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ARTICLE INFO ABSTRACT

Keywords: Background: Public awareness of monkeypox is critical in the fight against this infectious disease. However, at
Kno"f’ledge present a survey of the Chinese population on monkeypox is lacking. This study was conducted to compensate for
Vaccine the lack of knowledge and identify a vaccination intention assessment for monkeypox in China.

gﬁil;eypox Methods: The questionnaire comprised 20 items with the following three aspects: basic information, knowledge,
Survey and willingness to vaccinate or pay. For this study, 521 valid respondents were recruited. Utilizing logistic

regression, the researchers identified the factors related with knowledge and vaccination intentions.

Results: The average total score for knowledge of monkeypox was 5.6 (score range 0-10), and 309 (59.3%)
participants were categorized as having greater knowledge based on a total score of 6. Most participants (76.4%)
were willing to accept a monkeypox vaccination. The average acceptable cost of the monkeypox vaccine was
CNY261.2. Factors such as level of education, and working within the healthcare profession were related to
monkeypox knowledge. An increased knowledge of monkeypox was related to a higher willingness to vaccinate.
Participants who were willing to pay more for vaccines included those with high incomes, who suffered from
chronic diseases, and healthcare workers.

Conclusions: The Chinese population had relatively high knowledge of monkeypox and demonstrated a will-
ingness to receive the vaccine.

1. Introduction

Monkeypox is an emerging zoonotic disease caused by the mon-
keypox virus, an orthopoxvirus in the Poxviridae family [1]. In 1958, it
was identified in captive cynomolgus monkeys living in Copenhagen
[2]. The Democratic Republic of Congo reported its first patient infected
with the monkeypox virus in 1971 [3]. Since then, monkeypox has only
been regionally endemic in western and central Africa [4]. In 2022, a
widespread outbreak of monkeypox occurred worldwide. Between
January 1, 2022 to September 30, 2022, the Centers for Disease Control
and Prevention of the United States reported 68,428 cases confirmed in
106 locations, 99 of which had never previously reported monkeypox
[5]. On July 23, 2022, the World Health Organization declared the
global outbreak of monkeypox to be a public health emergency of in-
ternational concern [6]. Moreover, the Hong Kong Special

Administrative Region reported its first monkeypox case on September
6, 2022, while the Chinese mainland reported its first incidence of im-
ported monkeypox on September 16, 2022 [7].

The general public’s understanding of monkeypox is one of the
prerequisites for controlling this epidemic. Prior research has revealed
poor overall knowledge of monkeypox in the populations of Saudi
Arabia, Indonesia, and Jordan [8-10]. A recent survey conducted in a
northern Indian state revealed that nearly one-quarter of dental pro-
fessionals had never heard of monkeypox [11]. During the epidemic,
concerns were raised regarding the population vaccination status
against monkeypox. Thus, prior to large-scale vaccination, it is vital to
investigate the population’s willingness to vaccinate (WTV), and will-
ingness to pay (WTP) for the vaccine. According to a survey conducted
in Indonesia, 96% of the investigated frontline physicians were willing
to accept a free vaccination against monkeypox [12]. Moreover, after
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the WHO monkeypox alert, the majority of Saudi Arabian healthcare
workers believed they should be vaccinated first [13].

Presently, a survey of the Chinese population’s monkeypox knowl-
edge and vaccination intention is still lacking. Due to the absence of an
assessment of monkeypox-related knowledge in China, a national online
survey was conducted to fill the void.

