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Abstract

Background: COVID-19 vaccine hesitancy reduces vaccination rates, which is detrimental to building herd immunity and
halting the spread of COVID-19 and its variations. Most researches have simply identified the reasons affecting COVID-19
vaccination reluctance without delving into its dynamics, which makes forecasting future trends difficult.

Objective: This study aimed to examine the current COVID-19 vaccine booster hesitancy rate in Chinese adults as well asthe
dynamics of vaccine hesitancy and its influencing factors. The results of this study will have practical implications for policy
responses in mainland China, and effective COVID-19 booster vaccination in specific populations.

Methods: The web-based survey was completed by creating questionnaires and using a stratified random sampling method to
collect information from adults (=18 years old) among 2556 households in 4 geographical regions of China. We collected
sociodemographic information, health status, awareness of COVID-19 and its vaccine, self-perceptions, trust in medical staff and
vaccine developers, and so on. The odds ratios and 95% CI for the statistical associationswere estimated using logistic regression
models.

Results:  Overall, 6659 participants (females: n=3540, 53.2%; males: n=3119, 46.8%) responded. In total, 533 (8%; 95% Cl
7.4%-8.7%) participants presented a clear hesitancy in receiving the COVID-19 booster vaccination, while 736 (11.1%; 95% Cl
10.3%-11.8%) expressed hesitancy in regular booster vaccination. A higher prevalence of vaccine hesitancy in both booster
vaccination and regular booster vaccination was observed among participants with a history of allergies, experiencing chronic
disease, lower levels of public health prevention measures or susceptibility or benefits or self-efficiency, higher levels of severity
or barriers, and lower trust in both medical staff and vaccine developers (P<.05). The females and participants with higher
education levels, higher levels of barriers, lower levels of susceptibility, and lower trust in vaccine devel opers preferred to have
attitudinal changes from acceptance to hesitancy, while people with higher education levels, lower self-report health conditions,
experiencing chronic disease, history of allergies, and lower trust in medical staff and developers were all positively associated
with constant COVID-19 booster hesitancy.

Conclusions: The prevalence of COVID-19 vaccine booster hesitancy is not high in mainland China. However, thereisa slight
increment in hesitancy on regular booster vaccination. Conducting targeted information guidance for people with higher education
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levels and chronic diseases, as well as improving accessibility to booster vaccination and increasing trust in medical staff and
vaccine producers may be highly effective in reducing vaccine hesitancy.

(JMIR Public Health Surveill 2023;9:e44822) doi: 10.2196/44822
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Introduction

Vaccinating a sufficient proportion of the population against
COVID-19 is one of the most effective methods for achieving
“herd immunity,” lowering morbidity, and increasing popul ation
survival. It is also the most cost-effective and straightforward
intervention to prevent the COVID-19 pandemic [1,2].
Prevention of the COVID-19 virus and its variants through
COVID-19 vaccination can confer benefitsrelated to morbidity
and mortality [3], mainly including the protection of
immunocompromised populations such as infants, young
children, and the elderly [4,5]. According to the latest reports
from the World Health Organization (WHO), two-thirds of the
world's population is vaccinated, including 75% of health
workers and older people. However, there are still wide
disparities in vaccination rates [6]. The COVID-19 booster
vaccination isan important tool for consolidating herd immunity
and responding to the COVID-19 pandemic and deaths[7], and
receiving the COVID-19 booster vaccineis essential to achieve
adequate immunization coverage to control the global pandemic
[8,9]. Understanding people’s attitudes to COVID-19 booster
vaccination aids in developing COVID-19 booster vaccination
plans, which ensure the consolidation of herd immunity and
minimize health inequalities.

Since the global outbreak of the COVID-19 epidemic, several
vaccines have been developed, such as inactivated vaccines,
live-attenuated vaccines adenovirus vector vaccines, and
recombinant protein vaccines[10,11]. Although these multiple
vaccines are considered safe and effective [3,4], and countries
around theworld areincreasing the supply of vaccines, waiving
vaccination fees [12], and actively promoting the COVID-19
booster vaccination, there are still concerns about vaccine
hesitancy, which affects the vaccination rates of COVID-19
vaccines as well as booster vaccination. This situation may not
be helpful to bolster herd immunity in order to prevent the
further spread of COVID-19 and its variations. According to
the WHO, “Vaccine hesitancy” has been considered as one of
the top 10 public health problems across the world [13-15]. It
refersto the delay or refusal to receive safe vaccination services,
which can accompany the use of vaccines[3,15-17]. The danger
of vaccine hesitancy is that it can lead to immunization of
populations below the herd immunity threshold and ultimately
fail to protect the populations. Thisis particularly truefor people
whoseimmunity is very weak to be vaccinated, such asinfants,
the elderly, or patients with serious illnesses, who are the first
to be exposed to infectious diseasesif the herd immunity barrier
is breached [4,18]. The COVID-19 vaccine booster hesitancy
isatype of vaccine hesitancy and is a continuation of people’'s
hesitancy about the COV1D-19 vaccine. Therefore, what factors
influence people’s hesitancy to receive the COVID-19 booster

https://publichealth.jmir.org/2023/1/e44822

vaccine? An in-depth study of this issue would be of great
relevance in guiding the next phase of the COVID-19 booster
vaccination program.

