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Abstract

Background

Although COVID-19 vaccines hold the potential to dramatically alter the COVID-19 pan-
demic, vaccine hesitancy remains a serious threat to the management and control of
COVID-19 infections. Vaccination of young adults plays a crucial role in achieving herd
immunity. However, the determinants of COVID-19 vaccine acceptance among the youth in
China have not been fully explored. Our study aims to investigate the direct and indirect
effects of perceived health literacy on COVID-19 vaccine acceptance.

Methods

This survey was conducted among Chinese college students during September and Octo-
ber, 2020. COVID-19 vaccine acceptance was defined as the likelihood that participants
would get a COVID-19 vaccine. A mediation analysis was employed to explore the direct
and indirect effects of perceived health literacy on COVID-19 vaccine acceptance.

Results

A total of 2,587 college students were included in our study. The results of the survey
revealed that the majority (80.40%) of the participants expressed high COVID-19 vaccine
acceptance. After controlling for demographic characteristics, the relationship between per-
ceived health literacy and COVID-19 vaccine acceptance was mediated by positive attitudes
toward general vaccination (std. = 0.004, p = 0.037) and self-efficacy of COVID-19 vaccine
(std. =0.053, p <0.001).
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Conclusions

The findings suggest that interventions targeting health literacy to promote COVID-19 vacci-
nation coverage might consider placing greater emphasis on enhancing the positive attitude
towards and self-efficacy of vaccines among youth.

Background

The coronavirus disease 2019 (COVID-19), which is caused by severe acute respiratory syn-
drome (SARS)-CoV-2, has posed a great threat to the population health worldwide. Started
from Wuhan city of China at the end of December 2019, SARS-CoV-2 infection is character-
ized by a wide range of symptoms, varying from mild to severe respiratory distress syndrome
[1]. Transmission of SARS-CoV-2 can occur through human-to-human transmissions such as
direct, contact transmission and airborne transmission through aerosols [2, 3]. As of July 8,
2022, more than 551 million confirmed COVID-19 cases including 6.34 million deaths
emerged around the world [4]. COVID-19 is detected mainly by RT-PCR using nasal swabs or
pharyngeal swabs. To date, there is no single worldwide approved therapeutic options for
COVID-19 patients, although retrospective studies reported the efficacy of remdesivir and
lopinavir/ritonavir in reducing viral load, convalescent plasma in boosting immunity, and
statin use in reducing disease severity [5-7].

Given the rapid transmission and unavailable treatment of COVID-19, effective and dura-
ble SARS-CoV-2 vaccines hold the potential to dramatically alter the COVID-19 pandemic [8,
9]. Remarkable achievement of COVID-19 vaccine development was observed in large, ran-
domized-controlled trials [10, 11], where several vaccines were found to be safe and efficacious
in preventing symptomatic COVID-19, such as mRNA vaccines (e.g., BNT162b2 [Pfizer/
BioNTech] and mRNA-1273 [Modernal], adenovirus vector-based vaccines (e.g., Ad26.
COV2.S [J&]/Janssen]), and inactivated vaccines (e.g., CoronaVac [Sinovac]) [12]. It is
reported that the inactivated COVID-19 vaccines most widely used in China (e.g., BBIBP--
CorV and CoronaVac) have a less effectiveness (66%-78%) [13, 14] than the mRNA vaccines
(BNT162b2 and mRNA-1273, >90%) used in Western countries [15, 16]. Despite the proven
effectiveness of COVID-19 vaccines in preventing severe COVID-19 outcomes, the global vac-
cination coverage remains far below expectations [17]. Geographic disparities in vaccination
coverage exist around the world. For example, only less than half of the population are fully
vaccinated in underdeveloped countries (32.2% and 40.7% in South Africa and Jordan), while
such rate are much higher in more economically developed areas (67% in the United States,
74.7% in the United Kingdom and 88.5% in China) [18]. The uneven vaccination status is a
serious impediment to ending the pandemic. With the emergence of the new variants—Delta
and Omicron variants—global vaccination has become imperative.

