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Parents’ reasons to vaccinate
their children aged 5—-11 years
against COVID-19 in Italy
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!Department of Experimental Medicine, University of Campania “Luigi Vanvitelli", Naples, Italy,
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Objectives: The aims of this cross-sectional study were to investigate why
parents decide to vaccinate, as well as the determinants, their children aged
5-11 years against COVID-19 in lItaly.

Methods: The survey was conducted from January through May 2022. All
parents/guardians who came in randomly selected days to immunization
centers for the administration of the first dose of the COVID-19 vaccine to
their child were asked to complete a questionnaire about socio-demographic
characteristics, attitudes toward COVID-19 infection and vaccination,
reason(s) regarding their decision to vaccinate their child, and source(s)
of information.

Results: A total of 358 questionnaires were collected. Parent's perception that
COVID-19 is a severe illness for the child, assessed using a 10-point Likert
scale, was 7.5. The overall mean scores of the risk perception for their child
of having the COVID-19 before and after the vaccination were 8.1 and 6.3. A
significantly higher parents’ level of risk perception for their child of having the
COVID-19 after the vaccination has been observed among those not having
a university degree, those with the child having at least one chronic medical
condition, and those who perceived that COVID-19 is a severe illness for the
child. The mean value of respondent trust in the information provided by the
pediatricians on a 10-point scale Likert type was 7.6. Female, not having a
university degree, higher perception that COVID-19 is a severe disease, not
having received information about the vaccination from pediatricians, and
needing information had a significantly higher concern of side effects after the
vaccination. The most common reasons for vaccinating their children included
wanting to protect the child against COVID-19, to attend the school with less
risk, to prevent the transmission to family members, and to practice sport and
other activities with less risks. Participants with a university degree were more
likely to have vaccinated their child for attending the school and practicing
sport and other activities with less risks.

Conclusions: More publicity should be promoted among parents of children
aged 5-11 years which would increase the coverage rates and thus lower the
transmission of SARS-CoV-2 and reduce the occurrence of COVID-19.

children, COVID-19, Italy, parents, reasons, vaccination
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Introduction

As of the end of April 2022, in Italy the number of reported
confirmed cases of COVID-19 exceeded 16.8 million with more
than 16 thousand deaths caused by the SARS-CoV-2 (1). It
is well-known that children had similar incidence rates of
SARS-CoV-2 infection compared with adults (2) and that the
vaccination among this group is essential to reduce infection and
transmission to the susceptible person.

On December 1, 2021, the Italian Medicines Agency (AIFA)
has authorized the administration of two 10-pg doses of the
Pfizer-BioNTech BNT162b2 mRNA COVID-19 vaccine 21 days
apart to children ages 5 through 11 years (3). On December
7, 2021, the Ministry of Health announced that this age group
who do not have contraindications to the vaccine could receive
this free complete series (4). On December 16, 2021, the
national vaccination campaign started in almost all regions of
the country throughout the community vaccination centers.
However, despite the high frequency of the disease and the safe
and real-world data on vaccine effectiveness among children
aged 5 to 11 years of age in reducing symptomatic disease,
hospitalizations, and deaths (5-8), as of May 17, 2022, in Italy
the vaccination rates were low in this group since only 37.9% had
received one dose and 34.5% had received their second dose (9).

Parents COVID-19 vaccination hesitancy or likelihood
of their children getting this vaccine has been widely
debated (10-13). However, until now very few studies have
focused on parents’ reasons to have their child 5-11-year-
olds vaccinated and the associated factors and understanding
this issue is essential in planning effective measures for
increasing vaccination uptake and avoiding fueling vaccine
hesitancy. Therefore, the present cross-sectional study attempts
to investigate why parents decide to vaccinate, as well as the
determinants, their children aged 5-11 years against COVID-19
in Italy.

Materials and methods

Setting and target population

Data were collected as a part of a larger project on
perceptions and behaviors toward COVID-19 vaccination
among different groups of people living in Southern Italy (10, 11,
14-18). This cross-sectional survey was conducted from January
through May 2022 in two randomly selected immunization
centers located in the geographic area of Naples, Southern part
of Italy. All parents/guardians aged > 18 years of children 5-
11 years of age who came in randomly selected days to the
immunization centers for the administration of the first dose
of the COVID-19 vaccine to their child were approached in the
waiting rooms and asked about their interest in participating in
the study.

Frontiersin Medicine
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The sample size was calculated by using single population
proportion formula, assuming that 25% of the respondents
vaccinated their child for attending the school and practicing
sport and other activities with less risks, with a margin of
error of 5%, a confidence interval of 95%, and an expected
response rate estimated of 85%. This gives the final sample size
of 321 participants.

Study procedures

The protocol and the informed consent of the study were
approved by the Ethics Committee of the Teaching Hospital
of the University of Campania “Luigi Vanvitelli”. Before
participation in the study, well-trained research team members
in conducting surveys with self-administered questionnaires
approached each parent/guardian and, after introducing
themselves, asked if he/she would be interested in participating
in this study. They were fully informed about its purpose and
significance, that the participation was completely voluntary,
that the questionnaire was anonymous and will not include
any identifiers or personal information of the participants, that
the information will be kept private and confidential, that they
could stop completing the questionnaire at any stage, and the
information will only be used for scientific research purposes.

The research team members collected the study
questionnaires from parents/guardians once they were filled.
Informed written consent was obtained from participants before
the questionnaire was administered to them. No incentives
or rewards were offered to participants as compensation for
their time.

Survey instrument

The questionnaire was developed on the basis of previous
instruments used in similar surveys carried out by some of us
to evaluate parental and/or individual COVID-19 vaccination
acceptability enrolling different populations (10, 11, 14-18).
A total of 10 non-selected individuals were asked about the
questionnaire’s clarity, wording, and as well as whether any of
the questions were difficult to comprehend, before disseminating
the final questionnaire to the research population. Participants
in the pilot study were not included in the final study sample.

The questionnaire was self-administered and took
approximately 5min to complete. The questionnaire was
organized into three parts. In the first part, questions were asked
about parents’ socio-demographic characteristics (i.e., gender,
age, employment status, educational level, marital status,
number of children in home, having been infected with SARS-
CoV-2) and children’s characteristics (i.e., age and gender). In
the second part, attitudes toward the COVID-19 infection (risk
perception for their child of having the COVID-19 before and

frontiersin.org
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after the vaccination, perceived severity of COVID-19) and
attitudes toward the COVID-19 vaccination (concern about
serious adverse effects from COVID-19 vaccine for their child,
trust in the information provided by the pediatricians). These
questions were collected on a 10-point Likert scale, ranging
from 1 representing not at all to 10 representing at all. In the
third part, the parents were asked whether they had received and
from whom the recommendation for COVID-19 vaccine for
their child, the reason(s) regarding their decision to vaccinate
their child, and also whether they had any doubts regarding the
COVID-19 vaccine for their child and the reason(s) associated
with. In the response with 8 options, respondents could select all
that apply. Finally, the participants were asked which source(s)
of information about COVID-19 vaccination for children
5-11-year-olds they had used, including mass media, Internet,
pediatrician, physician (other than pediatrician), friends, social
network, official government organizations, and scientific
journals, and they were asked to select all responses that applied.
Respondents were also asked whether they would like to obtain
additional information on this topic in the future.

Statistical analysis

First, descriptive statistics including relative frequency,
mean, and standard deviation were used to summarize
the personal characteristics of respondents and their child.
Second, bivariate associations between each variable and the
continuous or dichotomous outcome have been tested using
when appropriate the chi-square test or the Student’s t-test.
Variables associated in the bivariate analysis with a p-value <0.25
were entered into the multivariate linear and logistic regression
models. Third, multivariate linear and logistic regression models
were employed to identify the determinants of the following
dependents variables: risk perception for their child of having
the COVID-19 after the vaccination (continuous) (Model 1);
concern that their child can report side effects after receiving
the vaccination (continuous) (Model 2); and having vaccinated
their child for attending the school and practicing sport and
other activities with less risks (no = 0; yes = 1) (Model 3).
The following independent variables have been selected because
potentially related to all dependents variables: gender of the
child being vaccinated (male = 0; female = 1), age of the child
being vaccinated (continuous), child being vaccinated with at
least one chronic condition (no = 0; yes = 1), respondent’s
age in years (continuous), gender (male = 0; female = 1),
baccalaureate/graduate degree (no = 0; yes = 1), having other
children in home (no = 0; yes = 1), having received the
COVID-19 vaccine (no = 0; yes = 1), having contracted
SARS-CoV-2 (no = 0; yes = 1), at least one parent/cohabitant
partner who contracted SARS-CoV-2 (no = 0; yes = 1), at
least one parent/cohabitant partner who received the COVID-
19 vaccine (no = 0; yes = 1), believing that COVID-19 is
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a severe illness (continuous), having being recommended to
vaccinate their child (no = 0; yes = 1), having received
information on COVID-19 vaccination from pediatrician (no
= 0; yes = 1), and need of additional information on COVID-
19 vaccination (no = 0; yes = 1). The variable marital
status (unmarried = 0; married/cohabited with a partner =
1) was included in Models 2 and 3; the variables at least one
parent/guardian being a healthcare worker (no = 0; yes = 1) and
having trust in the information received from the pediatrician
(continuous) were added in Models 1 and 2; and the variables
risk perception for their child of having COVID-19 before
the vaccination (continuous), risk perception for their child of
having COVID-19 after the vaccination (continuous), concern
about serious adverse effects from COVID-19 vaccine for their
child (continuous), and having doubts regarding the COVID-
19 vaccine for their child (no = 0; yes = 1) were included in
Model 3.

A stepwise method was used to retain or to exclude in the
final multivariate models the variables with a threshold of p = 0.2
and p = 0.4, respectively. In the multivariate logistic regression
model, odds ratio (OR) with a 95% confidence interval (CI) was
computed, whereas in the linear regression models standardized
regression coefficient (8) was used. All statistical tests were two-
tailed and p-values equal to or <0.05 were considered to be
statistically significant. All statistical analyses were conducted in
STATA software version 15.1.

Results

Of the 370 parents/guardians who were randomly selected
only 12 refused to participate in the survey and 358 agreed for
a response rate of 96.8%. The socio-demographic and general
characteristics of the respondents are presented in Table 1. The
mean age was 41.7 years, 70.1% was female, more than three-
quarters were married, for 34.4% the highest level of education
was a university degree, 66.2% was employed, less than one-
third had one child, almost all had been vaccinated against
COVID-19, and 21.6% have had at least one cohabitant who have
contracted SARS-CoV-2.

The perception that COVID-19 is a severe illness for the
child, assessed using a 10-point Likert scale, was generally high
among the respondents with a mean value of 7.5 and about
a third reported a value of 10 (30.2%). Table 2 reported the
results of the multivariable linear and logistic regression analysis
examined the independent association of several determinants
and the different outcomes of interest. Multivariable linear
regression analysis showed that a significantly higher parents’
level of risk perception for their child of having the COVID-19
after the vaccination has been observed among those who did
not have a university degree, those with the child having at least
one chronic medical condition, and those who perceived that
COVID-19 is a severe illness for the child (Model 1). Regarding
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TABLE 1 Socio-demographic and general characteristics of the study
population.

Characteristics N %
Parent

Age, years 41.7 + 6.5 (23-60)
Gender

Female 251 70.1
Male 107 29.9
Marital status

Married/cohabited with a partner 323 90.5
Unmarried/separated/divorced/widowed 35 9.5

Educational level

High school degree or less 223 62
Baccalaureate/graduate degree 135 38
Professional status

Employed 237 66.2
Unemployed 121 33.8
Partner’s professional status

Employed 277 80.5
Unemployed 81 19.5
Number of children

1 107 29.9
>1 251 70.1
Having been infected by SARS-CoV-2

No 284 79.3
Yes 74 20.7

Having at least one parent/cohabitant partner who had been
infected by SARS-CoV-2

No 280 78.4
Yes 77 21.6
Vaccinated against COVID-19

No 8 2.2
Yes 350 97.8
At least an adult cohabitant vaccinated against COVID-19

No 12 33
Yes 346 96.7
At least another son/daughter vaccinated against COVID-19
No 155 433
Yes 203 56.7
Vaccinated child

Age, years 8442

Gender

Female 161 45.5
Male 193 54.5
Birth order

First 211 59.1
Second 121 33.9
>Third 25 7
Underlying chronic medical conditions

No 268 74.9
Yes 90 25.1

Parent’s rate health status 9.3+ 1.1 (5-10)

*Mean =+ Standard deviation (range).

Frontiersin Medicine

10.3389/fmed.2022.949693

the risk perception for their child of having the COVID-19, the
overall mean score was, respectively 8.1 before and 6.3 after the
vaccination. Overall, 43.5 and 19.8% respondents had the higher
score giving a rating of 10. Only 14.7% of participants expressed
the higher concern, with a response of 10 on a 10-point Likert
type scale, about serious adverse effects from COVID-19 vaccine
use for their child with an overall mean value of 6. In a
multivariable linear regression model examining the association
of multiple factors with the concern of reporting side effects
after receiving the vaccination it has been observed that female
gender, not having a university degree, higher perception that
COVID-19 is a severe disease, not having received information
about the vaccination for their children from pediatricians, and
needing additional information about COVID-19 vaccination
for children 5-11-year-olds were associated with a higher level
of concern (Model 2 in Table 2). The mean value of respondent
trust in the information provided by the pediatricians on a 10-
point scale Likert type was 7.6, but only less than one-third
(29.9%) expressed the higher level of trust. More than half of the
parents/guardians (58.9%) reported receiving recommendation
for COVID-19 vaccine for their child and the health care
providers in the pediatric primary care setting were those
who most frequently make the recommendation (75.4%). The
most common reasons the parents reported for vaccinating
their children against COVID-19 included wanting to protect
the child against COVID-19 (86.9%), to attend the school
with less risks (33.8%), to prevent the disease transmission to
other family members (27.4%), and to practice sport and other
activities with less risks (17%). Overall, only 12.6% of the parents
vaccinated their child for attending the school and practicing
sport and other activities with less risks. The results of a
multivariable logistic regression model showed that participants
with a university degree were more than two times (OR = 2.32;
95% CI 1.21-4.46) more likely to have vaccinated their child for
this reason than those with a lower level of education (Model 3 in
Table 2). In addition, the respondents’ worry about the adverse
effects of the vaccination (59.1%) and the feeling that they did
not have enough information regarding the child’s vaccination
(38.5%) were their main doubts before the vaccination.

Most of the sample (87.2%) had learned about COVID-
19 vaccination for children 5-11-year-olds. Almost half of the
respondents said that their child’s healthcare provider (45.5%)
was the most important source of information about vaccines
followed by the physicians (36.3%). Additional sources were
government agencies (27.4%), mass media (18.7%), and Internet
(16.5%). One-third (31.7%) reported that they want to obtain
more information regarding vaccination.

Discussion

The results of the present survey provide a detailed
description that contributes to an understanding of the reasons
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TABLE 2 Determinants of the different outcomes of interest using linear and logistic regression analysis.

Variable Coeff. SE t P
Model 1. Parents’ risk perception for their child of having the COVID-19 after the vaccination
F(s,29) = 8.22, p < 0.0001, R* = 16.7%, adjusted R* = 14.6%
Believing that COVID-19 is a severe illness 0.27 0.05 5.11 <0.001
Not having a baccalaureate/graduate degree —0.92 0.27 —3.40 0.001
Child vaccinated with at least one chronic condition 0.73 0.31 2.34 0.02
Female 0.49 0.28 1.70 0.089
Female child vaccinated 0.41 0.26 1.56 0.12
At least one parent/cohabitant partner who contracted SARS-CoV-2 0.44 0.32 1.39 0.164
Need of additional information on COVID-19 vaccination 0.31 0.29 1.10 0.273
Neither parent/guardian being a healthcare worker —0.49 0.50 —0.98 0.329
Model 2. Parents’ concern that their child can report side effects after receiving the vaccination
F1,327) = 6.68, p < 0.0001, R* = 18.3%, adjusted R* = 15.6%
Female 1.30 0.30 4.33 <0.001
Believing that COVID-19 is a severe illness 0.20 0.05 3.45 0.001
Not having received information on COVID-19 vaccination from pediatricians —0.80 0.28 —2.81 0.005
Need of additional information on COVID-19 vaccination 0.65 0.30 218 0.03
Not having a baccalaureate/graduate degree —0.60 0.28 —2.14 0.033
Child vaccinated with at least one chronic condition 0.65 0.33 1.94 0.053
Having been recommended to vaccinate their child 0.50 0.28 1.77 0.077
At least one parent/cohabitant partner who received the COVID-19 vaccine 1.31 0.77 1.70 0.089
Female child vaccinated 0.44 0.27 1.63 0.104
Neither parent/guardian being a healthcare worker —0.55 0.54 —1.02 0.307
At least one parent/cohabitant partner who contracted SARS-CoV-2 0.33 0.33 1.02 0.31
OR SE 95% CI p

Model 3. Parents having vaccinated their child for attending the school and practicing sport and other activities with less risks

Log likelihood = —127.56, x> = 13.72 (4 df), p = 0.0083, adjusted R* = 5.1%
Having a baccalaureate/graduate degree

Having doubts regarding the COVID-19 vaccine for their child

Not having parent/cohabitant partner who contracted SARS-CoV-2

Lower risk perception for their child of having COVID-19 after the vaccination

2.32 0.77 1.21-4.46 0.012
1.81 0.63 0.91-3.60 0.089
0.56 0.26 0.23-1.41 0.221
0.93 0.06 0.82-1.06 0.285

of parents for deciding to vaccinate against COVID-19 their
children aged 5-11 years, as well as the determinants. These
results can provide a useful guidance to decision makers and
healthcare workers on approaches to take when designing
interventions in this field.

It is interesting to note that several reasons have been
reported by parents in support of the decision to vaccinate
their children against COVID-19. The vast majority of the
respondents reported that they vaccinated their children because
they were to protect the child from the disease, whereas
additional reasons were aligned as feeling that vaccination
was a means of attending the school with less risks and
protecting the family members. These reasons are confirmed
by several previous studies on parents’ willingness to accept the
COVID-19 vaccination for their children (10, 19, 20). Moreover,
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the present survey demonstrates that parents’ concerns about
adverse effects of the vaccination were the biggest doubt before
the vaccination. This is consistent with the findings of several
previous studies, local and abroad, also regarding the willingness
or hesitancy of the vaccination (11-13, 21, 22). However, this
finding is surprising particularly because it has been observed
worldwide that the most reported adverse events of the COVID-
19 vaccination in children and adolescents, particularly with the
mRNA vaccines, were mild in severity and short in duration (23,
24). These results highlight the responsibility of policymakers in
addressing the critical issue of educating the public on the safety
of the vaccination.