The reasons for vaccine hesitancy are thought to be complex
and case specific. The existing literature cites concern about
COVID-19 vaccine safety and efficacy, vaccination
accessibility, the severity of the regional epidemic, experience
with routine vaccination, and guardians' willingnessto vaccinate
their children asthe primary reasonsfor hesitancy. For example,
inastudy of Canadians, individualswith vaccine hesitancy had
a higher prevalence of being concerned about vaccine side
effects [19]. The antecedents of vaccine hesitancy range from
a lack of knowledge and awareness to culturally rooted
reservations[20]. The most commonly reported reasons parents
chose not to vaccinate their child against COVID-19 were
concerns about long-term adverse side effects and a negative
reaction [21]. At the same time, concern about side effects is
also the most common reason for COV1D-19 vaccine hesitancy
in low- and middle-income countries [3]. In addition,
misinformation and disinformation can substantially result in
vaccine hesitancy [22] and might influence the vaccine advice
of health care providers [23]. These factors will probably
influence people’s hesitancy about the COVID-19 booster
vaccination.

Understanding local barriersto vaccination and concerns about
vaccination iscritical to developing tailored interventions [24].
The current basic vaccination rate of COVID-19 vaccine in
China exceeds 89% [12], which is probably one of the leading
countries in the world not only because of its large population
but also its extensive exchanges and closer cooperation with
other regions [25,26]. However, the coverage of booster
vaccination in China is not widespread, which is still a
significant gap compared with the basic vaccination rate.
Furthermore, compared to other countries around theworld, the
epidemic prevention and control policiesin mainland Chinaare
adequate, and vaccines are supplied for free and in sufficient
guantities [27], but the problem of vaccine hesitancy remains
unresolved. Focusing on the problem of vaccine hesitancy in
COVID-19 booster vaccination in mainland Chinawill be highly
representative. The existing research on booster vaccination
hesitancy islimited, and hence, we designed amulticenter study
focusing on COV1D-19 vaccine booster vaccination and regular
booster vaccination in mainland China. This study aimed to
understand the current COV I D-19 vaccine hesitancy in booster
vaccination of the Chinese popul ation and analyze the dynamic
trend of vaccine hesitancy as well asits influencing factors.
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Methods

Procedures and Participants

From June 29, 2022, to July 2, 2022, we used a self-designed
guestionnaire to perform a preliminary survey by recruiting
web-based volunteers. We conducted The Dynamic Evolution
of COVID-19 Vaccination Study, a national, multicenter,
observational household tracking survey from China using a
stratified random sampling method. Eastern, Central, Western,
and Northeast geographical regionswithin mainland Chinawere
selected to form the sample for this study. Therefore, 4 cities
were selected from the Eastern (Changzhou and Jiangsu),
Central (Zhengzhou, Henan), Western (Xi’ ning and Qinghai),
and Northeast (Mudanjiang and Heilongjiang) regions.

We calculated the minimum sample size of each region
according to the population proportion of China's Seventh
National Population Census. In each province, the sample size
of urban and rural areas was determined according to the
proportion of population in the Seventh National Population
Census, more than 2 cities and 2 rural areas were randomly
selected for sampling. For al of the cities and families in the
sample, coding was carried out followed by random sampling.
Finally, all members of the selected family have been involved
in this survey (age=18 years) and completed the web-based or
offline questionnaire with the assistance of the investigators. A
total of 2556 households from 4 geographic regions of China
were enrolled in the survey.

The study was designed as a 4-stage survey. For thefirst stage,
we conducted the survey from August 3, 2022, to August 14,
2022. Data collection is till ongoing for the second, third, and
fourth stages. Here, we describe the results from the first stage
of the study only.

Ethics Approval

Participants were informed of the benefits and risks of
participating in this study, and they provided informed consent.
All data were used merely for research purposes. This study
was approved by the Life Science Ethics Review Committee
of Zhengzhou University (2021-01-12-05).

Questionnaire Design and Data Collection

Web-based questionnaires were designed to collect datathrough
asurvey conducted through the Wenjuanxing platform. Weal so
conducted aface-to-faceinterview with participantswho cannot
use a smartphone. The questionnaire covered five thematic
areas. (1) sociodemographic characteristics: age, gender, nation,
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religion, marital status, educational status, subjective social
status in China or community, smoking status, drinking status,
and physical activity; (2) health conditions: chronic disease, the
history of alergies, self-report health condition (measured by
EuroQol 5 Dimensions Questionnaire [28-30]); (3) perception
of COVID-19 and its vaccine: public health prevention
measures, awareness of COVID-19 vaccines, the channel of
accessing information, the way of accessing information, the
risk of COVID-19 infection, the history of COVID-19 infection,
the convenience of vaccination, and the uptake of COVID-19
vaccine;, (4) self-perception (Kaiser-Meyer-Olkin=0.796):
perceived severity (Cronbach a=.879), perceived susceptibility
(Cronbach 0=.865), perceived benefits (Cronbach a=.907),
perceived barriers (Cronbach 0=.927), and self-efficiency
(Cronbach 0=.913; Kaiser-Meyer-Olkin=0.886); and (5) trust
in medical staff and developers. All questionnaires are shown
in Multimedia Appendix 1.