As one of the top ten global health threats, vaccine hesitancy is a long-term obstacle to con-
trolling infectious disease pandemics [19]. Vaccine hesitancy is defined as the delay in accep-
tance or refusal of vaccination despite the availability of vaccination services [20]. An online
global survey in 2020 showed that around 27% of people expressed COVID-19 vaccine hesi-
tancy, highest in France (46%), followed by the United States (36%) and Spain (36%) [21]. At
the beginning of this survey, the majority of respondents were willing to be vaccinated, but
their vaccine acceptance dropped sharply within two months (12% in China, 9% in Australia
and 8% in Spain). A similar trend was also observed by Wang et al. where Chinese people
became progressively more hesitant to get vaccinated [22]. In India and Germany, nearly 40%
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of the population expressed COVID-19 vaccine hesitancy [23, 24]. Since COVID-19 vaccina-
tion is a significant cost-effective intervention, improving the global COVID-19 vaccine accep-
tance is critical to the management of COVID-19 [25].

Previous studies have found that knowledge about vaccination, trust in efficacy and safety
of vaccines and trust in health professionals were significantly related to the attitude towards
general vaccines [26, 27]. During the outbreak of COVID-19, there is a growing body of litera-
ture on COVID-19 vaccine acceptance. Sex, age, and education in many regions were associ-
ated with lower COVID-19 vaccine acceptance [23, 28-30]. Lack of knowledge about COVID-
19 vaccines was found to decrease the vaccine acceptance in India, while preference for natural
immunity acted as a barrier in the UK [24, 29]. Besides, previous studies provided important
insights into the crucial role of distrust in efficacy and safety of vaccines, existing co-morbidi-
ties, and knowledge about COVID-19 vaccines on COVID-19 vaccine acceptance [24, 29, 31-
33]. Apart from these factors, health engagement, vaccination history and health literacy were
also significant factors associated with COVID-19 vaccine acceptance [31, 32, 34]. Despite the
fact that young adults tend to have higher perceived health literacy than the older adult [35],
young adults are suspected to be the most hesitant group to receive the COVID-19 vaccine
[36].

Given the public health significance, our study aims to investigate the effect of perceived
health literacy on COVID-19 vaccine acceptance as well as the roles of positive attitudes
toward general vaccination and self-efficacy of COVID-19 vaccine in mediating the associa-
tion among Chinese college students. The mediation model was developed and displayed in
Fig 1. Several model hypotheses were proposed as follows: (1) perceived health literacy would
be directly associated with COVID-19 vaccine acceptance; (2) positive attitudes toward general
vaccination and self-efficacy of COVID-19 vaccine would have a direct association with
COVID-19 vaccine acceptance; and (3) positive attitudes toward general vaccination and self-
efficacy of COVID-19 vaccine would mediate the association between perceived health literacy
and COVID-19 vaccine acceptance.

Method
Study design and participants

Between September and October 2020, we conducted an online survey among college students
in 73 universities across China. The participants were recruited through a convenience sam-
pling method with inclusion criteria: (1) being 18-35 years old; and (2) being college students
who were currently enrolled in universities in China. Exclusion criteria were students (1) who
filled out the questionnaire carelessly (e.g., participants whose responses always were the same
in different scales or who completed less than the 90% of the survey); (2) who were tested for
COVID-19 and showed positive; (3) who have participated in COVID-19 vaccine trial; and (4)
with missing values of outcome and covariates. This anonymous questionnaire survey was
developed using SO JUMP system technology, a well-known Chinese online survey platform

Positive attitudes toward general
vaccination

Perceived Health

COVID-19 vaccine
acceptance

literac

Self-efficacy of COVID-19 vaccine

Fig 1. Theoretical mediation model.

https://doi.org/10.1371/journal.pone.0273285.9001
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Chinese college studetns who
participated in the survey
N = 3,688

Excluded participants: N = 989
1) who completed less than 90% of the survey (N = 989)

Participants who filled out the
questionnaire carelessly

>
2) whose responses were always the same even in different
scales (N = 0)
N = 2,699 Excluded participants: N = 112

1) who were not aged 18-35 (N =17)
2) who were tested for COVID-19 and showed positive or with

P missing values of the item (N = 6)
3) who have participated in COVID-19 vaccine trial or with
missing values of the item (N = 15)

Participants eligible for the inclusion
criteria and with complete data of
outcome and covariates
N =2,587

4) with missing values of outcome and covariates (N = 74)

Fig 2. Flow chart population included in our analysis (N = 2,587).

https://doi.org/10.1371/journal.pone.0273285.9002

similar to Amazon Mechanical Turk in health surveys [37]. College students were invited to
participate in the survey via email. The online informed consent was obtained prior to the sur-
vey. Participants were allowed to share the link with other students. More details about the
data collection can be found in the previous study [38]. The final sample comprised of 2,587
Chinese college students (Fig 2).

