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Abstract: Background: Vaccine hesitancy, associated with medical mistrust, confidence, complacency
and knowledge of vaccines, presents an obstacle to the campaign against the coronavirus disease
2019 (COVID-19). The relationship between vaccine hesitancy and conspiracy beliefs may be a key
determinant of the success of vaccination campaigns. This study provides a conceptual framework to
explain the impact of pathways from conspiracy beliefs to COVID-19 vaccine hesitancy with regard to
medical mistrust, confidence, complacency and knowledge of vaccines. Methods: A non-probability
study was conducted with 1015 respondents between 17 April and 28 May 2021. Conspiracy beliefs
were measured using the coronavirus conspiracy scale of Coronavirus Explanations, Attitudes,
and Narratives Survey (OCEANS), and vaccine conspiracy beliefs scale. Medical mistrust was
measured using the Oxford trust in doctors and developers questionnaire, and attitudes to doctors
and medicine scale. Vaccine confidence and complacency were measured using the Oxford COVID-
19 vaccine confidence and complacency scale. Knowledge of vaccines was measured using the
vaccination knowledge scale. Vaccine hesitancy was measured using the Oxford COVID-19 vaccine
hesitancy scale. Confirmatory factor analysis (CFA) was used to evaluate the measurement models
for conspiracy beliefs, medical mistrust, confidence, complacency, and knowledge of vaccines and
vaccine hesitancy. The structural equation modeling (SEM) approach was used to analyze the
direct and indirect pathways from conspiracy beliefs to vaccine hesitancy. Results: Of the 894 (88.1%)
respondents who were willing to take the COVID-19 vaccine without any hesitancy, the model fit with
the CFA models for conspiracy beliefs, medical mistrust, confidence, complacency and knowledge of
vaccines, and vaccine hesitancy was deemed acceptable. Conspiracy beliefs had significant direct
(β = 0.294), indirect (β = 0.423) and total (β = 0.717) effects on vaccine hesitancy; 41.0% of the total
effect was direct, and 59.0% was indirect. Conspiracy beliefs significantly predicted vaccine hesitancy
by medical mistrust (β = 0.210), confidence and complacency (β = 0.095), knowledge (β = 0.079)
of vaccines, explaining 29.3, 11.0, and 13.2% of the total effects, respectively. Conspiracy beliefs
significantly predicted vaccine hesitancy through the sequential mediation of knowledge of vaccines
and medical mistrust (β = 0.016), explaining 2.2% of the total effects. Conspiracy beliefs significantly
predicted vaccine hesitancy through the sequential mediation of confidence and complacency, and
knowledge of vaccines (β = 0.023), explaining 3.2% of the total effects. The SEM approach indicated
an acceptable model fit (χ2/df = 2.464, RMSEA = 0.038, SRMR = 0.050, CFI = 0.930, IFI = 0.930).
Conclusions: The sample in this study showed lower vaccine hesitancy, and this study identified
pathways from conspiracy beliefs to COVID-19 vaccine hesitancy in China. Conspiracy beliefs had
direct and indirect effects on vaccine hesitancy, and the indirect association was determined through
medical mistrust, confidence, complacency, and knowledge of vaccines. In addition, both direct and
indirect pathways from conspiracy beliefs to vaccine hesitancy were identified as intervention targets
to reduce COVID–19 vaccine hesitancy.
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1. Introduction

The coronavirus disease 2019 (COVID-19) vaccine coverage potentially influenced
the global control of the pandemic, mainly focusing on hospitalization and mortality
reduction, and the societal and economic recovery, thus, governments must ensure the
equitable distribution of a safe and effective COVID-19 vaccine [1]. Acceptance of the
COVID-19 vaccine is crucial for achieving sufficient immunization coverage to end this
global pandemic, but vaccine hesitancy, referring to the delay in acceptance or refusal
of vaccines despite availability of vaccination services, is one of the top 10 global health
threats [2], which currently presents a substantial obstacle to achieving vaccine coverage
and herd immunity [1]. Individuals considered as vaccine hesitant include those who
accept certain vaccines while refusing others, and those who delay or accept vaccines but
have concerns [2]. COVID-19 vaccine hesitancy has effects on both the individual and the
community by increasing the risk of infecting and transmitting COVID-19 [3].

Beliefs are plausible determinants of vaccine hesitancy [4]. General vaccine beliefs
have been found to predict vaccine refusal in the United States [5]. Vaccine-related beliefs
associated with vaccine hesitancy include the following [6]: (1) individuals believe they
would still be infected even if the vaccine worked; (2) the speed at which the vaccines would
be developed, affecting safety and efficacy; (3) the degree to which receiving the vaccine
may be physically unpleasant to individuals; (4) and the extent to which individuals being
vaccinated would feel being experimented on [7]. There is a causal relationship between
conspiracy theories and reduced willingness to vaccinate [8]. Conspiracy theories have
four characteristics [9]: (1) an event is not as it seems; (2) individuals believe that those in
power are covering up; (3) acceptance only by a minority; and (4) lack of evidence [10].
There is a substantial relationship between conspiracy beliefs and vaccine hesitancy [11],
and an earlier study also revealed the connection between COVID-19 vaccine hesitancy
and conspiracy beliefs [12].

The coronavirus conspiracy beliefs are ascribed to individuals based on long-standing
prejudices, which are associated with excessive medical mistrust [10], vaccine hesitancy
and vaccine decision making [3]. Trust in COVID-19 vaccines as well as the institutions
are the determinants of the success of vaccination efforts [13]; the medical mistrust can be
conceptualized as a conspiracy mentality, including excessive skepticism, and concerns
over the detailed information [10]. Heightened vaccine hesitancy is attributable to mistrust
in science or medicine [14] and negative perceptions on healthcare experience in low- and
middle-income countries (LMICs) [15]. Negative views of doctors, vaccine developers and
healthcare experiences feed into the medical mistrust, which contributes to the need for
chaos directed at societal structures in both high-and middle-income countries (HIMIC)
as well as LMICs [12]. COVID-19 vaccine hesitancy among African Americans may be
driven by mistrust in the medical establishment [16]; this vaccine hesitant group were
reported to have higher mistrust in scientists and healthcare workers in the UK [17]. A lack
of confidence in vaccines is exacerbated by the misunderstanding of how immunization
works, mistrust of government, healthcare services, and speed of vaccine development [3].

The framework of vaccine hesitancy includes complacency, confidence and conve-
nience [12]. Beliefs about whether vaccines provide freedom or restriction have been shown
to be part of the collective importance, complacency and confidence in vaccine decision
making [7]. When individuals have a lower perception of the need for a vaccination, it
is called vaccination complacency, influenced by general health beliefs, such as efficacy
of vaccination [18]. Altruistic intent and collective responsibility have been highlighted,
and acceptance of vaccine is about the collective importance that vaccines can save lives,
and if individuals do not accept vaccines, the society would be less safe [19]. Emphasizing
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collective importance rather than personal responsibility may link to greater change in
individuals’ behaviours, thus prosocial behaviour may be self-rewarding and affect all
behaviours [10]. The communication of public health knowledge emphasizes the different
kinds of collective responsibility to be consistent with prosocial motives [20].