Assessments

Questionnaires with abnormal answers (contradictions and
inconsistencies, g, inconsistency or contradictions of sex) were
excluded. In addition, we also excluded the participants who
spent less than 5 minutes completing this questionnaire.
Moreover, the remaining questionnaireswere carefully reviewed
by trained staff, and finally, 6659 questionnaires were deemed
eigiblefor inclusion. The flowchart of participantsisshownin
Figure 1.

The primary outcome was COV1D-19 vaccine hesitancy in both
booster and regular booster vaccination, assessed by asking
participants “Areyou willing to get abooster vaccination of the
COVID-19 vaccine?’ and “In the future, would you like to get
a booster vaccination of the COVID-19 vaccine?’ Participants
could choose 1 response from the options “(1) willing,” “(2)
hesitant or delayed,” “(3) refused,” and “(4) do not interested”
from the 2 questions. According to the definition of vaccine
hesitancy, option 1 was regarded as “acceptance,” and options
2 and 3 were merged into “hesitancy.” In addition to this,
participants were excluded if they selected the option “do not
interested” (n=122).

A booster vaccination is a shot that is given after a period of
time (which may be 6 months or more) after a population has
completed a standard immunization program, and due to the
gradual decay of antibodies in the body, the specific immunity
in the body needs to be boosted with another booster
vaccination. Regular booster vaccinations are administered after
aperiod of booster vaccination to strengthen theimmune system.
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Figure 1. Flowchart of data processing and analysis.
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A total of 2556 households
were involved from 4
districts/countries

A

8002 participants
completed the questionnaires

Participants (n=1221) were excluded if
they were:

1. Younger than 18 years;

Participants (n=122) were excluded if

Y

2. Spent less than 5 minutes filling in the
questionnaire;

they were:
1. In the question “Are you willing to
get a booster vaccination of the

6781 participants
were included to the analysis

3. Had the unusual answers;
4. Provided the wrong code/name;
5. Completed more than 1 questionnaire.

COVID-19 vaccine?” select the
option “Do not interested.”; <
2. In the question “In the future,

A 4

would you like to get a booster
vaccination of the COVID-19
vaccine?” select the option “Do not

A total of 6659 participants
were included to analysis

interested.”

v

Booster vaccination
Acceptance (n=6126, 92.0%)
Hesitancy (n=533, 8.0%)

Statistical Analysis

Chi-sguare tests were used to test differences in vaccine
hesitancy between groups. Binary logistic regression analyses
were carried out to examine factors associated with COVID-19
vaccine hesitancy in both booster and regular booster
vaccination. A sensitivity analysiswas performed by excluding
the participants aged >80 years to test the robustness of results
and assess the source of uncertainty. In stratified multistage
sampling, post hoc stratification was used to weight the sample
and the corresponding variables so that the sample's estimate
of the total was unbiased. Odds ratios, 95% ClI, and P values
were calculated for each independent variable. All statistical
analyseswere carried out using SPSS (version 21.0; IBM Corp)
and STATA (version 16.0; StataCorp). Differences were
regarded as statistically significant if P values were less than
.05.

Results

Characteristics of COVID-19 Vaccine Hesitancy in
Booster Vaccination

Among the 8002 participantswho compl eted the questionnaire,
a total of 1343 participants who did not meet the inclusion

https://publichealth.jmir.org/2023/1/e44822
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Regular booster vaccination
Acceptance (n=5923, 88.9%)
Hesitancy (n=736, 11.1%)

criteriawere subsequently excluded. Importantly, no statistically
significant differences were found between the final 6659
participants included in the analysis and the overall sample of
8002 (P>.05) (Multimedia Appendix 2). The sociodemographic
characteristics, awareness of COVID-19 vaccine, trust in the
health care system as well as COVID-19 vaccine hesitancy in
booster vaccination and regular booster vaccination of all study
participants are displayed in Table 1. Overall, 533 adults (8%;
95% Cl 7.4%-8.7%) showed a clear COVID-19 vaccine
hesitancy in booster vaccination, while 6126 adults (92%; 95%
Cl 90.3%-94.2%) indicated that they were willing to vaccinate.
Meanwhile, 736 participants (11.1%; 95% CI 10.3%-11.8%)
expressed their hesitancy about regular booster vaccination of
COVID-19 vaccine. Furthermore, we can see clearly that the
participants of all ages are evenly distributed, the proportion of
female participants (53.2%) is more than male (46.8%), and
most of the participants (87.5%) were married.