Measures

Demographics. Participants were asked to report their sociodemographic information,
including gender (female, male, or others), age, school year, housing arrangement (on campus
vs off campus), and annual family income (<$1,500, $1,500-$7,500, $7,500-$15,000,
>$15,000). Due to the small number of participants (< 5%) in certain categories, we dichoto-
mized gender (0 = female, 1 = male) and school year (0 = undergraduate, 1 = graduate) for
data analysis.

Perceived health literacy. Perceived health literacy was assessed using an 11-item scale.
The items described individuals’ understanding about health care (e.g., “Understand what
your doctor says to you”), health promotion (e.g., “Understand information on food packag-
ing”), and disease prevention (e.g., “Understand why you need vaccinations”), all of which
were adapted from the 47-item European perceived health literacy Survey Questionnaire
(HLS-EU-Q47) [39]. Participants responded items on a 4-item scale (1 = Very easy, 2 = Fairly
easy, 3 = Fairly difficult, 4 = Very difficult). In the current study, the score of each item was
coded reversely. A sum score was calculated from 11 items, with a higher sum score indicating
a higher level of perceived health literacy. The internal consistency was excellent (Cronbach’s
o =0.898).
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Positive attitudes toward general vaccination. Four items were measured to evaluate
participants’ positive attitudes toward general vaccination. Participants reported their trust in
safety of COVID-19 vaccines, such as “Vaccines are safe” and “Vaccines have side effects”. The
responses to each item ranged from 1 (Strongly disagree) to 7 (Strongly agree) on a seven-
point Likert scale. The score of three items was reversely coded for data analysis. A sum score
was generated, with a higher sum score indicating a higher level of positive attitudes toward
general vaccination. The Cronbach’s o was 0.465.

Self-efficacy about COVID-19 vaccine. A 4-item, self-developed scale was used to assess
participants’ confidences in their capabilities to perform the recommended behavior (e.g.,
“Even if nobody I know is willing to take the vaccine, I will take it”). Each question was rated
using a five-point Likert scale (1 = Strongly disagree, 2 = Slightly disagree, 3 = Not sure,

4 = Slightly agree, 5 = Strongly agree). A sum score was created with a higher sum score indi-
cating a greater self-efficacy of COVID-19 vaccination. The Cronbach’s o of this scale was
0.820.

COVID-19 vaccine acceptance. One question was used to evaluate participants’ likeli-
hood to take a COVID-19 vaccine in the future (i.e., “How likely will you take a COVID-19
vaccine when it is available?”). Participants answered this question on a 5-point Likert scale
(1 = Definitely not take it, 2 = Likely not take it, 3 = I don’t know yet, 4 = Likely take it, 5 = Defi-
nitely take it). A higher score represented a greater level of vaccine acceptance.

Statistical analysis

First, multiple imputations were conducted to handle the missing values in data. Descriptive
analyses were performed to describe the sociodemographic characteristics (i.e., age, gender,
school year, major, housing arrangement, shared accommodation, and annual family income)
and COVID-19 vaccine acceptance. Continuous variables were presented using mean (SD)
and median (first quartile, second quartile). Frequency (ratio) was utilized to describe the
characteristics of categorical variables. Second, correlation analyses were performed to investi-
gate the bivariate relationship between variables of interest. Third, a mediation model analysis
was conducted to examine whether self-efficacy of COVID-19 vaccine and positive attitudes
toward general vaccination could mediate the association between perceived health literacy
and COVID-19 vaccine acceptance, controlling for potential confounders (i.e., age, gender,
housing arrangement). The standardized direct, indirect, total effects and their 95% confidence
intervals (CIs) for the mediation model were then estimated using 5,000 bootstrap samples.

