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Abstract: Background: The SARS-CoV-2 vaccine has been widely rolled out globally in the general
populations. However, specific data on vaccination confidence, willingness or coverage among health
care workers (HCWs) has been less reported. Methods: A cross-sectional online survey was conducted
to specify the basic data and patterns of vaccination confidence, willingness and coverage among
HCWs nationwide. Results: In total, 2386 out of 2583 (92.4%) participants were enrolled for analysis,
and the rates of confidence in vaccine, professional institutes and government were 75.1%, 85.2%
and 85.4%, respectively. The overall vaccination coverage rate was 63.6% which was adjusted as
82.8% for participants under current medical conditions or having contraindications. Confidence in
vaccine safety was shown to be the most related factor to willingness among doctors, nurses, medical
technicians and hospital administrators, while confidence in vaccine effectiveness as well as trust
in government played the key role in formulating public health employees” willingness. 130 (7.1%
of 1833) participants reporting willingness still not been vaccinated regardless of contraindications.
Multivariate analysis among willingness participants showed that males, aged over 30 years, public
health employees and higher vaccination confidence had significantly higher vaccination rates with
ORs (95% confidence intervals) as 1.64 (1.08-2.49), 3.14 (2.14—4.62), 2.43 (1.46-4.04) or 2.31 (1.24-4.33).
Conclusions: HCWs’ confidence, willingness and coverage rates to the vaccine were generally at
high levels. Heterogeneity among HCWs should be considered for future vaccination promotion
strategies. The population’s confidence in vaccination is not only the determinant to their willingness,
but also guarantees their actual vaccine uptake.

Keywords: SARS-CoV-2 vaccine; willingness; confidence; coverage; healthcare workers

1. Introduction

The novel coronavirus disease 2019 (COVID-19) pandemic has caused huge losses
to life and economy [1]. Till now, signs of remission to the threat of COVID-19 have been
blurry due to various conditions of epidemic prevention strategies, policies or vaccine
coverage between different countries [2]. The COVID-19 epidemic has been well-controlled
in China with most of the current confirmed cases as being imported so far [3]. However,
this has been achieved on the basis of a large input of national and social resources and
could lead to a potential sharp epidemic rebound if the current strict prevention and
control measures were to be deregulated [4]. Thus, the deployment and coverage of
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safe and effective vaccines against COVID-19 is expected to be the best long-term and
cost-effective solution to control the pandemic.

These effective measures are often challenged by individuals delaying or refusing
vaccination, even though evidence and reports have shown benefits for personal health and
social recovery by reducing viral transmission, preventing serious infections and death [5].
It is difficult to control the pandemic if the population’s vaccination rate does not reach
a high coverage rate. Since a majority of countries provide vaccines to residents with no
charge, this is generally thought to be a result of low vaccine confidence in the targeted
population due to the short development duration, less public awareness, poor vaccine
knowledge and reported adverse events following immunization, etc. [6,7].

Reports on the willingness to vaccination have been various, indicating 50% to 90% up-
take willingness in general populations [8]. A global survey reported 71.5% of participants
on average would be very or somewhat likely to take a COVID-19 vaccine and the highest
rate of nearly 90% in Chinese population [9]. Several studies also indicated willingness to
accept COVID-19 vaccine did not necessarily result to vaccine uptake, showing a large gap
that still needs to be closed to improve the vaccination coverage. In the meantime, reports
on Chinese population’s willingness to get vaccinated range from 34.8% to 91.3% [7,10-15],
suggesting that vaccination willingness may be postponed now that a vaccine is available
compared to when it was not available [6,10-14].

Up until now, the majority of studies on the population’s willingness to accept COVID-
19 vaccination have focused on general population [5]. There has been limited studies on
the prevalence of willingness to be vaccinated among health care workers (HCWs) [5] who
are one of the nine key populations targeted for early vaccination in the first vaccination
campaign that started on December 15, 2020 in China. As a most special group, HCWs are
the key social force in the pandemic control and face the highest risk of exposure to SARS-
CoV-2 virus [16]. It is critical to ensure the safety of HCWs not only to safeguard continuous
disease control and treatment but also to ensure they do not transmit the virus under
more frequent social communication conditions [17]. A retrospective analysis in England
showed that overall infection level among HCWSs was probably underestimated due to
asymptomatic seroconversion [18]. In the aspect of COVID-19 vaccination, HCWs play an
important role in vaccine propagation and education, and their vaccination willingness can
also influence the attitude and uptake choice of the general population [15,19]. HCWs are
usually thought to be opinion leaders by general populations in terms of medical issues,
even though they might hold misleading or biased attitudes on specific areas [15,19], so it
is important and essential to study their willingness and attitude to COVID-19 vaccines to
promote the vaccination coverage as a whole.

We conducted this study to investigate the willingness and coverage of COVID-19
vaccination among five kinds of HCWs one month after the beginning of the key population
vaccination campaign in China. In addition, since the vaccination has been promoted
voluntarily, we wished to explore the relationship between HCWSs’ vaccine confidence
and vaccination willingness and detect the unvaccinated coverage of people willing to be
vaccinated, offering data support in formulating immunization strategies and promoting
the population’s COVID-19 vaccine coverage.

2. Methods
2.1. Study Design

A cross-sectional online survey was conducted basing on an online platform from
10 January to 22 January 2021. It was an open online survey targeting Chinese residents
aged 18 to 60 years. People willing to participate could complete the questionnaire, which
was offer through mainstream media like Wechat and Weibo. The questionnaire could be
completed in around three minutes either by mobile phone or computer. Data was collected
on WenJuanXing, an online platform providing which provides online questionnaire design
and survey functions equivalent to those of Amazon Mechanical Turk, Qualtrics (Seattle,
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WA, USA), SurveyMonkey (San Mateo, CA, USA) or CloudResearch. The HCWs’ data was
extracted from the total population database.

2.2. Data Collection

The structured questionnaire contained information on demographic characteristics
including gender, age, education, residence, and five classes of HCWs (doctors, nurses,
public health employees, medical technicians and hospital administrators) were studied.
Information on vaccine confidence and willingness to accept the COVID-19 vaccination
were simultaneously collected, which were detailed in our previous report based on the
whole database, as well as the quality control process [6].