A higher prevalence of vaccine hesitancy in both booster
vaccination and regular booster vaccination was observed among
participants with a history of alergies, experiencing chronic
disease, lower levels of public health prevention measures or
susceptibility or benefits or self-efficiency, higher levels of
severity or barriers, and lower trust in both medical staff and
vaccine developers (all P<.05; Figure 2).
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Table 1. The characteristics and COVID-19 vaccine booster hesitancy of all study participants in China (n=6659).
Covariates Tota, n (%) pyqued Veccine hesitancy inbooster Pvalue Vaccine hesitancy inregular P value
vaccination (95% Cl)b booster vaccination (95% Cl)

Total participants 6659 (100) 8.0(7.4-8.7) 11.1(10.3-11.8)

Age (years) <.001 <.001 <.001
18-29 872 (13.1) 7.8(6.0-9.6) 11.0(8.9-13.1)
30-39 1801 (27) 9.6 (8.2-10.9) 12.8(11.3-14.5)
40-49 1277 (19.2) 6.2 (4.9-7.7) 9.9 (8.2-11.5)
50-59 1408 (21.1) 6.0 (4.7-7.2) 8.2(6.8-9.7)
>60 1301 (19.5) 10.0 (8.4-11.6) 12.9 (11.1-14.7)

Gender <.001 .16 .02
Male 3119 (46.8) 7.5(6.6-8.5) 10.1(9.0-11.2)
Female 3540 (53.2) 8.5(7.5-9.4) 11.9(10.9-13.0)

Ethnic groups <.001 42 .27
Han 6472 (97.2) 8.1(7.4-8.7) 11.1(10.4-11.9)
Minority 187 (2.8) 6.4 (2.9-9.9) 8.6 (4.6-12.6)

Religion <.001 54 .88
Atheist 6362 (95.5) 8.1(7.4-8.7) 11.1 (10.3-11.8)
Others 297 (4.5) 7.1(4.2-10.0) 10.8(7.3-14.3)

Marital status <.001 12 43
Married 5829 (87.5) 8.2(7.5-8.9) 11.2 (10.4-12.0)
Others 830 (12.5) 6.6 (4.9-8.3) 10.2 (8.2-12.3)

Educational status <.001 <.001 <.001
Below high school 2882 (43.3) 6.6 (5.7-7.5) 8.4 (7.4-9.4)
High school graduate 1661 (24.9) 8.1(6.8-9.4) 11.9(10.4-13.5)
University graduate 2116 (31.8) 9.8(8.6-11.1) 14.0 (12.5-15.5)

Subjective social statusin China <.001 .01 .003
Level 1° 1942 (29.2) 7.8(6.6-9.0) 9.9 (8.6-11.4)
Level 2° 2825 (42.4) 9.0 (7.9-10.0) 12.4 (11.2-13.6)
Level 3¢ 796 (12.0) 7.9 (6.0-9.8) 11.9(9.7-14.2)
Level 4° 1096 (16.5) 5.8 (4.5-7.2) 8.9 (7.2-10.5)

Subjective social statusin community <.001 .01 <.001
Leve 1¢ 1734 (26.0) 7.5(6.3-8.8) 9.3(7.9-10.7)
Level o€ 2896 (43.5) 9.2(8.1-10.2) 12.7 (115-13.9)
Level 3¢ 858 (12.9) 7.6 (5.8-9.4) 11.9(9.7-14.2)
Level 4° 1171 (17.6) 6.2 (4.9-7.6) 9.0 (7.3-10.6)

Self-report health condition (EQ-5D)¢ 0.01 <001 <.001
Leve 1€ 1709 (25.7) 13.0 (11.4-14.7) 16.3 (14.5-18.1)
Level 2 1627 (24.4) 7.9(6.6-9.3) 11.0 (9.5-12.6)
Level 3° 1746 (26.2) 5.7 (4.6-6.9) 9.5(8.1-10.9)
Level 4° 1577 (23.7) 5.3 (4.2-6.4) 7.2 (6.0-8.5)