To evaluate the goodness of fit of this mediation model, we employed a series of indices: a
x*/df ratio < 5 is considered an index of good fit; Tucker-Lewis Index (TLI) is considered
acceptable above 0.90 (or excellent fit if 0.95 or above); Root Mean Square Error of Approxi-
mation (RMSEA) and 90% CI is considered acceptable when below 0.08 (or excellent fit if 0.05
or below); Standardized Root Mean Square Residual (SRMR) is considered acceptable below
0.08 (or excellent fit if 0.05 or below) as well; and finally, Comparative Fit Index (CFI) is con-
sidered acceptable above 0.90 (or excellent fit if 0.95 or above). All data management and anal-
yses were conducted using mice and lavaan packages in the R 4.0.3 version.

Ethics statement

The ethical approval for the study was obtained from the Institutional Review Board of the
Faculty of Psychology, Beijing Normal University (BNU). An online informed consent from
all individual participants was obtained before the survey.
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Results

Sample characteristics

The demographic characteristics of the sample were presented in Table 1. Among the 2,587
participants, the mean age was 20.42 years old (SD = 1.95). Most participants were female
(62.78%), lived on campus (96.25%), and shared accommodation with others (95.21%). More
than half of the participants were undergraduates (6.88% freshmen, 46.50% sophomore,
25.13% junior, and 9.93% senior). More than 60% of participants reported an annual family
income of $1,500 (equivalent to 10,000 Chinese currency Yuan at the time of survey) or more.
About 80.4% of participants reported that they would definitely or likely take a COVID-19 vac-
cine, 9.12% were not sure about the COVID-19 vaccination, and 10.48% expressed that they
would definitely not or likely not take a COVID-19 vaccine.

Table 1. Sample characteristics among Chinese college students.

Variable Overall (N, %)
N =2,587
Age (Year)
Mean(SD) 20.42(1.95)
Median(Q1:Q3) 20(19:21)
Gender
Female 1624(62.78)
Male 957(36.99)
Other gender 6(0.23)
School year
Freshman 178(6.88)
Sophomore 1203(46.50)
Junior 650(25.13)
Senior 257(9.93)
Master’s student, first year 165(6.38)
Master’s student, second year or above 99(3.83)
Doctoral student, first year 11(0.43)
Doctoral student, second year or above 24(0.93)
Housing arrangement
On campus 2490(96.25)
Off campus 97(3.75)
Shared accommodation
No 124(4.79)
Yes 2463(95.21)
Annual family income
< $1,500 915(35.37)
$1,500 to $7,500 1156(44.68)
$7,500 to $15,000 283(10.94)
> $15,000 233(9.01)
COVID-19 vaccine acceptance
Definitely take it 569(21.99)
Likely take it 1511(58.41)
Likely not take it 255(9.86)
Definitely not take it 16(0.62)
I don’t know yet 236(9.12)

https://doi.org/10.1371/journal.pone.0273285.t001
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Table 2. Correlation matrix of measured variables.

Variable Mean+SD 1 2 3 4
1 COVID-19 vaccine acceptance 3.91+0.87 1
2 Perceived health literacy 33.54+4.69 0.09** 1
3 Positive attitudes toward general vaccination 15.85+3.04 0.09*** 0.07*** 1
4 Self-efficacy of COVID-19 vaccine 13.35+2.68 0.36"** 0.15*** 0.09*** 1
SD, standard deviation.
“** p values were less than 0.001.
https://doi.org/10.1371/journal.pone.0273285.t1002

Correlation analyses

Table 2 showed the mean scores and standard deviations of the variables, as well as the correla-
tion matrix of all the variables in the mediation model. COVID-19 vaccine acceptance was
positively associated with perceived health literacy (r = 0.09, p < .001), positive attitudes
toward general vaccination (r = 0.09, p < .001), and self-efficacy of COVID-19 vaccine
(r=0.36, p < .001). Perceived health literacy was positively and significantly correlated with
positive attitudes toward general vaccination (r = 0.07, p < .001) and self-efficacy of COVID-
19 vaccine (r = 0.15, p < .001). A higher level of positive attitudes toward general vaccination
was positively associated with a greater self-efficacy of COVID-19 vaccine (r = 0.09, p < .001).