2. Materials and methods
2.1. Study design and participants

The survey was designed and conducted online to assess the general
Chinese population’s knowledge of monkeypox, as well as their vacci-
nation intentions. From September 29, 2022 to October 5, 2022, data
were collected using wjx.cn, a widely used online questionnaire survey
platform in China, with approximately 6.2 million registered users [14].
This online survey was conducted using the sample service provided by
the platform. The sampling method was simple random sampling,
whereby the platform randomly sends invitations to individual regis-
tered users. Registered users can decide whether to answer the questions
after receiving the survey. To guarantee that the sample was represen-
tative, the researchers required a platform that allowed them to invite
respondents of different ages and from specific geographical locations.
Prior to the survey, a brief explanation of the study’s purpose and pro-
tocol was provided. Before completing the questionnaire, participants
were required to read and confirm that they voluntarily agreed to
answer it. Furthermore, they could withdraw their participation at any
time while completing the questionnaire. Only completely answered
questionnaires were submitted. Each device could only access the
questionnaire once, a restriction enforced by wjx.cn, to ensure that each
respondent only submitted one questionnaire.

The inclusion criteria were as follows: (1) Chinese citizens currently
residing in China, (2) aged 18-60 years, (3) capable of independently
reading and completing the self-administered questionnaire, and (4)
willing to participate in the survey. All participants were anonymous
adult volunteers. Thus, the survey posed no potential risk to partici-
pants’ physical and mental health. Furthermore, this study adhered to
the ethical principles of Measures for the Ethical Review of Biomedical
Research Involving Humans of the National Health Commission of the
People’s Republic of China.

2.2. Sample size

A minimum sample size was calculated using Raosoft’s sample size
calculator [15]. The acceptable margin of error was 5%, and the confi-
dence level was 95%. The response distribution was expected to be 50%.
In May 2021, the population size in China is approximately 1.4 billion.
In terms of the above parameters, the sample size n was given by:

x = Z(h00)*r(100-7)
n="Rn1E 1 o

where N is the population size, r is the fraction of responses, and Z(c/
100) is the critical value for the confidence level c. Consequently, the
minimum sample size was calculated to be 385. This study anticipated a
30% rate of invalid questionnaires, therefore at least 500 individuals
were required to participate.

2.3. Measures

A concise and structured questionnaire was designed to investigate
the Chinese population’s monkeypox knowledge and vaccination
intention. The questionnaire comprised 20 items, and the following
three aspects (Supplemental Material 1):
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(1) Basic data (eight items), including age, gender, marital status,
region, education level, monthly income, health status, and
whether one is a healthcare worker.

(2) Knowledge of monkeypox (ten items), in terms of etiology,
epidemiology, clinical manifestations, and treatment. This was
based on the 2022 guidelines for diagnosing and treating mon-
keypox in China. In this section, respondents rated statements as
“true,” “false,” or “undecided.” A score of one was awarded for a
correct response, and O for an incorrect or “undecided” response.
Respondents were grouped based on a total knowledge score of 6.
Those with a score of 6 and above were assigned to the more
knowledgeable group; otherwise, they were assigned to the less
knowledgeable group. The reasoning behind using a score of 6 as
a cut-off value was as follows: according to expert evaluation,
there were three simple questions (all were expected to be
answered correctly for a total score of 3 points), four medium
difficulty questions (of which, 50% were expected to be answered
correctly for a total score of 2 points), and three difficult ques-
tions (which were almost impossible to answer correctly, for a
total score of 0 point). This implies that 5 scores would be the
most obtainable score, therefore 6 scores demonstrated a score
suitable as the cut-off value.

(3) Monkeypox vaccination intention (two items), including WTV
and WTP for vaccination. In the “WTV” question, the following
response options were provided: “yes,” “no,” and “undecided.” In
the “WTP” question, respondents were grouped according to their
WTP a fee of CNY500. Those willing to pay more than CNY500
were assigned to the higher WTP group; otherwise, respondents
were assigned to the lower WTP group.

The questionnaire preparation process was based on prior research
[16]. A pool of items was formed based on the survey dimensions.
Subsequently, consultations with experts from different research fields
were performed to develop a questionnaire based on the pool of items.
Prior to the distribution of the final version of the questionnaire, it was
first put through a pilot test.