Chronic disease <.001 <.001 <.001
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Covariates Tota, n (%) pyqued Veccine hesitancy in booster Pvalue Vaccine hesitancy inregular P value
vaccination (95% Cl)b booster vaccination (95% Cl)
Yes 1030 (15.5) 6.9 (6.3-7.6) 17.1 (14.8-19.4)
No 5269 (84.5) 13.9(11.8-16.0) 10.0 (9.2-10.7)
History of allergies <.001 <.001 <.001
Yes 468 (7.0) 17.1(13.7-20.5) 21.8(18.1-25.5)
No 5466 (82.1) 6.6 (5.9-7.3) 9.4 (8.6-10.1)
Unclear 725 (10.9) 12.8(10.4-15.3) 17.0 (14.2-19.7)
Smoking status <.001 .33 .05
Current smoker 1432 (21.5) 8.0 (6.6-9.5) 9.8(8.2-11.3)
Former smoker 402 (6.0) 10.0(7.0-13.3) 13.9(10.6-17.7)
Never smoker 4825 (72.5) 7.9(7.1-8.6) 11.2(10.3-12.1)
Drinking status <.001 .04 .03
Current drinker 1706 (25.6) 7.8(6.5-9.1) 10.7 (9.3-12.2)
Former drinker 387 (5.8) 11.4(8.2-14.5) 15.3(11.7-18.8)
Never drinker 4566 (68.6) 7.8(7.0-8.6) 10.8(9.9-11.7)
Physical activity <.001 <.001 <.001
High level 3399 (51.0) 6.4 (5.6-7.2) 9.0(8.0-9.9)
Middle level 2111 (31.7) 8.9 (7.7-10.1) 12.4 (11.0-13.8)
Low level 1149 (17.3) 11.1(9.3-13.1) 14.8 (12.7-16.9)
Public health prevention measures <.001 <.001 <.001
Low level 522 (7.8) 16.9 (13.7-20.1) 20.3 (16.9-23.8)
Middle level 527 (7.9) 14.2 (11.3-17.2) 20.9 (17.4-24.3)
High level 5610 (84.2) 6.6 (6.0-7.2) 9.3(8.5-10.0)
Awareness of COVID-19 vaccines <.001 .03 .35
Level 1 2533 (38.3) 9.2 (8.1-10.4) 11.5(10.2-12.7)
Level 2° 900 (13.5) 6.8 (5.1-8.4) 9.7 (7.7-11.6)
Level 3° 1593 (23.9) 8.0 (6.6-9.3) 11.7 (10.1-13.3)
Level 4° 1613 (24.2) 6.9 (5.7-8.1) 10.5 (9.0-12.0)
Channél of vaccineinformation <.001 .25 A5
We Media 1818 (27.3) 8.9 (7.6-10.2) 12.3(10.8-13.9)
Official media 704 (10.6) 7.7 (5.7-9.6) 10.2 (8.0-12.5)
Others 4137 (62.1) 7.7 (6.9-8.5) 10.7 (9.7-11.6)
Severity <.001 <.001 <.001
Level 1° 1818 (27.3) 6.1(5.0-7.2) 8.6(7.3-9.9)
Level 2° 1556 (23.4) 10.3(8.8-11.8) 14.3(12.6-16.2)
Level € 2108 (31.7) 9.7 (8.5-11.1) 13.1 (11.7-14.6)
Level 4° 1177 (17.7) 4.8(3.6-6.1) 6.8 (5.4-8.2)
Susceptibility <.001 .006 <.001
Level 1° 1794 (26.9) 6.6 (5.5-7.8) 8.7 (7.4-10.0)
Level 2° 1889 (28.4) 8.1(6.9-9.3) 11.3(9.9-12.7)
Leve 3¢ 2028 (30.5) 9.6 (8.3-10.9) 13.6 (12.1-15.1)
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Covariates Tota, n (%) pyqued Veccine hesitancy in booster Pvalue Vaccine hesitancy inregular P value
vaccination (95% Cl)b booster vaccination (95% Cl)
Level 4 948 (14.2) 7.1(5.4-8.7) 9.6 (7.7-11.5)
Benefits <.001 <.001 <.001
Level 1 1784 (26.8) 15.9 (14.2-17.6) 21.2(19.3-23.1)
Level 2° 2765 (41.5) 6.6 (5.6-7.5) 9.6 (8.5-10.7)
Level € 2110 (31.7) 3.2(25-4.0) 4.4(35-5.3)
Barriers <.001 <.001 <.001
Level 1° 2026 (30.4) 2.6 (1.9-3.3) 3.0(2.3-3.8)
Level 2° 2453 (36.8) 4.4 (3.6-5.3) 6.8 (5.8-7.8)
Level 3¢ 740 (11.1) 10.8 (8.6-13.1) 16.6 (13.9-19.3)
Level 4° 1440 (21.6) 255 (23.3-27.6) 26.8 (24.5-29.1)
Self-efficiency <.001 <.001 <.001
Level 1° 4328 (65.0) 11.4 (10.4-12.4) 15.7 (14.6-16.8)
Level 2° 191 (2.9) 6.8 (3.2-10.4) 10.5 (6.1-14.8)
Level € 2140 (32.1) 1.3(0.8-1.7) 17 (1.2-2.3)
Trust in medical staff <.001 <.001 <.001
Level 1° 2022 (30.4) 15.6 (14.0-17.2) 21.0(19.2-22.7)
Level 2° 1314 (19.7) 7.8(6.4-9.3) 10.9 (9.2-12.8)
Level € 1743 (26.2) 4.7 (3.7-5.7) 6.9 (5.7-8.1)
Level 4° 1580 (23.7) 2.1(1.9-2.8) 3.1(2.3-4.0)
Trust in developers <.001 <.001 <.001
Level 1° 1783 (26.8) 17.2 (15.5-19.1) 23.6 (21.6-25.5)
Level 2 2152 (32.3) 6.2(5.27.3) 9.3(8.1-10.5)
Level 3¢ 1194 (17.9) 4.4 (3.2-5.5) 6.0 (4.7-7.4)
Level 4° 1530 (23.0) 2.6 (1.8-3.4) 2.9(2.0-3.7)

Djfferences between categories within each variable.
bRow percentages derived from the total number in the corresponding row.