The sample size was calculated at least 855 with 171 for each type of HCWs by setting
willingness proportion among HCWs as 70% through the cross-sectional study equation,
in which « was set as 0.05 and the power was set as 90%. We conducted a post hoc analysis
to evaluate the values of the collected samples for the exploration of our study purposes.

2.3. Statistical Analysis

A chi-square test was used to test the differences in the proportion of vaccine con-
fidence, willingness and vaccination uptake among the different demographic groups.
Logistic regression models were applied to the total sample and each HCW sub-group
separately to detect the different patterns of the relationship between vaccine confidence (X)
and willingness (Y). Demographic characteristics were introduced into logistic regression
model as covariates. Odds ratio (OR) and 95% confidence interval (CI) were used for
detection of the strength of association between study variables.

Participants were further categorized into willing & vaccinated, willing & unvacci-
nated, unwilling & vaccinated, or unwilling & unvaccinated groups to explore the factors
relating to lack of vaccination among the willing population. A logistic regression model
was further applied among participants that reported willingness to get vaccinated to
explore the effects of vaccine confidence on actual vaccination uptake. The odds ratio (OR)
and 95% confidence interval (CI) were also calculated and displayed. SPSS (version 22.0,
IBM, Armonk, NY, USA) and R statistical software (version 3.6.3; appendix p 11) were
used for cleaning up the data and statistical analysis. The significance level was considered
when the p value was less than 0.05.

2.4. Ethical Approval

This study was approved by Peking University Institutional Review Board (IRB000010
52-21001); exemption for informed consent was granted.

3. Results
3.1. Overview of Participants” Characters

In total, 2583 medical employees were extracted out of 9531 total participants in this
online survey. Among all the HCWs, 167 were excluded due to duplicated IP addresses or
because they resided outside mainland China, 24 more were excluded due to the quality
control question, and 6 were excluded due to logic errors. Finally, 2386 valid questionnaires
were recruited for data analysis. The rate of completion was 92.4% (2386/2583), which was
deemed sufficient for the calculated sample size. The samples enrolled for data analysis
covered 31 provinces in China among which Shandong, Jiangsu, Qinghai and Beijing
offered the largest number of participants, while participants belonged to Heilongjiang and
Yunnan were of the least abundant. The proportion of participants from the east, middle
and west regions of China were 41.3%, 20.3% and 38.4%, respectively.

Among the 2386 HCWs, 1502 (63.0%) were female compared to the 71.8% national
figure; 1411 (59.1%) were aged below 40 years which was similar to the overall national
proportion (59.1%); 1684 (70.6% vs. 69.9% nationally) had a bachelor’s degree; participants
living in urban areas accounted for 76.3%, which is higher than the 50.9% national propor-
tion (Table 1 and Table S1). The power of post hoc analysis was satisfactory enough for data
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analysis (Table S2). In summary, 75.1% (1792) participants had confidence in COVID-19 vac-
cine, and 1929 (80.8%) participants reported willingness to accept COVID-19 vaccination.
Males, aged over 40 years, with lower educational background and rural residents showed
a significantly higher willingness. The overall vaccination coverage rate was detected as
63.6% (1518/2386) which was adjusted as 82.8% (1518/1833) for participants under current
medical conditions or having contraindications (Figure 1A and Table 52-53).

Table 1. Characteristics of different healthcare positions.

Characteristics Total Doctor Nurse Public Health Technician Administrator
n (%) 1 (%) n (%) n (%) 1 (%) n (%)
Gender
Male 884 (37.0) 274 (45.4) 27 (7.7) 395 (42.7) 81 (34.6) 107 (38.9) <0.001
Female 1502 (63.0) 329 (54.6) 323 (92.3) 529 (57.3) 153 (65.4) 168 (61.1)
Age group,
years
below 30 621 (26.0) 144 (23.9) 129 (36.9) 197 (21.3) 77 (32.9) 74 (26.9) <0.001
30 to 39 790 (33.1) 209 (34.7) 130 (37.1) 272 (29.4) 84 (35.9) 95 (34.5)
40 to 49 627 (26.3) 170 (28.2) 67 (19.1) 278 (30.1) 44 (18.8) 68 (24.7)
50 or above 348 (14.6) 80 (13.2) 24 (6.9) 177 (19.2) 29 (12.4) 38 (13.8)
Education
Below 160 (6.7) 29 (4.8) 28 (8.0) 63 (6.8) 13 (5.6) 27 (9.8) <0.001
bachelor : ’ ’ ’ ’ ’ ’
Bachelor 1684 (70.6) 380 (63.0) 321 (91.7) 646 (69.9) 157 (67.1) 180 (65.5)
Maaggejeor 542 (22.7) 194 (32.2) 1(0.3) 215 (23.3) 64 (27.4) 68 (24.7)
Residence
Urban 1820 (76.3) 431 (71.5) 219 (62.6) 767 (83.0) 177 (75.6) 226 (82.2) <0.001
Rural 566 (23.7) 172 (28.5) 131 (37.4) 157 (17.0) 57 (24.4) 49 (17.8)
Total 2386 (100) 603 (25.3) 350 (14.7) 924 (38.7) 234 (9.8) 275 (11.5)