Individuals may disregard compliance with COVID-19 prevention guidelines from
government agencies, which reveals the effects of misinformation [21]. The COVID-19
public information crisis needs to be highlighted as misinformation was highly preva-
lent [10]; individuals who believed that COVID-19 was less severe may have been less
willing to accept vaccination in LMICs [15]. Vaccine hesitancy in HIMIC is currently driven
by misinformation, which may explain the rise of delayed vaccination in the United States,
and the ‘cultural epidemic’ in Europe [22]. Exposure to COVID-19 and vaccine-related
misinformation may reduce the proportion of individuals who choose to ‘definitely’ be
vaccinated [23]. Individual protection against COVID-19, while concern about side ef-
fects, has been the main reason for vaccine hesitancy in both HIMIC [24] and LMICs [15].
The prevalence of vaccine hesitancy among Arabs is 80%, due mainly to side effects in
healthcare policies [25]. Hesitant individuals mainly concerned about COVID-19 vaccine
safety were reported to believe that vaccine development was rushed and thus unsafe [26].
Hesitant individuals viewed themselves with a degree of perception of vulnerability [20],
but sociodemographic did not explain vaccine hesitancy to any significant extent [3].

Understanding the COVID-19 vaccine hesitancy is of global interest, a lag in vacci-
nation may result in the emergence and spread of new virus variants that can overcome
the immunity conferred by vaccinations [27]. Concerns that arise around vaccination cam-
paigns are often case- and context-specific, making it difficult to predict how COVID-19
vaccines would be received in any given setting [15]. Many studies have been conducted
on COVID-19 vaccine hesitancy in HIMIC, but few in LMICs; this study used metrics and
indices to measure COVID-19 vaccine hesitancy [3]. Vaccine hesitancy has previously been
found to be associated with medical mistrust, knowledge, confidence and complacency of
vaccines. By using the structural equation modeling (SEM) approach, this study provides a
conceptual framework to explain how the pathways from conspiracy beliefs to COVID-19
vaccine hesitancy (Figure 1), with regards to knowledge, confidence and complacency of
vaccines, and medical mistrust: (1) a direct effect may exist between conspiracy beliefs and
vaccine hesitancy; (2) conspiracy beliefs may indirectly influence vaccine hesitancy through
medical mistrust, knowledge of vaccines, and vaccine confidence and complacency; (3)
conspiracy beliefs may predict vaccine hesitancy through the sequential mediation of med-
ical mistrust, and vaccine confidence and complacency; (4) conspiracy beliefs may predict
vaccine hesitancy through knowledge of vaccines, and medical mistrust; and (5) conspiracy
beliefs may predict vaccine hesitancy through knowledge of vaccines, medical mistrust,
and vaccine confidence and complacency.
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tual model.

2. Methods
2.1. Study Design and Respondents

This non-probability study was conducted between 17 April and 28 May 2021 and
respondents were quota sampled to represent the population for sex, age, income, and
region in the community hospitals in Xuzhou, China. A total of 1015 respondents older
than 18 years of age were recruited to complete this online investigation through a social
media platform (WeChat), including: (1) sociodemographic characteristics; (2) conspiracy
beliefs; (3) medical mistrust; (4) vaccine confidence and complacency; (5) knowledge of
vaccines; and (6) vaccine hesitancy.

2.2. Sociodemographic Characteristics

Sociodemographic characteristics were collected including sex (male, female), age (18–29,
30–39, 40–49, ≥50 years), area of residence (rural, urban), marital status (single, married,
others), educational level (middle school and below, senior high school, bachelor’s degree,
master’s degree and above), religious beliefs (yes, no), family monthly income (<5000, 5000–
10,000, >10,000 RMB), and employment status (unemployed, employed, student).

3. Questionnaires
3.1. Conspiracy Beliefs

“Conspiracy beliefs” was measured by two observed variables, including: (1) general
coronavirus conspiracy beliefs, and (2) vaccine conspiracy beliefs. The coronavirus conspir-
acy scale of Coronavirus Explanations, Attitudes, and Narratives Survey (OCEANS) is a
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7-item scale. Each item was rated on a 5-point scale ranging from 1 (do not agree) to 5 (agree
completely), higher scores indicate higher conspiracy beliefs on general coronavirus [21],
the Cronbach’s α was 0.787 in this study. The vaccine conspiracy beliefs scale is a 7-item
scale, each item was rated on the 7-point Likert scale ranging from 1 (strongly disagree)
to 7 (strongly agree), higher scores indicate higher endorsement of conspiracy beliefs on
vaccines [28], the Cronbach’s α was 0.915 in this study. The model fit with the confirmatory
factor analysis (CFA) was acceptable, indicating that “conspiracy beliefs” was a latent
variable (supplementary materials, Tables S1 and S2). Endorsement of conspiracy beliefs is
shown in the supplementary materials, Tables S11 and S12.

3.2. Medical Mistrust

Medical mistrust was measured by five observed variables including: (1) interpersonal
disrespect by doctors, (2) negative views of vaccine developers, (3) negative attitude to
doctors, (4) negative attitude to medicine, and (5) negative healthcare services experiences.
The Oxford trust in doctors and developers questionnaire is a 16-item scale consisting
of three subscales: (1) interpersonal disrespect by doctors; (2) respect from doctors; and
(3) negative views of vaccine developers. Items were rated on a 4-point scale from 1 (dis-
agree completely) to 4 (agree completely), higher scores indicate higher mistrust in doctors
and vaccine developers [3], the Cronbach’s α was 0.951 in this study. The attitudes to
doctors and medicine questionnaire is a 19-item scale, each item was rated on a 6-point
scale from 1 (strongly disagree) to 6 (strongly agree), higher scores indicate higher mistrust
in doctors and medicine [29], the Cronbach’s α was 0.808 in this study. The healthcare
services experience questionnaire is an 8-item scale consisting of two subscales: positive
and negative healthcare services experiences. Each item was rated on a 3-point scale
ranging from 1 (No) to 3 (Yes), higher scores of negative subscales indicate higher mistrust
in healthcare services experiences [3], the Cronbach’s α was 0.821 in this study. The model
fit with the CFA was acceptable, indicating that medical mistrust was a latent variable
(supplementary materials, Tables S3 and S4). Endorsement of mistrust is shown in the
supplementary materials, Tables S13–S15.

3.3. Knowledge of Vaccines

Knowledge of vaccines was measured using the vaccination knowledge scale [30], a
9-item scale consisting of 2 subscales: (1) general knowledge about vaccines, and (2) knowl-
edge about childhood vaccines. Each item was rated on a 0 (incorrect, or do not know) to
1 (correct) scale, higher scores indicate better knowledge of vaccines, the Cronbach’s α was
0.761 in this study. The model fit with the CFA was acceptable, indicating knowledge of
vaccines was a latent variable (supplementary materials, Tables S7 and S8). Endorsement
of knowledge of vaccines is shown in the supplementary materials, Table S16.

3.4. Vaccine Confidence and Complacency

Vaccine confidence and complacency was measured using the Oxford COVID-19
vaccine confidence and complacency Scale [3], a 14-item scale consisting of four subscales:
(1) collective importance of COVID-19 vaccines, (2) speed of vaccine development, (3) effi-
cacy of COVID-19 vaccines, and (4) side effects. Each item was rated from 1 to 5, with higher
scores indicating higher negative vaccine confidence and complacency, the Cronbach’s α
for the whole scale was 0.872, and for four subscales was 0.765, 0.775, 0.780, and 0.763 in this
study. The model fit with the CFA was acceptable, indicating the vaccine confidence and
complacency was a latent variable (supplementary materials, Tables S5 and S6). Endorse-
ment of vaccine confidence and complacency is shown in the supplementary materials,
Table S17.