It has been observed that the physicians were the highly
preferred source of information among parents/guardians
about the COVID-19 vaccination for their children. Compared
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to parents who heard about COVID-19 vaccine through
physicians, concern about side effects of the vaccine has been
more likely to be reported by those who said that they did not
acquire information from this source. This is consistent with
the findings in the literature showing the important role of
these professionals in providing comprehensive and objective
information on this issue and for increasing the confidence of
the vaccine (10, 18, 25-29). This finding also underlined the fact
that physicians play a larger role in how healthcare is provided,
and they have a unique opportunity to ensure that parents
understand the benefits, safety, and efficacy of the COVID-19
vaccine and the importance of getting the vaccine as an essential
preventive health care. Discussions with physicians, as with
other health care professionals, are also important for providing
education and parents should be able to have open conversations
with them and to address their concerns and questions. Such
conversations about the opportunities for vaccination would
enable parents to work together with these providers to consider
how best to protect their children. Moreover, it should be
underlined that only half of the parents/guardians had received
recommendation for COVID-19 vaccine for their child and
the health care providers in the pediatric primary care setting
were those who most frequently make the recommendation.
This finding could be used by healthcare providers to deliver
appropriate messages about risks and benefits to parents and this
is also confirmed by the fact that one-third of the respondents
had indicated an interest in receiving additional information.
Another interesting finding of the present study was the
small proportion of respondents that had used Internet as
a source of information. This result is comfortable due to
the anti-vaccination messaging and the spread of inaccurate
and misleading public health information around COVID-19
and its vaccines circulating online since the beginning of the
pandemic (30-32).

Multivariate regression analysis revealed that a number
of socio-demographic and general characteristics of the
respondents and of the vaccinated child were associated with
the different outcomes of interest. It has been identified that
gender and educational level have a significant impact. Indeed,
females and those with a lower educational level had a higher
concern of side effects of the vaccination and this reflects the
general trend in access to COVID-19 vaccine disparities that has
been observed in several previous studies (33-37). The reason by
which females are more concerned may be explained by the fact
that in Italy they were more affected than men although male
presented a higher risk of death (38). With regard to the results
of the educational level, a possible explanation is that parents
with a higher level are able to get more information easier
than the general population that makes them advantageous over
part of the other societies. Similar explanation for significant
impact of the finding with parents less educated that were more
likely to perceive a higher level of risk perception for their
child of having the COVID-19 after the vaccination. Further, it
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has been observed that the health condition of the vaccinated
child has also a significant impact, with parents of the child
with at least a chronic medical condition had a higher level of
risk perception for their child of contracting the SARS-CoV-2
after the vaccination. This may suggest that these parents still
perceived for their child a higher degree of vulnerability than
those without a chronic medical condition. Finally, the finding
that individuals who perceive COVID-19 to be a severe disease
are anxious about contracting it for their child is consistent with
the literature in other countries (39-41).

The findings should be interpreted in the light of some
potential methodological limitations derived from the nature of
this study. Firstly, because of the nature of the cross-sectional
study method that has been used the identified associations may
be difficult to interpret since it is difficult to draw conclusions
regarding the direct causal inferences and the direction of
causality. Secondly, since the participants were selected in one
city, the generalization of the results to other geographic areas
of Italy should be made with caution, but they could reflect
the population with similar socio-demographic characteristics.
Thirdly, as in most surveys, parent-reported information is
subjective and may be affected by social desirability. However,
since COVID-19 can be a sensitive and important issue for the
majority of respondents, it is unlikely that social desirability bias
resulted, for example, in under-reporting of their own or their
familiar having been infected with SARS-CoV-2. We are likely
to expect that respondents’ reporting of their experience should
be reasonably accurate, as having the infection is a rather an
important event and therefore likely to be memorable.

In conclusion, parents of children aged 5-11 years exhibited,
although vaccinated, concerns about side effects and a lower use
of healthcare workers as a source of information about vaccines.
This finding shows the essential role played by the physicians
to provide adequate information to the parents about benefits,
safety, and efficacy of the COVID-19 vaccine. In this context it is
also interesting that only half of the participants had received
recommendation for COVID-19 vaccine for their child. Since
the COVID-19 vaccination rate is low in this age group, this
study underlines the need to improve publicity among parents
of children aged 5-11 years in order to increase the rates and
thus lower the transmission of SARS-CoV-2 and reduce the
occurrence of COVID-19.
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Background: Vaccine hesitancy was found in couples seeking artificial
reproductive technology (ART) services. As the main vaccine used in China,
investigations into the influence of inactivated coronavirus disease 2019
(COVID-19) vaccines on human fertility is needed.

Methods: This retrospective cohort study included data on COVID-19
vaccination, clinical characteristics, and reproductive outcome of 1,000
intrauterine insemination (IUl) cycles in 653 couples from March 2021 to
March 2022 in a single university hospital-based center for reproductive
medicine. The Ul cycles were divided into two categories based on sperm
source, including 725 cycles in 492 women undergoing artificial insemination
with their husband's sperm (AlH) and 275 cycles in 161 women undergoing
artificial insemination with donor sperm (AID). Women were then divided
into two groups. The vaccine exposed group included women vaccinated
prior to insemination and the unexposed group included women who were
not vaccinated or vaccinated after insemination. Reproductive outcomes
including ongoing pregnancy rate, clinical pregnancy rate, and miscarriage rate
were assessed.

Results: Inactivated COVID-19 vaccinated women prior to intrauterine
insemination in AlH cycles have comparable ongoing pregnancy rate (11.1 vs.
10.3%, P = 0.73), clinical pregnancy rate (12.5 vs. 11.3%, P = 0.60) as compared
with unvaccinated counterparts. Similarly, there were no significant differences
in ongoing pregnancy rate (20.9 vs. 28.1%, P = 0.17), clinical pregnancy rate
(21.7 vs. 28.8%, P = 0.19) between vaccine exposed and unexposed groups in
AID cycles. Multivariable logistic regression analyses showed that inactivated
COVID-19 vaccination status cannot independently influence the reproductive
outcomes of AIH and AID cycles. Subgroup analysis of vaccine exposed cycles
showed that doses of vaccination and Interval between the last dose of
vaccination and insemination have no influence on the reproductive outcomes
of AlH cycles.
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No negative effects were found on female fertility in IUI

cycles following exposure to the inactivated COVID-19 vaccine. These
findings indirectly reflect the safety of inactivated COVID-19 vaccine toward
reproductive health and help to mitigate vaccine hesitancy among people
planning to conceive.

KEYWORDS

COVID-19, inactivated vaccine, SARS-CoV-2, IUI, infertility

Introduction

The outbreak of Coronavirus disease 2019 (COVID-19) has
developed into a global pandemic recognized by the World
Health Organization (WHO) on the 11th of March 2020 and
continues to pose a great threat to public health and safety
(1). As of March 2022, over 455 million confirmed cases and
almost 6 million deaths had been reported globally (2). COVID-
19 is caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) wild-type strain and its variants, a novel positive-
stranded RNA virus belonging to the Coronaviridae family (3).
Because of the vulnerability of SARS-CoV-2, the development of
safe and effective vaccines has become the most urgent goal for
the scientific community. Globally, various vaccines are being
developed, including live-attenuated virus vaccines, inactivated
virus vaccines, protein subunit vaccines, replication-deficient
vectors, and genetic vaccines (DNA and RNA) (4). According to
data from the WHO, there are at least 149 vaccine candidates in
clinical phases, 40 of which have reached Phase III trials based on
different vaccine platforms (5). Inactivated vaccines are the most
commonly used in China because three double-dose inactivated
vaccines (Sinovac and SinoPharm) have been approved for

Abbreviations: ART, Artificial reproductive technology; COVID-19,
Coronavirus disease 2019; IUI, Intrauterine insemination; AlH, Artificial
insemination with their husband’s sperm; AID, Artificial insemination
with donor sperm; WHO, World Health Organization; SARS-CoV-2,
Severe acute respiratory syndrome coronavirus 2; ACE2, Angiotensin-
converting enzyme 2; ESHRE, European Society of Human Reproduction
and Embryology; ASRM, American Society for Reproductive Medicine;
CDC, Centers for Disease Control and Prevention; JCVI, Joint Committee
on Vaccination and Immunization; IVF-ET, In vitro fertilization embryo
transfer; AFC, Antral follicular count; AMH, Anti-Mullerian hormone; BMI,
Body mass index; COS, Controlled ovarian stimulation; FSH, Follicle-
stimulating hormone; PR, progressive motility; TMSC, Total motile
sperm count; HMG, Human menopausal gonadotropin; LH, Luteinizing
hormone; hCG, Human chorionic gonadotropin; IQR, Interquartile
range; SD, Standard deviation; RR, Risk ratio; Cl, Confidence interval; Gl,

Generalized estimating equation.
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emergency use. After being adopted in a nationwide anti-
COVID-19 vaccination program, over 3,100 million doses of
inactivated vaccines were administered in mainland China (6).

Studies have shown that the SARS-CoV-2 virus initiates
infection through the interaction of its spike proteins with
the human angiotensin-converting enzyme 2(ACE2) receptors
(7), which are abundant in the ovarian and testicular tissue
of the human reproductive system (8, 9). This highlights the
potential for detrimental effects on the future fertility of people
infected with SARS-CoV-2. It is also particularly concerning
for the uptake of COVID-19 vaccines, given its importance for
people of child-bearing age. Based on our understanding of
the immune response to inactivated vaccines and the efficacy
and safety data from clinical trials (10-13), current guidelines
from various world organizations do not restrict COVID-19
vaccination from people trying to conceive or undergoing
ART. However, given the lack of information on the specific
effects of COVID-19 vaccination on reproduction, there is no
consensus on the need to postpone conception after vaccination.
Guidelines from the European Society of Human Reproduction
and Embryology (ESHRE) and the Chinese Expert Group
recommend postponing ART for at least a few days after
administration of the vaccine to allow the immune response
to settle (14). Conversely, other organizations such as the
American Society for Reproductive Medicine (ASRM), the
Centers for Disease Control and Prevention (CDC), and the
Joint Committee on Vaccination and Immunization (JCVI) do
not stress this point (15). Additionally, we found that couples
seeking artificial reproductive technology (ART) services in our
reproductive center focused more on the effect of COVID-19
vaccination on ART and future pregnancy, which led to vaccine
hesitancy and extremely low vaccination coverage.

Intrauterine insemination (IUI) also known as artificial
insemination, is the first-line treatment for unexplained and
male-factor infertility. With this treatment, the sperm from
a partner or donor is prepared and inseminated directly
into the uterus around the time of ovulation, representing
the relatively natural fertilization process compared to In
vitro fertilization embryo transfer (IVF-ET) (16). Therefore,
this study aims to identify the effect of inactivated COVID-
19 vaccines on reproductive outcomes in a cohort of
women undergoing IUI cycles to increase confidence and
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reduce hesitancy toward these vaccines in women trying to
fall pregnant.

Materials and methods

Study design and participants

A retrospective cohort study was conducted at the Center
for Reproductive Medicine of the Third Affiliated Hospital of
Guangzhou Medical University (Guangzhou, China). Women
who had undergone IUI cycles from March 2021 to March
2022 were enrolled. Inclusion criteria included: (i) at least 12
months of infertility, (ii) regular menstruation (21-35 days),
and (iii) normal uterine cavity with at least one patent fallopian
tube (established by hysterosalpingography or laparoscopy).
Exclusion criteria included: (i) advanced maternal age (older
than 40 years), (ii) no COVID-19 vaccination data, (iii) cycle
cancellation due to a low ovarian response (lack of development
of lead follicle at least >14 mm), ovulation from the side of
known tubal occlusion, multifollicular response and premature
ovulation, and (iv) presence of other infertility factors including
severe endometriosis e(ASRM grade III-IV), decreased ovarian
reserve function (antral follicular count (AFC) <5-7 follicles or
anti-Miillerian hormone (AMH) <0.5-1.1 ng/ml), endometrial
disorders (polyps or submucosal fibroids) and hydrosalpinx.
From the 1,127 infertile couples identified (1,936 cycles), 916
women (1,554 cycles) underwent artificial insemination with
their husband’s sperm (AIH), and 213 women (382 cycles)
underwent artificial insemination with donor sperm (AID),
primarily due to severe male factor infertility (17). These people
were further screened by the above exclusion criteria. Finally,
725 AIH cycles and 275 AID cycles were included in the study
and each was divided into two groups. The vaccine exposed
group included women vaccinated prior to insemination and
consisted of 335 AIH cycles and 115 AID cycles. The unexposed
group included women who were not vaccinated or vaccinated
after insemination and consisted of 390 AIH cycles and 160 AID
cycles (Figure 1).

The baseline clinical characteristics and cycle variables were
collected from a fertility department database. Vaccination
status was determined by telephone follow-up. General patient
information such as female age, body mass index (BMI), type
of pregnancy, infertility duration, treatment cycle type, IUI
indication, and cycle number was recorded. The indications
for TUI were divided into male factors, unexplained or other
factors, while treatment cycle types were divided into cycles with
controlled ovarian stimulation (COS) and natural cycles. Cycle
variables cover an index that reflects ovarian function, including
basal follicle-stimulating hormone (FSH) level, AMH level, and
bilateral AFC; male sperm parameters including progressive
motility (PR) after processing and the total motile sperm count
(TMSC) after processing; and the numbers of dominant follicles
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and endometrial thickness on the day of hCG administration.
Vaccination status included the male partner vaccinated or not,
the doses of vaccination, and the interval between the last dose
vaccination and insemination in exposed cycles.

This study was approved by the local Ethics Committee of
the Third Affiliated Hospital of Guangzhou Medical University.

Ul protocol

Details of the IUI protocol have been described previously
(18). A transvaginal ultrasound was performed on cycle day 35
to exclude ovarian cysts larger than 30 mm. According to the
maternal age and ovarian reserve testing, the women started
intramuscular injections of human menopausal gonadotropin
(HMG, Livzon, Zhuhai, China), ranging from 37.5 to 75 IU to
control ovarian stimulation. These injections continued daily
until ovulation of at least one follicle >17 mm in diameter.

The trigger criteria for ovulation were: (i) the leading follicle
was >17mm in diameter, (ii) the serum luteinizing hormone
(LH) was elevated and the leading follicle was at least 14 mm in
diameter, (iii) the serum P concentrations were >1.5 pg/l and
the leading follicle was at least 14 mm in diameter. If one of
these three criteria were observed, ovulation was triggered with
human chorionic gonadotropin (hCG) ranging from 5,000 IU to
10,000 IU.

Insemination was performed 12-36h after hCG injection.
The sperm was collected by masturbation after 2-7 days of
sexual abstinence. Sperm samples in the AID cycles were
obtained from the Human Sperm bank of Guangdong Province.
Sperm from each washed semen sample were counted and
evaluated for motility, and 0.2-0.5 mL was introduced into the
woman’s uterus by syringe.

Ovulation was identified by free fluid in the Douglas pouch
and visible corpus luteum and/or the disappearance of the
follicle during a transvaginal ultrasound. After insemination,
micronized progesterone (200 mg vaginal capsule, twice daily)
was used for luteal support. The serum B-HCG level was tested
for pregnancy 2 weeks later.

The primary response variable for this study was the ongoing
pregnancy confirmed by intrauterine pregnancy beyond 12
weeks’ gestation through transvaginal ultrasound examination,
and clinical pregnancy defined as the presence of a yolk sac with
heartbeat at 7 weeks gestation. Secondary outcomes included
rates of biochemical pregnancy, early miscarriage, and ectopic
pregnancy. Biochemical pregnancy was determined as the
detection of serum level of HCG more than 10 mIU/ml 14 days
after operation. Biochemical pregnancy loss was determined
as elevated HCG levels but no detectable gestational sac was
observed with transvaginal sonography 4 weeks following
operation. Early miscarriages were those pregnancy losses with
detectable intrauterine gestational sacs within gestational 12
weeks. Ectopic pregnancy was identified as embryos implant
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1936 IUI cycles between 3/2021 and 3/2022
(1127 couples)

v

Insemination with parter sperm
1554 AIH cycles (916 couples)

v

Insemination with donor sperm
382 AID cycles (213 couples)

113 Tubal factors

216 Excluded owing to cycle cancelation
384 Excluded owing to no vaccination data
25 Excluded owing to advanced age
311 Excluded owing to other infertility factors
81 Severe endometriosis
79 Decrease ovarian reserve function
38 Endometrial disorders

A

725 cycles included in study
(492 couples)

|
v ! !

4

275 cycles included in study
(161 couples)

I
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335 cycles vaccinate 61 cycles vaccinate 329 cycles not
before insemination after insemination vaccinated

115 cycles vaccinate 27 cycles vaccinate 133 cycles not
before insemination after insemination vaccinated

y I—i—l

[ [
Y y

335 Exposed cycles 390 Unexposed cycles
(238 couples) (268couples)

115 exposed cycles
(71 couples)

160 unexposed cycles
(98 couples)

FIGURE 1
Study flowchart.

at any other sites except for intrauterine cavity. Biochemical
pregnancy loss rate, spontaneous miscarriage rate, and ectopic
pregnancy rate were calculated based on the number of women
with biochemical pregnancy.

Statistical analysis

The mean = standard deviation (SD), median and
interquartile range (IQR 25 to 75%) were determined for
continuous variables, while categorical variables were expressed
as cycle numbers and percentages. A Mann-Whitney U-test
was used to compare the response variables between groups
for skewed data, and a t-test was used for normally-distributed
data. A chi-square test was used to compare qualitative data
between groups. Clinical pregnancy, biochemical pregnancy,
and miscarriage rates were compared for vaccine-exposed or
unexposed groups in ATH and AID cycles. First, the unadjusted
risk ratio (RR) and 95% confidence interval (CI) were calculated
for clinical pregnancies, using unexposed cycles as the reference.
A log-binomial regression model for multivariate analysis was
then performed, controlling for female age, BMI, infertility
duration, treatment cycle type, IUI indication, sperm parameters
after processing, ovarian reserve function, dominant follicles,
endometrial thickness on the day of hCG administration, and
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the vaccination status of male partner. Next, a generalized
estimating equation (GEE) was used to examine the relationship
between individual factors and the outcome of ongoing
pregnancy, controlling for multiple cycles within the same
couple. RR and 95% CI were calculated for candidate factors.
A p-value of <0.05 indicated statistical significance. Statistical
analysis was performed in SPSS 28.0 software (IBM).