3.2. Analysis by Subgroups of HCWs

Among 603 doctors, 54.6% of the participant were females, 34.7% (209/603) were
between 30 to 39 years old and 71.5% were from an urban area. Doctors showed the
highest education level as 32.2% of them had a master’s degree or above (Table 1). Their
confidence rates in the vaccine, professional institute or the government were reported as
71.3%, 82.3% or 82.4%, respectively (Figure 2 and Table 52). More specifically, they showed
relatively low confidence in vaccine safety (69.2%) and effectiveness (68.7%) compared
to other dimensions of vaccine confidence (Tables S4-S5). 79.4% of them reported their
intention to get vaccinated against COVID-19 (Figure 2 and Table S6), and confidence in
vaccine safety and importance was shown by multivariate analysis to be the most relevant
issues regarding their willingness (Figure 3B and Table S7). Their current rate of vaccination
was 56.2%, which was be increased by 79.1% after adjusting for participants with current
medical conditions or contraindications (Tables S2 and S3).
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Figure 1. Prevalence and multi-factor analysis on vaccination willingness and coverage of the survey. Note: (A). The

composition of the current vaccination status of the total population. (B). The proportion of vaccination uptake among those

reporting willingness to vaccination. (C). Logistic regression analysis on vaccination uptake rate among those reporting

willingness to vaccination. The reference groups were set as female, aged below 30 years, high school or below, urban

residents, doctors for demographic characteristics and as no confidence in any of the three dimensions of vaccine confidence.
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Figure 2. The rates of vaccine confidence and willingness among different HCWs.
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Figure 3. Analysis on the vaccination willingness by vaccine confidence within total sample and each HCWs subgroup
basing on logistic regression model. Note: The coefficients of vaccination confidences shown in the graph were adjusted
for gender, age group, education and residence. And the coefficients of demographic characteristics were not listed in the
figure which could be found in Supplemental Tables S7-S12. For vaccine confidence, the reference groups were set as those
reported negative confidence in each of the dimensions. (A). Analysis on the vaccination willingness by vaccine confidence
within total sample. (B). Analysis on the vaccination willingness by vaccine confidence within doctors. (C). Analysis on
the vaccination willingness by vaccine confidence within nurses. (D). Analysis on the vaccination willingness by vaccine
confidence within public health employees. (E). Analysis on the vaccination willingness by vaccine confidence within
technicians. (F). Analysis on the vaccination willingness by vaccine confidence within hospital administrators.

The majority of nurses were female (92.3), were between 30 to 39 years of age (37.1%),
and had a bachelor’s degree (91.7%). 62.6% of them were from urban areas (Table 1). Their
confidence in vaccination, professionals or the government was shown to be at a relatively
low level as 67.7%, 81.1% or 83.4% compared to other medical employees, as well as their
willingness to be vaccinated (74.0%) (Figure 2 and Table S6). The most influencing factor
for their vaccination willingness was vaccine safety (OR 9.39, 95%CI: 4.08-21.56), followed
by their confidence in the government (OR 3.25, 95%ClI: 1.14-9.22) (Figure 3C and Table
S8). The surveyed and contraindication-adjusted vaccination coverage among them were
57.4% or 78.8%, respectively (Table S2 and Table S3).

Public health employees showed similar demographic characteristics as doctors, ex-
cept for a relatively higher proportion of urban residents (Table 1). They showed the
highest level of vaccine confidence (83.3%, 89.4% and 87.6%) and willingness (88.1%) com-
paring to the other four kinds of HCWs in our study (Figure 2 and Table S2). Moreover, a
higher willingness rate was detected among public health employees that were confident
in vaccination (Table S6). Vaccine importance (OR 2.33, 95%CI: 1.22—4.48), safety (OR 2.21,
95%CI: 1.17-4.15) and effectiveness (OR 5.84, 95%CI: 3.08-11.11) showed significant rela-
tionships with their vaccination willingness, while vaccine effectiveness was shown to be
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the most cited issue (Figure 3D and Table S9). Their current and contraindication-adjusted
vaccination rates were 76.4% or 89.5%, respectively (Table S2 and Table S3).

In addition, 65.4% of medical technicians were female. The majority of them were aged
below 39 years (68.8%), had a bachelor’s degree or above (94.4%) and lived in an urban
area (75.6%) (Table 1). They reported the highest confidence in the government at 89.3%
(Figure 2 and Table S2). Both vaccine importance (OR 4.25, 95%CI 1.64-10.98) and safety
(OR 4.25, 95%CI 1.64-11.02) showed a significant relation to their vaccination willingness
(Figure 3E and Table S10). Their current and contraindication-adjusted vaccination rates
were 54.7% or 79.0%, respectively (Table S2 and Table S3).

61.1% of hospital administrators were female. The majority of them were aged below
39 years (61.4%), had a bachelor’s degree or above (90.2%) and lived in an urban area (82.2%)
(Table 1). Their confidence in the vaccine, professionals or government was 69.1%, 81.8%
or 84.0%, respectively (Figure 2 and Table S2). Comparing to those without confidence
in vaccine safety, participants that trust the safety of vaccination showed the highest OR
(5.89, 95%CI 2.57-13.51) regarding vaccination willingness (Figure 3F and Table S11). Their
current and contraindication-adjusted vaccination rates were 52.4% and 72.7%, respectively
(Table S2 and Table S3).

3.3. Combined Willingness & Vaccination Status Analysis

We further classified the participants into four subgroups: unwilling & unvaccinated,
unwilling & vaccinated, willing & unvaccinated and willing & vaccinated. There were 130
(7.1% of 1833) participants reporting willingness but still not vaccinated, regardless of med-
ical condition or contraindications (Figure 1B). Participants who reported total confidence
in the COVID-19 vaccine showed the highest rate of willingness & vaccination (87.4%,
1173/1408), which was much higher than that with no vaccination confidence (32.3%,
62/192). On the other hand, those showing willingness and unvaccinated participants
reported a balanced proportion in vaccination confidence. A logistic regression model was
further applied to the group of participants that reported vaccination willingness, to detect
the factors related to their vaccine uptake. Results showed that ORs of males, aged over
30 rears, public health employees and high vaccination confidence had statistical signifi-
cance, measured at 1.64 (95% CI 1.08-2.49), 3.14 (95% CI 2.14-4.62), 2.43(1.46—4.04) or 2.31
(95% CI 1.24-4.33), respectively (Figure 1C and Table S3).

4. Discussions

Through this cross-sectional online survey on SARS-CoV-2 vaccination, we add new
specific insights into the prevalence and different patterns of factors that influence vac-
cine confidence, willingness and coverage among HCWs in China by using nationally
comparable survey data. Our study is the first to identify the gap between willingness
and actual uptake of the SARS-CoV-2 vaccine at the beginning of its full access for the
HCW population.