“Levels 1-4 indicate progressively higher degrees. The higher the degree, the higher level of social status in China or community, the better the
self-assessment of health status, the more awareness of COVID-19 vaccine, the more severe or more barriers, the greater the susceptibility or benefits,
the higher the self-efficacy and the more trust in medical staff and developers.

dEQ—SD: EuroQol 5 dimensions.
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Figure 2. Influencing factors of vaccine hesitancy in both booster and regular booster vaccinations.

Grou
Age, pefg OR (95%Cl)
gU 0.94 (0.68-1.32
40-49 0.60(0.41-0.87
50-59 0.60 (0.40-0.90

- 0.84 (0.55-1.26
Gender
vs Male)

‘emale 1.08 (0.86-1.37)
Ethnic groups
vs Han

mor t)r 0.97 (0.48-1.94)
gs Rthelst]

1.14 (0.69-1.89)

Marltal status

gs Married)
thers

Educational status

(vs Below high school)
High school graduate . .
University gr: 1.20 (0.
Subj ectwe soclal status in China
{vs evel 1)

0.67 (0.48-0.94)

evel 2
Level 3
E_\é%ee\reﬂ)
|2
Levela

Self-report health condition (EQ-5D)
gl

0.
0.
Level 4 0.
Subjective social status in Community
1.
1.
1.

1.01(0.77-1.32
Level 3 0.87 (0.66-1.14
Leveld 0.97 (0.73-1.27
Chronic disease
\rs Yes)

0.56 (0.43-0.71)
The history of allergic

ars Yes)
0.39—0.?1;
Unclear 0.72(0.50-1.05
Smoking status
prs Current smoker)
ormer smoker 1.11 {0 L.73-1. 69;
Newver smoker 0.93(0.69-1.24
Drinking statu
vs Current ﬂnnker}
armer drinker 1.34 0.90-2.003
Newver drinker 1.11(0.88-1.39
Physical actlwty
VS Hl h Ieve
|dde svs 1.14(0.91-1.42
1.29(1.00-1.67

Publlc health prevention measures
vs Low level)

|ddle level Q.77 (0.54-1.11
High level 0.65(0.49-0.86
Awareness of COVID-19 vaccines
L\!s Level 1)
0.70(0.51-0.97
Level3 0.81(0.62-1.04
evel 4 0.60(0.46-0.79
1:2l'lanns*arl“llt:|[:| va)ccme information
grﬁaal media 1.01(0.71-1.44
Olhers 1.22(0.98-1.52
eve
!vs Level 1)
12 0.87 (0.65-1.16
Level3 1.10(0.83-1.46
1.69 (1.12-2.54
Susceptlblllty
vs Level 1)
evel 2 0.52(0.39-0.69
Level 3 0.46(0.35-0.61
Level4 0.50(0.35-0.72
Benefits
{vs Level 1)
049 {0.39— 0.62;
Levela 0.92 (0.64-1.33
Barriers
{\geLevel 1)
0.78(0.53-1.15
1.32 (0.86-2.03
4 296 (1.96-4.49
Self—eff'mency
{ s Level 1)
evel 2 0.82 0.44-1.50}
Level 3 . 0.27 (0.18-0.43
Trust in medical staff
vs Level 1)
evel 2 0.74(0.57-0.96
LMIS 0.60(0.45-0.81
0.90 (0.54-1.51
Trust in deuelopers
{vs Leve!
0.57 (0.44-0.74
Levela 0.84 (0.58-1.21
Level 4 1.43(0.88-2.34

FactorsAssociated With COVID-19 VaccineHesitancy
in Booster Vaccination

In the binary logistic regression model, subjective social status
in China or community, chronic disease, history of allergies,
drinking status, physical activity, public health prevention
measures, awareness of COVID-19 vaccines, severity,
susceptibility, benefits, barriers, self-efficiency, and trust in
medical staff or devel opers were found to be all independently
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associated with COVID-19 vaccine hesitancy in both booster
vaccination and regular booster vaccination (all P<.05).

After adjusting for potential confounders, we found that
unmarried, experiencing chronic disease, history of alergies,
low level of physical activity, lower level of public health
prevention measures or susceptibility or benefits or
self-efficiency, higher level of severity or barriers, and lower
trust in medical staff or developerswereall positively associated
with COVID-19 vaccine hesitancy in booster vaccination (all
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P<.05). Meanwhile, we observed that participants who were
female, with higher educational level, higher level of subjective
social statusin community, experiencing chronic disease, history
of allergies, lower level of public health prevention measures
or susceptibility or benefits or self-efficiency, higher level of
severity or barriers, lower trust in both medical staff and
developers were al positively associated with COVID-19
vaccine hesitancy in regular booster vaccination after adjusting

Wu et al

for potential confounders (all P<.05). Detailed results are all
shown in Figure 2 and Multimedia Appendix 3.

In particular, participants with higher levels of education and
lower levels of trust in medical staff or developers showed
stronger COVID-19 vaccine hesitancy and higher rates of
hesitancy at thefollowing regular booster vaccination. The same
trend could be observed in participants with a history of
vaccination allergy and those with chronic disease (Figure 3).

