the WHO weekly epidemiological update as of June 16, 2022 (2). The pandemic of COVID-19 has become a major threat to global public health, resulting in a global economic downturn and social panic (3). In addition, the pandemic has disrupted some normal medical activities such as pregnancy and childbirth (4–6). In response to the serious global impacts of COVID-19, the vaccine has become one of the most effective strategies for ending the pandemic (7, 8). There is evidence that the vaccine can not only provide direct immunity to the vaccinated individuals but also reduce infections among the unvaccinated individuals by building herd immunity from large-scale coverage of the population with immunity (9).

China has developed various COVID-19 vaccines, mainly composed of inactivated SARS-CoV-2 (10). The efficacy and safety of the vaccines have been investigated in phase 3 clinical trials (11). The vaccines have been widely used in adults in China since December 2020, and the inactivated COVID-19 vaccines have also been approved for WHO emergency use listing (12). Recently, studies showed that COVID-19 vaccination alleviated the disease severity caused by wild-type as well as variants of SARS-CoV-2 (13, 14). At the initial phase of vaccination against COVID-19, the vaccines were exclusively applied to adults (≥ 18 years old) peoples, since the disease causes severe health impacts in adults with relatively high mortality, yet it is relatively mild in adolescents and children (15). However, with the recent global COVID-19 pandemic, especially after the delta variant had become the main transmitted strain, an increasing number of infection events reminded people to be vigilant about the spread of COVID-19 among children and adolescents (15, 16). Since July 2021, the vaccination for children and adolescents has been implemented in China, and the vaccines administered for adolescents are composed of inactivated SARS-CoV-2 (Sinovac Coronavac or Sinopharm BBIBP-CorV, China).

Adolescents aged 12–17 years are of school age, and the coverage of vaccination is essential to prevent and control the spread of SARS-CoV-2 in schools. The success of herd immunity will depend on the vaccination rate. However, numerous factors could affect the vaccination rate for children and adolescents during pandemics, such as parents' opinions, school policies, consideration of vaccine safety, and others (17, 18). Hence, it is crucial to know the true vaccination rate among adolescents and to explore the associated factors with the acceptability of the COVID-19 vaccine.

The objective of this study was to assess the actual acceptance rate of the COVID-19 vaccine among adolescents in three provinces of eastern China and to identify factors associated with the intention to get vaccinated against COVID-19 in children and adolescents. Understanding the actual vaccination rate and the factors associated with the vaccination intention among adolescents may support government and public health officials to find better ways to persuade people to get vaccinated and finally reach herd immunity to SARS-CoV-2.



Materials and methods


Subjects and procedures

We performed a cross-sectional survey, from 16 August to 28 October 2021, on the real-world acceptance of COVID-19 vaccination among adolescents in the eastern region of China. Since high school students in China are usually aged 12–17 years, we distributed the questionnaires among the students in high schools. Based on the economic situation, the six provinces in the eastern part of China can be generally divided into high (Jiangsu and Zhejiang), middle (Shandong and Fujian), and low (Anhui and Jiangxi) levels of economic development. We selected one province from each level, namely Jiangsu, Fujian, and Anhui. In each province, we selected one school from urban areas and one school from rural areas. Students were selected using a cluster sampling method, and once their schools were included in the study, all students were given questionnaires. The students who participated in this survey were informed at the beginning of the questionnaires, as the statement “If you are willing to participate in this survey, this means that you like to give informed consent” is presented at the top of the questionnaire form (see Supplementary File 1). The parents/legal guardians received notices about the survey before it started. The protocol was approved by the Ethics Committee of the Nanjing Drum Tower Hospital (2021-462-01).



Survey design and pre-testing

The questionnaire was formulated based on the previous reports (17–24) and the opinion of experts in infectious diseases. Before the actual survey, we conducted a small-scale pre-survey on the target population and modified the survey questions and layout format after the feedback from the participants.