Vaccination is critical to control COVID-19, which relies on safe and effective vaccines
and also on high levels of uptake by the public over time [6]. As a prolonged phenomenon,
vaccine hesitancy or lack of confidence in various vaccines has aroused much attention [20].
Some are wondering if the pandemic of COVID-19 would eliminate vaccine hesitancy
making population much more confident in the SARS-CoV-2 vaccine [21]. However,
studies have indicated that population’s confidence in SARS-CoV-2 vaccine varies across
countries/regions, and seems even worse after its utilization [8,10]. According to our
results, confidence in the safety and effectiveness of the vaccine was much lower than the
confidence in professional institutes or the government, suggesting that nearly one quarter
of HCWs didn’t trust the newly developed vaccine as a reliable measure for dealing with
the newly emerged pandemic.

However, compared to general population, HCWs’ confidence was still at a higher
level [6,22,23], given the nature of the HCW profession [14]. HCWs have a stronger
medical background, and are thus more knowledgeable about the safety, effectiveness,
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and long-term benefits of vaccines [24]. Furthermore, there has been very limited data
on COVID-19 vaccination perception among employees of public health. According to
our results, they showed the highest proportion of confidence regardless of demographic
characteristics, no matter in vaccine, professional institute or the government, which is
probably due to the public health attribute of vaccines [25-27], and a reflection of the
nature that vaccines are more of public health issues in terms of disease prevention. On
the contrary, nurses were found to report the lowest confidence. It has been suggested
that this may be correlated with their misconceptions regarding the vaccine effectiveness
or their knowledge level [28,29], while our result supposed it may be also be due to an
imbalance of gender composition since the majority of nurses are females. Other kinds
of HCWs like doctors, medical technicians or hospital administrators also showed high
level of vaccination confidence. HCWs are not only a key target population for vaccination,
but also a trusted source of vaccine information fo the general public [30]. Measures
to eliminate the hesitation to vaccinate among HCWs and the lack of knowledge about
vaccines have the potential to improve the confidence of the population as a whole [29-31].

Given the current concerns about the COVID-19 pandemic, willingness to be vacci-
nated against COVID-19 has become an important public health issue. 80.8% of HCW
participants reported their willingness to be vaccinated in the present survey, which is
similar to the data from previous reports in France [32], Italy [33], Israel [34] among
HCWs [35], whereas it was much higher than that observed in Congo (27.7%) [36] and
Greece (43.3%) [37]. Generally, the surveyed willingness of HCWs is higher than the values
observed in general populations across countries/regions, given the number of HCWs
infected and even sacrificing their lives in fighting this disease [8]. HCWs also reported
higher willingness to receive COVID-19 vaccination comparing to other vaccines, like in-
fluenza vaccine (31.1% to 69%) [38-40]. However, effective communication and innovative
strategies should still be promoted since the studies have highlighted a growing trend of
vaccine hesitancy among HCWs [41].

More specifically, the results show different vaccination willingness population pat-
terns. Public health employees were more likely to be willing if they had confidence
in vaccination, while administration employees were more likely to be unwilling when
they lacked confidence in vaccination. This was also potentially due to the job content
and knowledge background, indicating a more frequent suspicious context among ad-
ministration employees [8]. In this light, measures increasing the vaccination confidence
would be more effective in promoting willingness among public health employees but
implementation seems to be more urgent among hospital administrators.

Participants who are younger aged females showed significantly lower confidence or
willingness than others, which is in line with previous studies [15,42,43]. As newly developed
and with short clinical observation, scientific data or proof on the effectiveness or safety of
COVID-19 vaccine had not been convincing enough. Females and youngsters are argued to
be more susceptible to rumors or misleading information in terms of their frequent exposure
to new media and to pay more concern to side effects such as infertility, a serious side effects
making them unable to produce families [44,45]. Moreover, vaccine incidents that have
occurred in the recent past have significantly decreased the public’s confidence in vaccines
in China, especially among youngsters. However, it is believed that these incidents are less
impacting among the older adults in terms of their previous positive experiences on other
vaccines to themselves or families. They are also thought to have higher education, greater
experience in healthcare settings, greater perceived vulnerability to COVID-19 infection, or
higher overall medical and health risk profiles [44,46]. Significantly lower confidence and
willingness were found among participants with higher education. However, no difference
was detected in their vaccination coverage. We assume such phenomenon indicates the
fact that they may have better access to more information and might be more suspicious,
while they simultaneously have a higher awareness of the value of vaccine in preventing
COVID-19.
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By multivariate analysis, the confidence in vaccine safety was proved to be the most
valuable factor in predicting willingness to vaccination for the whole sample, which is
in accordance with previous studies [5-11]. However, different patterns were found
among different HCWs. Different from the other four kinds of participants, public health
employees seemed to care more about the vaccine effectiveness followed by their trust in
government in formulating their willingness to get vaccinated. These results are probably
due to their deep knowledge about the efficacy of vaccines in preventing related diseases.
Confidence in vaccine safety correlated more closely with willingness among nurses,
doctors, technicians and hospital administrators, also followed by their trust in government.
This indicated their focus on vaccination safety as they might suppose the vaccine itself be a
potential pathogen with side effects, even becoming sick after vaccination, and their natural
immunity be strong enough to prevent them from COVID-19, in line with previous studies
not only for COVID-19 vaccine [47]. Thus, future promotion strategies for vaccination
among HCWs should be tailored to targeted populations.

In total 63.6% of the participants reported they had received the SARS-CoV-2 vaccine,
which increased to 82.8% after adjusting for participants with medical conditions and
contraindications. The current coverage means a high immunization coverage has been
achieved among the HCW population in China [42]. A satisfactory coverage is supposed
to be a direct reflection of HCWSs’ high confidence and willingness rates, since China has
initiated vaccination to COVID-19 among the priority populations in a voluntary way.
However, we found 130 (7.1%) participants who expressed willingness to get vaccinated
were still not vaccinated. In other words, willingness to get a vaccination does not imply
necessarily actual uptake. Also, public health employees showed the highest willingness &
vaccination rate and the lowest willingness & unvaccination rate. The medical technicians
reported the highest willingness & unvaccination rate, followed by hospital administrator,
nurses and doctors which were over two times more than that of public health employees.
Issues like reports of sudden adverse events, negative mood before injection, schedule
rearrangement, etc. may all lead to the potential reluctance to get vaccinated [48,49],
especially among those who are suspicious with normal or low levels of vaccination
confidence, which was supported by our results. Participants with willingness but without
confidence reported a significant rate of unvaccination, compared to those who trusted
in two or more dimensions of vaccination confidence. In other words, confidence might
reflect a sustained momentum in promoting population’s vaccination to SARS-CoV-2.
Thus, population’s confidence is not only the determinant to their willingness, but also
guarantees their actual vaccine uptake.