3.5. Vaccine Hesitancy

Vaccine hesitancy was measured by the 7-item Oxford COVID-19 vaccine hesitancy
scale [3], each item was rated on a 5-point scale ranging from 1 to 5, higher scores indicate
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higher vaccine hesitancy, the Cronbach’s α was 0.885 in this study. The model fit of the
CFA indicated was acceptable (supplementary materials, Table S9). The endorsement of
vaccine hesitancy statements is shown in supplementary materials, Table S10.

3.6. Statistical Analysis

The STATA 16.0 software (Stata Corporation, College Station, TX, USA) and AMOS
23.0 software (IBM Corporation, Armonk, NY, USA) were used to perform statistical analy-
sis. Descriptive analysis was performed to evaluate the endorsement of conspiracy beliefs,
medical mistrust, knowledge, confidence and complacency of vaccines, and vaccine hesi-
tancy. The differences in vaccine hesitancy according to sociodemographic characteristics
were analyzed by the Fisher’s Exact and Chi-squared tests. There were no missing values
in this study.

The SEM approach was performed to analyze the direct and indirect pathways from
conspiracy beliefs to vaccine hesitancy according to the conceptual framework, including
two stages: (1) validation of the measurement model; and (2) fitting of the structural
models. The measurement model was conducted by CFA to delineate the relationships
among observed and latent variables, examine the interrelationships and covariation
among observed variables and factor loadings, and ultimately the model fit indices were
calculated [31]. In this study, CFA was used to evaluate the measurement models for
conspiracy beliefs, medical mistrust, knowledge, confidence and complacency of vaccines,
and vaccine hesitancy. The directionality of relationships among latent and observed
variables were determined by the structural models. Multiple modification indices were
conducted to achieve the acceptable model fit, including: χ2/df, values of less than 3,
the root mean square error of approximate (RMSEA) and standardized root mean square
residual (SRMR), values of less than 0.06, the comparative fit index (CFI) and incremental
fit index (IFI), values of greater than 0.90 [32]. The bootstrap resampling procedures with
2000 samples and a bias-corrected 95% confidence interval (BC 95% CI) were used to
examine the direct and indirect effects of each pathway for statistical significance. The
total effects were calculated as the sum of the direct and indirect effects, mathematically
expressed as: c = c′ + ab, where c = total effect, c′ = direct effect, ab = indirect effect [33]. A
value of p < 0.05 indicated statistical significance.

3.7. Ethical Approval

Respondents were informed of the summary of program purpose, procedures, expected
outcomes, benefits and risks of the study on the first page of the electronic questionnaires,
and all respondents signed informed consent before completing the questionnaires. Re-
spondents could withdraw from the study at any moment. The IP addresses were identified
and duplicate respondents were eliminated, if respondents did not answer a question,
the applet would not jump to the next question. A pilot study was conducted on 10 re-
spondents to verify the validity, clarity, and consistency of questionnaires, which were not
modified after the pilot study, the data were merged into the final sample. This study was
conducted in accordance with the Declaration of Helsinki and approved by the Xuzhou
Medical University Ethics Committee (ID number: XZ20210210).

4. Results
4.1. Sociodemographic Characteristics and the Distribution of Vaccine Hesitancy

The descriptive analysis and comparison by vaccine hesitancy of the sociodemo-
graphic characteristics are shown in Table 1. A total of 1015 respondents completed the
questionnaires, 463 (45.6%) were male, 313 (30.8%) aged between 30–39 years, 634 (62.5%)
lived in urban areas, 659 (64.9%) were married, 638 (62.9%) reported a bachelor’s de-
gree, 61 (6.0%) reported having religious beliefs, 519 (51.1%) reported higher than RMB
10,000 family monthly income, and 520 (51.2%) were employed. Individuals aged between
30–39 years were more likely to be vaccine hesitant compared with individuals aged be-
tween 18–29 years and older than 40 years; individuals with higher education were more
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likely to be vaccine hesitancy than those with lower education (p < 0.01); individuals with
lower family monthly income were more likely to be vaccine hesitancy than those with
higher family monthly income (p < 0.01).

Table 1. Descriptive statistics of sociodemographic characteristics (N = 1015).

Variables

Vaccine Hesitancy

n (%) Willing
(n = 894)

Doubtful
(n = 82)

Strongly Hesitancy
(n = 39) χ2 p

Sex 7.407 0.023
Male 463 (45.6) 419 (90.5) 34 (7.3) 10 (2.2)

Female 552 (54.4) 475 (86.1) 48 (8.7) 29 (5.3)

Age 13.097 0.041
18–29 years 275 (27.1) 254 (92.4) 14 (5.1) 7 (2.5)
30–39 years 313 (30.8) 260 (83.1) 36 (11.5) 17 (5.4)
40–49 years 290 (28.6) 256 (88.3) 23 (7.9) 11 (3.8)
≥50 years 137 (13.5) 124 (90.5) 9 (6.6) 4 (2.9)

Area of residence 0.354 0.838
Rural 381 (37.5) 338 (88.7) 30 (7.9) 13 (3.4)
Urban 634 (62.5) 556 (87.7) 52 (8.2) 26 (4.1)

Marital status 3.288 0.463
Single 333 (32.8) 289 (86.8) 31 (9.3) 13 (3.9)

Married 659 (64.9) 586 (88.9) 49 (7.4) 24 (3.6)
Others 23 (2.3) 19 (82.6) 2 (8.7) 2 (8.7)

Educational level 13.319 0.031
Middle school and below 55 (5.4) 52 (94.5) 2 (3.6) 1 (1.8)

Senior high school 92 (9.1) 87 (94.6) 3 (3.3) 2 (2.2)
Bachelor’s degree 638 (62.9) 565 (88.6) 53 (8.3) 20 (3.1)

Master’s degree and above 230 (22.7) 190 (82.6) 24 (10.4) 16 (7.0)

Religious beliefs 1.193 0.522
Yes 61 (6.0) 52 (85.2) 7 (11.5) 2 (3.3)
No 954 (94.0) 842 (88.3) 75 (7.9) 37 (3.9)

Family monthly income (RMB) 29.703 < 0.001
<5000 96 (9.5) 68 (70.8) 23 (24.0) 5 (5.2)

5000–10,000 400 (39.4) 364 (91.0) 25 (6.3) 11 (2.8)
>10,000 519 (51.1) 462 (89.0) 34 (6.6) 23 (4.4)

Employment status 0.778 0.943
Unemployed 168 (16.6) 146 (86.9) 15 (8.9) 7 (4.2)

Employed 520 (51.2) 456 (87.7) 43 (8.3) 21 (4.0)
Student 327 (32.2) 292 (89.3) 24 (7.3) 11 (3.4)

4.2. Correlations of Conspiracy Beliefs, Medical Mistrust, Knowledge of Vaccines, Vaccine
Confidence and Complacency, and Vaccine Hesitancy

Table 2 revealed that the intercorrelations for all the observed and latent variables
were statistically significant, which indicated that the SEM approach was appropriately
conducted to examine the conceptual framework.
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Table 2. Correlation matrix of the variables (N = 1015).