2.4. Statistical analyses

Descriptive data are presented as median (25 quantile, 75 quantile),
or as frequencies and proportions. Utilizing binary logistic regression,
the researchers identified possible factors related to monkeypox
knowledge, WTV, and WTP. The significance of the univariable model at
the level of P < 0.15 was considered for entry into the multivariable
model. The criterion for remaining in the model was set at P < 0.05. The
regression’s odds ratio (OR), and the respective 95% (CI) were esti-
mated. In the multivariable logistic model, the events per parameters
need to be greater than 10. Furthermore, collinearity was estimated by
the expert panel based on actual relationships between the variables and
assessed through the statistical factor of tolerance and variance inflation
factor (VIF). Tolerance <0.1 or VIF >10 were considered to be indicative
of serious multicollinearity. If serious multicollinearity exists, one of the
variables must be excluded. All analyses were conducted on SPSS 25.0
(IBM Corporation, New York, NY, United States).

3. Results
3.1. Demographic characteristics

A total of 615 questionnaires were distributed to the registered users
on the platform, of which 521 were valid (effective rate = 84.7%).
Among the invalid questionnaires, 86 were excluded due to non-
response, and 8 due to non-compliance with the response re-
quirements. Demographics characteristics of the study respondents are
shown in Table 1.
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Table 1
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3.2. Knowledge of monkeypox and associated factors

Demographics characteristics of the study respondents.

Variables

N (%) or Median (Pys, Pys) Fig. 1 shows the results of the questions addressing monkeypox

Age (years)
Gender
Male
Female
Marital status
Unmarried
Married and others
Region of China
East
Central
West
Northeastern
Education level
Junior high school (or below)
Bachelor’s (or associate) degrees
Master’s (or above) degrees
Monthly income
<CNY1,000
CNY1,001-5000
CNY5,001-10,000
CNY10,001-20,000
>CNY20,000
Chronic diseases
No
Yes
Healthcare workers
No
Yes

knowledge. The average overall score for knowledge of monkeypox was

30(26,39) 5.6 (score range 0-10; Fig. 2). Considering the cut-off score of 6 points,
264 (50.7) 212 (40.7%) participants were assigned to the group with less knowl-
257 (49.3) edge, while 309 (59.3%) participants were assigned to the group with
more knowledge. Table 2 presents the results of the univariable and
;:2 EZ;Q multivariable logistic regression analyses for knowledge-related factors.
These findings show that having a higher education level and being a
249 (47.8) healthcare worker were related to having higher monkeypox
122 (23.4) knowledge.
109 (20.9)
41 (7.9)
3.3. Monkeypox vaccination intention and associated factors
25(4.8)
:?5(7(.897)'3) A greater proportion of survey participants (76.4%) were willing to
accept the monkeypox vaccine, conversely 6.7%, and 16.9% of the
21 (4.0) participants were unwilling to be vaccinated, and undecided, respec-
130 (25.0) tively. Those willing to pay not more than CNY100 accounted for 28.4%,
2 E‘Z‘fg whereas those willing to pay CNY101-500, CNY501-1,000,
31 (6.0) CNY1,001-2,000, and more than CNY2,000 constituted 45.5%, 15.7%,
7.1%, and 3.3%, respectively. Resultantly, the acceptable average cost
419 (80.4) of the monkey vaccine for the Chinese population in this study, if
102 (19.6) computed using a lower value in each group, was CNY261.2. The rela-
428 (82.1) tionship between all demographic characteristics and WTV was statis-
93(17.9) tically insignificant. However, there was an identifiable difference

CNY: Chinese Yuan. CNY7 ~ USD1.
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between the groups with less, or more monkeypox knowledge, and WTV
(Table 3). Based on a cut-off value of CNY500, 385 participants were
assigned to the lower WTP group, and 136 participants were assigned to
the higher WTP group. Table 4 shows the results of the univariable and
multivariable logistic regression for WTP-related factors. Higher WTP
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9. At present,
there are specific treatments
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10. Vaccination against smallpox
can be used to prevent monkeypox?