Measures

The questionnaire covered: (1) demographic characteristics, (2) attitudes toward vaccine, (3) acceptance of COVID-19 vaccine, and (4) adverse events after vaccination. The survey objective was to understand adolescents' opinions on the COVID-19 vaccine and the actual vaccination rate. There was one question designed to calculate the acceptance rate of the COVID-19 vaccine: We asked the respondents to answer the question “Have you accepted the COVID-19 vaccine?” followed by an open-ended question “Why?” or “Why not?,” with a free text box. An additional text file shows the questionnaire in more detail (see Supplementary File).



Data analysis

Basic descriptive statistics and frequencies were used to describe all variables. Univariate analysis was conducted to determine factors associated with vaccination acceptance: Mann-Whitney test for comparing non-normal continuous variables, independent t-test for comparing normally distributed continuous variables, and Chi-square test or Fisher's exact test for categorical variables. Multivariate logistic regression analysis was also used to estimate the adjusted odds ratio (OR) of vaccination, using all the variables that showed significance (p < 0.05) in the univariate analysis. All analyses were conducted with R version 4.04. p ≤ 0.05 was considered statistically significant.




Results


Characteristics of participants

The questionnaires were distributed to 2,100 target students, and a total of 2,048 (97.5%) responded. Figure 1 shows the flow chart of study participants. All results are analyzed based on the 2,048 participants who completed the survey questionnaire. The mean age was 14.5 years (range 12–17 years), more than half (53.4%) were aged 15–17 years, and 48.8% of them were men. Most participants (60.5%) were from rural areas, and 43.5% of participants were in senior high school. The demographic information of participants is presented in Table 1.


[image: Figure 1]
FIGURE 1
 Flow chart of selection of the study participants.



TABLE 1 Participant characteristics (n = 2,048).
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Overall, 2,016 (98.4%) participants accepted the COVID-19 vaccine, and 32 (1.6%) participants did not. Of the 2,016 vaccinated participants, 1,918 (95.1%) completed the second dose, and 98 (4.9%) did not receive the second dose because the time intervals were <2 weeks. The results of the univariate analysis between the vaccinated and unvaccinated groups were summarized in Table 2. The results showed that the acceptance of COVID-19 was associated with the district, willingness for vaccination, and whether the parents were vaccinated. Table 3 shows the results of multivariable binary logistic regression analysis on the factors associated with vaccine acceptance. The results indicated that the participants from rural districts or parents who were vaccinated were more likely to accept the vaccine.


TABLE 2 Univariate analysis for factors associated with COVID-19 vaccine acceptance.
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TABLE 3 Factors associated with COVID-19 vaccine acceptance expressed with odds ratio, in multivariate binary logistic regression.
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Reasons for acceptance or decline of the COVID-19 vaccination

The detailed reasons for acceptance or decline of COVID-19 vaccination are presented in Table 4. The results showed that 70.6% of the vaccinated participants took the vaccine based on their own decision without a specific reason. The two other main reasons for acceptance of the COVID-19 vaccination were requested by the school manager (14.6%) and encouraged by family members (11.6%). On the other hand, worry about vaccine safety accounted for 25% (8/32) of those who declined the vaccination.


TABLE 4 Reasons for acceptance or decline of COVID-19 vaccination in participants.
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Self-reported adverse events in vaccinated participants

The self-reported adverse events in vaccinated participants are shown in Table 5. Of the 2016 vaccinated participants who completed the first vaccine dose, 433 (21.5%) reported one or more adverse events, with 0.8% (17/2,016) adverse events requiring treatment and 1.4% (29/2,016) adverse events affecting the study and life. Of the 1,918 vaccinated participants who accepted the second vaccine dose, 396 (20.6%) had adverse events. Table 6 presents the 10 common adverse events in the vaccinated participants, and the most common adverse event after either the first or second dose was pain at the injection site.