Mediation analysis

Perceived health literacy had a significantly positive effect (std. = 0.09, p < .001) on COVID-
19 vaccine acceptance in the absence of mediators. After controlling for covariates (i.e., gender,
age, housing arrangement), the final model showed an excellent model fit: }2/df = 2.913;

TLI = 0.926; RMSEA = 0.027 (LO90 = 0.015; HI90 = 0.040); SRMR = 0.018; and CFI = 0.963.
Opverall, the model was acceptable.

A multiple mediation model with two mediators and a direct path was established and
showed in Fig 3. Specifically, there was a significant, moderate positive relationship between
self-efficacy of COVID-19 vaccine and COVID-19 vaccine acceptance (std.p = 0.349,

p < 0.001). Moreover, there was also a significant, positive relationship between positive atti-
tudes toward general vaccination and COVID-19 vaccine acceptance (std.p = 0.053, p < 0.01).
However, in this mediation analysis, there was no significant, direct relationship between per-
ceived health literacy and COVID-19 vaccine acceptance (p > .05) after considering the indi-
rect effects.

As shown in Table 3, the effect of perceived health literacy on COVID-19 vaccine accep-
tance was completely mediated by positive attitudes toward general vaccination and self-

Positive attitudes toward general
vaccination

0.068%* 0.053%*

Perceived health 0.037 COVID-19 vaccine
literac; o acceptance

0.151%** 0.349%=*

Self-efficacy of COVID-19 vaccine

Fig 3. The mediation model of perceived health literacy on COVID-19 vaccine acceptance. The numbers on arrows
represent standardized coefficients. P-values marked with bold indicate statistically significant p-values. ** p < .01; ***
p < .001.

https://doi.org/10.1371/journal.pone.0273285.9003
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Table 3. Standardized direct, indirect, and total effects for the mediation model.

Model pathways Standardized estimated |p
effects
(95% CI %)
Indirect effects 0.056 (0.037,0.076) <.001
Perceived health literacy -> Positive attitudes toward general vaccination -> | 0.004 (0.001,0.008) 0.037
COVID-19 vaccine acceptance
Perceived health literacy -> Self-efficacy of COVID-19 vaccine -> COVID- | 0.053 (0.034,0.073) <.001
19 vaccine acceptance
Direct effect 0.037 (-0.005,0.081) 0.093
Total effects ® 0.093 (0.048,0.137) <.001

# Bootstrapped 95% Confidence intervals (N = 5000);
® Total effect = indirect effect + direct effect.

https://doi.org/10.1371/journal.pone.0273285.t1003

efficacy of COVID-19 vaccine, with standardized indirect effects of 0.004 (95% CI =
[0.001,0.008]) and 0.053 (95% CI = [0.034,0.073]), respectively. Overall, the indirect effects
accounted for most of the total effect of perceived health literacy on COVID-19 vaccine accep-
tance (60.22%).

Discussion

Vaccine hesitancy is a threat to halting the spread of COVID-19 globally. It is necessary to
understand Chinese college students’ attitudes towards COVID-19 vaccine to prevent and
control the epidemic. This study was conducted in time to investigate the likelihood of college
students receiving a COVID-19 vaccine during the COVID-19 recovery period in China. The
majority of participants in this study were willing to receive the COVID-19 vaccine, which is
consistent with previous findings in China [40]. But the rate of COVID-19 vaccine hesitancy
(20%) in this study differs from the findings of western college students. It was slightly higher
than that in Italy (13.9%) [41], but much lower than the rates in the United States (47.5%) [42],
Egypt (45.7%) [43] and Jordan (39.6%) [44]. These differences may be attributed to social-
demographic factors, attitude towards natural immunity, national policy and the level of per-
ceived health literacy in different regions [29, 41, 45].