5. Limitations

There are some limitations to our study. First, convenience sampling by online survey
led to a biased selection, which may suffer from a lack of representativeness of the target
population. The respondents were mainly female, urban residents, and people with a
bachelor level education, which may somewhat restrict the generalizability of our findings.
Second, although we performed quality control, there may be errors in the information
because the online questionnaire cannot be modified after filling it out. Third, this study is
a cross-sectional survey and causal relationships cannot be drawn. In order to dynamically
assess vaccination willingness, confidence, and coverage of the Chinese population, a
follow-up survey should be conducted to evaluate this issue.

6. Conclusions

Our findings have demonstrated a high level of willingness to receive vaccination
among HCWs in mainland China, given their high-level confidence in SARS-CoV-2 vac-
cines, which is not only the determinant to their willingness, but also guarantees their
actual vaccine uptake. In the meanwhile, different patterns of vaccine confidence and
willingness were found among subgroups of HCWs. Vaccine coverage has been proved
high among HCWs, however, reaching herd immunity among Chinese general population
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still need more efforts. HCWs are a key but not the only targeted population for vaccination.
Specific and effective communication and health educational campaigns still need to be
exerted to raise awareness regarding the necessity and benefits of vaccination against
COVID-19 among different HCWs, since they are trusted sources of vaccine information.
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uptake among participants without medical conditions or contraindications, Table S4: Confidence
in COVID-19 vaccine among different demographic characteristics, Table S5: Confidence in profes-
sional institutes and government among different demographic characteristics, Table S6: Willingness
rate of the COVID-19 vaccination grouped by vaccine confidence, Table S7: Logistic regression on
willingness among doctors, Table S8: Logistic regression on willingness among nurses, Table 59:
Logistic regression on willingness among public health employees, Table S10: Logistic regression
on willingness among medical technicians, Table S11: Logistic regression on willingness among
administrators, Table S12: Logistic regression on willingness among total sample.

Author Contributions: Conceptualization, C.W., Q.-B.L. and EC.; Data curation, B.H., T-S.Z,, B.L.,
S.Z.,].D. and EC.; Formal analysis, C.W., YW.,, M.X. and H.Z.; Funding acquisition, Q.-B.L.; Investiga-
tion, CW., YW, BH, T-S.Z,BL,LC,MX, 6 HZ,SZ,].Z,N-HH, ].D., YL. and Q.-B.L.; Method-
ology, CW., B.H. and T.-5.Z.; Project administration, YW., B.L., HL., L.C, Y.L. and EC.; Resources,
H.L. and H.Z,; Software, H.L. and L.C.; Writing—original draft, C.W. and F.C.; Writing—review &
editing, Q.-B.L. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by Fundamental Research Funds for the Central Universities
and Peking University Health Science Center (grant numbers BMU20170607), Peking University
Medicine Fund of Fostering Young Scholars” Scientific & Technological Innovation (BMU2021PY005)
and Joint Research Fund for Beijing Natural Science Foundation and Haidian Original Innovation
(L202007).

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Peking University Institutional Review Board
(IRB00001052-21001); exemption for informed consent was granted.

Informed Consent Statement: Not applicable.

Data Availability Statement: Original data are available on request. These were stored on password
protected computers at Department of Laboratorial Science and Technology & Vaccine Research
Center, School of Public Health, Peking University. Readers who wish to gain access to the data can
write to the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Akande, O.W.; Akande, T.M. COVID-19 pandemic: A global health burden. Niger. Postgrad. Med. J. 2020, 27, 147-155. [CrossRef]

2. Giner, R.; Hasanoglu, I.; Aktas, F. COVID-19: Prevention and control measures in community. Turk. |. Med Sci. 2020, 50, 571-577.
[CrossRef]

3. Sun, S.; Xie, Z.; Yu, K,; Jiang, B.; Zheng, S.; Pan, X. COVID-19 and healthcare system in China: Challenges and progression for a
sustainable future. Glob. Health 2021, 17, 14. [CrossRef]

4. Tse, D.M.-S.; Li, Z,; Lu, Y; Li, Y,; Liu, Y.; Wong, W.C.W. Fighting against COVID-19: Preparedness and implications on clinical
practice in primary care in Shenzhen, China. BMC Fam. Pract. 2020, 21, 271. [CrossRef]

5. Sallam, M. COVID-19 Vaccine Hesitancy Worldwide: A Concise Systematic Review of Vaccine Acceptance Rates. Vaccines 2021, 9,
160. [CrossRef]

6. Wang, C; Han, B.; Zhao, T,; Liu, H,; Liu, B.; Chen, L.; Xie, M.; Liu, J.; Zheng, H.; Zhang, S.; et al. Vaccination willingness, vaccine
hesitancy, and estimated coverage at the first round of COVID-19 vaccination in China: A national cross-sectional study. Vaccine
2021, 39, 2833-2842. [CrossRef]

7.  Chou, W.-Y.S,; Budenz, A. Considering Emotion in COVID-19 Vaccine Communication: Addressing Vaccine Hesitancy and

Fostering Vaccine Confidence. Health Commun. 2020, 35, 1718-1722. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/vaccines9090993/s1
https://www.mdpi.com/article/10.3390/vaccines9090993/s1
http://doi.org/10.4103/npmj.npmj_157_20
http://doi.org/10.3906/sag-2004-146
http://doi.org/10.1186/s12992-021-00665-9
http://doi.org/10.1186/s12875-020-01343-2
http://doi.org/10.3390/vaccines9020160
http://doi.org/10.1016/j.vaccine.2021.04.020
http://doi.org/10.1080/10410236.2020.1838096
http://www.ncbi.nlm.nih.gov/pubmed/33124475