Results

From March 2021 to March 2022, data from 1,000 IUT cycles
in 653 couples were included in this study, of which 725 were
cycles with partner sperm (492 couples) and 275 were cycles
with donor sperm (161 couples). There were 335 AIH cycles
in the COVID-19 vaccine-exposed group and 390 cycles in
the unexposed group. Similarly, 115 AID cycles were in the
COVID-19 vaccine-exposed group, and 160 cycles were in the
unexposed group. Table I summarizes baseline characteristics
per artificial insemination cycle stratified by vaccine exposed
or not. The mean female age was 31.2 £ 3.6 years in AIH
cycles and 29.6 £ 3.5 years in AID cycles. There were no
statistically significant differences in the female age, BMI,
infertility duration, distribution of infertility types, treatment
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TABLE 1 Baseline characteristics per artificial insemination cycles with husband or donor semen stratified by vaccination exposed or not.

Variables ATH cycles AID cycles
Exposed group Unexposed group P-value Exposed group Unexposed group P-value
No. of cycles 335 390 115 160
Female age, mean (SD), y 31.2(3.8) 31.2(3.6) 0.95 30.5(2.4) 29.4 (3.8) 0.02
BMI, mean (SD), kg/m2 21.9 (3.3) 22.0 (3.4) 0.74 22.0 (2.7) 21.2(2.8) 0.09
Type of infertility, n (%) 0.87 0.09
Primary infertility 218 (65.9) 252 (65.3) 102 (88.7) 130 (81.3)
Secondary infertility 113 (34.1) 134 (34.7) 13 (11.3) 30 (18.8)
Infertility duration, median, median (IQR), y 3(2-4) 3(2-4) 0.53 4 (2-5) 4(2-5) 0.67
Treatment cycle type, n (%) 0.55 0.08
Natural 169 (50.4) 188 (48.2) 73 (66.1) 89 (55.6)
Cos 166 (49.6) 202 (51.8) 39 (33.9) 71 (44.4)
IUI indication, n (%) 0.06 0.63
Unexplained/other 146 (44.6) 199 (51.6) 4(3.5) 4(2.5)
Male factors 185 (55.4) 187 (48.4) 111 (96.5) 156 (97.5)
Cycle number, 1 (%) 0.06 0.08
First 197 (58.8) 253 (64.9) 56 (48.7) 60 (37.5)
Second 117 (34.9) 127 (32.6) 40 (34.8) 49 (30.6)
Third or more 21(6.3) 10 (2.6) 19 (16.6) 51 (31.8)
Male partner vaccination, n (%) 326 (98.2) 197 (51.6) <0.01
TABLE 2 Vaccination status of vaccines exposed group.
Variables ATH cycles AID cycles P-value
Doses of vaccination, % (1) 0.33
Single dose prior to insemination 23.3 (78/335) 27.8 (32/115)
Double doses prior to insemination 72.5(243/335) 70.4 (81/115)
Three doses prior to insemination 4.2 (14/335) 1.8 (2/115)
Interval between the last dose and insemination, %(n) 0.73

<3 months

>3 months

27.8 (93/335)
72.2 (242/335)

26.1 (30/115)
73.9 (85/115)

cycle types, IUI indication, or cycle number between vaccine-
exposed and unexposed groups in ATH cycles (P > 0.05). In AID
cycles, women with vaccine exposure were significantly older
than those unexposed (30.5 vs. 29.4, P = 0.02).Other baseline
characteristics did not differ significantly. The vaccination
coverage of women seeking for TUT treatments was 45%. The
vaccine coverage rate of male partner in the female vaccine-
exposed group was significantly higher than in the unexposed
group in AIH cycles (98.2 vs. 51.6%, P < 0.01).

Table 2 shows the vaccination status of vaccines exposed
group both in ATH and AID cycles. There were no statistically
significant differences between AIH and AID cycles in the
distribution portion of the vaccination doses as well as the
interval between the last dose vaccination and insemination (P
> 0.05). For women vaccinated before insemination, Over 70%
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of them have been vaccinated double doses before undergoing
intrauterine insemination, and the interval between the last dose
vaccination and insemination was more than 3 months.

There were no statistically significant differences between
vaccine-exposed and unexposed groups in the indexes
representing female ovarian function, sperm parameters after
processing, dominant follicles, or endometrial thickness on
the day of hCG administration in AIH cycles (P > 0.05). The
only significant difference found in AID cycles was PR after
processing, which was higher in the exposed group than in the
unexposed group (84.2 vs. 78.1%, P < 0.01, Table 3).

Table 4 shows the frequencies and adjusted RR for
reproductive outcomes of artificial insemination cycles stratified
by vaccine-exposed or unexposed. In AIH cycles, there were
no significant differences in reproductive outcomes between
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TABLE 3 Cycle variables per artificial insemination cycles with husband or donor semen stratified by vaccination exposed or not.

Variables ATH cycles AID cycles
Exposed group  Unexposed group  P-value  Exposed group  Unexposed group  P-value
Ovarian reserve function,
median (IQR)
Basal FSH level, mIU/mL 5.65 (5.0-6.90) 5.68 (4.87-6.46) 0.61 5.03 (4.75-6.71) 5.30 (4.54-6.27) 0.71
AMH level, ng/mL 4.15 (2.79-5.88) 4.21 (2.75-6.56) 0.17 3.66 (2.61-5.53) 3.99 (2.48-6.41) 0.84
Bilateral AFC 19 (15-25) 20 (15-26) 0.83 19 (14-29) 20 (16-25) 0.25
Sperm parameters, median
(IQR)
PR after processing, % 93.8 (91.3-96.2) 94.0 (90.5-96.0) 0.38 84.2 (75.6-87.7) 78.1 (72.6-82.8) < 0.01
TMSC after processing, 10° 26.44 (17.19-39.97) 29.39 (16.74-44.63) 0.51 13.39 (11.07-15.99) 12.86 (11.15-15.47) 0.13
Dominant follicles, median 1(1) 1(1) 0.98 1(1) 1(1,2) 0.16
(IQR)
Endometrial thickness on the 9.4 (8.6-11) 9.8 (8.4-11) 0.93 9.0 (7.3-10.0) 9.5 (8.8-10.4) 0.11
day of hCG administration,
median (IQR), mm
TABLE 4 Reproductive outcome of artificial insemination with husband or donor semen stratified by vaccine exposed or not.
Variables Exposed cycles, % (1) Unexposed cycles, % (1) P-value Adjusted*
RR (95% CI) P-value
AIH
Biochemical pregnancy 13.1 (44/335) 12.8 (50/390) 0.90 1.085 (0.688-1.711) 0.73
Clinical pregnancy 12.5 (42/335) 11.3 (44/390) 0.60 1.189 (0.740-1.912) 0.47
Ongoing pregnancy 11.0 (37/335) 10.3 (40/390) 0.73 1.128 (0.684-1.860) 0.64
Biochemical pregnancy loss 4.5 (2/44) 12.0 (6/50) 0.28*
Early miscarriage 6.8 (3/44) 8.0 (4/50) 1.00%
Ectopic pregnancy 4.5 (2/44) 0(0) 0.22%
AID
Biochemical pregnancy 22.6 (26/115) 30.6 (49/160) 0.14 0.721 (0.401-1.295) 0.27
Clinical pregnancy 20.9 (24/115) 28.8 (46/160) 0.19 0.759 (0.416-1.383) 0.37
Ongoing pregnancy 20.9 (24/115) 28.1 (45/160) 0.17 0.751 (0.408-1.380) 0.36
Biochemical pregnancy loss 7.7 (2/26) 6.1 (3/49) 1.00*
Early miscarriage 0(0) 2.0 (1/49) 1.00*
Ectopic pregnancy 0(0) 0(0) 1.00%

'Adjusted for female age, BMI, infertility duration, treatment cycle type, IUI indication, sperm parameters after processing, ovarian reserve function, dominant follicles, and endometrial

thickness on the day of hCG administration.
#Fisher exact test was used.

groups (11.0 vs. 10.3% for ongoing pregnancy rate, P = 0.73;
12.5 vs. 11.3% for clinical pregnancy rate, P = 0.60). The
rates of biochemical pregnancy (13.1 vs. 12.8%, P = 0.90) and
biochemical pregnancy loss (4.5 vs. 12.0%, P = 0.28) were similar
in the vaccine exposed group compared with the unexposed
group. In AID cycles, the rates of reproductive outcomes were
slightly lower in the exposed group, but this difference was not
statistically significant (20.9 vs. 28.1% for ongoing pregnancy
rate, P = 0.17; 21.7 vs. 28.8% for clinical pregnancy rate,
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P = 0.19; 22.6 vs. 30.6% for biochemical pregnancy rate, P
= 0.14). Multivariable logistic regression analyses showed no
independent influence of vaccine exposed on the reproductive
outcomes of AIH and AID cycles (Adjusted RR 1.128 for
ongoing pregnancy rate in AIH cycles, 95% CI 0.684 to 1.860;
Adjusted RR 0.751 for ongoing pregnancy rate in AID cycles,
95% CI 0.408 to 1.380). The rates of biochemical pregnancy
loss (7.7 vs. 6.1%, P = 1.00) were similar between groups. Early
miscarriage occurred 3/44 (6.8%), 4/50 (8.0%), and 1/49 (2.0%)
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TABLE 5 Subgroup analysis of reproductive outcomes of artificial insemination with husband within exposed cycles.

Biochemical Clinical Ongoing Biochemical Miscarriage
pregnancy pregnancy pregnancy pregnancy loss
Doses of vaccination, % (1)
Single dose prior to insemination 17.9 (14/78) 16.7 (13/78) 14.1 (11/78) 7.1(1/14) 7.1 (1/14)
Double dose or more prior to insemination 11.7 (30/257) 11.3 (29/257) 10.1 (26/257) 3.3 (1/30) 6.7 (2/30)
P-value 0.15 0.21 0.33 0.54* 1.00*
Interval between the last dose and insemination
<3 months 18.3 (17/93) 16.1 (15/93) 14.0 (13/93) 11.7 (2/17) 0 (0)
>3 months 11.2 (27/242) 11.2 (27/242) 9.9 (24/242) 0(0) 11.1 (3/27)
P-value 0.08 0.22 0.29 0.14* 0.27*

“Fisher exact test was used.

in the exposed group of AIH cycles, the unexposed group of
ATH cycles, and the unexposed group of AID cycles, respectively.
Ectopic pregnancy occurred 2/44 (4.5%) in the exposed group of
ATH cycles.

Subgroup analysis of vaccination status among vaccinated
women in AIH cycles on reproductive outcomes was performed.
As presented in Table 5, the reproductive outcomes were slightly
poor in the group taken double dose or more inactivated
COVID-19 vaccines than the group that took a single dose
vaccine prior to intrauterine insemination, but this difference
was not statistically significant (10.1 vs. 14.1% for ongoing
pregnancy rate, P = 0.33; 11.3 vs. 16.7% for clinical pregnancy
rate, P = 0.21; and 6.7 vs. 7.1% for miscarriage rate, P = 1.00).
Similarly, the reproductive outcomes were slightly poor in the
group that had undergone intrauterine insemination more than
3 months later after taking the last dose of COVID-19 vaccine
than the group that within 3 months (9.9 vs. 14.0% for ongoing
pregnancy rate, P = 0.29; 11.2 vs. 16.1% for clinical pregnancy
rate, P = 0.22; and 11.1 vs. 0% for miscarriage rate, P = 0.27).

The predictors in the GEE model for ongoing pregnancy
are presented in Table 6. After controlling bias from multiple
cycles within the same couple, no independent influence factor
was found to predict the reproductive outcome of ATH cycles,
including COVID-19 vaccine exposed.

Discussion

This cohort study was designed to identify potential
detrimental effects of the inactivated COVID-19 vaccine on
female fertility during IUI cycles and found no significant effects
on clinical pregnancy rates in either ATH or AID cycles.

The public health impact of the COVID-19 pandemic is
beyond everybody’s imagination 2 years after the first case was
reported. China’s early physical epidemic prevention measures,
such as strictly blocking the transmission chain of SARS-CoV-2,
have achieved great success in limiting the domestic epidemic
of COVID-19. Given the integration of the world economy,
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TABLE 6 Adjusted binary logistic regression model for predictors of
ongoing pregnancy of artificial insemination with husband semen (725
cycles in 492 couples) using generalized estimating equations.

Factor Adjusted RR (95% CI) P-value
Female vaccine exposed 1.060 (0.591-1.901) 0.85
Male partner vaccinated 0.729 (0.370-1.435) 0.36
Female age, y 1.022 (0.957-1.092) 0.51
BMI, kg/m? 0.968 (0.904-1.036) 0.34
Infertility duration, m 0.953 (0.824-1.103) 0.52
Treatment cycle type

Natural Ref.

COS 0.684 (0.421-1.111) 0.13
TUI indication

Unexplained/other Ref.

Male factors 0.870 (0.530-1.427) 0.58

and the need to open the country to the outside world, the
full implementation and promotion of vaccination was the
only solution. However, any resulting reproductive issues must
be known and considered by reproductive medical workers.
To date, there have been no reports of female reproductive
system damage in COVID-19 patients, but indirect evidence
suggests that COVID-19 may infect female ovarian tissue
and granulosa cells through ACE2 receptors, reducing ovarian
function and oocyte quality (9, 19, 20). Based on existing
research on the potential impact of SARS-CoV-2 infection on
female fertility, national guidelines recommend that women
with pregnancy planning be actively vaccinated against COVID-
19. However, these recommendations have not been accepted
by the population. On the one hand, our follow-up data
showed that the vaccination coverage of COVID-19 is far
from establishing herd immunity in couples undergoing ART
(21). On the other hand, Flynn et al. (22) investigated the
impact of the COVID-19 pandemic on human pregnancy-
planning behaviors through an online questionnaire and found
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that 53% of subjects reported that COVID-19 had affected
their pregnancy plans, among which 72% chose to postpone
pregnancy. These abnormal behaviors may be attributed to
the lack of knowledge about the potential effects of COVID-
19 vaccination, which led to much apprehension and caution
among patients planning to conceive.

Current vaccines have already advanced into clinical trials,
and published data mainly include inactivated virus vaccines,
virus-vectored vaccines, and mRNA vaccines. The latter two
were gene-based vaccines that deliver genes encoding viral
antigens to host cells for in vivo production, which target a
single protein or protein fragments of SARS-CoV-2 (23). In
contrast, inactivated virus vaccines are physically or chemically
inactivated but preserve the integrity of the virus particle,
using the whole virus as vaccine targets. The targeted immune
response of an inactivated vaccine is usually humoral and
cellular, with little reactogenicity, resulting in a high safety
profile (4). As for mRNA vaccines, several studies have indirectly
illustrated their safety in terms of fertility. A recent report
using the v-safe safety monitoring system data showed that
4,800 people had a positive pregnancy test after receiving the
first dose of an mRNA COVID-19 vaccine (24). A randomized,
blinded Pfizer-BioNTech trial also showed a similar number
of women conceived after receiving the vaccine as those who
received the placebo (15). Morris et al. (25) found no difference
in implantation rates among SARS-CoV-2 vaccine seropositive,
infection seropositive, and seronegative women following in
vitro fertilization frozen embryo transfer cycles. Similarly,
two observational studies have assessed the influence of the
mRNA SARS-CoV-2 vaccine (BNT162b2) on IVF treatments,
and neither the before-after study (26) nor the cohort study
(27) demonstrated any detrimental effect on the patients’
performance and ovarian reserve in IVF cycles. In addition,
researchers found no significant changes in sperm characteristics
before or after two doses of a COVID-19 mRNA vaccine
among cohorts of healthy men (28, 29). Despite these findings,
investigations into the effect of inactivated COVID-19 vaccines,
the main vaccine used in China, have not been done.

This study is the first to evaluate the possible effect of
inactivated COVID-19 vaccines on human reproduction, using
the IUI cycle as a model. This is an effective method to study
the impact of one factor on implantation, on the one hand,
the fertilization process of it is relatively natural compared
to IVF-ET, on the other hand, the process of IUI bypass
many of the variables that normally impact the ability to
conceive like ovulation and sperm selection compared to natural
conception process (30). When grouping the subjects, we played
close attention to the relative time between vaccination and
insemination and chose a more rigorous grouping method
instead of just dividing people into vaccinated and unvaccinated
groups. We classify people vaccinated after insemination as
vaccine unexposed group because at that time the vaccine could
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be considered no longer affect the process of early pregnancy.
Besides, the follow-up period of our study was the period
when vaccination was just started in China, at that time,
sperm samples stored in the sperm bank must have come
from unvaccinated donors. Since the sperm samples in AID
cycles were from the sperm bank, the donor can be regarded
as not affected by the vaccine. Therefore, the AID cycle is a
particularly effective model for studying the effect of vaccines on
female fertility by excluding any interference of male vaccination
on reproductive outcomes. Although our data showed a 25%
reduction in ongoing pregnancy rates in the vaccine exposure
group compared to the control group during the AID cycle,
there was no significant difference. The small sample size in
this group limited the statistical efficacy of the AID cycle and
was unable to provide conclusive results with the existing data
set. However, considering the unique features of the AID cycle
compared with the ATH cycle, relevant clinical data are still listed
for researchers’ reference.

There are several limitations of this study. Firstly, the sample
size was too small to allow an in-depth stratified analysis of
vaccination status with a convincing conclusion, and this will
be rectified in future studies. Secondly, retrospective studies
are subject to bias, and although variables linked to IUI
success in prior studies were included in the GEE analysis,
it was impossible to identify and control for all confounding
variables. Thirdly, the participants in the present study were
women undergoing ART treatments and do not represent those
undergoing natural conception. Finally, due to the lack of data
on the timing of male vaccination, it was impossible to judge
whether the husband had been vaccinated before IUI treatment,
which may lead to inaccurate results even after adjusting for
the vaccination status of male partner in AIH cycles. However,
these defects were partly compensated by data from AID cycles
because it was known that the semen from the sperm bank had
no vaccine exposure.