Variables (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18)

Observed variables
General coronavirus
conspiracy beliefs (1) 1

Vaccine conspiracy beliefs (2) 0.59 * 1
Disrespect from doctors (3) 0.43 * 0.60 * 1
Negative views of vaccine

developers (4) 0.44 * 0.61 * 0.80 * 1

Negative attitude to
doctors (5) 0.45 * 0.62 * 0.82 * 0.83 * 1

Negative attitude to
medicine (6) 0.37 * 0.51 * 0.67 * 0.68 * 0.70 * 1

Negative health care service
experiences (7) 0.34 * 0.47 * 0.61 * 0.62 * 0.64 * 0.52 * 1

Collective importance (8) 0.29 * 0.40 * 0.32 * 0.32 * 0.33 * 0.27 * 0.25 * 1
Speed of vaccine
development (9) 0.23 * 0.32 * 0.25 * 0.25 * 0.26 * 0.21 * 0.19 * 0.77 * 1

Efficacy of COVID-19
vaccines (10) 0.28 * 0.38 * 0.30 * 0.30 * 0.31 * 0.26 * 0.23 * 0.93 * 0.73 * 1

Side effects (11) 0.25 * 0.35 * 0.27 * 0.28 * 0.28 * 0.23 * 0.21 * 0.85 * 0.67 * 0.80 * 1
General knowledge about

vaccines (12) −0.28 * −0.39 * −0.38 * −0.39 * −0.40 * −0.33 * −0.30 * −0.37 * −0.29 * −0.35 * −0.32 * 1

Knowledge about childhood
vaccines (13) −0.29 * −0.40 * −0.39 * −0.40 * −0.41 * −0.33 * −0.30 * −0.38 * −0.30 * −0.36 * −0.33 * 0.96 * 1

Latent variables
Conspiracy beliefs (14) 0.65 * 0.90 * 0.67 * 0.68 * 0.69 * 0.57 * 0.52 * 0.45 * 0.35 * 0.42 * 0.39 * −0.43 * −0.44 * 1

Knowledge of vaccines (15) −0.27 * −0.38 * −0.37 * −0.38 * −0.39 * −0.32 * −0.29 * −0.36 * −0.29 * −0.34 * −0.31 * 0.99 * 0.97 * −0.42 * 1
Medical mistrust (16) 0.49 * 0.68 * 0.88 * 0.90 * 0.92 * 0.76 * 0.69 * 0.36 * 0.28 * 0.34 * 0.31 * −0.43 * −0.44 * 0.75 * −0.42 * 1

Vaccine confidence and
complacency (17) 0.29 * 0.41 * 0.32 * 0.32 * 0.33 * 0.27 * 0.25 * 0.99 * 0.78 * 0.94 * 0.85 * −0.37 * −0.38 * 0.45 * −0.37 * 0.36 * 1

Vaccine hesitancy (18) 0.47 * 0.64 * 0.61 * 0.63 * 0.64 * 0.53 * 0.48 * 0.57 * 0.45 * 0.53 * 0.49 * −0.55 * −0.56 * 0.72 * −0.53 * 0.70 * 0.57 * 1

* p < 0.01.
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4.3. The Pathways from Conspiracy Beliefs to Vaccine Hesitancy

The standardized path estimates of the pathways from conspiracy beliefs to vaccine
hesitancy are shown in Figure 2. The standardized estimates of the direct, indirect, and
total effects of conspiracy beliefs on vaccine hesitancy as well as the specific effects through
medical mistrust, knowledge, confidence and complacency of vaccines are presented in
Tables 3 and 4. Conspiracy beliefs had significant direct (β = 0.294), indirect (β = 0.423) and
total (β = 0.717) effects on vaccine hesitancy, 41.0% of the total effect was direct, and 59.0%
was indirect. Conspiracy beliefs significantly predicted vaccine hesitancy through medi-
cal mistrust (β = 0.210), knowledge (β = 0.079), confidence and complacency of vaccines
(β = 0.095), explaining 29.3, 11.0, and 13.2% of the total effects, respectively. Conspiracy
beliefs significantly predicted vaccine hesitancy through the sequential mediation of knowl-
edge of vaccines and medical mistrust (β = 0.016), explaining 2.2% of the total effects.
Conspiracy beliefs predicted vaccine hesitancy through the sequential mediation of knowl-
edge of vaccines, and vaccine confidence and complacency (β = 0.023), explaining 3.2%
of the total effects. The SEM approach indicated an acceptable model fit (χ2/df = 2.464,
RMSEA = 0.038, SRMR = 0.050, CFI = 0.930, IFI = 0.930).
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Table 3. Standardized indirect path effects from conspiracy beliefs to vaccine hesitancy (N = 1015).

Pathways Effect S.E. p BC 95% CI

Conspiracy beliefs→Medical mistrust→ Vaccine hesitancy 0.210 0.048 0.001 0.106 to 0.301
Conspiracy beliefs→ Vaccine confidence and complacency→
Vaccine hesitancy 0.095 0.034 0.001 0.027 to 0.100

Conspiracy beliefs→ Knowledge of vaccines→
Vaccine hesitancy 0.079 0.022 0.001 0.029 to 0.163
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Table 3. Cont.

Pathways Effect S.E. p BC 95% CI

Conspiracy beliefs→Mistrust→ Vaccine confidence and
complacency→ Vaccine hesitancy −0.001 0.020 0.987 0.038 to 0.987

Conspiracy beliefs→ Knowledge of vaccines→
Medical mistrust→ Vaccine hesitancy 0.016 0.008 0.015 0.032 to 0.015

Conspiracy beliefs→ Knowledge of vaccines→
Vaccine confidence and complacency→ Vaccine hesitancy 0.023 0.010 0.003 0.045 to 0.003

Conspiracy beliefs→ Knowledge of vaccines→
Medical mistrust→ Vaccine confidence and complacency→
Vaccine hesitancy

<0.001 0.002 0.994 −0.003 to 0.003

S.E.: standard error; BC 95% CI: bias-corrected 95% confidence intervals.

Table 4. Standardized direct effect, indirect and total effect of the variables on vaccine hesitancy (N = 1015).

Variables Standardized Direct
Effects

Standardized Indirect
Effects

Standardized Total
Effects

Conspiracy beliefs 0.294 * 0.423 * 0.717 *
Medical mistrust 0.300 * −0.001 0.299 *

Knowledge of vaccines −0.189 * −0.093 * −0.282 *
Vaccine confidence and complacency 0.260 * - 0.260 *

* p < 0.01.

5. Discussion

This study contributes to the emerging picture of global COVID-19 vaccine hesitancy
in the setting of LMICs through the identification of the pathways from conspiracy beliefs
to vaccine hesitancy. The sample in this study showed lower vaccine hesitancy [7], with an
88.1% potential willingness to take COVID-19 vaccines without any hesitancy. However,
due to the significant proportions of individuals either doubtful of, or rejecting of COVID-
19 vaccines, 19.2% were likely to accept a COVID-19 vaccine, but 1.1% would “definitely not
take” a COVID-19 vaccine. Conspiracy beliefs mainly had direct effect on vaccine hesitancy,
and indirect association with vaccine hesitancy through medical mistrust, knowledge,
confidence and complacency of vaccines, respectively. Conspiracy beliefs significantly
indirectly predicted vaccine hesitancy through the sequential mediation of knowledge
of vaccines, and medical mistrust; through the sequential mediation of knowledge of
vaccines, and vaccine confidence and complacency. Both direct and indirect pathways from
conspiracy beliefs to vaccine hesitancy were identified as intervention targets to reduce
COVID-19 vaccine hesitancy.