Vaccines 2021, 9, 993 11 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Kukreti, S.; Lu, M.-Y,; Lin, Y.-H.; Strong, C.; Lin, C.-Y.; Ko, N.-Y.; Chen, P--L.; Ko, W.-C. Willingness of Taiwan’s Healthcare
Workers and Outpatients to Vaccinate against COVID-19 during a Period without Community Outbreaks. Vaccines 2021, 9, 246.
[CrossRef]

Lazarus, ].V.; Ratzan, S.C.; Palayew, A.; Gostin, L.O.; Larson, H.].; Rabin, K.; Kimball, S.; El-Mohandes, A. A global survey of
potential acceptance of a COVID-19 vaccine. Nat. Med. 2020, 27, 225-228. [CrossRef] [PubMed]

Wang, K.; Wong, E.; Ho, K.-F,; Cheung, A.; Yau, P.; Dong, D.; Wong, S.; Yeoh, E.-K. Change of Willingness to Accept COVID-19
Vaccine and Reasons of Vaccine Hesitancy of Working People at Different Waves of Local Epidemic in Hong Kong, China:
Repeated Cross-Sectional Surveys. Vaccines 2021, 9, 62. [CrossRef]

Lin, Y;; Hu, Z.; Zhao, Q.; Alias, H.; Danaee, M.; Wong, L.P. Understanding COVID-19 vaccine demand and hesitancy: A
nationwide online survey in China. PLoS Negl. Trop. Dis. 2020, 14, e€0008961. [CrossRef]

Zhang, K.C; Fang, Y.; Cao, H.; Chen, H.; Hu, T.; Chen, Y.Q.; Zhou, X.; Wang, Z. Parental Acceptability of COVID-19 Vaccination
for Children Under the Age of 18 Years: Cross-Sectional Online Survey. JMIR Pediatr. Parent. 2020, 3, e24827. [CrossRef]

Dong, D.; Xu, R.H.; Wong, E.L.; Hung, C.; Feng, D.; Feng, Z.; Yeoh, E.; Wong, S.Y. Public preference for COVID-19 vaccines in
China: A discrete choice experiment. Health Expect. 2020, 23, 1543-1578. [CrossRef]

Wang, J.; Jing, R.; Lai, X.; Zhang, H.; Lyu, Y.; Knoll, M.D.; Fang, H. Acceptance of COVID-19 Vaccination during the COVID-19
Pandemic in China. Vaccines 2020, 8, 482. [CrossRef]

Wang, J.; Feng, Y.;; Hou, Z,; Lu, Y.; Chen, H.; Ouyang, L.; Wang, N.; Fu, H.; Wang, S.; Kan, X,; et al. Willingness to receive
SARS-CoV-2 vaccine among healthcare workers in public institutions of Zhejiang Province, China. Hum. Vaccin Immunother. 2021,
17,2926-2933. [CrossRef]

Biswas, N.; Mustapha, T.; Khubchandani, J.; Price, ]. H. The Nature and Extent of COVID-19 Vaccination Hesitancy in Healthcare
Workers. |. Community Health 2021, 1-8, in press. [CrossRef]

Chang, D.; Xu, H.; Rebaza, A.; Sharma, L.; Cruz, C.S.D. Protecting health-care workers from subclinical coronavirus infection.
Lancet Respir. Med. 2020, 8, e13. [CrossRef]

Hanrath, A.T.; van der Loeff, I.S.; Lendrem, D.W.; Baker, K.E,; Price, D.A.; McDowall, P.; McDowall, K.; Cook, S.; Towns, P;
Schwab, U.; et al. SARS-CoV-2 Testing of 11,884 Healthcare Workers at an Acute NHS Hospital Trust in England: A Retrospective
Analysis. Front. Med. 2021, 8, 636160. [CrossRef] [PubMed]

Zhou, P; Huang, Z.; Xiao, Y.; Huang, X.; Fan, X.-G. Protecting Chinese healthcare workers while combating the 2019 novel
coronavirus. Infect. Control. Hosp. Epidemiol. 2020, 41, 745-746. [CrossRef] [PubMed]

Yang, R.; Penders, B.; Horstman, K. Addressing Vaccine Hesitancy in China: A Scoping Review of Chinese Scholarship. Vaccines
2019, 8, 2. [CrossRef]

Lazarus, J.V.; Picchio, C.A.; Nayagam, A.S.; Ratzan, S.; Thursz, M. Strengthening vaccine confidence during the COVID-19
pandemic: A new opportunity for global hepatitis B virus elimination. J. Hepatol. 2020, 73, 490-492. [CrossRef] [PubMed]
Karlsson, L.C.; Lewandowsky, S.; Antfolk, J.; Salo, P; Lindfelt, M.; Oksanen, T.; Kiviméki, M.; Soveri, A. The association between
vaccination confidence, vaccination behavior, and willingness to recommend vaccines among Finnish healthcare workers. PLoS
ONE 2019, 14, €0224330. [CrossRef]

Sun, S.; Lin, D.; Operario, D. Interest in COVID-19 vaccine trials participation among young adults in China: Willingness, reasons
for hesitancy, and demographic and psychosocial determinants. Prev. Med. Rep. 2021, 22, 101350. [CrossRef]

Udow-Phillips, M.; Lantz, PM. Trust in Public Health Is Essential Amid the COVID-19 Pandemic. ]. Hosp. Med. 2020, 15, 431-433.
[CrossRef] [PubMed]

Galasso, V.; Pons, V.; Profeta, P.; Becher, M.; Brouard, S.; Foucault, M. Gender differences in COVID-19 attitudes and behavior:
Panel evidence from eight countries. Proc. Natl. Acad. Sci. USA 2020, 117, 27285-27291. [CrossRef]