In this study, respondents generally had high levels of perceived health literacy. However,
they usually cannot fully understand the meaning conveyed by doctors and drug leaflets (S1
Table). Our study found that perceived health literacy was positively related to COVID-19 vac-
cine acceptance in the absence of mediators. In the mediation model, the effect of perceived
health literacy on COVID-19 vaccine acceptance was completely mediated by positive atti-
tudes toward general vaccination and self-efficacy of COVID-19 vaccine; and there was no
direct relationship between perceived health literacy and COVID-19 vaccine acceptance. In
the United States, it was found that perceived health literacy was associated with COVID-19
vaccine acceptance among college students [45]. The main reason might be that while higher
levels of perceived health literacy (e.g., understanding recommendations from physicians) are
crucial to promoting vaccine acceptance [21], perceived health literacy in this study mainly
focused on people’s daily medical cognition and lacked vaccine literacy [35]. Second, the asso-
ciation between perceived health literacy and COVID-19 vaccine acceptance was offset by the
influence of positive attitudes toward general vaccination and self-efficacy of COVID-19 vac-
cine on COVID-19 vaccine acceptance. Overall, perceived health literacy still plays a crucial
role on COVID-19 vaccine acceptance. Universities are recommended to incorporate health

PLOS ONE | https://doi.org/10.1371/journal.pone.0273285 September 2, 2022 8/12


https://doi.org/10.1371/journal.pone.0273285.t003
https://doi.org/10.1371/journal.pone.0273285

PLOS ONE

A mediation model of COVID-19 vaccine acceptance among Chinese college students

literacy into the curriculum as part of the university’s health communication strategy to deliver
effective health information and help increase COVID-19 vaccine acceptance.

Extant literature showed that students with a higher level of knowledge about COVID-19
vaccine had higher COVID-19 vaccine acceptance [43]. It has been previously observed that
students who received vaccines in the past were far more likely to recommend the same vac-
cine to their friends and family [46]. Distrust in efficacy and safety of COVID-19 vaccine,
incorrect COVID-19 vaccine information, and preference for natural immunity always make
individuals feel negative about vaccines [29, 43]. Generally, in the current study participants
hold high levels of positive attitudes toward general vaccination. But some Chinese college stu-
dents showed distrust in safety of COVID-19 vaccine. Participants in this survey preferred vac-
cination to natural immunity compared with western populations [28].

The findings indicated that positive attitudes toward general vaccination would be an
important determinant of higher COVID-19 vaccine acceptance. Encouraging colleges to
design health education programs and media to provide medical information can lower stu-
dents’ cognitive bias and distrust [47]. In addition, as a mediator and a predictor, self-efficacy
of COVID-19 vaccine have a positive effect on COVID-19 vaccine acceptance, indicating that
with more belief in their capabilities in taking a COVID-19 vaccine, there will be a trend that
college students are more willing to receive a vaccine. How to reduce college students’ vaccine
hesitancy remains an important public health problem. Government supports are important
to implement COVID-19 vaccination. In Caribbean regions, the COVID-19 vaccine coverage
has improved a lot under the support of local health facilities and WHO [48]. Considering the
complexity of vaccine hesitancy, the government needs to develop specialized strategies for dif-
ferent populations [49].

This study has some limitations. First, most scales in our survey were not validated and some
of them showed low internal reliability (e.g., positive attitude toward general vaccine). Second, a
convenient sampling method was used in this study, which might not be representative of all the
college students in China. Third, this study is a cross-sectional survey and causal relationships
could not be inferred. Fourth, the effects of unknown confounders cannot be adjusted in the
model. Fifth, although the path model was acceptable, as some effect sizes were small, the regres-
sion estimates of indirect, direct, and total effects should be interpreted cautiously.

Conclusions

This study provides preliminary findings regarding the association of perceived health literacy
with COVID-19 vaccine acceptance and how this association was mediated by positive atti-
tudes toward general vaccination and self-efficacy of COVID-19 vaccine. The government,
health authority decision-makers, medical experts, and universities in China need to work
together and put more efforts to build vaccine confidence in general, and subsequently
improve the COVID-19 vaccine acceptance. Our findings also highlighted the importance of
increasing self-efficacy of COVID-19 vaccine. Although a high vaccine acceptance rate has
been observed, there are still some barriers in the process of moving from the vaccination
intention to real uptake behavior. Since a vaccination program has been carried out in China
and a large number of Chinese residences have taken a COVID-19 vaccine, actual vaccine
acceptance needs to be explored in the future to achieve herd immunity.
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