Conclusions

This study provides a unique contribution to the effect
of inactivated COVID-19 vaccine on female ability to
conceive under a relatively rigorous design, including
choosing TUI cycles as the fertility model, strict inclusion
and exclusion criteria, and the application of GEE adjusted
for confounding covariates based on an extensive data set
of baseline and in-cycle characteristics. The present study
shows no negative effects on female fertility in IUI cycles
following exposure to the inactivated COVID-19 vaccine. These
findings indirectly reflect the safety of inactivated COVID-19
vaccine toward reproductive health and add an extra step
toward reducing vaccine hesitancy (31) among people planning

to conceive.
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Mexico, one of the countries severely affected by COVID-19, accumulated
more than 5. 1 all-cause excess deaths/1,000 inhabitants and 2.5 COVID-
19 confirmed deaths/1,000 inhabitants, in 2 years. In this scenario of high
SARS-CoV-2 circulation, we analyzed the effectiveness of the country's
vaccination strategy that used 7 different vaccines from around the world,
and focused on vaccinating the oldest population first. We analyzed the
national dataset published by Mexican health authorities, as a retrospective
cohort, separating cases, hospitalizations, deaths and excess deaths by
wave and age group. We explored if the vaccination strategy was effective
to limit severe COVID-19 during the active outbreaks caused by Delta
and Omicron variants. Vaccination of the eldest third of the population
reduced COVID-19 hospitalizations, deaths and excess deaths by 46-55%
in the third wave driven by Delta SARS-CoV-2. These adverse outcomes
dropped 74-85% by the fourth wave driven by Omicron, when all adults
had access to vaccines. Vaccine access for the pregnant resulted in
85-90% decrease in COVID-19 fatalities in pregnant individuals and 80%
decrease in infants 0 years old by the Omicron wave. In contrast, in the
rest of the pediatric population that did not access vaccination before
the period analyzed, COVID-19 hospitalizations increased >40% during
the Delta and Omicron waves. Our analysis suggests that the vaccination
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strategy in Mexico has been successful to limit population mortality and
decrease severe COVID-19, but children in Mexico still need access to
SARS-CoV-2 vaccines to limit severe COVID-19, in particular those 1-4

years old.

COVID-19 in children, COVID-19 in pregnancy, COVID-19 vaccination, Omicron sub-
lineages, SARS-CoV-2 Delta VOC, excess mortality, COVID-19 epidemic in Mexico

Introduction

SARS-CoV-2 was first detected in Mexico in February 2020
(1, 2). A large national epidemic ensued, with over 325,000
deaths confirmed from COVID-19 (2) and 662,000 all-cause
excess deaths (3) in 2 years. In 2020-2021, Mexico ranked in
the top-5 countries in excess deaths (4, 5) and in the top-30 in
COVID-19 mortality (6), with 5.1 all-cause excess deaths and 2.5
COVID-19 confirmed deaths in every 1,000 inhabitants, similar
to other severely hit countries like the USA, Brazil, Peru or
Russia (1, 4-6).

Mexico’s response to the pandemic in 2020 focused on
organizing public medical attention for severe COVID-19 (1, 7),
and less on infection detection or containment; while in 2021-
2022 the focus was on anti-SARS-CoV-2 vaccination (8, 9). The
country has endured five well-defined incidence waves, peaking
approximately every 6 months. The first two waves happened
before vaccination; the third wave presented in parallel to
growing vaccination and to the colonization of the Delta SARS-
CoV-2 variant (B.1.617.2), while the fourth wave begun with
>70% of adults fully vaccinated (primary series), and correlated
with the spread of Omicron subvariants BA.1 and BA.2 (10, 11).
A fifth wave is developing at the time of writing, with presence
of subvariants BA.4 and BA.5 (10).

Mexico began anti-SARS-CoV-2 vaccination on December,
2020, for healthcare workers and on February, 2021 for the
adult population in age-groups from older to younger (8, 9).
Up to April 2021, vaccination was only open to adults 60+
(11.5% of the population) and on May, June, July and August
2021, it opened for age groups 50-59, 40-49, 30-39 and 18-
29 yo, which represent 10, 13, 15, and 20% of the population,
respectively. Vaccination opened in May 2021 for pregnant
people, in October 2021 for children 12-17 yo with severe
comorbidities, in December 2021 for all children 15-17 yo and
in May 2022 for those 12-14 yo; while children 5-11 yo (17% of
population) will be vaccinated during July-September 2022, and
children under 5 yo (8% of population) remain ineligible.

Mexico has relied on 7 COVID-19 vaccines from multiple
developers: ChAdOx1 (AZD1222) from Oxford/Astra Zeneca
(43.8%), BNT162b2 from Pfizer/BioNTech (25.5%), CoronaVac
from Sinovac (9.9%), Gam-COVID-Vac/Sputnik V from
Gamaleya Research Institute (9.9%), Ad5-nCoV from CanSino
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Biologics (7.0%), mRNA-1273 from Moderna (3.1%) and
Ad26.COV2.S from J&J/Janssen (0.7%) (% of the initial 200
million doses received in the country until April 2022) (12). Full
vaccination consisted of a single dose J&J/Janssen or CanSino,
or of two doses of the rest of the vaccines, administered 4-6
weeks apart for Pfizer and Coronavac, and 9-12 weeks apart
for Astra Zeneca and Sputnik V. Vaccines have been allocated
as they arrive, without a strategy to serve age groups with a
specific vaccine subtype, except for children <18 yo, all of
whom have received BNT162b2 (Pfizer/BioNTech). Teachers
and school personnel were offered immunization ahead of their
age-group, in April-May 2021 with the single dose CanSino
vaccine, followed by an mRNA-1273 Moderna booster 8 months
later (offered on January 2022). All immunizations have been
voluntary and offered at no cost to the population and no
vaccine mandates are in place. Booster doses became available
for adults, 5 months or more after their primary vaccination,
with ChAdOx1 (Oxford/AstraZeneca, >85%
administered), Sputnik V (Gamaleya) or Cansino; starting on

of boosters

December 2021 for those 60+, as the Omicron variant was
identified in the country, and subsequently opening in January,
February and March 2022, for 50-59 yo, 30-49 yo and 18+,
respectively. Likely, most boosters have been heterologous, but
we found no reports that specify this.

Mexico represents an interesting middle-income scenario
to explore if a multi-vaccine strategy focused on immunizing
and boosting the older population first, was effective to
limit COVID-19 mortality during the active outbreaks caused
by the Delta and Omicron variants. Here we analyzed the
complete national data for the first four COVID-19 waves and
correlated with the progress of anti-SARS-CoV-2 vaccination to
describe how vaccination changed events per age group (cases,
hospitalizations, deaths and excess deaths) during the COVID-
19 epidemic in Mexico.

Methods
Ethics

The protocol describing this work was approved by IMSS
ethics committee (registration IMSS-R-2021-2106-001). In all
datasets patient identity was absent.
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Information sources

National COVID-19 dataset

COVID-19 cases, hospitalizations and deaths were obtained
from the open-access Mexican dataset updated regularly by
health authorities, available at (13). The dataset includes
all symptomatic COVID-19 cases, their characteristics, and
outcomes, since outbreak start. It is fed nationwide by all
hospital centers, public and private, and it is the source of the
official COVID-19 data provided by Mexican health authorities
for international surveillance. Variable descriptors for the
dataset are in an auxiliary file provided by the health authority
(14) and we used those definitions without modification.

We analyzed the first four COVID-19 waves, defined as cases
that started symptoms up to April 30, 2022, since an increase
in COVID-19 cases (2) and test positivity (15) started around
May 1, 2022, marking the beginning of a fifth COVID-19 wave.
Individuals with symptoms, without a SARS-CoV-2 test result,
were excluded. Individuals with symptoms that tested negative
to SARS-CoV-2, were not included as COVID-19 cases but were
used in test positivity calculations and as a reference negative
population in Figure 4D. Individuals may appear more than
once in the dataset if they had COVID-19 symptoms more than
once during the 27 months of study. Reinfections or vaccination
status of individuals are not marked in the national data set.

Final collection of the national dataset, was conducted on
July 10, 2022 (16,922,254 entries), thus patient outcomes are
known until that date (10 weeks after the last date of symptom
onset). With the criteria described, we included 5,757,714
COVID-19 cases (52.4% females), from Feb 2020 to April
2022, that were confirmed by SARS-CoV-2 RT-PCR (35.1%),
antigen test (57.0%), both (2.1%), or clinical/epidemiological
evidence (5.8%). These cases generated 681,899 hospitalizations
and resulted in 325,433 deaths (38.5% females). In the same time
interval, 9,442,983 individuals (54.4% females), had symptoms
but tested negative.

Excess mortality

All cause excess deaths were obtained from the official
report by Mexican health authorities published at (3). Final data
collection was on June 27, 2022 and included the dataset updated
by health authorities on May 29, 2022 that covered data until
epidemiological week 13 of 2022. Excess mortality was calculated
by week as the difference between total deaths and expected
deaths. For expected deaths, we used the 90 percentile and a
model proposed by health authorities, both reported at (3). Both
calculations were similar and included in graphs.

Analysis
The national dataset was analyzed as a retrospective cohort.
COVID-19 cases, hospitalizations and deaths were organized by
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date of symptom onset, computed per week and separated into
age groups 0-19, 20-39, 40-59 and 60+ yo in R (16)/R Studio
(17) with script “DatesExtractionWorking.R” that can be found
at (18). No modification was operated on the database other than
filtering. A computer with at least 32 Gb of RAM is required for
this step. The script above is dependent on R libraries dplyr (19)
and tidyverse (20). Briefly, data was first separated according to
diagnosis, then by date of death, or its absence. Then, groups
were filtered by age and, counts per group were added by week
within the periods selected, based on week of symptom onset.

Peaks in epidemic curves were detected automatically with
software Magicplot, by fitting to gaussian and verified manually
(see Supplementary material for details).

Wave  dates (1)  Feb-16-2020-Sept-19-2020
(epidemiological weeks 7-37 of 2020); (2) Sept-20-2020-
May-15-2021 (epi weeks 38 of 2020 to 19 of 2021); (3)
May-16-2021-Nov-20-2021 (epi weeks 20-46 of 2021); (4)
Nov-21-2021-Apr-30-2022 (epi weeks 47 of 2021 to 17 of 2022).
Dates of start of each wave were determined by finding the

were:

point of inflection, that is the week when numbers of cases and
hospitalizations increased with respect to the previous week,
after 10+ weeks of descent.

The following were calculated per week: percent of cases
that were hospitalized; measured case fatality rate (CFR)
which was the % of identified cases that died; CFR of the
hospitalized; test positivity, which was the % of positive tests
from the total conducted and was verified against data per week
published by health authorities (15). Vaccination coverage was
calculated as (number of people vaccinated*100)/(population).
Vaccines applied and people vaccinated with one or more
doses, were as reported by health authorities and verified in
the COVID-19 OWID data set (21), per date. Population
estimates per age group to calculate rates, were obtained from
populationpyramid.net (22) for 2021 (total Mexican population
130,262,220) and verified against reports by the Mexican
government (23).

Results

Four COVID-19 waves in two years of
epidemic in Mexico: National data

In 27 months (Feb 2020-April 2022), Mexico experienced
four COVID-19 waves, with cases, hospitalizations, deaths
and excess deaths peaking every 6 months, in summer and
winter (Figure 1A). Up to April 30, 2022, Mexico identified
officially almost 5.8 million cumulative COVID-19 cases, but
high seroprevalence (24, 25), high test-positivity (Figure 1B) and
high case-fatality (Figure 4A) suggest cases were under detected.
Each wave happened under unique conditions, including the
predominance of a particular SARS-CoV-2 variant, different
mobility restrictions (more intense in the first surges and
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FIGURE 1
(A) Epidemic curve of COVID-19 cases (green line, left y-axis), COVID-19 hospitalizations (line with black circles) and deaths (bold black line);
and all cause-excess deaths (blue discontinuous line) in the right y-axis, during the first 27 months of epidemic (Feb 2020-April 2022) in Mexico,
per week of symptom onset, including all ages. (B) Percent test positivity for SARS-CoV-2 (discontinuous line), and percent population
vaccinated with at least one dose (red line), a complete primary series (bold black line) or a complete primary series plus a booster (pink line), in
the same period as in (A). Vertical lines separate waves. (C—F) Accumulated COVID-19 cases, hospitalizations, deaths and all cause-excess
deaths per wave. The percentages on top of bars were calculated using the second wave as 100%.

decreasing gradually) and likely different case-detection levels,
with the lowest detection in the first wave as fewer tests were
available. More important, no vaccination was available in the
first two waves, and vaccination coverage grew during waves
3 and 4 (Figure 1B). Fifty million cumulative vaccine doses
were administered by July 2021, 100 million by September 2021
and 200 million by April 30, 2022, when 90% of adults 18+
had at least one dose of a SARS-CoV-2 vaccine, while 59%
had complete primary vaccination plus a booster. Vaccination
coverage in children lagged, and around 40% of children 12-17
yo received at least one vaccine dose by April 30, 2022, while
individuals 5-11 became eligible, only after the period analyzed.

To evaluate the magnitude of the SARS-CoV-2 surges and
discuss the effect of vaccination, we compared the counts in
each wave against the second wave, which had the most adverse
outcomes (Figures 1C-F). Despite different durations (34, 27
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and 23 weeks, respectively Supplementary Table 1), the last 3
waves had a similar number of detected cases, around 1.6
million; while the first wave had half as many cases (Figure 1C),
related in part to less testing. In contrast, hospitalizations, deaths
and excess deaths declined in waves 3 and 4 (Figures 1D-F),
after vaccination.

Age-group analysis of the COVID-19
waves and the population effect of
vaccination

A clearer picture of the effect of vaccination emerges when
separating the analysis per age group (Figure 2). In the first two
waves, older age groups had a higher case rate, while in the
third wave, adult age groups inverted their positions, with lower
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FIGURE 2
Rates per 100,000 inhabitants of COVID-19 cases (A), hospitalizations (B), deaths (C) and all-cause excess deaths (D), per epidemiological week
of symptom onset (WSO), per age group (0-19 yo blue; 20—-39 yo red; 40-59 yo gray; 60+ black), in the first 27 months of epidemic in Mexico
(Feb 2020-April 2022). Bottom: Accumulated cases hospitalizations, deaths and all cause excess deaths, per wave per age group. Bars are empty
when the age-group had access to COVID-19 vaccination. The last bar in age group 0-19 represents that 15-19 yo had access to vaccination
but not the rest of the children, 15-17 yo accessed first doses in December 2021; while 18-19 yo were vaccinated with the adults beginning on
late August 2021, thus had the chance to complete a primary series before the fourth (Omicron) wave.

case rate in those that accessed vaccination first (Figure 2A).
The older population in Mexico (60+) had the most adverse
COVID-19 outcomes in all waves (Figures 2B,C), accounting for
48% COVID-19 hospitalizations and 62.5% COVID-19 deaths
in the period analyzed (Supplementary Table 1). This age group
was the only to access a full-vaccination primary series before
the third wave (Delta) (estimated coverage 76% of the age
group by the end of May 2021); while 40-59 yo were offered
vaccination as the third wave developed (May-August 2021).
Vaccination of just those age groups (the eldest 34% of the
population) importantly reduced severe COVID-19, halving
hospitalizations, deaths and excess deaths in the third wave
relative to the second (Figures 1D-F), despite similar numbers
of identified cases (Figure 1B).

By December 2021, when the Omicron variant colonized the
country, all adult groups in Mexico had accessed vaccines and
those 60+ had accessed a booster or third dose, 5-8 months
after their primary series. Even with vaccine coverage >70% in
adult groups, and booster coverage 50% for the 60+, a large
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fourth wave developed early in 2022, driven by fast Omicron
(BA.1, BA.2) transmission, but with fewer adverse outcomes.
Hospitalizations, deaths and excess deaths were much lower
than in previous waves (26, 17, and 15% of the second wave,
respectively, Figures 1D-F).

The reduction in severe outcomes in waves 3 and 4 came
from the age groups that accessed vaccination (Figures 2B-
D, bottom; Supplementary Table 1). In wave 3, the adult
groups that had accessed vaccination (40-59 yo and 60+),
had less than half of the hospitalizations and deaths relative
to wave 2. In contrast, adults under 40 yo accessed first
vaccine doses in the second half of the third wave, so they
faced wave 3 with little to no protection from vaccines and
actually had more COVID-19 hospitalizations (107%) and
deaths (110%), and almost as many excess deaths (82%) as
in the second wave. This group (20-39 yo) only decreased
their hospitalizations and fatalities in the fourth wave, after
their complete vaccination, and their excess deaths ceased
(Figures 2B-D bottom).
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Likewise, most children under 18 yo did not access full
vaccination in Mexico until 2022, so the age group 0-19 also
had more hospitalizations (143%) and deaths (113%) in the third
wave (Delta) than in the second, and this pattern persisted for
the fourth wave, which had 146% hospitalizations relative to the
second (Figure 2B, bottom, Supplementary Table 1). First dose
vaccination opened for 15-17 yo during the fourth wave, while
younger children remained ineligible, so most children faced
the Omicron wave without complete vaccination. However,
less COVID-19 fatalities happened in 0-19 yo during the
Omicron wave, than in previous waves (68.4% of the second
wave, Figure 2C, bottom), related to: (1) less infant (0 yo)
deaths with Omicron (Figures 3D,E); (2) less deaths in 15-
19 yo (Figure 3C), and in particular in 18-19 yo (Figure 3D)
that accessed complete vaccination as adults, shortly before the
Omicron wave; (3) shorter wave duration. Pediatric age groups
0-14 and 15-19 (with and without vaccine access), had similar
low hospitalization and death rates from COVID-19 in the first
two waves, which increased in waves 3 and 4 (Figures 3B,C).
The increase was larger for 15-19 yo in the third wave, but in
the fourth wave, hospitalizations and fatalities were again similar
between these two groups, perhaps related to the access of 15-19
yo to vaccinations shortly before the fourth wave.

In the period analyzed, there were almost half a million
detected cases in children 0-19 yo, that resulted in 17,644
hospitalizations and 1,531 COVID-19 deaths (45.2% females)
Of these deaths 635 (41.5%) were 0-4 yo and 748 (48.9%)
5-18 yo. Ages 0 and 1 yo accumulated the most deaths
(Figure 3D) and most of the children that died from COVID
were previously healthy (no comorbidities reported in 62.5%
of those 0-4 yo and in 53.2% of 0-19 yo that died).
COVID-19 deaths distributed similarly through pediatric ages
during the first three waves, whereas in wave 4 (Omicron),
there was a decrease in deaths around age 15, more
prominent in ages 184, consistent with vaccination access
(Figure 3E).

Additionally, in wave 4 there was a large decrease in deaths
in infants 0 yo, but not in those 1 and 2 yo who had more
deaths in the fourth than in previous waves (Figures 3D,E).
The decrease in infant (0 yo) fatalities could correspond to
the vaccination of pregnant people that started in May 2021,
and that correlated with an important decrease in COVID-19
deaths in the pregnant by the fourth wave (Figure 3F). In the
period analyzed, there were 47,671 COVID-19 cases identified
in pregnant people, that resulted in 7,366 hospitalizations
and 377 COVID-19 deaths (CFR 0.79%; 65.5% of deaths
without previous comorbidity), 50% of them during wave 3, but
decreasing for wave 4, which had only 16 deaths (4.2% of total).
The CFR for the pregnant was higher than for non-pregnant
females of the same age (Figure 3G), resulting in a Relative Risk
of death = 1.2 for being pregnant (95% CI 1.08-1.32), higher
at ages 20-30 yo (Supplementary Table 2). Mortality rates in the
pregnant were similar than in non-pregnant females, ranging
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from 6 to 100 deaths/100,000 pregnancies, and highly dependent
on maternal age (Figure 3H; Supplementary Table 2).