He, S.; Chen, S.; Kong, L.; Liu, W. Analysis of Risk Perceptions and Related Factors Concerning COVID-19 Epidemic in Chongqing,
China. . Community Health 2021, 46, 278-285. [CrossRef]

Du, E; Chantler, T.; Francis, M.R.; Sun, EY.; Zhang, X.; Han, K.; Rodewald, L.; Yu, H.; Tu, S.; Larson, H.; et al. The determinants of
vaccine hesitancy in China: A cross-sectional study following the Changchun Changsheng vaccine incident. Vaccine 2020, 38,
7464-7471. [CrossRef]

Wang, K.; Wong, E.L.Y,; Ho, K.E; Cheung, AW.L,; Chan, E.Y.Y,; Yeoh, EK.; Wong, S.Y.S. Intention of nurses to accept coronavirus
disease 2019 vaccination and change of intention to accept seasonal influenza vaccination during the coronavirus disease 2019
pandemic: A cross-sectional survey. Vaccine 2020, 38, 7049-7056. [CrossRef] [PubMed]

Kwok, K.O,; Li, K.-K.; Wei, W.L; Tang, A.; Wong, S.Y.S.; Lee, S.S. Influenza vaccine uptake, COVID-19 vaccination intention and
vaccine hesitancy among nurses: A survey. Int. J. Nurs. Stud. 2021, 114, 103854. [CrossRef]

Verger, P; Scronias, D.; Dauby, N.; Adedzi, K.A.; Gobert, C.; Bergeat, M.; Gagneur, A.; Dubé, E. Attitudes of healthcare workers
towards COVID-19 vaccination: A survey in France and French-speaking parts of Belgium and Canada, 2020. Eurosurveillance
2021, 26, 2002047. [CrossRef] [PubMed]

Alhumaid, S.; Al Mutair, A.; Al Alawi, Z.; Alsuliman, M.; Ahmed, G.Y.; Rabaan, A.A.; Al-Tawfiq, J.A.; Al-Omari, A. Knowledge of
infection prevention and control among healthcare workers and factors influencing compliance: A systematic review. Antimicrob.
Resist. Infect. Control. 2021, 10, 86. [CrossRef]

Detoc, M.; Bruel, S.; Frappe, P; Tardy, B.; Botelho-Nevers, E.; Gagneux-Brunon, A. Intention to participate in a COVID-19 vaccine
clinical trial and to get vaccinated against COVID-19 in France during the pandemic. Vaccine 2020, 38, 7002-7006. [CrossRef]


http://doi.org/10.3390/vaccines9030246
http://doi.org/10.1038/s41591-020-1124-9
http://www.ncbi.nlm.nih.gov/pubmed/33082575
http://doi.org/10.3390/vaccines9010062
http://doi.org/10.1371/journal.pntd.0008961
http://doi.org/10.2196/24827
http://doi.org/10.1111/hex.13140
http://doi.org/10.3390/vaccines8030482
http://doi.org/10.1080/21645515.2021.1909328
http://doi.org/10.1007/s10900-021-00984-3
http://doi.org/10.1016/S2213-2600(20)30066-7
http://doi.org/10.3389/fmed.2021.636160
http://www.ncbi.nlm.nih.gov/pubmed/33777979
http://doi.org/10.1017/ice.2020.60
http://www.ncbi.nlm.nih.gov/pubmed/32131906
http://doi.org/10.3390/vaccines8010002
http://doi.org/10.1016/j.jhep.2020.06.008
http://www.ncbi.nlm.nih.gov/pubmed/32732061
http://doi.org/10.1371/journal.pone.0224330
http://doi.org/10.1016/j.pmedr.2021.101350
http://doi.org/10.12788/jhm.3474
http://www.ncbi.nlm.nih.gov/pubmed/32584250
http://doi.org/10.1073/pnas.2012520117
http://doi.org/10.1007/s10900-020-00870-4
http://doi.org/10.1016/j.vaccine.2020.09.075
http://doi.org/10.1016/j.vaccine.2020.09.021
http://www.ncbi.nlm.nih.gov/pubmed/32980199
http://doi.org/10.1016/j.ijnurstu.2020.103854
http://doi.org/10.2807/1560-7917.ES.2021.26.3.2002047
http://www.ncbi.nlm.nih.gov/pubmed/33478623
http://doi.org/10.1186/s13756-021-00957-0
http://doi.org/10.1016/j.vaccine.2020.09.041

Vaccines 2021, 9, 993 12 of 12

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

44.

45.

46.

47.

48.

49.

Di Giuseppe, G.; Pelullo, C.P; Della, P.G.; Montemurro, M.V.; Napolitano, F; Pavia, M.; Angelillo, L.F. Surveying willingness
toward SARS-CoV-2 vaccination of healthcare workers in Italy. Expert Rev. Vaccines 2021, 20, 881-889. [CrossRef]

Dror, A.A,; Eisenbach, N.; Taiber, S.; Morozov, N.G.; Mizrachi, M.; Zigron, A.; Srouji, S.; Sela, E. Vaccine hesitancy: The next
challenge in the fight against COVID-19. Eur. |. Epidemiol. 2020, 35, 775-779. [CrossRef] [PubMed]

Li, M.; Luo, Y.; Watson, R.; Zheng, Y.; Ren, ].; Tang, J.; Chen, Y. Healthcare workers” (HCWs) attitudes and related factors towards
COVID-19 vaccination: A rapid systematic review. Postgrad. Med. ]. 2021. Published Online First: 30 June 2021. [CrossRef]
Kabamba, N.M.; Kabamba, N.L.; Ngoie, M.G.; Banza, N.D.; Mbidi, M.].; Luhata, L.C.; Lora, M.B.; Cikomola, M.B.A.; Mukamba,
M.E. Acceptability of Vaccination Against COVID-19 Among Healthcare Workers in the Democratic Republic of the Congo.
Pragmat. Obs. Res. 2020, 11, 103-109. [CrossRef]

Papagiannis, D.; Malli, F,; Raptis, D.G.; Papathanasiou, 1.V,; Fradelos, E.C.; Daniil, Z.; Rachiotis, G.; Gourgoulianis, K.I. Assessment
of Knowledge, Attitudes, and Practices towards New Coronavirus (SARS-CoV-2) of Health Care Professionals in Greece before
the Outbreak Period. Int. J. Environ. Res. Public Health 2020, 17, 4925. [CrossRef] [PubMed]