With the implementation of vaccination programs, there has been a rise in vaccine
hesitancy as a result of medical mistrust. Trust is an intrinsic and potentially modifiable
component of the successful acceptance of the COVID-19 vaccines, which must be under-
stood, and interventions crafted accordingly [7]. When individuals tend to medical mistrust,
they are more likely to accept conspiracy beliefs, which produce short-term benefits, such
as privileged information [10]. Strategies to trust and accept the COVID-19 vaccine are
required if individuals are unwilling to be immunized and the uptake of a safe and effective
COVID-19 vaccine is limited [7]. Trust in healthcare services is strongly associated with
vaccine acceptance and can contribute to public compliance with recommended safety and
prevention policies [7]. With negative perceptions for healthcare services, the danger is that
the mistrust of COVID-19 vaccines may become mainstream [4]. Social and behavioural
change strategies engaging local lower mistrust in healthcare workers may be effective in
combating vaccine hesitancy [34]. Engaging trusted healthcare services should work to
satisfy local needs and preferences, policymakers should expand access by offering flexible
times, access sites, and various administering for COVID-19 vaccines [35]. Healthcare
workers delivering the trusted information to guide COVID-19 vaccination, highlighting
vaccine efficacy and safety, may be effective in reducing the remaining hesitancy [15].
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Receiving the COVID-19 vaccines from trusted healthcare workers is imperative to identify
targeted strategies to educate and advise vaccine hesitant individuals [26]. Conspiracy be-
liefs foster medical mistrust and erode social cohesion to decrease vaccine uptake, indicates
that prosocial benefits may be effective for the COVID-19 vaccines [3], which may increase
the willingness of hesitant individuals to consolidate vaccination uptake [20].

The most commonly reported reason for vaccine hesitancy is concerned about side
effects, which may due to the rapid development of the vaccines [36]. Side effects as-
sociated with vaccine development may increase vaccine hesitancy, and the COVID-19
fast-moving pandemic and vaccine development may change perceptions about the vac-
cine [15]. Vaccine hesitancy was around side effects for intended vaccine uptake related to
the avoidance of the COVID-19, and knowledge of vaccine efficacy and safety was found
to encourage vaccine uptake in the UK [37]. There is a substantial view among the Chinese
public that COVID-19 vaccines are safe and effective, but policymakers should provide
knowledge of COVID-19 vaccine, especially for individuals rejecting it to effectively control
the COVID-19 pandemic [38]. There is a necessity to be transparent about safety and
efficacy [20], clear and consistent communication polices to explain how vaccines work,
developed and approval based on safety and efficacy, are crucial to build public confidence
in the COVID-19 vaccine [7].

The COVID-19 pandemic and associated policies set the conditions for the develop-
ment of conspiracy beliefs [7]. Vaccine hesitancy is strongly bound to vaccine conspiracy
beliefs, which presents a great challenge for government agencies that need to combat
misinformation to ensure the uptake of COVID-19 vaccines [14]. The COVID-19 vaccines
are being offered to a public that is suffering from pandemic fatigue, while misinformation
related to conspiracy beliefs is perpetuated [38]. There is an urgent need to counter vaccine
misinformation, and provide accurate presentation; the long-term task is to build trust
in healthcare services [20]. Written information combined with images and videos may
be beneficial when the information is reinforced by trusted acquaintances or healthcare
workers through face-to-face, or social media apps [4]. The social media platform promotes
the dissemination of valid information, and provides interventions to limit the circulation
of misinformation [14]. Developing vaccine acceptance strategies should directly consider
misconceptions and skepticism and be sensitive to philosophical beliefs [20]. Policymakers
must identify trusted local sources of information, provide initial guidance, and state that
vaccines are safe, effective, and essential to control COVID-19 [39].

Willingness to be vaccinated is influenced by factors, such as general health knowledge,
whether vaccine uptake is perceived to be effective, and concerns about side effects [40],
which may be the key drivers for vaccine hesitancy [37]. The behaviour of individuals
who are ambivalent about vaccinations may be a determining factor in the success of
implementation of vaccination campaigns [10]. Multiple strategies, such as increasing
knowledge and access to vaccines, are effective in addressing vaccine hesitancy [28];
individuals with the vaccine relevant knowledge in LMICs have been shown to prefer
to follow the COVID-19 prevention guidelines [15]. Brief vaccine information provided
with the statement of efficacy and safety may change vaccine hesitancy in those who are
not willing to be vaccinated or doubtful [4]. Communicating accurate information about
potential side effects may contribute to a decrease in vaccine hesitancy through social media
coverage [11]. Policymakers should consider designing and evaluating social mobilization
strategies targeted at hesitant individuals [41]; social learning and mobilization strategies
are valuable for positive attitudes towards COVID-19 vaccines, which may shift social
norms toward greater vaccine acceptance and uptake [42]. The COVID-19 vaccines must
be widely accepted by the public and healthcare services to confer population benefit [43],
proactive messaging should be initiated before large-scale vaccination campaign rollout,
policymakers should highlight the efficacy and safety of vaccines in controlling COVID-19,
reducing hospitalizations and death. Guidance on the specific content of vaccine is likely
to be most effective in persuading hesitant individuals who are concerned about side
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effects and efficacy of vaccines; a balance between educating the public about the necessary
coverage for COVID-19 vaccine and avoiding coercion policies is needed [7].

Policymakers should identify the pathways between conspiracy beliefs and vaccine
hesitancy for a safe and successful COVID-19 vaccination campaign [7]. COVID-19 vaccine
hesitancy is spread across the population, and willingness to accept the vaccine is strongly
linked to recognition of the collective importance, which is critical to achieving high
coverage [3]. Multiple features of the COVID-19 pandemic link to the development and
propagation of conspiracy beliefs, and individual beliefs may affect the adherence to
collective importance, erroneous beliefs foster useless behaviours [10], which weaken
collective actions to minimize harm to the individuals [7]. Individuals with vaccination
hesitancy lack confidence and complacency as well as public willingness to accept the
COVID-19 vaccine, and the assessment of vaccination confidence and complacency reveals
a decline in acceptance of vaccines with increasing vaccine hesitancy [38]. Currently, there
may be the largest vaccine campaign in the history of the world, and yet a decline in
public confidence in vaccination incentive policies, such as rewarding those who receive
the vaccine. Due to concerns about the efficacy and safety of the vaccine, there is a decline
in public confidence in vaccination, the ongoing COVID-19 pandemic revealing that it is
crucial to build vaccine confidence to support vaccine uptake [7], which is influenced by
trust in the safety and effectiveness of vaccines, healthcare workers, healthcare services,
and policymakers [44]. While universal and targeted vaccine interventions are needed
to enable individuals to understand the importance of vaccination, such as modifying
behaviour or increasing confidence [45], full endorsement from regulatory bodies is likely to
increase confidence, but efforts to combat mistrust of vaccine safety may be necessary [46].
Policymakers should focus on vaccine hesitant individuals in national polls, and the
persuasive power of access to trusted healthcare workers embedded in the communities.

Vaccine hesitancy compromises the success of COVID-19 vaccination campaigns, but
securing adequate acceptance of vaccines may decrease vaccine hesitancy. How quickly
policymakers can convince individuals to be vaccinated would have an impact on the final
death toll due to COVID-19, leveraging early acceptors to overcome vaccine hesitancy [47].
This study suggests several concrete implications relating to vaccine rollout in LMICs,
and directions for the design and delivery of information to decrease COVID-19 vaccine
hesitancy. In times of the COVID-19 pandemic, integrating rigorous evaluation of vaccine
hesitancy interventions in all contexts is imperative [15]. Policymakers and stakeholders
should use country-specific strategies that may work best in particular contexts, assessing
the local context, understanding relevant barriers and resources, and assisting the effi-
cient adoption of the COVID-19 vaccine interventions [43]. The government agencies are
required to select evidence-based strategies to identify interventions that are acceptable
and feasible, to increase COVID-19 vaccine uptake, tailored to the specific needs and
resources [48]. Promising intervention policies for reducing vaccine hesitancy should be
considered in different contexts, particularly, awareness and attention to existing public
perceptions [12]. It is a multifactorial, complex and context-dependent endeavor to reduce
COVID-19 vaccine hesitancy that requires more than building trust [7]; the success of
a vaccination campaign is contingent upon scientific data combined with higher accep-
tance and coverage [43]. Implementation of evidence-based strategies at the international,
organizational, and interpersonal levels to reduce vaccine hesitancy is imperative to suc-
cessfully achieve the vaccination levels of the population necessary to end the COVID-19
pandemic [7].