Despite being the last population group to access vaccines,
no excess mortality has been identified in children in Mexico
(Figure 2D), and their population rates of hospitalization and
death from COVID-19 remain lower than in adult groups
(Figures 2B,C), consistent with the severity gradient that has
been identified for COVID-19 with age. However, children
were the only age group that did not show a drop in case
fatality rate (CFR) (Figure 4A) or in the % of cases within
the age group requiring hospitalization, during the Omicron
wave (Figure 4B). In fact, the % of pediatric cases hospitalized
grew with Omicron, surpassing the % of cases that required
hospitalization in adult age-groups 20-29 and 40-59 yo, for the
first time in the epidemic (Figure 4B).

The age distribution of the national COVID-19 events is
driven by the population pyramid and by the age severity
gradient of the disease, thus it changed only slightly before
and after vaccination (Figure 4D). The curve of individuals that
had symptoms but tested negative, showed no change with
vaccination, while the peak of cases positive to SARS-CoV-
2 switched to younger ages after vaccination and overlapped
with that of individuals that tested negative (Figure4D).
After vaccination, the frequency of hospitalizations and deaths
decreased at ages 40-80 and increased slightly at younger ages,
again correlating with latter vaccination access of the younger
half of the population. During the fourth wave, when all adults
had accessed vaccination, the age distribution of hospitalizations
and deaths shifted toward older ages (Figures 4E,F). However,
hospitalizations in the fourth wave retained a component
from ages below 35 yo, perhaps related to lower coverage
of primary vaccination or boosters in the younger adults.
An important increase in the frequency of hospitalizations
in 0-4 yo is also seen in the fourth wave (Figure 4E). The
curve of deaths in the fourth wave does not have those
young-age components (Figure 4F), suggesting that most of
the hospitalizations in the young result in improvement.
Accordingly, the CFR of young hospitalized cases (0-19 and 20-
39), remained lower than for older groups, across the four waves
(Figure 4C).

Discussion

Mexico was one of the countries most affected by COVID-
19 in 2020-2021 (1, 4, 5), with substantial fatalities and excess
mortality. In 2020 and 2021, heart disease and COVID-19 were
the first causes of death in Mexico with a narrow margin between
them (26). Vaccination changed this trend and a clear decrease
in COVID-19 deaths and hospitalizations is evident starting on
the third wave driven by Delta SARS-CoV-2 in mid-2021, when
vaccine access for the eldest third of the population resulted in a
50% decrease in COVID-19 deaths and hospitalizations. Further
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FIGURE 3
Rates of COVID-19 cases per 100,000 inhabitants (A), hospitalizations (B) and deaths (C) per million inhabitants, in children 0-14 yo (blue line)
that were ineligible for COVID-19 vaccinations in the period analyzed, compared to those 15-19 yo (orange line) that had access to vaccines
before or during the fourth wave. (D) COVID-19 deaths identified in children, teens and young adults, per age, per wave and (E) death rates per
million inhabitants comparing waves. In (D) the graph shows up to age 23 to appreciate that the cumulative number of deaths in infants is similar
to those in 22 and 23 yo. In (E) the decrease in deaths in infants 0 yo during the fourth wave is obvious, and more ages were graphed, to show
the decrease in fatalities after age 18 during the fourth wave. (F) COVID-19 deaths identified in pregnant people, by age-group and wave; (G) %
Case fatality rate (CFR) and (H) deaths/100,000 inhabs in pregnant and non-pregnant. The same color code is used per wave in (D—F). Numbers
on top of bars are the total of deaths confirmed as COVID-19, reported in the national dataset at each age, up to April 2022 (including all four
waves analyzed).
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decrease was observed in 2022 during the Omicron wave when
all adults had accessed vaccines, with 82% decrease in COVID-
19 deaths and 85% in excess mortality compared to the second
wave, despite a similar number of cases detected.

As of July 2022, >90% of the 184, >60% of 12-17 yo
and 25% of those 5 to 11 yo have received at least one dose
of COVID-19 vaccines. Additionally, serology in the Mexican
population suggested extensive SARS-CoV-2 circulation since
2020, in all age groups (24, 25). Thus, the population has been
immunized both by vaccination and by infection/reinfection.
As in other parts of the world, this immunization hasn’t
been enough yet to prevent further waves of SARS-CoV-2, as
new variants arise. Yet a clear pattern of decreased adverse
outcomes is noticeable as each age group accessed vaccination,
suggesting that vaccination had a strong protective effect against
hospitalization and death on the population, on top of the
immunity by natural infection.

As a middle-income country, vaccination of the Mexican
population has been a challenge amid international competition
for vaccines and 7 different vaccines have been used, as
described in the introduction. Our analysis suggests that
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this strategy to use vaccines from different developers, as
available, has been successful to limit mortality. All of
these vaccines were based on the ancestral SARS-CoV-2 but
show good population effectiveness to decrease severe forms
of the disease from all the variants so far, and despite
the fact that only 60-68% of the vaccinated adults have
received a booster, most with vaccines that do not use
mRNA technology.

For 13 weeks starting on May 1, 2022, Mexico has been
undergoing a fifth COVID-19 wave that seems to have reached
its peak, adding almost one million more cases, but <20,000
hospitalizations (43.95% in 60+) and <2,000 deaths (76.6% in
60+), thus projecting as the least lethal wave so far, although
complete data and appropriate time to discern patient outcomes
is needed to analyze this accurately. The epidemiological
behavior of the fifth wave suggests that the protective effect of
immunization prevails.

Despite good vaccination coverage and access to boosters,
the eldest individuals continue to accumulate the most adverse
outcomes and are at greater risk of adverse outcomes than
younger population. Thus, the most labile individuals should be
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alerted to limit their community exposure during high SARS-
CoV-2 circulation. A limitation of our analysis is that we cannot
distinguish if the individuals that died from COVID-19 were
vaccinated and further studies are needed to evaluate the real-
world effectiveness of the vaccines used.

At the other end of the age spectrum, the pediatric
population in Mexico (except for infants 0 yo) has not
yet seen a clear decrease in COVID-19 adverse outcomes,
likely because their vaccination has lagged. Pediatric COVID-
19 hospitalizations in Mexico almost doubled from 2020 to
2021 from 4,895 to 7,905 and the trend hasn’t changed yet
for 2022 which in 7 months accumulates 7,779 COVID-19
hospitalizations. Mexico has 44.4 million inhabitants 0-19 yo
and 1,531 COVID-19 deaths at these ages during the first four
waves, plus 46 deaths in children 0-19 added so far in the fifth
wave (18 of which were in 0-4 yo). This results in a cumulative
death rate of 3.6/100,000 inhabs 0-19 yo, which is roughly
double that of the USA, that has 1.7 deaths/100,000 inhabs 0-
18 yo [1,325 COVID-19 deaths (27) and 78 million inhabs 0-
18 (28)]. Death rate from COVID-19 is higher in population
0-4 yo, currently ineligible for vaccination in Mexico, which
accumulates 6 deaths/100,000 inhabs in Mexico vs. 2.4/100,000
in the USA (27). These pediatric COVID-19 death rates are
orders of magnitude lower than in adults in Mexico, who have
accumulated 48.8, 338.2 and 1,363.7 deaths/100,000 inhabs 20-
39, 40-59 and 60+, respectively (Supplementary Table 1). Yet,
COVID-19 figures in the first ten pediatric death causes in
Mexico, although at lower rates than causes like accidents,
cancer, congenital malformation, and neurological disease.
Analyses to discern if severe respiratory infections by other
pathogens persisted during the COVID-19 epidemic are lacking
in Mexico. Also, MIS-C (Multisystem Inflammatory Syndrome
in Children) and long COVID-19 haven’t been analyzed in
the Mexican population and are not registered in the national
COVID-19 data base, that reports only the result of acute
infections. Our analysis further suggests that vaccination of
pregnant people and young people of reproductive age, resulted
in a decrease of 85-90% in deaths in the pregnant and 80% in
infants 0 yo, by the fourth wave.

All in-person education closed in Mexico for 17 months
from March/21/2020 to August/29/2021, and its impact
on the epidemic hasn’t been measured. Children had less
hospitalizations and deaths in the first two waves, when schools
were closed, but the increase in pediatric adverse outcomes in
wave 3 started months before school re-openings, when the
Delta wave grew nationally (Figures 3A-C), so it seemed to
respond more to community circulation of the virus than to
school re-openings.

Several reports suggest that initial Omicron subvariants
were clinically less severe than previous variants (29-34). In
Mexico, the progress in vaccination coverage could explain the
decrease in severe outcomes during the Omicron wave, and
the dataset analyzed doesn’t contain individual information on
vaccination to correctly explore Omicron severity. However, age
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groups 1-14 yo without access to complete vaccination before
Omicron circulation, did not experience a decrease in COVID-
19 deaths during the Omicron wave. In fact, 1 and 2 yo had 50%
more fatalities than in previous waves arguing against Omicron
mildness. As new waves of COVID-19 sweep the country, the
unvaccinated population will be at risk of severe COVID-19,
thus vaccine access for all the population is crucial to prevent
hospitalizations and deaths, in particular in children.
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Objectives: This study aims to clarify the profiles of the psychological
antecedents of vaccine hesitancy among Shanghai nurses with a
person-centered approach.

Methods: A population-based cross-sectional online survey was conducted
on Shanghai nurses from July to August 2021 (N = 1,928). In the online
survey, participants were asked to report their sociodemographic, the 5C
vaccine hesitancy components, their knowledge level of COVID-19 vaccine
and vaccination, and the COVID-19 vaccination uptake intention and attention
to vaccine news. Latent profile analysis was used to reveal distinct profiles of
vaccine hesitancy.

Results: The results revealed four profiles, including “believers” (68.9%;
high confidence and collective responsibility), “free riders” (12.7%; similar
characteristics to believers, except for a low collective responsibility),
“middlemen” (14.6%; middle in all 5C constructs), and “contradictors” (3.7%;
high in all 5C constructs). Compared to believers, middlemen were younger,
more likely to be female, childless, less educated, held lower professional
titles, had fewer years of nursing service, sometimes or never complied with
recommended vaccinations, had satisfactory or poor self-assessed health
status, had no work experience during the COVID-19 epidemic, and possessed
greater levels of knowledge. Free riders were more likely to work in community
health centers and have a lower degree than believers. Contradictors were
more likely to work in community health centers, had junior college degrees
or lower, and had no work experience during the COVID-19 epidemic than
believers. From the highest to the lowest on vaccination intention and
attention to vaccine news were believers, then free riders, contradictors, and
finally middlemen.

Conclusion: This  study could aid in the development
of personalized vaccination strategies based on nurses’
vaccine hesitancy  profiles  and predictors. In addition to
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we identified other three profiles based on their
antecedents, emphasizing the significance of
Further research into the

prevalence of profile structure in other groups of healthcare workers

is required.

COVID-19, COVID-19 vaccine, vaccine hesitancy, nurses, latent profile analysis

Introduction

The coronavirus disease 2019 (COVID-19) pandemic, which
is caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), poses a significant threat to global public health.
Since 2019, over 7.6% (576 million) of the global population
has been infected with SARS-CoV-2, resulting in over 6 million
deaths (1). SARS-CoV-2 infection imposes a substantial cost
on human health, including musculoskeletal health complaints
(2) and low back pain (3) during the acute phases, tachycardia
(4), mental health disorders (5), and other sequelae during the
post-acute phase. This has necessitated that health services face
the dual task of managing with the increase in acute infections
and providing care for COVID-19 survivors. Vaccination is a
critical step in achieving COVID-19 herd immunity safely (6).
The most recent research indicates that the COVID-19 vaccine
is still effective in preventing moderate to severe illness and
death brought on by modern variants of problems like Delta
and Omicron (7, 8). However, the vaccine has not been well
received and varies greatly around the world. For instance, in
Central Asia, Eastern Europe, and Africa, vaccine hesitancy for
the COVID-19 vaccine is more pronounced (9). Consequently,
it is critical to advocate for initiatives to expand vaccination
programs and increase vaccine uptake, particularly in nations
and populations with low vaccine uptake and significant vaccine
hesitancy (10).

Vaccine hesitancy, according to the Strategic Advisory
Group of Experts (SAGE) Working Group, is defined as a delay
in accepting or refusing vaccination despite the availability of
vaccination services (11). More than 90% of the 194 member
countries of WHO reported vaccine hesitancy during 2015-2017
(12). Vaccine hesitancy can result in lower vaccination rates,
allowing for a recurrence of vaccine-preventable diseases,
ultimately jeopardizing the effectiveness of immunization efforts
(13). Due to the serious risks it poses to public health, the WHO
listed vaccine hesitancy as one of the top 10 global health threats
for 2019 (14).

Although the reasons for vaccine hesitancy differ by country
and population, healthcare workers play a critical role in
restoring public trust in vaccines (15) and are frequently viewed
as the group with the most influence over people’s vaccination
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(16). Nurses are not only responsible for vaccination but also
spend a significant amount of time providing vaccine knowledge
and health education to patients (17), and they play a critical
role in promoting vaccination and reducing vaccine hesitancy
in all populations (16-18). Nurses have the most direct contact
with patients of any healthcare workers, and they are typically
more directly confronted with the public’s vaccine apprehension.
However, recent studies have shown that nurses are even
more hesitant about vaccines than other health professionals
in Singapore (nurses: 7.4% vs. physicians: 0%) (19), Chicago
(nurses: 27.0% vs. physicians or advanced practitioners: 1.7%)
(20), Cape Town (nurses: 49.2% vs. physicians: 10.2%) (21),
and Kuwait (nurses: 29.2% vs. physicians: 9.6%) (22). In fact,
the issue of high vaccine hesitancy rates among nurses can no
longer be ignored according to the data in Turkey (68.6%), Hong
Kong (63%), and Israel (61%) (23-25). Vaccine hesitancy can
have a negative impact on nurses health and influence their
vaccine recommendation behavior to patients, as well as enhance
patients’ fears and suspicions about vaccination (16).

As a complicated and dynamically shifting term, vaccine
hesitancy challenges the traditional perspective of a simple
dichotomization of an individual’s immunization behavior into
acceptance or refusal (26). Previous findings support the
need for focused communication actions to address vaccine
hesitancy among certain populations in various geographic
cultures (27, 28). Recent studies have also classified people
into subgroups depending on their vaccination beliefs, such
as hesitant, confident, and trade-off clusters (29), or believers,
skeptics, outsiders, contradictors, and middler profiles (30).
In our study, we used the 5C model to understand the
psychological antecedents of vaccination among nurses (31),
which includes five dimensions of confidence (trust in vaccine
efficacy, safety, and necessity, as well as in the system providing
the vaccine), complacency (perception of low disease risk),
constraints (perception of low vaccine availability, affordability,
and accessibility), the calculation (participation in information
search), and collective responsibility (willingness to vaccinate to
protect others through herd immunity).

The local COVID-19 epidemic in Shanghai has been rapidly
spreading since March 2022 (32), and nursing staff has become
the backbone of epidemic prevention and control. Although
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substantial research has been carried out on vaccine hesitancy,
no single study exists that adequately investigates vaccine
hesitancy profiles among nurses in mainland China. Latent
profile analysis (LPA) is a person-centered algorithm that will
examine and identify unobserved heterogeneity in a population
of nurses with vaccine hesitancy (33). In this quantitative study
with an online cross-sectional survey among Shanghai nurses,
we aimed to identify the following research questions: [J conduct
a potential profile analysis of the psychological antecedents of
nurses’ vaccine hesitancy in Shanghai by LPA; O investigate
how different predictor variables predicate the profiles to which
nurses belong; and [ investigate how nurses in different profiles
differ in their intentions to uptake the COVID-19 vaccine and
attention to COVID-19 vaccine news.

Study methods

An exploratory, cross-sectional latent profile analysis (LPA)
on vaccine hesitancy was conducted among nurses in Shanghai,
China. Ethics approval was granted by the Institutional Review
Board of the School of Public Health and Nursing at Shanghai
Jiao Tong University (Reference number: SJUPN-202018).

Participants and data collection

Nurses from Shanghai’s tertiary hospitals and community
health centers (CHCs) participated in this study before the
beginning of the COVID-19 booster vaccination program in
China. Researchers contacted several hospitals and partnering
community health centers affiliated with Shanghai Jiao Tong
University School of Medicine, and nurses who volunteered
to provide data for the study were recruited through
advertisements. The pilot survey was first conducted in May
2021, before the formal conduct of the study. A purposive
sample of 10 nurses from Shanghai was selected for the pre-
survey of the study instrument. By recording the respondents’
level of understanding of the content and format of the
questionnaire and suggestions for modifications, we adjusted
for specific situations to improve the accuracy and clarity of
the questionnaire. From July to August 2021, nurses who were
interested in participating in the study completed an online
survey. No financial incentives are offered, and participation
is entirely voluntary. We collected data via the Wenjuanxing
website, and all participants were required to scan a QR code
and provide informed consent on the survey platform before
completing the questionnaire. Simplified Chinese is the language
used in the questionnaire. A total of 2017 nurses completed the
survey, and a final sample of 1928 was included for analysis,
after deleting invalid responses. Inclusion criteria were that
participants were (1) working nurses and (2) not nursing
trainees or practical nurses.
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Questionnaire composition

Demographic characteristics

Participants were requested to give sociodemographic
information in the first section of our study, including age (<30
years, >30 years), sex (male, female), marital status (unmarried,
married), no. of children (0, >1), workplace (tertiary hospital,
community health center), education level (junior college degree
or lower, bachelor degree or higher), professional title (nurse or
senior nurse, supervisor or professor nurse), years of nursing
service (0-10, >10), previous compliance with recommended
vaccination (sometimes or never, always), chronic diseases
(yes, no), self-assessment of health status (very good or good,
satisfactory or fair), and working experience during COVID-19
epidemic (yes, no).

Psychological antecedents of vaccine hesitancy

A questionnaire based on the 5C scale was used to assess
the psychological antecedents of vaccine hesitancy. The 5C
scale consists of 15 items, including five subscales consisting
of three items each, with subscales addressing each of the five
psychological antecedents: confidence, complacency, constraint,
calculation, and collective responsibility. For these items, the
allowable response values range from 1 to 7 (1 = strongly
disagree; 7 = strongly agree). For each subscale, average scores
were generated; the higher the mean value, the more consistent
the associated region is in that construct. The higher mean
value of the construct indicates stronger consistency of that
construct. While the original 5C scale was designed to assess
vaccinations in general, we added prompts before participants
completed the section to make it vaccine-specific and to focus
on the COVID-19 vaccine specifically.