Al-Tawfiq, J.A. Willingness of health care workers of various nationalities to accept HIN1 (2009) pandemic influenza A vaccination.
Ann. Saudi Med. 2012, 32, 64-67. [CrossRef]

Kaboli, E; Astrakianakis, G.; Li, G.; Guzman, J.; Naus, M.; Donovan, T. Influenza Vaccination and Intention to Receive the
Pandemic HIN1 Influenza Vaccine among Healthcare Workers of British Columbia, Canada: A Cross-Sectional Study. Infect.
Control. Hosp. Epidemiol. 2010, 31, 1017-1024. [CrossRef] [PubMed]

Torun, S.D.; Torun, E; Catak, B. Healthcare workers as parents: Attitudes toward vaccinating their children against pandemic
influenza A/HI1N1. BMC Public Health 2010, 10, 596. [CrossRef] [PubMed]

La Torre, G.; Scalingi, S.; Garruto, V.; Siclari, M.; Chiarini, M.; Mannocci, A. Knowledge, Attitude and Behaviours towards
Recommended Vaccinations among Healthcare Workers. Healthcare 2017, 5, 13. [CrossRef]

Randolph, H.E.; Barreiro, L.B. Herd Immunity: Understanding COVID-19. Immunity 2020, 52, 737-741. [CrossRef] [PubMed]
Trucchi, C.; Restivo, V.; Amicizia, D.; Fortunato, E; Manca, A.; Martinelli, D.; Montecucco, A.; Piazza, M.E,; Prato, R.; Tisa, V.; et al.
Italian Health Care Workers” Knowledge, Attitudes, and Practices Regarding Human Papillomavirus Infection and Prevention.
Int. ]. Environ. Res. Public Health 2020, 17, 5278. [CrossRef] [PubMed]

Khubchandani, J.; Sharma, S.; Price, J.H.; Wiblishauser, M.].; Sharma, M.; Webb, EJ. COVID-19 Vaccination Hesitancy in the
United States: A Rapid National Assessment. ]. Community Health 2021, 46, 270-277. [CrossRef] [PubMed]

Grech, V.,; Gauci, C.; Agius, S. Withdrawn: Vaccine hesitancy among Maltese Healthcare workers toward influenza and novel
COVID-19 vaccination. Early Hum. Dev. 2020, 105213. [CrossRef] [PubMed]

Murphy, J.; Vallieres, F; Bentall, R.P.; Shevlin, M.; McBride, O.; Hartman, T.K.; McKay, R.; Bennett, K.; Mason, L.; Gibson-Miller,
J.; et al. Psychological characteristics associated with COVID-19 vaccine hesitancy and resistance in Ireland and the United
Kingdom. Nat. Commun. 2021, 12, 29. [CrossRef]

Di Martino, G.; Di Giovanni, P.; Di Girolamo, A.; Scampoli, P.; Cedrone, F; D’Addezio, M.; Meo, E; Romano, E; Di Sciascio, M.B,;
Staniscia, T. Knowledge and Attitude towards Vaccination among Healthcare Workers: A Multicenter Cross-Sectional Study in a
Southern Italian Region. Vaccines 2020, 8, 248. [CrossRef] [PubMed]

Formeister, E.J.; Chien, W.; Agrawal, Y.; Carey, ].P; Stewart, C.M.; Sun, D.Q. Preliminary Analysis of Association Between
COVID-19 Vaccination and Sudden Hearing Loss Using US Centers for Disease Control and Prevention Vaccine Adverse Events
Reporting System Data. JAMA Otolaryngol. Neck Surg. 2021, 147, 674. [CrossRef] [PubMed]

Palgi, Y.; Bergman, Y.S.; Ben-David, B.; Bodner, E. No psychological vaccination: Vaccine hesitancy is associated with negative
psychiatric outcomes among Israelis who received COVID-19 vaccination. J. Affect. Disord. 2021, 287, 352-353. [CrossRef]


http://doi.org/10.1080/14760584.2021.1922081
http://doi.org/10.1007/s10654-020-00671-y
http://www.ncbi.nlm.nih.gov/pubmed/32785815
http://doi.org/10.1136/postgradmedj-2021-140195
http://doi.org/10.2147/POR.S271096
http://doi.org/10.3390/ijerph17144925
http://www.ncbi.nlm.nih.gov/pubmed/32650614
http://doi.org/10.5144/0256-4947.2012.64
http://doi.org/10.1086/655465
http://www.ncbi.nlm.nih.gov/pubmed/20707670
http://doi.org/10.1186/1471-2458-10-596
http://www.ncbi.nlm.nih.gov/pubmed/20932342
http://doi.org/10.3390/healthcare5010013
http://doi.org/10.1016/j.immuni.2020.04.012
http://www.ncbi.nlm.nih.gov/pubmed/32433946
http://doi.org/10.3390/ijerph17155278
http://www.ncbi.nlm.nih.gov/pubmed/32707867
http://doi.org/10.1007/s10900-020-00958-x
http://www.ncbi.nlm.nih.gov/pubmed/33389421
http://doi.org/10.1016/j.earlhumdev.2020.105213
http://www.ncbi.nlm.nih.gov/pubmed/33032879
http://doi.org/10.1038/s41467-020-20226-9
http://doi.org/10.3390/vaccines8020248
http://www.ncbi.nlm.nih.gov/pubmed/32456273
http://doi.org/10.1001/jamaoto.2021.0869
http://www.ncbi.nlm.nih.gov/pubmed/34014263
http://doi.org/10.1016/j.jad.2021.03.064

	Introduction 
	Methods 
	Study Design 
	Data Collection 
	Statistical Analysis 
	Ethical Approval 

	Results 
	Overview of Participants’ Characters 
	Analysis by Subgroups of HCWs 
	Combined Willingness & Vaccination Status Analysis 

	Discussions 
	Limitations 
	Conclusions 
	References