Figure 3. COVID-19 vaccine hesitancy rates for different influencing factors in both booster and regular booster vaccination.
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Dynamic Fluctuationsof COVID-19 Vaccine Hesitancy
in Booster Vaccination

The COVID-19 vaccine hesitancy rate among Chinese residents
shows a trend of raising, which was from 8% (533/6659) to
11.1% (736/6659) between the booster vaccination and regular
booster vaccination. In addition, some participants’ attitudes
toward COV1D-19 vaccine booster vaccination were shown to
change. There were 5870 and 480 participants who remained
vaccinated and hesitant about routine booster vaccination
respectively, while there were still 256 participants who would
switch from acceptance to hesitancy.

Multimedia Appendix 4 lists 4 attitudinal changes toward
COVID-19 booster vaccination, such as acceptance to
acceptance, acceptance to hesitancy (ATH), hesitancy to
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acceptance, and hesitancy to hesitancy (HTH). The results
demonstrated that participants who were female, with higher
educational level, higher level of barriers, lower level of
susceptibility or self-efficiency, and lower trust in developers
were positively associated with ATH (all P<.05). Participants
with higher levels of physical activity and self-efficiency as
well as not experiencing chronic disease expressed their
willingness from hesitancy to acceptance (al P<.001).
Furthermore, participants who had higher educational level,
lower self-report health condition, having from chronic disease,
history of allergies, lower level of public health prevention
measures or susceptibility or benefits or self-efficiency, higher
level of barriers, lower trust in both medical staff and developers
were al positively associated with HTH after adjusting for
potential confounders (all P<.05). Detailed results are all
presented in Figures 4 and 5.
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Figure 4. Relevant influences on acceptance to acceptance and acceptance to hesitancy for all participants.
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Figure 5. Relevant influences on hesitancy to acceptance and hesitancy to hesitancy for all participants.
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In sensitivity analyses, the exclusion of participants aged >80
years did not significantly alter the outcome of COVID-19
vaccine hesitancy. Effect estimates for the primary outcome
remained similar (Multimedia Appendix 5).
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Discussion

Principal Findings

This study focused on the hesitancy rate of COVID-19 vaccine
booster in the sample from 4 provinces in mainland China,
namely Heilongjiang, Jiangsu, Henan, and Qinghai. The vast
majority of participants (6126/6659, 92%) indicated a
willingness to receive the COVID-19 booster vaccine, with an
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additional 8% (533/6659) expressing vaccine hesitancy. The
higher vaccination rate and lower vaccine hesitancy rate may
be attributed to the following reasons: first, Chinahas continued
to strengthen postmarketing surveillance of vaccines,
emphasizing their safety and efficacy while continuously
tracking the incidence of vaccine-preventable diseases and
public acceptance of vaccines [26]. Second, the Chinese
government has increased the supply of COVID-19 vaccines
and set up reasonably designated medical institutions to carry
out booster vaccinations, which has improved the accessibility
of vaccination services [31]. Finaly, the government and
communities have used instant communication media such as
television, news, and radio to promote the idea that the overall
benefits of COVID-19 vaccination outweigh the risks, and
disseminated scientific knowledge about vaccination to reduce
peopl€e's doubts. At the same time, community staff actively
carried out door-to-door campaigns to mobilize residents
actively participate in the booster vaccination.

Neverthel ess, the hesitancy rate altered dynamically, increasing
from 8% (533/6659) to 11% (736/6659) at the next regular
COVID-19 booster vaccination. Thismay berelated to therapid
mutation of the COVID-19 virus [10,32] and spot outbreaksin
some cities such as Shanghai, Hainan, Zhengzhou, and so forth
in mainland China[33]. People are beginning to wonder about
the necessity of the COVID-19 booster vaccination and whether
it is effective and safe. This result suggests that repeated
outbreaks or spot outbreaks are destroying confidence in the
COVID-19 vaccine, which will not be conducive to the control
of the epidemic. Therefore, it would be relevant to explore the
main influences on vaccine hesitancy and its dynamic
fluctuations.

Previous studies have indicated that participants with a lower
education level expressed a higher level of COVID-19 vaccine
hesitancy in a global survey of 17 countries [34], adults in
Ontario with less than a bachelor degree were more likely to
report unwillingness to COV1D-19 vaccination [35], aswell as
Chinese adultswith lower education level endorsed clear vaccine
hesitancy response in primary COVID-19 vaccination [26].
However, our findings suggest the opposite view. Those
participantswith higher levels of education were morereluctant
to participate in the regular COVID-19 booster vaccination,
showing a clear vaccine hesitancy. Previous studies have
demonstrated similar results [36,37]. Likewise, asimilar trend
was observed in theregular and the booster vaccination attitude
conversion (ATH and HTH). The reason for the contrary
findings could be attributed to the fact that individuals with a
higher level of education may have greater accessto information
regarding the COVID-19 outbreak and vaccine. This may lead
them to believe that the epidemic will come to an end soon and
that they will no longer require a booster shot for COVID-19
[5,20]. Alternatively, the highly educated population may have
more resources to combat the risk of the COVID-19 epidemic
[38,39].