Since the original scale was developed in English, the
Chinese version of the 5C scale was developed through
cross-cultural adaptation and psychometric testing after gaining
allowed approval from the original authors. The 5C scale was
translated from English to Chinese using Brislin’s translation
approach (34). A further validation process was implemented
by exploratory and confirmatory factor analysis (EFA and
CFA). According to the results of the parallel study, five factors
should be kept in the vaccine hesitancy measurement. KMO
measure (0.888) and Bartlett’s test of sphericity (x> = 7729.676,
P <0.001) further the decomposability and
sufficiency of the data sample, according to EFA results. Except

confirmed

for the backward scoring item that was part of the collective
responsibility subscale of the original scale entered into the
constraint subscale, all items conformed to the original factor
structure using the Oblimin rotation, with factor loadings
ranging from 0.577 to 0.912. As a result, the lone reverse item
was put into the constraint subscale, and the original scoring
was used to create the modified Chinese 5C scale, which
gave a 5-factor structure that explained 77.908 % of the total
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TABLE 1 Demographic characteristics of the participating nursing

staff (N = 1,928).

Characteristic

Age (years)

20-30

>30

Sex

Male

Female

Marital status

Unmarried

Married

No. of children

0

>1

Workplace

Tertiary hospital
Community health center
Educational level

Junior college degree or
lower

Bachelor degree or higher
Professional title

Nurse or senior nurse
Supervisor or professor
nurse

Years of nursing experience
0-10

>10

Previous compliance with
recommended vaccination
Sometimes or never
Always

Chronic disease

Yes

No

Self-assessment of health
status

Very good or good
Satisfactory or fair
Working experience during
COVID-19 epidemic

No

Yes

Vaccine-related knowledge
level

Fail

Pass

Frontiersin Public Health

Number (%)

909 (47.1%)
1,019 (52.9%)

74 (3.8%)
1,854 (96.2)

681 (35.3%)

1,247 (64.7%)

904 (46.9%)
1,024 (53.1%)

1,210 (62.8%)

718 (37.2%)

608 (31.5%)

1,320 (68.5%)

1,319 (68.4%)

609 (31.6%)

1,048 (54.4%)
880 (45.6%)

750 (38.9%)

1,178 (61.1%)

196 (10.2%)

1,732 (89.8)

530 (27.5%)
1,398 (72.5%)

1,585 (82.2%)

343 (17.8%)

771 (40.0%)
1,157 (60.0%)
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variance. The redesigned scale’s CFA (Xz)/df ration indicates
good agreement with 2.73, while TLI (0.929), CFI (0.946), and
RMSEA (0.081) goodness-of-fit indices demonstrated good fit.
Supplementary material shows the detailed process.

Knowledge level of COVID-19 vaccine and
vaccination

A questionnaire was developed based on the COVID-
19 vaccination knowledge on the technical guidelines and
expert consensus. A focus group discussion was held to
choose and revise the questionnaire’s items after the first draft
was finished. The discussion convened two chief physicians
from the Department of Infection, one chief physician from
the Department of Respiratory Medicine, and two professors
from the School of Public Health. After that, a pilot study
revisited the updated questionnaire. A random sample of 30
nurses was pre-surveyed before the survey’s official launch to
ensure the questionnaire’s internal consistency. The Cronbach’s
coefficient was 0.732. In all, the final questionnaire had 30
closed-ended items (which included vaccine type, recommended
immunization practices, recommendations for populations,
adverse effects, and misunderstandings) that could be answered
with a simple “yes” or “no.” The accurate response rate
(a possible range of = 0.0-100.0%) was used to measure
participants’ knowledge of the COVID-19 vaccination. The
correct response rates were divided into two categories: pass
(=60%) and fail (<60%).

Vaccine-related outcomes

Vaccine-related outcomes include two indicators of
vaccination intention and attention to the news. The intention
to take the COVID-19 vaccine was measured by a single item
that asked participants on a Likert scale (0 = complete refusal;
5 = complete agreement) how likely they would be to have the
COVID-19 vaccine when it is recommended for the current
vaccination schedule. One question was utilized to evaluate the
participants’ attention to news reports about the COVID-19
vaccination. The item was assessed on a five-point Likert scale
ranging from 1 (do not care at all) to 5 (care a great deal), with

higher scores indicating greater interest in vaccine information.

Statistical analysis

Person-centered analysis approach, in contrast to
“variable-centered” statistical methods that treat individuals
as homogeneous or essentially homogeneous, focuses on
studying combinations or developmental patterns of behavioral
variables to produce more individually meaningful statistical
results. It has been used in health and psychological behavioral
research, for example, in examining the profiles of emotional
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TABLE 2 Correlations of 5C indictors and outcome variables (N = 1,928).

10.3389/fpubh.2022.953850

5C vaccine hesitancy indictors Outcomes
Confidence = Complacency Constraints  Calculation Collective Intention to  Attention to
responsibility COVID-19 COVID-19
vaccination  vaccine news
Median & IR 6.33 £ 1.67 2.67 £ 2.67 1.25 £ 1.50 6.00 & 2.00 6.50 & 2.00
Mean + SD 4.55+0.97 4.36 +0.87
Range 1-7 1-7 1-7 1-7 1-7 0-5 1-5
Confidence 1 —0.247* —0.454* 0.397* 0.503** 0.307** 0.318**
Complacency 1 0.586** —0.242** —0.235** —0.159** —0.157**
Constraints 1 —0.315** —0.377** —0.268** —0.274**
Calculation 1 0.502** 0.118** 0.267**
Collective 1 0.203** 0.280**
responsibility
Intention to 1 0.176**
COVID-19
vaccination
Attention to 1
COVID-19 vaccine
news
SD, standard derivation; IR, interquartile range. 'p < 0.01.
TABLE 3 Fit statistics for profile structures.
Model AIC BIC sBIC LMR(p) BLRT(p) Entropy Proportion of sample size in profile
1 profile 32,443 32,499 32,467 - - - 1.000
2 profiles 30,175 30,264 30,213 0.0000 0.0000 0.943 0.825/0.175
3 profiles 29,232 29,354 29,284 0.0000 0.0000 0.958 0.159/0.802/0.038
4 profiles 28,635 28,790 28,701 0.0001 0.0000 0.927 0.127/0.146/0.689/0.037
5 profiles 28,318 28,318 28,210 0.0000 0.0000 0.941 0.127/0.155/0.675/0.006/0.037
6 profiles 27,898 27,898 27,771 0.0000 0.0000 0.915 0.106/0.119/0.581/0.005/0.155/0.034

AIC, Akaike information criteria; BIC, Bayesian information criteria; sBIC, sample size-adjusted BIC; LMR, Lo-Mendell-Rubin likelihood ratio test; BLRT, bootstrapped likelihood

ratio test.

labor (35), vulnerability types (36), and symptoms pattern of
fatigue (37). For the objective of determining the antecedents
of vaccine hesitancy, person-centered analysis would be the
most appropriate sort of statistical technique. The most basic
and often used approaches in this study are latent class analysis
(LCA) and latent profile analysis (LPA). Latent profile analysis
is to categorize individuals based on their response patterns to
epiphenomenal items, allowing for the investigation of diverse
groups of population attributes. The potential profile analysis
(38) was used to examine the number of unobserved categories
(i.e., categorical potential profiles of vaccine hesitancy),
characterize the properties of the classes, and calculate the
probability that each individual belongs to a given class, given
that the 5C scale entries were transformed into continuous
variables (39).

Frontiersin Public Health

In the latent profile analysis, the average scores of the five
dimensions of vaccine hesitancy were used as the exogenous
variables to develop the model. Starting with a model with one
potential class, the number of potential classes was gradually
increased, and the fitness of each model was evaluated one by
one to determine the best potential class model. To compare
models with different numbers of classes, the Lo-Mendell-Rubin
likelihood ratio test (LMR) (40) and the bootstrap likelihood
ratio test (BLRT) (38) were employed as significant tests. The
model with k classes is superior to the model with k~1 classes
if the LMR or BLRT is significant (P < 0.05) (41). Among
the LPA model fit test measures are the Akaike Information
Criterion (AIC), Bayesian Information Criterion (BIC), and
sample size-adjusted Bayesian Information Criterion (sBIC).
Usually, the lower the AIC, BIC, and sBIC values in the model,
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the better it fits in comparison with the previous model (42).
The entropy value is frequently used to assess the classification
quality of the model, and >0.80 indicates that the classification
accuracy surpasses 90% (43). In addition to considering the
model’s fitness, the ideal model should be based on theory,
integrated with previous studies, and the interpretability of data
results (44).

Sociodemographic characteristics (age, sex, marital status,
children, workplace, education level, professional title, years of
nursing service, previous vaccination habits, chronic diseases,
and working experience during the COVID-19 epidemic) and
COVID-19 vaccination knowledge level were used as predictor
variables, the COVID-19 vaccination intention and attention
to COVID-19 vaccine news were used as outcome variables,
and we utilized the R3STEP and DCON commands in Mplus
to model the predictors and outcomes of the latent categorical
variable (45, 46). Scores on the 5C scale did not meet the
normal distribution criteria, so the median (M) and interquartile
range (P25, P75) were utilized to describe them and assess
them nonparametrically. Correlation analysis was carried out
using Spearman’s correlation coefficient rho. Multiple group
differences were evaluated using the Kruskal-Wallis test and
reported p-values were adjusted to account for multiple
comparisons using the Bonferroni post-hoc test. SPSS (version
26.0) and Mplus (version 8.3) were used to analyze the data.
There were no missing values discovered.

Results

Participants and correlations among
variables

In this online survey, a total of 2,017 questionnaires were
completed; 65 were eliminated for the following reasons: The
questionnaire was unfinished (n = 10), or the response time
was too short (n = 55). Unlike prior research, this study
included a certain number of community nurses (n = 718),
more representative of the nurse population, and some of
the participants (n = 343) worked as frontline nurses during
the COVID-19 epidemic. Because the 5C scales vary in their
theoretical predictive aspects of vaccination intention, we
checked questionnaires with repeated responses in 15 entries
in extreme cases, including responses with repeated 1 (n =15),
2(n=2),6 (n=23),or7 (n=11). We finally retained 1,928 cases
for subsequent analysis. The characteristics of the study sample
are shown in Table 1.

Correlations of study variables, including 5C vaccine
hesitancy indicators and outcome variables, are shown in
Table 2. On the seven-point Likert scale, participants had high
scores in confidence (Median = 6.33, IR = 1.67), calculation
(Median = 6.00, IR = 2.00), and collective responsibility
(Median = 6.50, IR = 2.00) and low scores in complacency
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(Median = 2.67, IR = 2.67) and constraint (Median = 1.25,
IR = 1.50). As expected, all 5C indicators were correlated with
each other and all were significantly associated with COVID-19
vaccine intention. However, a positive correlation was calculated
with vaccination intention (r = 0.118, p < 0.01), contradicting
the original authors’ hypothesis (31) but matching a study in the
Hong Kong nurse population (30). In addition, the same pattern
was detected for the frequency of paying attention to COVID-19

vaccine news.

Model selection

Starting with the initial model, one to six profile classes were
modeled progressively when examining the data, and Table 3
shows the fitted statistics for the various latent profile structures.
When five classes were retained, the information evaluation
indexes AIC, BIC, and BIC decreased as the number of classes
rose, the entropy values were optimal and LMR values reached
significant levels. However, when five or more classes were kept,
a smaller profile formed, accounting for <1% of the overall
sample. Considering profiles of this site may be false (47), we
did not investigate solutions with seven or more profiles further.
According to the actual situation, more classes may disperse the
information and result in false findings; therefore, a classification
model with four profile classes is most fair (see Figure 1).

Research question 1: Profile
characteristics

Chi-square tests (Supplementary Table S1) showed that
there was a significant difference in the four profiles for age
(x* = 11.836, p = 0.008), workplace (x> = 38.495, p < 0.001),
educational level ( x2 =16.914, p = 0.001), professional title ( X2
= 19.622, p < 0.001), previous compliance with recommended
vaccination ( Xz = 11.649, p = 0.009), self-assessment of health
status (x% = 22.671, p < 0.001), working experience during
COVID-19 epidemic (X2 = 16.307, p=10.001), and vaccine-
rated knowledge level (X2 = 11.994, p = 0.007). However,
there was no significant difference in the three subtypes for
gender, marital status, no. of children, and chronic disease.
When compared with those in the other profiles, nurses in
the “believers” subtype tended to be those who were >30
years, those who worked in tertiary hospitals, those who had
more than undergraduate degrees, supervisor or professor
nurse professional titles, better previous compliance with
recommended vaccination, and better self-assessment of health
status, and those who worked during COVID-19 epidemic, and
better vaccine-related knowledge level.

Table 4 shows the distribution of 5C indicators between
four profiles. Participants with high confidence (Median =
6.67), collective responsibility (Median = 7.00), and calculation
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FIGURE 1
Four latent profiles with various levels of 5C indicators.

(Median = 2.33) and
constraints (Median = 1.00) were labeled as believers (N =
1,382, 68.9%), which was the profile of the largest portion.
Believers are most likely to be vaccinated, and they will

6.33) low complacency (Median =

actively seek out vaccination issues, believing that vaccines
are efficacious and provide optimum protection to the public.
Beyond that, they have few restrictions on vaccination.

There was also a profile marked as middlemen (N = 282,
14.6%), with all indicators around the sample median (Median
confidence = 5-00, Median complacency = 4.00, Median constraints
= 4.00, Median cjcylation = 4.67, Median collectiveresponsibility =
4.50). They have mixed feelings about the efficacy of vaccines and
the hazards of preventable diseases. They are apprehensive about
the risks linked with vaccination, even though they can seek
information and certify the herd immunity impact of vaccines
to some level.

We marked high confidence (Median =
(Median =
(Median complacency = 2-33, Median constraints =1.00, Median

6.00) and
calculation 5.33) and low other indicators
collectiveresponsibility = 4-00) as free riders (N=245, 12.7%).
They could search for information in response to vaccination
questions, and they believed that vaccines are effective and
had low limitations on vaccination. However, if others supply
adequate protection, they could enjoy indirect protection as
beneficiaries without contributing to herd immunization.

The profiles with the smallest part are contradictors (N =
73, 3.7%). They are high in all 5C indicators (Median .y, fidence
= 6.67, Median complacency = 7-00, Median constraints = 6.00,
Median cjcylation = 6-33, Median collectiveresponsibility = 7.00).
Contradictors will conduct considerable research on vaccine-
related topics, and while they recognize that vaccinations are
helpful, they do not believe they need vaccines to stay healthy,
or they may have too many barriers to vaccination. Furthermore,
they consider that immunizations do protect the population.

Frontiersin Public Health

42

Research question 2: Predictors

Multinomial logistic regression was used to determine the
predictors of nursing staff vaccine hesitancy profiles. Using the
“believers” profile as the base outcome (reference), we obtained
the following results (Table 5). We found that middlemen were
younger, more likely to be female, had no children, had junior
college degrees or lower, had lower professional titles, had
fewer years of nursing service, sometimes or never complied
with recommended vaccinations, had satisfactory or poor self-
assessed health status, had no work experience during the
COVID-19 epidemic, and had higher levels of knowledge than
believers. Compared with believers, free riders were more likely
to work in community health centers and had junior college
degrees or lower. Contradictors were more likely to work in
community health centers, had junior college degrees or lower,
and had no work experience during the COVID-19 epidemic.

Research question 3: Outcomes

The COVID-19 vaccine-related outcomes showed the
following results (see Table 6). The highest intentions for taking
the COVID-19 vaccine when recommended were reported by
believers (M = 4.697) and contradictors (M = 4.632), who
did not significantly differ from one another. In comparison
with all other profiles, middlemen had a significantly lower
intention to uptake the COVID-19 vaccine (M = 3.964). A
similar pattern can be observed for the frequency of paying
attention to COVID-19 vaccine news. Believers (M = 4.505)
and contradictors (M = 4.497) reported a significantly higher
frequency of paying attention to vaccine-related news across
all profiles. Middlemen were having a significantly lower
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frequency of following vaccine-related news than all other
classes (M = 3.752).

Discussion

Before the implementation of the booster vaccination
program in China, this study focused on nursing staff to
understand the heterogeneity of vaccine hesitators and to
provide specific evidence for targeted interventions to address
vaccine hesitancy. We found a profile that was high in
both confidence and collective responsibility (believers), as
expected, and another profile that was high in confidence
but low in collective responsibility (free riders). There were
two quantitatively distinct profiles, with individuals having
all 5C constructs around the median (middlemen) and all at
high levels (contradictors). The study also observed differences
between profiles in terms of predictors, and the profiles revealed
disparities in their intention to COVID-19 vaccination and
attention to COVID-19 vaccine news.

In this study, nurses had higher median score in confidence
(Median = 6.33), calculation (Median = 6.00), and collective
responsibility (Median = 6.50) and lower median score in
complacency (Median = 2.67) and constraints (M = 1.25).
The overall distribution of the five dimensions is similar to
prior research on nurses in Hong Kong (30). However, our
findings contradict Betsch’s (31) assumptions about the structure
of the calculation. They expected that individuals with superior
computational skills would evaluate the risk of infection and
vaccinations to make the correct choice. Therefore, those with a
high level of computing ability should be risk-averse, and those
with a more careful decision-making process may have a lesser
intention to vaccinate. However, there is evidence that those who
seek further vaccine information are more likely to be vaccinated
(48). People with good computing skills should be wary about
taking risks, but the link between calculation and vaccination
is unclear and still needs to be further explored in different
cultural contexts.

Contribution to the tailored interventions
for the four profiles

Our study found that there are four types of nurses based on
the 5C structure of vaccine hesitancy. Among them, the largest
proportion was believers (68.9%), a group with the highest
intention to vaccinate and the highest frequency of attention
to vaccine-related information, which is very helpful for the
smooth progress of vaccination. Therefore, it is necessary to find
the differences between the other three profiles and believers and
adopt targeted interventions.

Participants with all indicators around the sample median
made up 14.6% of the population, who were categorized
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TABLE 4 Profile characteristics of participants’ responses on 5C indicators (N = 1,928).

P 2.value

Contradictors

Free riders

Middlemen
(N

Believers
(N =1,328),

Median % IR

5C indictors

=73),

(N
Median + IR

(N = 245),
Median £+ IR

282),

Median £ IR

Believers vs. Believers vs. Believers vs.