6. Strength and Limitations

This study has both strengths and limitations. To our knowledge, it is the first study in
LMICs to explore the pathways from conspiracy beliefs to vaccine hesitancy; the findings
reveal that the identified direct and indirect pathways from conspiracy beliefs to vaccine
hesitancy can be intervention targets to reduce COVID-19 vaccine hesitancy. This study
was a snapshot taken at one point in time, and COVID-19 is a highly dynamic and changing
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landscape, with daily variations in perceived COVID-19 threat and vaccine development
itself. We caution that this study was a non-probability survey, and while better than a
purposive sample, it still has introduced bias. It was not determined whether the findings
can be generalized to China or other countries. Further study needs to enrich the large rep-
resentative participants in longitudinal study for COVID-19 vaccine hesitancy worldwide.

7. Conclusions

Permanent refusal of all vaccines should be rare, as individuals who initially refuse
vaccines may eventually change their behaviours [47]. This study identified the pathways
from conspiracy beliefs to COVID-19 vaccine hesitancy in China. Conspiracy beliefs
had mainly direct effects on vaccine hesitancy, and indirect effects on vaccine hesitancy
through medical mistrust, knowledge, confidence and complacency of vaccines. The
recommendation should be consistent with the accepted framework to reduce COVID-19
vaccine hesitancy. This study may help government agencies, policymakers, and healthcare
workers to target effective vaccine hesitancy intervention programs around COVID-19
vaccination, and longitudinal monitoring of vaccine hesitancy is required.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/vaccines9111342/s1, Table S1: Factor correlations of CFA model, Table S2: Standardized factor
loadings of CFA model with Conspiracy beliefs, Table S3: Factor correlations of CFA model, Table S4:
Standardized factor loadings of CFA model with Medical mistrust, Table S5: Factor correlations
of CFA model, Table S6: Standardized factor loadings of CFA model with Knowledge of vaccines,
Table S7: Factor correlations of CFA model, Table S8: Standardized factor loadings of CFA model with
Vaccine confidence and complacency, Table S9: Standardized loadings based on confirmatory factor
loadings, Table S10: Endorsement of vaccine hesitancy items, Table S11: Endorsement of general
coronavirus conspiracy beliefs items, Table S12: Endorsement of vaccine conspiracy beliefs items,
Table S13: Endorsement of Oxford trust in doctors and developers items, Table S14: Endorsement
of attitudes to doctors and medicine items, Table S15: Endorsement of negative healthcare services
experiences items, Table S16: Endorsement of knowledge of vaccines items, Table S17: Endorsement
of vaccine confidence and complacency items.

Author Contributions: X.Z.: Conceptualization; Formal analysis; Funding acquisition; Investigation;
Methodology; Project administration; Supervision; Validation; Writing—original draft; Writing—
review & editing; Y.G.: Investigation; Methodology; Validation; Q.Z.: Investigation; Z.T.: Project
administration; Investigation; Supervision; Writing—review & editing; J.C.: Supervision; Project
administration; Writing—review & editing. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by the China Postdoctoral Science Foundation (2020M670077ZX),
the Jiangsu Planned Projects for Postdoctoral Research Funds, and the Postgraduate Education Funds
(XYZ202101). The funding bodies were not involved in the study design, data collection, or data
analysis, or in the writing of the manuscript.

Institutional Review Board Statement: Human participant approval was obtained from the Xuzhou
Medical University Research Ethics Committee (ID number: XZ20210210).

Informed Consent Statement: Informed consent was obtained from all respondents before data
collection.

Data Availability Statement: The datasets generated and analysed during the current study are not
publicly available due to original consent, but are available from the corresponding author upon
reasonable request.

Conflicts of Interest: The authors declare that they have no competing interest.

https://www.mdpi.com/article/10.3390/vaccines9111342/s1
https://www.mdpi.com/article/10.3390/vaccines9111342/s1


Vaccines 2021, 9, 1342 14 of 15

References
1. Lane, S.; MacDonald, N.E.; Marti, M.; Dumolard, L. Vaccine hesitancy around the globe: Analysis of three years of WHO/UNICEF

Joint Reporting Form data-2015–2017. Vaccine 2018, 36, 3861–3867. [CrossRef]
2. Domek, G.J.; O’Leary, S.T.; Bull, S.; Bronsert, M.; Contreras-Roldan, I.L.; Ventura, G.A.B.; Kempe, A.; Asturias, E.J. Measuring

vaccine hesitancy: Field testing the WHO SAGE Working Group on Vaccine Hesitancy survey tool in Guatemala. Vaccine 2018, 36,
5273–5281. [CrossRef]

3. Freeman, D.; Loe, B.S.; Chadwick, A.; Vaccari, C.; Waite, F.; Rosebrock, L.; Jenner, L.; Petit, A.; Lewandowsky, S.; Vanderslott,
S.; et al. COVID-19 vaccine hesitancy in the UK: The Oxford coronavirus explanations, attitudes, and narratives survey (Oceans)
II. Psychol. Med. 2020, 11, 1–15. [CrossRef]

4. Freeman, D.; Loe, B.S.; Yu, L.-M.; Freeman, J.; Chadwick, A.; Vaccari, C.; Shanyinde, M.; Harris, V.; Waite, F.; Rosebrock,
L.; et al. Effects of different types of written vaccination information on COVID-19 vaccine hesitancy in the UK (OCEANS-III): A
single-blind, parallel-group, randomised controlled trial. Lancet Public Health 2021, 6, e416–e427. [CrossRef]

5. Callaghan, T.; Moghtaderi, A.; Lueck, J.A.; Hotez, P.; Strych, U.; Dor, A.; Fowler, E.F.; Motta, M. Correlates and disparities of
intention to vaccinate against COVID-19. Soc. Sci. Med. 2021, 272, 113638. [CrossRef]

6. Jacobson, R.M.; St Sauver, J.L.; Finney Rutten, L.J. Vaccine Hesitancy. Mayo Clin. Proc. 2015, 90, 1562–1568. [CrossRef] [PubMed]
7. Lazarus, J.V.; Ratzan, S.C.; Palayew, A.; Gostin, L.O.; Larson, H.J.; 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]
8. Chen, L.; Zhang, Y.; Young, R.; Wu, X.; Zhu, G. Effects of Vaccine-Related Conspiracy Theories on Chinese Young Adults’

Perceptions of the HPV Vaccine: An Experimental Study. Health Commun. 2021, 36, 1343–1353. [CrossRef] [PubMed]
9. Freeman, D.; Bentall, R.P. The concomitants of conspiracy concerns. Soc. Psychiatry Psychiatr. Epidemiol. 2017, 52, 595–604.