It is worth noting that there was a significant association
between experiencing chronic disease, history of previous
vaccination alergies, and participants’ hesitancy to receive
booster vaccinations. This hesitancy was aso found in the
conversion of attitudes from booster vaccination to regular
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booster vaccination. Participants with chronic diseases
(hypertension, diabetes, etc) expressed clear hesitancy to receive
booster vaccinations and were consistently hesitant to receive
regular booster vaccinations. The reason for this consequence
may be that people with chronic disease were concerned about
whether people with immunodeficiency and immunosuppression
should be vaccinated [40,41]. They are confused as to whether
having a chronic disease can exacerbate adverse reactions to
COVID-19 booster vaccination [42,43]. The same trend can be
observed in participants with a history of vaccination alergy.
Previous experiences with vaccination allergies have made
people wary of the COVID-19 vaccine [44]. They are unsure
if they will develop allergic injuries after the COVID-19 booster
vaccination [45], so hesitancy about the booster is inevitable.
Consequently, widespread education of people would be
essential to reduce vaccine hesitancy.

In this study, we found that participants with higher levels of
epidemic severity, barriers, and lower levels of susceptibility,
benefits, and self-efficacy were more hesitant to receive a
booster vaccination. The severity of the epidemic influenced
peoplée’s choice, with higher levels of severity instead promoting
vaccine hesitancy, which isinconsistent with previous findings
[12,46]. This may be due to people being more aware of
self-protection, taking more adequate self-protection measures,
going out less, or participating in timely nucleic acid testing
when the epidemic is severe [47,48]. Although most people
have confidence in the vaccine, this attitude does not
automatically trandate into vaccine use, as there are a variety
of other barriers to vaccination [49,50]. While barriers to
vaccination (eg, inconvenience and long queues) affect booster
vaccination rates, a reasonable number of booster vaccination
sites can facilitate vaccination [38], and the current high rate of
COVID-19 vaccination in China can be attributed to a large
number of vaccination sites. Therefore, in order to increase the
booster vaccination rate, it is important to improve the
accessibility of vaccination services. Besides, effective measures
can be taken simultaneoudly, including ensuring the supply of
vaccines, increasing the number of vaccination staff, improving
the vaccination experience, and providing appointment services
to reduce the waiting timefor vaccination [26,50,51]. Consistent
with the results of Whodarczyk and Zietalewicz [52], higher
self-efficacy and the benefits of COVID-19 vaccination
influenced people to take part in vaccination, suggesting that
we need to expand the perception that the benefits of vaccination
outweigh the disadvantages and guide people positively to take
part in vaccination with full self-efficacy.

Mistrust of medical staff and vaccine devel opersisanimportant
factor influencing hesitancy in receiving COVID-19 booster
vaccination. This has been demonstrated in previous studies of
vaccine hesitancy [53-55]. Low levels of trust in medical staff
and developers can lead to hesitancy in receiving COVID-19
booster vaccinations, even regular booster vaccinations. Both
experiences of adverse reactions to vaccinations and even the
influence of counterfeit vaccinesin society haveled to suspicion
of medical staff and developers [56,57], which directly
influences the COVID-19 booster vaccination. Therefore, it is
imperative to strengthen the regulation of vaccine devel opment,
production, transportation, and vaccination. Strict adherenceto
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industry guidelines and ethical standards will strongly ensure
the standardization, safety, and efficacy of vaccines[16,58]. At
the same time, it is necessary to strengthen the training of
medical staff to enhance the communication between medical
staff and residents, which aims to improve the quality of
vaccination services. In addition, enhanced screening of patients
with contraindications to COVID-19 vaccination is necessary
[24,59], and avoiding or delaying vaccination of contraindicated
patients will effectively reduce the occurrence and adverse
effects of allergic events.

Strengths and Limitations

Thisisthefirst multicenter nationwide househol d-based survey
to assess the hesitancy of COVID-19 booster vaccination,
influencing factors, and its dynamic fluctuation trend with the
help of a saturation sample, which is highly innovative and
forward-looking. Throughout the survey process, dedicated staff
were assigned to follow-up the survey sites in each of the 4
centers, and strict quality control was carried out to ensure that
the survey data were complete and authentic. However, there

Wuetd

are still several limitations of this study. First, this study is a
cross-sectional observational study, the causality association of
vaccine hesitancy cannot be established, and it needs to be
supported by data from the follow-up surveys. Second, it may
introduce reporting bias in the collecting data on COVID-19
booster vaccination. Finaly, this survey was conducted on a
household-based sample with a population of permanent
residents, and the findings may not be applicableto the floating
popul ation.

Conclusions

The prevalence of COVID-19 vaccine booster hesitancy is not
high in mainland China. However, there is a slight increment
in hesitancy on regular booster vaccination. To reduce vaccine
hesitancy, targeted information guidance for peoplewith higher
education levels and chronic diseases would be fruitful.
Furthermore, improving the accessibility of booster vaccination
and enhancing peopl€’s trust in medical staff and vaccine
developers would be highly effective in reducing vaccine
hesitancy.
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