Overall

Contradictors

Free riders

Middlemen

6.67 £ 1.00 <0.001 <0.001 <0.001 1.000

7.00 £ 1.00
6.00 £ 1.13

6.00 £ 2.00

233 £2.17

5.00 £ 1.00
4.00 £ 1.33
4.00 £ 1.25

6.67 £ 1.00

Confidence

<0.001 1.000 <0.001

<0.001

2.33 £2.00
1.00 £ 0.75

Complacency

10.3389/fpubh.2022.953850

<0.001 1.000 <0.001

<0.001

1.00 £ 0.75

Constraints

4.67 £ 1.00 533 £2.17 6.33 £ 1.00 <0.001 <0.001 <0.001 0.945

6.33 +1.33

Calculation

4.50 £ 1.00 4.00 £ 1.00 7.00 £ 1.00 <0.001 <0.001 <0.001 1.000

7.00 £ 1.00

Collective

IR, interquartile range.

responsibility
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TABLE 5 Predicting pattern membership from individual characteristics.

Variables Middlemen Free riders Contradictors

B OR (95% CI) p-value B OR (95% CI) p-value B OR (95% CI) p-value
Age (ref:20-30 years)
>30 years —0.436 0.65 (0.49, 0.85) 0.002** —0.102 0.90 (0.66, 1.24) 0.525 —0.400 0.67 (0.41, 1.09) 0.105
Sex (ref: female)
Male —0.724 0.49 (0.27,0.87) 0.016* —0.344 0.71 (0.33, 1.53) 0.379 0.965 2.63 (0.29, 23.50) 0.388
Marital status (ref: unmarried)
Married —0.086 0.92 (0.69, 1.22) 0.548 —0.044 0.96 (0.69, 1.33) 0.793 0.098 1.10 (0.56, 1.84) 0.709
No. of children (ref: 0)
>1 —0.324 0.72 (0.55, 0.95) 0.019* —0.225 0.80 (0.58, 1.09) 0.159 0.055 1.06 (0.65, 1.71) 0.824
Workplace (ref: community health center)
Tertiary hospital —0.183 0.83 (0.63, 1.10) 0.200 —0.478 0.62 (0.45, 0.85) 0.003** —1.411 0.24 (0.15, 0.41) <0.001***
Educational level (ref: junior college degree or lower)
Bachelor degree or higher —0.361 0.70 (0.53, 0.93) 0.013* —0.340 0.71 (0.51, 0.99) 0.042* —0.781 0.46 (0.28, 0.74) 0.002**
Professional title (ref: nurse or senior nurse)
Supervisor or professor nurse —0.705 0.49 (0.36, 0.69) <0.001%** —0.080 0.92 (0.66, 1.29) 0.639 —0.384 0.68 (0.40, 1.18) 0.168
Years of nursing experience (ref: 0-10 years)
>10 years —0.504 0.60 (0.46, 0.80) <0.001** —0.180 0.84(0.61, 1.14) 0.262 —0.349 0.71 (0.43, 1.15) 0.164
Pervious compliance with recommended vaccination (ref: sometimes or never)
Always —0.471 0.62 (0.48, 0.82) 0.001** —0.078 0.93 (0.67, 1.28) 0.635 —0.115 0.89 (0.55, 1.46) 0.648
Chronic disease (ref: no)
Yes 0.126 1.13(0.73,1.75) 0.572 0.041 1.04 (0.62, 1.75) 0.878 0.255 1.29 (0.62, 2.69) 0.496
Self-assessment of health status (ref: very good or good)
Satisfactory or fair 0.840 2.32(1.61,3.33) <0.001 0.233 1.26 (0.88, 1.80) 0.200 —0.009 0.99 (0.59, 1.67) 0.975
Working experience during COVID-19 epidemic (ref: no)
Yes —0.556 0.57 (0.39, 0.85) 0.006** —0.380 0.68 (0.44, 1.06) 0.089 —1.252 0.29 (0.11, 0.74) 0.010*
Vaccine-related knowledge level (ref: pass)
Fail —0.460 0.63 (0.48, 0.83) 0.001** 0.059 1.06 (0.77, 1.47) 0.720 0.016 1.02 (0.62, 1.67) 0.951

Values in the table are estimates from the R3ISTEP logistic regression analyses using Mplus.

“p<0.05"p<001,""p < 0.001.

“Believers” is the reference category.
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TABLE 6 Results of predicting outcomes of latent profile membership.

10.3389/fpubh.2022.953850

Outcomes Believers Middlemen Free riders Contradictors Overall x2  p-value
Mean SE Mean SE Mean SE Mean SE

Intention to 4.697 e 0.020 3.964 aca 0.087 4423 0.069 4.632, 0.097 77.841 P <0.001

COVID-19

vaccination

Attention to 4.505 e 0.020 3752 acd 0.064 4.244 o 0.056 4479 0.088 137.097 P <0.001

COVID-19

vaccine news

Analyses were conducted using DCON command in Mplus. The subscript letters represent that the mean value of this profile was significantly different from the mean value of the profile

labeled by the subscript letter. For example, the value 3.964 ,.4 indicates that the intention of taking the COVID-19 vaccine in Profile (b) was significantly different from Profile (a), Profile

(c), and Profile (d).

as middlemen. They had the lowest intention of taking the
COVID-19 vaccine and frequency of paying attention to vaccine
news than the other three profiles. The rapid spread of the
COVID-19 pandemic forced people to rapidly acquire and
implement health knowledge and change their behavior (49),
and the calculations were highly correlated with perceptions of
disease risk and vaccination risk (31). Compared to believers,
middlemen have less confidence in the efficacy and safety
of the COVID-19 vaccine and are less motivated to search
for information about the vaccine with a sense of collective
responsibility. While the emergence of multiple social media
platforms has made it simpler to acquire more information
regarding the COVID-19 vaccine and vaccination, new outbreak
patterns and shifting health information have hindered the
proper handling and utilization of health information during
a COVID-19 pandemic (50). Although younger nurses may be
more proficient at using social media to get information, their
lack of education and work experience makes it difficult for them
to spot vaccine rumors, which add to their reduced confidence in
the COVID-19 vaccine. In addition, their lack of children, lack of
vaccination history, perception of their health, and lack of direct
work experience with the epidemic made them less concerned
about the value of the vaccine for pandemic containment.
Therefore, strengthening middlemen’s trust in the COVID-19
vaccine and their capacity to locate important information is
crucial for nurses to perform their job as health educators and
prevent the spread of the pandemic both within the hospital and
in the community.

Participants with high confidence but low collective
responsibility accounted for 12.7% of the population, which
were named free riders. It is clear from the results that
free riders had a higher intention of taking the COVID-19
vaccine and frequency of paying attention to vaccine news
than middlemen but were lower than the other two profiles.
Collective responsibility appears to be a more fundamental
factor in free riders’ decisions to get the COVID-19 vaccine
than in believers. People who believe in collective responsibility
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advocate for individual subordination to society and feel that
the collective’s interests trump the individuals, which implies
they will participate in more pro-social conduct (51). Our
study presents a very interesting result that nurses with low
education and community nurses are more inclined to be
free riders. This phenomenon can be explained by the fact
that lower information-seeking ability is also a characteristic
of this subgroup and that information-seeking ability is
positively associated with collective responsibility. Much of the
information in China about the COVID-19 vaccine emphasizes
societal and governmental efforts to develop the vaccine, its
safety and efficacy, and the significance of coordinated efforts
to stop the pandemic (52). People acquire a strong belief
in their own and society’s responsibility for containing the
spread of COVID-19 as they seek out more information
about the COVID-19 vaccine from a variety of media sources
(53). However, it is of concern to us that collectivists lack
confidence in their decisions compared to individualists (54).
Nurses with higher levels of collectivism may be more likely
to regret their previous vaccination decisions than nurses
with lower levels of collectivism. Therefore, providing more
transparent information to enhance the credibility of the vaccine
is as important as highlighting the specific societal benefits of
vaccination for nurses who bear the risk of curbing COVID-19
infections (55).

The survey results demonstrate that, despite making up the
smallest fraction of these four groups, the contradictors (3.7%)
are not the least likely to be vaccinated and the least likely
to follow vaccine news. This group possesses the same high
levels of confidence, calculation, and collective responsibility
as believers, but in contrast to believers, they also demonstrate
a very high level of complacency and constraints. As a result,
their perspectives on the advantages and hazards of vaccination
are equivocal. This could indicate a lack of concern about
the COVID-19 vaccine’s function in curbing the spread of the
epidemic, an undue complacency about their health status, or
an unwillingness to confront the limits imposed on them by
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vaccination barriers. As a result, making health information
more available and explaining the risk of developing the
disease are extremely critical in persuading these healthcare
providers to be vaccinated. Furthermore, workload and shift
work are barriers to vaccination and particularly affect nurses’
vaccination rates (56), and it is critical to equip them with
flexible immunization schedules and locations.

Implications of this study for the current
situation and the future

For nurses themselves, vaccination is very important
for their protection in high-risk settings. Even though
the vaccination rate among Chinese nurses is high, their
reluctance to uptake the COVID-19 vaccine is commonly
disregarded, which may impede the advancement of continuous
immunization programs. Nurses are not vaccinologists and do
not know everything about vaccine development, clinical trials,
etc. (57). They may not have enough information about vaccine
efficacy and safety, but they are still very motivated to vaccinate
for their protection and the protection of others, especially
patients (58). Our study aimed to determine the psychological
status of Chinese nurses regarding COVID-19 vaccination.
In addition, to gain a deeper understanding, we abandoned
previous studies that only explored the behavior of nursing
staff to vaccinate or not to vaccinate, or the psychological state
of hesitation or not to hesitate, and instead used a person-
centered approach to understand the heterogeneity of nursing
staff’s vaccine hesitancy.

For patients and the public, our study is also relevant.
Nursing staff are at the front line of safeguarding public health
and are a reliable source of vaccine-related information (59),
and many studies have demonstrated that pediatric nurses,
obstetric and gynecological nurses, and community nurses
play an important role in promoting vaccination and reducing
vaccine hesitancy in different populations (17, 18, 60). Although
not all nurses are directly responsible for vaccines, nurses spend
far more time with patients than other medical personnel (17).
Patients and the public view them as thought leaders; thus, their
participation in vaccine-related health education should not be
disregarded (16). They help patients understand the history and
efficacy of vaccination by providing them with vaccine-related
information and health education to promote public trust in
vaccinations and decrease the frequency of vaccine hesitancy or
refusal (60). In this study, believers had the highest readiness
to vaccinate and the highest level of vaccine concern compared
to the other three categories. These nurses would contribute
tremendously to the seamless implementation of vaccination
and immunization planning. Our findings therefore provide a
factual foundation for an acceptable intervention to assist the
other three subgroups of nurses who are hesitant about vaccines.
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In addition, this study has other public health implications in
promoting vaccination efforts. First, we found some association
between the 5C model and vaccination intention among nurses
in mainland China. In future, tailored immunization promotion
interventions can also be developed based on testing the
psychological antecedents of vaccination in other groups of
healthcare workers or even the public. Second, this study was
conducted before the third dose (booster) of the COVID-19
vaccine in Chinese adults. Since the COVID-19 pandemic is
likely to be widespread over a long period, a person-centered
approach to vaccine hesitancy at different time points in the
pandemic could help control the social and economic impact of
the pandemic (61). Third, this study found that it is important
to further improve the science of evidence-based risk-benefit
assessment of vaccines. Public communication pathways and
models regarding vaccine efficacy and safety should also be
actively explored in the promotion of vaccination campaigns
for other vaccine types, not just for the COVID-19 vaccine, and
public transparency of information should be enhanced to boost
public confidence in vaccines.

Limitation

Despite the practical implications of the results of this
study, there are some limitations to its generalizability. First,
we used convenience sampling, which inhibits generalizability.
Future studies should investigate samples from a variety of other
settings to further analyze the characteristics of nurses hesitancy
to work with vaccines in the Shanghai region vs. other provinces
and cities. Second, we implemented a cross-sectional design, and
vaccine hesitancy is susceptible to pandemic severity. Therefore,
longitudinal studies are needed to explore the long-term changes
in vaccine hesitancy and the factors influencing it. Third, since
participants may answer these items in a manner consistent
with social expectations, the results may be biased. Fourth,
our choice of the 5C model as a theoretical framework to
understand participants’ vaccine hesitancy issues for COVID-
19 was not completed adequately, so some others such as
vaccine literacy and altruistic beliefs (62, 63) can be added in
future studies.

Conclusion

Overall, Shanghai nurses demonstrated a high level

of confidence, calculation, collective responsibility, low
complacency, and constraints with COVID-19 vaccination.
By profiling the psychological antecedents of COVID-19
vaccination among nurses in Shanghai, this study identified
four distinct profiles of vaccine hesitancy related to
COVID-19 (named “believers,” “free riders,” “middlemen,”
and “contradictors”). We further explored the differences in

sociodemographic, vaccine knowledge, vaccination intention,
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and attention to vaccine news among individuals between
each profile. The characteristics of the latent profiles can help
provide more targeted guidance for nursing managers to
develop interventions that complement vaccine knowledge
gained through continuing education, provide some peer
or supervisory support, and thus aid nurses in reducing
vaccine hesitancy and facilitating smooth vaccination and
immunization planning.
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Introduction: Coronavirus disease 2019 (COVID-19) vaccination has emerged
as a promising approach to counter the harmful impacts of the pandemic.
Understanding the psychological components that may impact an individual's
attitude toward COVID-19 vaccination is crucial for generating evidence-
based ways to minimize vaccine hesitancy. This study determined the
psychological antecedents regarding vaccine acceptance among urban slum
people of Bangladesh.

Methods: From 5 July to 5 August 5, 2021, a face-to-face survey was
conducted in the urban slum of two large cities in Bangladesh. The
questionnaire considered socio-demographics, health-related characteristics,
psychological determinants, sources of information, and conspiracy beliefs
regarding COVID-19. The 5C sub-scales were used to assess psychological
antecedents. Five stepwise binary logistic regression models evaluated
significant predictors for confidence, complacency, calculation, constraints,
and collective responsibility. Multinomial logistic regression was used
to determine the relationship between psychological antecedents and
vaccine acceptability.

Results: The study revealed that the slum residents with a high level
of confident (89.94%), complacent (72.73%), having constraints (82.31%),
calculative (84.80%), and responsible (93.30%) showed a higher vaccine
acceptance rate. Higher vaccine acceptance was related to the believer
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in natural-made origin (85.96%) and those who rejected anti-vaccination
(88.44%). The information acquired from newspapers differed significantly (p
< 0.05), though TV or radio was the most common primary information
source about COVID-19 vaccines (74.75%). The regression result revealed that
marital status, education, family income, and perceived health condition were
significantly associated with the 5C domains. Two psychological antecedents
including complacency (OR = 3.97; p < 0.001) and collective responsibility (OR
=0.23; p < 0.001) were significantly associated with vaccine acceptance.

Conclusions: Different predictors significantly affect psychological
antecedents related to COVID-19 vaccine uptake. Therefore, considering the
factors, targeted actions based on the findings may help to lower vaccine
reluctance and boost vaccination rates.

COVID-19, vaccine acceptance, Bangladesh, vaccine hesitancy, slum people,

psychological antecedents, 5C sub-scales

Introduction

Vaccines are a material used to stimulate the development of
antibodies and confer immunity against existing and emerging
infectious diseases (1). Vaccines are a miracle of modern
medicine. More lives have been saved due to them than any other
human invention (2). The novel coronavirus disease known
as COVID-19 was first detected in Wuhan, China, in late
December 2019. With the rapid transmission rate, this virus
spread worldwide soon thereafter. Consequently, the World
Health Organization (WHO) proclaimed COVID-19a global
pandemic on 11 March 2020 (3). As of 16 March 2022, the world
has experienced a catastrophic situation due to the coronavirus
disease (COVID-19) that resulted in more than 460 million
cases and around 6 million deaths across 220 countries (4).
Since SARS-CoV-2 is a highly infectious virus that affects
people worldwide, vaccines are the most significant public health
intervention and the most effective technique for protecting the
population against coronavirus disease 2019 (COVID-19) (5, 6).

Considering the catastrophic scenario, vaccinations are one
of the most crucial public health interventions for limiting
the spread of dangerous infections and their damage. The
WHO estimates that vaccines have saved at least 10 million
lives throughout the globe (7, 8). Vaccination helps to develop
antibodies and provide immunity against the virus, which has
been shown to reduce pandemic severity by reducing COVID-
19 infection, hospitalization, and mortality. According to a
recent study, when people’s immunity reaches 67%, there is a
possibility to decline in COVID-19 infections (9). It is impressive

Abbreviations: COVID-19, Coronavirus Disease 2019; EPI, Expanded
Programme on Immunization; ROC, Receiver Operator Characteristic;

LMIC, Lower-middle Income Countries; BMI, Body Mass Index.
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that numerous viable COVID-19 vaccines have developed in
less than a year (10). Scientific and pharmaceutical companies
have developed dozens of COVID-19 vaccines, including Pfizer-
BioNTech, Moderna, Janssen, Sinopharm-BBIBP, Sputnik V,
CoviVac, and Covaxin, to protect humans (11). However, the
protection of the world’s population depends on the availability
of vaccine dosages and government immunization programs
(10). A report demonstrated that by mid-March 2021, 380
million doses of COVID-19 vaccination had been distributed
worldwide. However, the report showed that the vaccine
acceptance tendency worldwide is still lagging (12). By the end of
2021, the European Union intends to have vaccinated 70% of its
adult population. More than 51 million vaccine doses had been
provided across the EU as of the end of 2021, with Denmark and
Spain having the highest vaccination rates (13). Several high-
income countries (HICs) have made significant progress, with
Israel leading the way, having vaccinated half of its population
by the end of February (14). However, many HICs have found it
challenging to get COVID-19 vaccines due to vaccine hesitancy
(11, 15). As HICs began vaccinating, new administrative issues
arose, and new methods were offered to address supply hurdles,
such as extending the interval between vaccine doses. On the
other hand, despite their extensive expertise from the Expanded
Programme on Immunization (EPI), which began in 1974,
lower-middle-income countries (LMICs) may confront more
extra problems than HICs (16).