[CrossRef]
10. Bertin, P.; Nera, K.; Delouvée, S. Conspiracy Beliefs, Rejection of Vaccination, and Support for hydroxychloroquine: A Conceptual

Replication-Extension in the COVID-19 Pandemic Context. Front. Psychol. 2020, 11, 565128. [CrossRef] [PubMed]
11. Wilson, S.L.; Wiysonge, C. Social media and vaccine hesitancy. BMJ Glob. Health 2020, 5, e004206. [CrossRef]
12. Thomson, A.; Vallée-Tourangeau, G.; Suggs, L.S. Strategies to increase vaccine acceptance and uptake: From behavioral insights

to context-specific, culturally-appropriate, evidence-based communications and interventions. Vaccine 2018, 36, 6457–6458.
[CrossRef]

13. Hornsey, M.J.; Lobera, J.; Díaz-Catalán, C. Vaccine hesitancy is strongly associated with distrust of conventional medicine, and
only weakly associated with trust in alternative medicine. Soc. Sci. Med. 2020, 255, 113019. [CrossRef]

14. Allington, D.; McAndrew, S.; Moxham-Hall, V.; Duffy, B. Coronavirus conspiracy suspicions, general vaccine attitudes, trust and
coronavirus information source as predictors of vaccine hesitancy among UK residents during the COVID-19 pandemic. Psychol.
Med. 2021, 1–12. [CrossRef]

15. Arce, J.S.S.; Warren, S.S.; Meriggi, N.F.; Scacco, A.; McMurry, N.; Voors, M.; Syunyaev, G.; Malik, A.A.; Aboutajdine, S.; Adeojo,
O.; et al. COVID-19 vaccine acceptance and hesitancy in low- and middle-income countries. Nat. Med. 2021, 27, 1385–1394.
[CrossRef] [PubMed]

16. Sun, C.L.; Zuccarelli, E.; Zerhouni, E.G.A.; Lee, J.; Muller, J.; Scott, K.M.; Lujan, A.M.; Levi, R. Predicting Coronavirus Disease
2019 Infection Risk and Related Risk Drivers in Nursing Homes: A Machine Learning Approach. J. Am. Med. Dir. Assoc. 2020, 21,
1533–1538. [CrossRef]

17. Murphy, J.; Vallières, 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, 16, e0255382. [CrossRef]

18. Larson, H.J.; Cooper, L.Z.; Eskola, J.; Katz, S.L.; Ratzan, S. Addressing the vaccine confidence gap. Lancet 2011, 378, 526–535.
[CrossRef] [PubMed]

19. Betsch, C.; Schmid, P.; Heinemeier, D.; Korn, L.; Holtmann, C.; Böhm, R. Beyond confidence: Development of a measure assessing
the 5C psychological antecedents of vaccination. PLoS ONE 2018, 13, e0208601. [CrossRef] [PubMed]

20. Lorini, C.; Santomauro, F.; Donzellini, M.; Capecchi, L.; Bechini, A.; Boccalini, S.; Bonanni, P.; Bonaccorsi, G. Health literacy and
vaccination: A systematic review. Hum. Vaccines Immunother. 2018, 14, 478–488. [CrossRef] [PubMed]

21. Freeman, D.; Waite, F.; Rosebrock, L.; Petit, A.; Causier, C.; East, A.; Jenner, L.; Teale, A.-L.; Carr, L.; Mulhall, S.; et al. Coronavirus
conspiracy beliefs, mistrust, and compliance with government guidelines in England. Psychol. Med. 2020, 1–13. [CrossRef]
[PubMed]

22. Suarez-Lledo, V.; Alvarez-Galvez, J. Prevalence of Health Misinformation on Social Media: Systematic Review. J. Med. Internet
Res. 2021, 23, e17187. [CrossRef] [PubMed]

23. Loomba, S.; de Figueiredo, A.; Piatek, S.J.; de Graaf, K.; Larson, H.J. Measuring the impact of COVID-19 vaccine misinformation
on vaccination intent in the UK and USA. Nat. Hum. Behav. 2021, 5, 337–348. [CrossRef]

24. Wouters, O.J.; Shadlen, K.C.; Salcher-Konrad, M.; Pollard, A.J.; Larson, H.J.; Teerawattananon, Y.; Jit, M. Challenges in ensuring
global access to COVID-19 vaccines: Production, affordability, allocation, and deployment. Lancet 2021, 397, 1023–1034. [CrossRef]

25. Qunaibi, E.A.; Helmy, M.; Basheti, I.; Sultan, I. A high rate of COVID-19 vaccine hesitancy in a large-scale survey on Arabs. eLife
2021, 10, e68038. [CrossRef]

http://doi.org/10.1016/j.vaccine.2018.03.063
http://doi.org/10.1016/j.vaccine.2018.07.046
http://doi.org/10.1017/S0033291720005188
http://doi.org/10.1016/S2468-2667(21)00096-7
http://doi.org/10.1016/j.socscimed.2020.113638
http://doi.org/10.1016/j.mayocp.2015.09.006
http://www.ncbi.nlm.nih.gov/pubmed/26541249
http://doi.org/10.1038/s41591-020-1124-9
http://doi.org/10.1080/10410236.2020.1751384
http://www.ncbi.nlm.nih.gov/pubmed/32312084
http://doi.org/10.1007/s00127-017-1354-4
http://doi.org/10.3389/fpsyg.2020.565128
http://www.ncbi.nlm.nih.gov/pubmed/33071892
http://doi.org/10.1136/bmjgh-2020-004206
http://doi.org/10.1016/j.vaccine.2018.08.031
http://doi.org/10.1016/j.socscimed.2020.113019
http://doi.org/10.1017/S0033291721001434
http://doi.org/10.1038/s41591-021-01454-y
http://www.ncbi.nlm.nih.gov/pubmed/34272499
http://doi.org/10.1016/j.jamda.2020.08.030
http://doi.org/10.1038/s41467-020-20226-9
http://doi.org/10.1080/13613320701503207
http://www.ncbi.nlm.nih.gov/pubmed/21664679
http://doi.org/10.1371/journal.pone.0208601
http://www.ncbi.nlm.nih.gov/pubmed/30532274
http://doi.org/10.1080/21645515.2017.1392423
http://www.ncbi.nlm.nih.gov/pubmed/29048987
http://doi.org/10.1017/S0033291720001890
http://www.ncbi.nlm.nih.gov/pubmed/32436485
http://doi.org/10.2196/17187
http://www.ncbi.nlm.nih.gov/pubmed/33470931
http://doi.org/10.1038/s41562-021-01056-1
http://doi.org/10.1016/S0140-6736(21)00306-8
http://doi.org/10.7554/eLife.68038


Vaccines 2021, 9, 1342 15 of 15

26. Momplaisir, F.; Haynes, N.; Nkwihoreze, H.; Nelson, M.; Werner, R.M.; Jemmott, J.; Understanding Drivers of COVID-19
Vaccine Hesitancy Among Blacks. Clinical Infectious Diseases. 2021. Available online: https://www.scienceopen.com/
document_file/de5530a1-1f70-4fd2-8f51-9a2f13552470/PubMedCentral/de5530a1-1f70-4fd2-8f51-9a2f13552470.pdf (accessed on
11 November 2021).