Fig. 1. Results of the ten questions for evaluating monkeypox knowledge. In the top row, from left to right, the first five questions are represented by five pieces.
Questions 6-10 represent the other five pieces in the bottom row, from left to right. The numbers in the bar, which are colored blue, yellow, or grey, indicate the
number of participants giving correct, incorrect, or undecided answers, respectively. (For interpretation of the references to color in this figure legend, the reader is
referred to the Web version of this article.)
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—
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Fig. 2. Total scores of monkeypox knowledge. Respondents rated items as “true,” “false,” or “undecided”; one score was awarded for a correct response, and 0 for an

incorrect answer or “undecided.” The total score is 10.

was related to higher monthly income, suffering from chronic diseases,
and being a healthcare worker.

4. Discussion

A better understanding of monkeypox is critical for controlling its
outbreak [17]. Surveys considering knowledge, attitudes, and practices
related to monkeypox have previously been conducted in Saudi Arabia,
Indonesia, and other countries [1,9]. However, in China, it is presently
unclear how much information on monkeypox is appreciated among the
general public, and whether there is willingness to accept the mon-
keypox vaccine. To the best of our knowledge, this is the first study of its
kind to be completed in China. This national online survey has revealed
relatively high levels of knowledge and WTV in the general Chinese
population.

According to this study’s queries, three-fifths of respondents had a
greater knowledge of monkeypox than the remaining two-fifths. A sur-
vey conducted in Saudi Arabia indicated that only half of the re-
spondents had high knowledge [8]. Over two-thirds of the healthcare
workers in this study had higher knowledge of monkeypox, similar to
the results of a survey conducted at Jordanian health schools [10]. It is
recognized that there is varying knowledge of monkeypox within the
healthcare profession worldwide. Using an 80% and 70% cut-off point
for the knowledge domain, Harapan et al. demonstrated that only 10.0%
and 36.5% of 432 general practitioners in Indonesia, respectively, had
good knowledge [9]. According to Kaur et al., only 28% of the dental
professionals in India had high knowledge scores [11]. This study’s high
knowledge rate is potentially attributable to the Chinese government’s
skillful propaganda efforts about monkeypox knowledge, and the
simplicity of the test questions. Additionally, the Chinese participants in
this survey had a solid understanding of the etiology and transmission
route of monkeypox, as well as its symptoms, treatment, and prevention.
Similarly, Sallam et al. discovered that only one-third of Jordanian re-
spondents knew about the availability of a preventative vaccine to the
monkeypox virus infection [18]. For items assessing virus transmission
and non-cutaneous symptoms of the disease, an overall low monkeypox
knowledge was identified in Saudi Arabia [19]. In Europe, where
monkeypox is endemic, inadequate diagnosis and treatment may also be
indicative of an inadequate understanding of the disease [20].

Consistent with a prior study, two factors related to monkeypox
knowledge: level of education, and being a healthcare worker or not [8].
The highly educated, and medical staff, had greater knowledge about
monkeypox, most likely because these two populations were
well-informed and educated. Moreover, compared to other healthcare
workers, physicians are considered to have greater knowledge [19].

Vaccination is among the most effective methods of controlling in-
fectious diseases. In this study, nearly four-fifths of the respondents were
willing to receive monkeypox vaccines. Moreover, most Saudi pop-
ulations concurred that health officials should launch a vaccination
campaign to combat monkeypox [21]. There were no baseline data
associated with WTV but having greater monkeypox knowledge was
related to higher WTV. Temsah et al. recognized that Saudi respondents
with a high level of commitment to precautionary infection control
measures, and those who were concerned about monkeypox infection,
were considerably more likely to accept vaccination [22]. Moreover,
vaccine safety considerations generally affect vaccine acceptance, which
will be included in future studies. In this study, the mean WTP for
vaccines against monkeypox in this study was USD37.3 using an ex-
change rate of CNY1.0 = USD7.0. Similarly, the mean WTP was USD37.0
in Indonesia, another heavily populated developing country [12]. Par-
ticipants with high incomes, suffering from chronic diseases, and
healthcare workers demonstrated a willingness to pay more for vaccines.
The researchers concluded that income or economic status is a robust
predictor of WTP, this conclusion is comparable to that in Harapan’s
study [12]. People with chronic diseases were willing to pay higher
vaccine costs due to increased concerned about their own health.
Healthcare workers generally support applying tighter infection control
measures to combat monkeypox disease; therefore, they were signifi-
cantly more likely to support vaccination [13].