A successful vaccination program depends on the extent
of people’s willingness to accept the vaccine, the demand for
the vaccine, and their behavior toward vaccination (17, 18).
However, increasing hesitancy toward vaccination limits the
success of a vaccination program (19, 20); such hesitancy
is defined by the delay in accepting the available vaccine
(21). The WHO labeled vaccine hesitancy as a serious
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public health threat that raised concern about the successful
implementation of vaccination worldwide (22). As seen in the
2018 measles epidemic in New York City, vaccination reluctance
led to continuous transmission (23). Rapid development of
vaccines, conspiracy theories on vaccine origin, lack of trust in
government, and religious misconceptions have been identified
as major obstacles to vaccine hesitancy (24). Vaccine reluctance
is context-dependent and impacted by time, location, and
vaccines, as well as psychological variables (25). Studies suggest
that individual attitudes regarding vaccination, in general, and
COVID-19 immunization, in particular, appear to be influenced
by psychological variables. This is mostly attributable to the
psychological impacts of the current pandemic, which was
accompanied by a deluge of information (16, 26). Therefore, it
is important to analyze the psychological aspects of vaccination
to determine the individual behavior toward vaccination, which
might help in the development of evidence-based strategies to
minimize vaccine reluctance.

Grounded on theories of vaccine hesitancy and acceptance,
Betsch et al. developed and validated a vaccination tool (5C
model) to explain psychological behavior toward vaccination
(27). The 5C scale offers a reliable and psychologically
sound approach for tracking vaccination behavior around
the globe. The researchers used the 5C scale to study
how anticipatory elements affect vaccination behavior as well
as the deep understanding of how each person’s mental
depictions, attitude, and behavioral propensities are influenced
by their surrounding environment and contexts. The 5C
scale consisted of five psychological antecedents, including
confidence, complacency, constraints, calculation, and collective
responsibility (27, 28). Currently, these antecedents are widely
used in high-income countries to assess vaccine hesitancy
to determine the vaccination uptake rates (29). Several
studies reported the psychological antecedents of the COVID-
19 vaccine among different population groups in different
countries, including Bangladesh (30-33); however, there is no
study assessing the psychological determinants of vaccination
among socioeconomically disadvantaged people using 5C scale.

Early on, there were conspiracy beliefs about the origins
of the COVID-19 pandemic. These opinions were based on
the idea that the virus was created by humans (34). These
bad ideas also included thoughts about future vaccinations,
such as charges of vaccination-enforcement conspiracies, which
would be used to implant microchips in individuals to
control people. Further, social media users have expressed
concern about suggestions that COVID-19 vaccines could cause
infertility and limit the human population increase (34, 35).
Such unverified information is frequently disseminated on
uncontrolled social media and other news media platforms,
which might significantly influence the individual decision
toward vaccination (30). Earlier studies also showed a significant
correlation between conspiracy beliefs and vaccine hesitancy
(30, 36).
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In Bangladesh, more than 2 million people live in urban slum
areas (37). Slums are characterized by inadequate healthcare
services, limited educational options, limited living space, and
a dearth of employment prospects (38). Being historically poor
healthcare systems in Bangladesh (39), the COVID-19 pandemic
compounded the plight of urban slum inhabitants who were
already suffering financially and lacked access to healthcare
services due to inequitable services and economics (40).

Data suggests that 75% of the slum population lives in
a single room, and 45% of them suffer from infectious and
parasitic diseases regularly (40), whereas only 13.9% are able
to seek healthcare services from formal healthcare professionals
(41). On top of that, COVID-19 has brought an additional
burden to them. A study reported that slum populations
are more vulnerable to COVID-19 infection than others and
experience higher morbidity (42). In this situation, the slum-
dwellers possible reluctance to take the COVID-19 vaccination
might render them more susceptible to the virus.

Vaccine uptake determines the extent to which the
population is sufficiently protected, which may vary across sub-
populations such as the slum population, the ethnic minority
population, and healthcare workers (43, 44). There have been
a couple of studies conducted so far to determine the COVID-
19 vaccine acceptance among the general population (18, 32,
45) and healthcare professionals (43) in Bangladesh. However,
all these studies investigated the vaccination rates of well-
educated and privileged citizens in Bangladesh. Another study
in Bangladesh focused on the vaccination status of the low-
income population (46); however, this study did not consider
any empirical model to predict vaccination behavior. Further,
none of the studies evaluated the impact of conspiracy beliefs
on individual vaccination behavior. Thus, this study determined
the prevalence of psychological antecedents and their associated
factor toward COVID-19 vaccination using the 5C scale among
urban slum dwellers in Bangladesh. The major objectives of
this study were (a) to assess the psychological antecedents
of COVID-19 vaccination and the factors associated with 5C
domains and (b) the effect of embracing COVID-19 vaccine
conspiracy beliefs on vaccine acceptance among the urban slum
population in the country. Other minor objective was assessing
the role of information sources in COVID-19 vaccination.

Methods
Study settings and participants

A cross-sectional survey design was employed in this study.
A face-to-face survey was conducted in Bangladesh between
5 July and 5 August 2021, amid a devastating second wave
of infections before the widespread vaccine was available.
Individuals aged at least 18 years old without receiving their first
dose of COVID-19 vaccine in urban slums in Bangladesh were
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FIGURE 1
Study survey location.

included. Using a simple random sampling technique, the data
were collected from urban slums (location shown in Figure 1) in
Dhaka and Khulna city of Bangladesh.

Since no previous studies were available that suit our study
measures, an online calculator was adopted to estimate the
sample size for our research. As determined by the sample
size calculator (https://statulator.com/ accessed on July 1, 2021),
the minimum number of respondents is 385. The calculation
were based on a 10% non-response rate, 5% precision, a
50% proportion, and a 95% confidence range for the overall
slum population estimate of 2.2 million (37). Therefore, we
collected 410 sample respondents from slums of two cities in
Bangladesh. However, 10 participants were eliminated from
the study due to prior vaccination against COVID-19. After
excluding them, the final study contained 400 respondents,
including 169 males and 231 females. Before completing the
survey, all participants electronically consented. Therefore,
participants were not needed to complete the form in its
entirety. This survey did not require participants to provide
their names or email addresses, ensuring that respondents could
not be identified individually. Further, the research ethical
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clearance board of the Institute of Disaster Management, Khulna
University of Engineering & Technology, Khulna, Bangladesh,
approved this study.

Measures

A structured questionnaire was developed and sent to
each respondent to gather data. The questionnaire elicited
information on their sociodemographic and health-related
features, intentions to receive a COVID-19 vaccine, 5C
psychological antecedents, information sources, and conspiracy
beliefs surrounding COVID-19.

Psychological antecedents

The decision to vaccinate is influenced by several factors,
some of which are out of the control of the individual
(such as a parent) and others within their control. There are
five antecedents such as confidence, complacency, constraints,
calculation, and collective responsibility, comprised of a 5C
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scale that determines the psychological factors of vaccination.
Five psychological antecedents of vaccination are evaluated
using the 5C scale, which sheds light on how the respondent’s
particular environment and context shape their distinctive
mental representations, attitudes, and behaviors (27). The 5C
scale consists of a ten-item scale (involving two items for
each determinant). These items were chosen following a prior
methodology established by Betsch et al. (27). The following
items were used to measure confidence: (1) I am confident
that public authorities decide in the best interest of the
community; (2) I am entirely confident that the COVID-
19 vaccine is effective. The following items were used to
measure complacency: (1) It is unnecessary to get vaccinated
as it cannot prevent COVID-19; (2) My immune system is
robust, which protects me. The following elements were used
to evaluate constraints: (1) Everyday work stress may prevent
me from getting vaccinated; (2) Visiting the doctor makes me
feel uncomfortable; this keeps me from being vaccinated. The
calculation was evaluated based on the following criteria: (1)
When I get vaccinated, I will consider whether it is effective
or not; (2) Before I get vaccinated, I need to know about the
details of the vaccine. Finally, the following items were used to
measure collective responsibility: (1) T will take the vaccine, in
that the weaker immune people will get protection; (2) COVID-
19 vaccination is a collective action to prevent the spread
of disease.

Source of information and conspiracy belief

Respondents were asked about the essential information
sources they adopted for vaccine information. The following
sources were designed as options: Social media, TV/Radio,
Newspapers, Doctors/nurse/community  healthcare staff,
Friends/Family members, and Neighbors.

Respondent’s conspiracy belief on COVID-19 and vaccine
was assessed using two questions following (30). The first
question was, “Do you oppose vaccination altogether?.”
Responses were collected as Yes, No, or No opinions. The second
question was, “What is the belief about the origin of human
coronavirus?.” Again, responses were recorded as whether
COVID-19 was naturally made from animals, manufactured,

and part of a conspiracy plot and no opinion.

Willingness to accept the vaccine

A single question was used to assess the participants
willingness to receive a COVID-19 vaccination. Respondents
were asked, “Will you take the Covid-19 vaccination when it
becomes available?.” The possible answer options were “Yes,”
“No,” or “Not sure.” Participants were divided into three groups:
those who planned to take the vaccine (response = “Yes”), those
who were unsure (response = “Not sure”), and those who were
opposed to receiving the vaccine (response = “No”).

Frontiersin Public Health

54

10.3389/fpubh.2022.958445

Sociodemographic and health variables

Sociodemographic variables included gender, age, marital
status, education, occupation, family type, and monthly income.
Gender was assessed by asking whether male or female. Age
was a continuous measure. Respondents were asked about their
education level using four bins: (1) no formal education, (2)
currently primary level, (2) Secondary School Certificate (SSC)
level, or (3) college or higher degree. Respondents classified the
family type as currently they live in a nuclear or joint family.
The respondent ranked their occupation as unemployed, student
or worker, day laborer, small business, or housewife. Finally,
monthly income was assessed by asking for their monthly family
income on < 5,000 BDT (<58 US$), 5,001-10,000 BDT (58-115
US$), 10,001-15,000 BDT (116-173 US$), and > 15,000 BDT
(>173 US$).

The health-related variables were COVID-19 test positivity,
body mass index (BMI), having any long-standing illness
(es), perceived health status, smoking habit, and childhood
vaccination status. The COVID-19 susceptibility, presence of
the long-standing condition, smoking habit, and childhood
vaccination status were assessed by asking a respondent to
indicate Yes or No. Body Mass Index (BMI) was calculated with
the respondent’s height (m?) and weight (kg). The respondent’s
perceived health status was evaluated by asking them 5-items,
including very good, good, fair, bad, and very bad.

Data analysis

Participants were separated into three groups according
to their vaccination intentions: those who agreed to get the
vaccine, those who were unsure, and those who were opposed
to receiving the vaccine. The latter two categories have been
merged as “undecided/unwilling.” We selected two groups
rather than three when doing statistical analysis on vaccination
intentions to underline the possibility of differentiation between
individuals who planned to accept a COVID-19 vaccine and
those who did not to uncover characteristics that indicated
one’s desire to vaccinate. For categorical variables, Chi-square
tests were employed, and Kruskal-Wallis tests were used for
continuous variables. Additionally, a Chi-square test was used
to examine the relationship between the sources of information,
conspiracy beliefs, and vaccination intention.

Pairwise correlations between category variables were

>, o«

estimated using a chi-square test. The respondent’s “Yes” or
“No” status was determined based on their average 5C score
at the cut-off points. We used five stepwise binary logistic
regression models including all variables to identify the most
significant factors influencing levels of confidence, complacency,
calculation, constraints and collective responsibility. Statistical
significance was defined as a p value of less than 0.05, and
results were provided as odds ratios (OR) with 95% confidence

intervals (CI). Additionally, multinomial logistic regression was
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used to examine the relationship between the 5C domains
and willingness to receive the COVID-19 vaccination, adjusting
for sociodemographic and health characteristics. To assess
the effectiveness of 5C subscales in predicting COVID-19
vaccination hesitancy, we calculated the area under the receiver
operator characteristic (ROC) curve (AUC).

Results

Sociodemographic characteristics

Table 1 summarizes the baseline characteristics of our study
population. Out of 400 samples, 227 (56.8%) were female
respondents. The mean age of the total sample was 33.43
(£11.25) years. Of the total, about 90% (n = 360) were married.
The majority had no formal education (52.5%, n = 210). Most
participants were day labor (29%, n = 116). Around 91.8%
(n = 367) belonged to a nuclear family. About half of the
participants (43.5%, n = 174) had a monthly family income
between 5,000-10,000 BDT (US$ 58-115). More than 90% (n
= 369) of the participants were not diagnosed with COVID-
19. The mean BMI was 22.50 (43.61). The majority (64.2%,
n = 257) of respondents did not have a long-standing illness,
and 34.5% (n = 138) reported that their health status was good.
The majority (68.8%, n = 275) of respondents reported as being
non-smokers. Around 81.1% (n = 327) participated in their
childhood vaccination.

Prevalence of psychological antecedents
of vaccination

Figure 2 illustrates the psychological antecedents of vaccine
acceptance among slum dwellers. Approximately 90% of
respondents who said “yes” to vaccine acceptance showed
confidence (p < 0.001, x2 test = 13.16) regarding COVID-19
vaccination and its effectiveness. About 72.73% were complacent
(p < 0.001, Y2 test = 26.67), 84.80% calculated the effectiveness
and detailed information of vaccine (p > 0.05, x2 test = 3.30),
and 93.30% respondents showed collective responsibility for
accepting vaccines (p < 0.001, X2 test = 38.54). However,
82.31% faced constraints regarding vaccination, though they
were optimistic about getting vaccinated (p > 0.05, X2 test =
0.15).

The information source of the COVID-19
vaccine and its relation to willingness to
accept the vaccine

Figure 3 illustrates the information source distribution

among the vaccine acceptant and hesitant groups. TV or
radio was reported as the most common primary source of
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TABLE 1 Descriptive statistics of respondents’ intention to get
vaccinated against COVID-19 (N = 400).

Variables Frequency (N) %
Sociodemographic characteristics

Gender

Male 173 43.2
Female 227 56.8
Age 33.43 (£11.25)

Marital status

Single 35 8.8
Married 360 90.0
Divorced 5 1.2
Education

No formal education 210 52.5
Primary level 115 28.7
SSC 50 12.5
>College 25 6.3
Occupation

Unemployed 44 11.0
Student 14 35
Worker 106 26.5
Day labor 116 29.0
Small business 31 7.8
Housewife 89 222
Family type

Nuclear 367 91.8
Joint 33 8.2
Monthly family income (BDT)

<5,000 (US$ <58) 90 22,5
5,001-10,000 (US$ 58-115) 174 43.5
10,001-15,000 (US$ 115-173) 89 222
>15,000 (US$ <173) 47 11.8
Health-related characteristics

Tested positive for COVID-19

No 369 92.2
Yes 31 7.8
BMI 22.50 (£3.61)
Long-standing illness(es)

No 257 64.2
Yes 143 35.8
Perceived health condition

Very good 133 33.3
Good 138 34.5
Fair 86 21.5
Bad 26 6.5
Very bad 17 4.2
Smoking

No smoking 275 68.8
Current smoker 108 27.0
Former smoker 17 42
Childhood vaccination(s)

No 73 18.2
Yes 327 81.8
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and altogether anti-vaccination and its
relation to vaccine acceptance

Figure 4A demonstrates the vaccine acceptance rate based
on the conspiracy belief toward COVID-19 origin. Of the total
sample, 15.5% (n = 62) believed that SARS-CoV-2 had a human-
made origin, while 17.5% (n = 70) believed in the natural source
of the virus. However, a major portion reported no opinion (n
= 268, 67%). Additionally, believing in a naturally occurring
source of the virus was significantly associated (p = 0.008; x>
test) with a high intention to receive the COVID-19 vaccine
compared to those who believed in a manufactured source of the
virus and those who had no opinion on the virus’s origin (85.71%
vs. 67.74% vs. 83.96%).

Figure 4B the the
respondents based on respondents’ attitudes toward altogether

illustrates vaccine rates among

anti-vaccination. Only 37.50% of anti-vaccination participants
(n 12) reported an intention to receive COVID-19
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vaccination, compared to 40.91% in the “no opinion” group
(n =9) and 88.44 % among those who rejected anti-vaccination
(n =306, p < 0.001; ¥ test).

Univariate analysis of 5C domains with
independent variables

Table 2 demonstrates the univariate analysis of the 5C
domain individually predicted by the independent variables.
Education level (p < 0.01), monthly family income (p < 0.05),
and perceived health condition (p < 0.05) significantly affected
the confidence regarding vaccination. Further, the COVID-19
related constraints were significantly affected by gender (p <
0.01), education level (p < 0.01), occupation status (p < 0.01),
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monthly family income (p < 0.001), and smoking habit (p <
0.01) of the participants.

The complacency domain was significantly anticipated
by education level (p < 0.001), occupation status (p <
0.05), monthly family income (p < 0.001), and perceived
health condition (p < 0.05). The collective responsibility was
significantly predicted by the education level (p < 0.05),
occupation status (p < 0.05), monthly family income (p <
0.001), long-standing illness (p < 0.05), and perceived health
condition (p < 0.01), where only marital status was significantly
related to the calculation domain (p < 0.05).

Predictors affecting the psychological
vaccination antecedents

Table 3 presents the significant predictors affecting the
psychological vaccination antecedents. Monthly family income
(>15,000 BDT) was a significant predictor related to the
confidence antecedent (OR = 0.42; 95% CI: 0.20-0.89). Having
a monthly family income between 5,001-10,000 BDT (US$ 58-
115) (OR = 0.25; 95% CI: 0.12-0.50) and having a monthly
family income >15,000 BDT (>US$ 173) (OR = 0.26; 95%
CIL: 0.11-0.62) were significantly associated with vaccination
constraints. The significant complacency antecedent predictors
were: primary level of education (OR = 0.55; 95% CI: 0.33-
0.1), college or higher level of education (OR = 0.29; 95%
CI: 0.09-0.96), and having 10,001-15,000 BDT (US$ 115-173)
family income (OR = 0.35; 95% CI: 0.17-0.69). Being married
was a significant predictor for the calculation domain (OR =
0.43; 95% CI: 0.20-0.91). The significant collective responsibility
predictors were: monthly family income (>15,000 BDT, >
US$173) (OR = 3.18; 95% CI: 1.34-7.54) and who perceived
health condition was fair (OR = 0.47; 95% CI: 0.24-0.94).
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Association between 5C psychological
antecedents with COVID-19 vaccine
acceptance

Table 4 the between 5C

psychological antecedents and willingness to accept COVID-19

summarizes association
vaccine. The respondents with a complacency was significantly
associated with a high intention to receive a vaccine (OR =
3.97; 95% CI = 1.87-8.42, p < 0.001). On the other hand,
the respondents with no collective responsibility showed low
intention toward vaccine acceptance (OR = 0.23; 95% CI =
0.11-0.49, p < 0.001). Additionally, amid all covariates, gender
and age, and perceived health condition were related to low
intention to vaccine acceptance (OR = 0.22; p < 0.05, OR =
0.95; p < 0.05, and OR = 0.66; p < 0.05, respectively).

ROC analysis of the 5C subscales

Figure 5 illustrates the ROC analysis of the 5C psychological
antecedents. The RO