TABLE 5 Self-reported Adverse events in vaccinated participants.
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TABLE 6 Top 10 incidences of adverse events after vaccination.
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Discussion

In this cross-sectional study among adolescents between 12 and 17 years in three provinces of the eastern part of China, the majority (98.5%) of adolescents had received at least one dose of the COVID-19 vaccine, and 93.4% of adolescents took the second dose. The vaccination rate in teenagers is higher than that (70.1–86.2%) in adults in China (25–27), and that (42.4%) in adolescents in the USA (28). Independent factors associated with high uptake included the rural district, willingness for vaccination, and parents who were vaccinated.

The results showed that the vaccination rate in students is very high (98.5%), indicating that the school requirement of vaccination before school enrolling helps to increase the vaccination rate. Adolescents aged 12–17 years are in junior or senior high school age, and learning is the most important part of their life. However, their study life was once severely disrupted due to the epidemic of COVID-19. Higher levels of anxiety were reported in adolescents who had concerns about the quality of their education because of long-term online learning (17). Hence, adolescents were more likely to follow the school regulations to accept the COVID-19 vaccination.

Our study reflected that the adolescents whose parents got vaccinated were more likely to accept the vaccine. This demonstrated that parents' attitudes and behaviors have a great influence on adolescents' willingness to receive the vaccine against COVID-19 (29), which highlights the need for publicizing parents about COVID-19 vaccination for increasing the willingness of adolescents in the future. The results showed that the adolescents living in rural areas had a higher vaccination rate, compared with those living in urban areas. This could be the reason that the participants in cities were concerned more about the vaccine safety and effectiveness because they were exposed to different information about the COVID-19 vaccination from various sources, which gave them more uncertainty about the vaccination.

For increasing the vaccination rate, two of the six schools in our survey directly set up vaccination stations for COVID-19 in the school. This method has many advantages for the COVID-19 vaccination campaign. On the one hand, centralized vaccination on campus facilitates students and increases their enthusiasm for vaccination. Students who are initially afraid of vaccination may dispel their concerns when they are encouraged by classmates and teachers on-site, which improves the vaccination rates. On the other hand, the concentrated medical observation after vaccination is conducive to discovering the adverse events of the vaccine in time and can make a better assessment of the safety of the vaccine in adolescents. Previous studies also indicated that vaccine administration on-site at schools is an effective method to improve adolescent vaccination rates (28).

The main reason for vaccine hesitancy among unvaccinated participants included the concern about vaccine safety and effectiveness. Our results are in agreement with the findings in the vaccination intention surveys, in which the most critical reason for the decline of the COVID-19 vaccination is the concern for the safety and effectiveness of the vaccine (30–34). This highlights the need for the government to take measures to publicize the effectiveness and safety of vaccines. In this study, the self-reported adverse events occurred in 21.5% of vaccinated participants after the first dose and 20.6% after the second dose, lower than that reported in adults (35–37). Moreover, the vast majority of subjects with adverse events just had mild adverse events that did not affect their life and did not require treatment. Thus, this study provided evidence that inactivated COVID-19 vaccines are highly safe in adolescents.

There are some limitations in this study. First, we only investigated students and did not survey the individuals of the same age who did not go to school; thus, it remains unclear if our findings are generalizable to general adolescents. However, the school enrollment rates of junior and senior high schools in the three provinces are all above 90% (38). Second, all the adverse events were self-reported and not real-time monitored. The survey subjects were all minors and had a low level of awareness of the adverse events in the questionnaire, which might be subject to reporting bias. Hence, the name of the proprietary adverse event was explained in a popular way in the questionnaire to facilitate the understanding of the respondents. Third, since this study only evaluated the vaccination rates during the first 2 months of the program, the vaccination coverage might have increased with the popularization of the COVID-19 vaccination. Thus, long-term follow-up surveys are required to estimate the change in actual acceptance of the COVID-19 vaccine in adolescents. Fourth, the acceptance of vaccination in this study might be influenced by the enforced regulation in the schools and this could be different in different schools. Lastly, our study only selected three provinces in the eastern part of China, and only two schools were selected in each province, which might have some selection bias.
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