27. Ong, S.W.X.; Young, B.E.; Lye, D.C. Lack of detail in population-level data impedes analysis of SARS-CoV-2 variants of concern
and clinical outcomes. Lancet Infect. Dis. 2021, 1, 1195–1197. [CrossRef]

28. Shapiro, G.K.; Holding, A.; Perez, S.; Amsel, R.; Rosberger, Z. Validation of the vaccine conspiracy beliefs scale. Papillomavirus Res.
2016, 2, 167–172. [CrossRef] [PubMed]

29. Marteau, T.M. Attitudes to doctors and medicine: The preliminary development of a new scale. Psychol. Health 1990, 4, 351–356.
[CrossRef]

30. Zingg, A.; Siegrist, M. Measuring people’s knowledge about vaccination: Developing a one-dimensional scale. Vaccine 2012, 30,
3771–3777. [CrossRef]

31. Akaike, H. Factor analysis and AIC. Psychometrika 1987, 52, 317–332. [CrossRef]
32. Kline, R.B. Methodology in the Social Sciences. Principles and Practice of Structural Equation Modeling, 2nd ed.; Guilford Press: New

York, NY, USA, 2005.
33. VanderWeele, T.J. Mediation Analysis: A Practitioner’s Guide. Annu. Rev. Public Health 2016, 37, 17–32. [CrossRef] [PubMed]
34. Bokemper, S.E.; Huber, G.A.; Gerber, A.S.; James, E.K.; Omer, S.B. Timing of COVID-19 vaccine approval and endorsement by

public figures. Vaccine 2021, 39, 825–829. [CrossRef]
35. Ratzan, S.; Ratzan, S.; Schneider, E.C.; Hatch, H.; Cacchione, J. Missing the Point—How Primary Care Can Overcome Covid-19

Vaccine “Hesitancy”. N. Engl. J. Med. 2021, 384, e100. [CrossRef] [PubMed]
36. Callaway, E. Russia’s fast-track coronavirus vaccine draws outrage over safety. Nat. Cell Biol. 2020, 584, 334–335. [CrossRef]

[PubMed]
37. Robertson, E.; Reeve, K.S.; Niedzwiedz, C.L.; Moore, J.; Blake, M.; Green, M.; Katikireddi, S.V.; Benzeval, M.J. Predictors of

COVID-19 vaccine hesitancy in the UK household longitudinal study. Brain Behav. Immun. 2021, 94, 41–50. [CrossRef]
38. Malik, A.A.; McFadden, S.M.; Elharake, J.; Omer, S.B. Determinants of COVID-19 vaccine acceptance in the US. EClinicalMedicine

2020, 26, 100495. [CrossRef]
39. Larson, H.J.; Clarke, R.M.; Jarrett, C.; Eckersberger, E.; Levine, Z.; Schulz, W.S.; Paterson, P. Measuring trust in vaccination: A

systematic review. Hum. Vaccines Immunother. 2018, 14, 1599–1609. [CrossRef]
40. Paul, E.; Steptoe, A.; Fancourt, D. Attitudes towards vaccines and intention to vaccinate against COVID-19: Implications for

public health communications. Lancet Reg. Health 2021, 1, 100012. [CrossRef]
41. Jalloh, M.F.; Wilhelm, E.; Abad, N.; Prybylski, D. Mobilize to vaccinate: Lessons learned from social mobilization for immunization

in low and middle-income countries. Hum. Vaccines Immunother. 2019, 16, 1208–1214. [CrossRef]
42. Van Bavel, J.J.; Baicker, K.; Boggio, P.S.; Capraro, V.; Cichocka, V.; Cikara, M.; Crockett, M.J.; Crum, A.J.; Douglas, K.M.; Druckman,

J.N.; et al. Using social and behavioural science to support COVID-19 pandemic response. Nat. Hum. Behav. 2020, 4, 460–471.
[CrossRef]

43. Rutten, L.J.F.; Zhu, X.; Leppin, A.L.; Ridgeway, J.L.; Swift, M.D.; Griffin, J.M.; Sauver, J.L.S.; Virk, A.; Jacobson, R.M. Evidence-
Based Strategies for Clinical Organizations to Address COVID-19 Vaccine Hesitancy. Mayo Clin. Proc. 2021, 96, 699–707.
[CrossRef]

44. MacDonald, N.E.; SAGE Working Group on Vaccine Hesitancy. Vaccine hesitancy: Definition, scope and determinants. Vaccine
2015, 33, 4161–4164. [CrossRef]

45. Verger, P.; Dubé, E. Restoring confidence in vaccines in the COVID-19 era. Expert Rev. Vaccines 2020, 19, 991–993. [CrossRef]
[PubMed]

46. Kreps, S.; Prasad, S.; Brownstein, J.S.; Hswen, Y.; Garibaldi, B.T.; Zhang, B.; Kriner, D.L. Factors Associated With US Adults’
Likelihood of Accepting COVID-19 Vaccination. JAMA Netw. Open 2020, 3, e2025594. [CrossRef] [PubMed]

47. Chevallier, C.; Hacquin, A.-S.; Mercier, H. COVID-19 Vaccine Hesitancy: Shortening the Last Mile. Trends Cogn. Sci. 2021, 25,
331–333. [CrossRef]

48. Razai, M.S.; Osama, T.; McKechnie, D.G.J.; Majeed, A. COVID-19 vaccine hesitancy among ethnic minority groups. BMJ 2021,
372, n513. [CrossRef] [PubMed]

https://www.scienceopen.com/document_file/de5530a1-1f70-4fd2-8f51-9a2f13552470/PubMedCentral/de5530a1-1f70-4fd2-8f51-9a2f13552470.pdf
https://www.scienceopen.com/document_file/de5530a1-1f70-4fd2-8f51-9a2f13552470/PubMedCentral/de5530a1-1f70-4fd2-8f51-9a2f13552470.pdf
http://doi.org/10.1016/S1473-3099(21)00201-2
http://doi.org/10.1016/j.pvr.2016.09.001
http://www.ncbi.nlm.nih.gov/pubmed/29074176
http://doi.org/10.1080/08870449008400403
http://doi.org/10.1016/j.vaccine.2012.03.014
http://doi.org/10.1007/BF02294359
http://doi.org/10.1146/annurev-publhealth-032315-021402
http://www.ncbi.nlm.nih.gov/pubmed/26653405
http://doi.org/10.1016/j.vaccine.2020.12.048
http://doi.org/10.1056/NEJMp2106137
http://www.ncbi.nlm.nih.gov/pubmed/33951377
http://doi.org/10.1038/d41586-020-02386-2
http://www.ncbi.nlm.nih.gov/pubmed/32782400
http://doi.org/10.1016/j.bbi.2021.03.008
http://doi.org/10.1016/j.eclinm.2020.100495
http://doi.org/10.1080/21645515.2018.1459252
http://doi.org/10.1016/j.lanepe.2020.100012
http://doi.org/10.1080/21645515.2019.1661206
http://doi.org/10.1038/s41562-020-0884-z
http://doi.org/10.1016/j.mayocp.2020.12.024
http://doi.org/10.1016/j.vaccine.2015.04.036
http://doi.org/10.1080/14760584.2020.1825945
http://www.ncbi.nlm.nih.gov/pubmed/32940574
http://doi.org/10.1001/jamanetworkopen.2020.25594
http://www.ncbi.nlm.nih.gov/pubmed/33079199
http://doi.org/10.1016/j.tics.2021.02.002
http://doi.org/10.1136/bmj.n513
http://www.ncbi.nlm.nih.gov/pubmed/33637577

	Introduction 
	Methods 
	Study Design and Respondents 
	Sociodemographic Characteristics 

	Questionnaires 
	Conspiracy Beliefs 
	Medical Mistrust 
	Knowledge of Vaccines 
	Vaccine Confidence and Complacency 
	Vaccine Hesitancy 
	Statistical Analysis 
	Ethical Approval 

	Results 
	Sociodemographic Characteristics and the Distribution of Vaccine Hesitancy 
	Correlations of Conspiracy Beliefs, Medical Mistrust, Knowledge of Vaccines, Vaccine Confidence and Complacency, and Vaccine Hesitancy 
	The Pathways from Conspiracy Beliefs to Vaccine Hesitancy 

	Discussion 
	Strength and Limitations 
	Conclusions 
	References