Based on this study’s results, the following recommendations are
made. 1) Publicity information regarding monkeypox should be
enhanced for the general public through various media. 2) Clear and
easy-to-learn monkeypox courses should be designed to teach healthcare
workers to enhance their ability and confidence in managing human
monkeypox cases. This is particularly relevant regarding clinical mani-
festations and diagnosis [23,24]. 3) Attention should be given to the
vaccine needs of patients with chronic diseases, and healthcare workers
who may have higher safety requirements. Additionally, based on the
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Table 2
The results of logistic regression for monkeypox knowledge related factors®.
Variables Univariable Multivariable
OR (95% CI) p OR (95% CI) p
Value Value
Age, years
18-27 Reference Reference
28-37 0.70 0.080 0.70 0.084
(0.47-1.04) (0.47-1.05)
38-47 0.89 0.734 0.98 0.944
(0.46-1.72) (0.50-1.90)
>48 0.65 0.323 0.73 0.489
(0.27-1.54) (0.30-1.77)
Gender
Male Reference NI
Female 1.09 0.646
(0.77-1.54)
Married status
Unmarried Reference NI
Married and others 1.03 0.869
(0.71-1.50)
Region
East Reference NI
Central 0.93 0.761
(0.60-1.45)
West 1.30 0.277
(0.81-2.07)
Northeast 0.73 0.349
(0.38-1.41)
Education Level
high school and Reference Reference
below
Bachelor (including 2.19 0.062 217 0.070
associate) (0.96-4.98) (0.94-5.00)
Master or above 3.63 0.016 3.50 0.021
(1.27-10.31) (1.21-10.12)
Monthly income, CNY
<5000 Reference NI
5001-20000 1.17 0.420
(0.80-1.73)
>20,000 1.41 0.400
(0.63-3.15)
Chronic diseases
No Reference NI
Yes 1.20 0.431
(0.77-1.87)
Healthcare workers
No Reference Reference
Yes 1.75 0.023 1.69 0.036
(1.08-2.84) (1.04-2.76)

@ The group with less knowledge was assigned a value of 0, and the group with
more knowledge was assigned a value of 1. Events per parameter of multivari-
able logistic regression model was 71. CI: confidence interval; OR: odds ratio; NI:
not included; CNY: Chinese Yuan.

results of the factor analysis related to knowledge and vaccine intention,
we suggest that prior to the next monkeypox pandemic, more extensive
knowledge popularization should be carried out for those of
low-education levels, low-incomes, and non-medical personnel. Simul-
taneously, providing vaccines of different prices for different groups
may help promote vaccination and thus establish a group immune
barrier.

This study has several limitations. First, the results cannot be
generalized to other countries because the study was conducted solely in
China. Second, although the researchers conducted a large-sample
random sampling survey through an authoritative online survey plat-
form, the registered users on this platform only represented a part of the
Chinese population, and this increased this study’s selection bias to a
certain extent. In the survey, the respondents who took part in online
survey were educated, knowledgeable, and demonstrate digital literacy.
Unfortunately, due to insufficient funding, conducting the survey with a
larger population was impossible. Third, this study can only represent
the current situation because the monkeypox epidemic is continually

Table 3
The results of logistic regression for monkeypox WTV related factors®.
Variables Univariable Multivariable
OR (95% CI) p Value OR (95% CI) p Value
Age, years
18-27 Reference NI
28-37 1.01 0.961
(0.64-1.60)
38-47 0.86 0.681
(0.41-1.78)
>48 0.73 0.521
(0.28-1.90)
Gender
Male Reference NI
Female 0.80 0.272
(0.53-1.20)
Married status
Unmarried Reference NI
Married and others 1.34 0.181
(0.87-2.04)
Region
East Reference NI
Central 1.17 0.558
(0.70-1.95)
West 0.96 0.874
(0.57-1.61)
Northeast 1.93 0.157
(0.78-4.82)
Education Level
High school and Reference NI
below
Bachelor (including 1.03 0.956
associate) (0.40-2.64)
Master or above 0.98 0.971
(0.31-3.13)
Monthly income, CNY
<5000 Reference Reference
5001-20000 1.25 0.324 1.22 0.388
(0.80-1.93) (0.78-1.90)
>20,000 2.52 0.103 2.41 0.124
(0.83-7.63) (0.79-7.37)
Chronic diseases
No Reference NI
Yes 1.34 0.290
(0.78-2.29)
Healthcare workers
No Reference NI
Yes 1.47 0.184
(0.83-2.60)
Monkeypox knowledge
Less Reference Reference
More 2.18 <0.001 2.16 <0.001
(1.45-3.29) (1.43-3.26)

# In logistic regression, the group unwilling or undecided on vaccination was
assigned a value of 0, and the group willing to vaccinate was assigned a value of
1. Events per parameter of multivariable logistic model was 62. WTV: willing-
ness to vaccinate; CI: confidence interval; OR: odds ratio; NI: not included.

evolving. Ongoing investigation of the general population is still
required. Nevertheless, this study provides nationwide cross-sectional
data for developing monkeypox-related education and vaccine
programs.

5. Conclusion

In this study, the knowledge of monkeypox and willingness to
receive the monkeypox vaccine was relatively high among the Chinese
population. Education level and being a healthcare worker were iden-
tifiable factors related to monkeypox knowledge. Furthermore, higher
monkeypox knowledge was related to higher WTV. Participants with
high incomes, suffered chronic diseases, and were healthcare workers
were willing to pay more for vaccines.
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Table 4
The results of logistic regression for monkeypox WTP related factors™.

Variables Univariable Multivariable

OR (95% CI) p Value  OR (95% CI) p Value

Age, years
18-27 Reference Reference
28-37 2.02 0.003 1.03 0.925
(1.26-3.22) (0.55-1.92)
38-47 1.74 0.140 0.94 0.894
(0.83-3.62) (0.39-2.26)
>48 0.89 0.847 0.44 0.210
(0.29-2.81) (0.12-1.59)
Gender
Male Reference NI
Female 0.78 0.225
(0.53-1.16)
Married status
Unmarried Reference Reference
Married and others 2.54 <0.001 1.83(0.97, 0.064
(1.57-4.10) 3.49)
Region
East Reference NI
Central 1.03 0.910
(0.63-1.67)
West 0.71 0.216
(0.42-1.22)
Northeast 0.98 0.949
(0.46-2.06)
Education Level
High school and Reference Reference
below
Bachelor (including 3.94 0.066 2.67 0.200
associate) (0.91-16.95) (0.59-12.00)
Master or above 9.00 0.006 4.24 0.089
(1.87-43.31) (0.80-22.40)
Monthly income, CNY
<5000 Reference Reference
5001-20000 3.18 <0.001 252 0.003
(1.85-5.48) (1.37-4.61)
>20,000 7.88 <0.001  5.03 0.001
(3.34-18.61) (1.93-13.15)
Chronic diseases
No Reference Reference
Yes 3.00 <0.001  2.00 0.010
(1.91-4.73) (1.18-3.38)
Healthcare workers
No Reference Reference
Yes 3.10 <0.001 271 <0.001
(1.94-4.95) (1.57-4.68)

? In logistic regression, the group with lower WTP was assigned a value of 0,
and the group with higher WTP was assigned a value of 1. Events per parameter
of the multivariable logistic model was 23. WTP: willingness to pay; CI: confi-
dence interval; OR: odds ratio; NI: not included; CNY: Chinese Yuan.
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