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Abstract: A significant decline in pediatric vaccination uptake due to the COVID-19 pandemic has
been documented. Little is known about the parental willingness and associated factors of pediatric
vaccination during the COVID-19 pandemic. An extensive literature search in the databases of
PubMed, Scopus, Web of Science, and EBSCOhost were conducted. A total of 20 eligible studies
published from 2020-2022 were included for systematic summary by a thematic analysis, among
which 12 studies were included in a meta-analysis conducted with R-4.2.1. The prevalence of
parental willingness to childhood /routine vaccination and seasonal influenza vaccination was 58.6%
(95%CI 2.8-98.6%) and 47.3% (95%CI 25.3-70.5%). Moreover, there is no sufficient evidence of
significant change in parental willingness to childhood /routine vaccination, human papillomavirus
vaccination, or pneumococcal conjugate vaccination during the pandemic. However, a significant
increase in parental willingness to vaccinate their children against seasonal influenza was found.
In addition to the factors of parental vaccination willingness/hesitancy that are well-studied in
literature, children/parents” history of COVID-19 and children’s perceived vulnerability to COVID-19
were associated with parental willingness. Developing synergetic strategies to promote COVID-19
vaccination together with other pediatric vaccination is warranted during the pandemic. This
may help to improve and/or catch up the vaccine uptake of children during and/or after the
COVID-19 pandemic.

Keywords: childhood/routine vaccination; seasonal influenza vaccination; human papillomaviruses
vaccination; pneumococcal conjugate vaccination; children; parental willingness

1. Introduction

Vaccines have a positive impact on children’s health and development [1]. Based on
data reported by the World Health Organization (WHO), pediatric vaccination averts the
annual deaths of 2.5 million children younger than 5 years old worldwide [1]. Although
the national immunization programs across countries have achieved a great progress in
increasing vaccine coverage, parental vaccine hesitancy, and/or refusal still jeopardizes
these programs. Factors associated with decision-making in vaccination were well-studied
by several conceptual models in order to design evidence-based interventions for immu-
nization promotion. These conceptual models include the Vaccine Hesitancy Determinants
Matrix established by the WHO SAGE working group [2], the behavioral-ecological model
of vaccination decision making [3], the models of vaccine hesitancy determinants following
the Theory of Planned Behavior [4], or the Health Belief Model [5].

The outbreak of the coronavirus disease 2019 (COVID-19) had a great negative influ-
ence on pediatric vaccination on a global scale. A recently published study documented a
decline in the number of administered doses of diphtheria tetanus toxoid and pertussis
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(DTP3) and measles-containing vaccine first dose (MCV1) worldwide in June 2020 [6]. The
largest decline in DTP3 uptake occurred in April 2022 (33%) [6]. In response to this, the
WHO and the UNICEEF issued a warning in regard to this dangerous decrease in children’s
vaccinations during the COVID-19 pandemic [7]. The WHO regional office attributed such
a phenomenon to the interruption of vaccination demand and supply and the shortage of
healthcare workers. Moreover, routine vaccination for children may not be the top prior-
ity of medical service among healthcare providers during the pandemic [8]. Even when
such services are offered, people may be either unable to access them due to COVID-19
control measures (lockdown, travel restriction), or fear of being exposed to people with
COVID-19 [8]. Many health workers are also unavailable due to COVID-19 control mea-
sures and a lack of protective equipment [8]. However, there is a vague image showing the
influence of the COVID-19 pandemic on pediatric vaccination hesitancy among parents,
who are usually the decision makers for their children’s vaccination.

To address the knowledge gaps, this study aimed to systematically search and sum-
marize the evidence from literature reporting parental willingness/hesitancy about the
vaccination uptake in their children in the time of COVID-19 (in terms of childhood /routine
vaccination, seasonal influenza vaccination, human papillomavirus (HPV) vaccination,
and pneumococcal conjugate vaccination (PCV)). In addition, we also summarized the
factors associated with parental willingness/hesitancy of pediatric vaccination during the
COVID-19 pandemic.

2. Methods
2.1. Search Strategy

This systematic review was registered in PROSPERO (ref#: PROSPERO 2022
CRD42022350081). The academic articles were identified by searching the electronic
databases PubMed, Web of Science (including SSCI and A&HI), EBSCOhost (including
CINAL with Full Text, ERIC, MEDLINE, APA PsycArticles and APA PsycINFO), and Sco-
pus (including both published papers and preprinted services), which cover the published
periods of 1966-2022, 1975-2022, 1981-2022, and 1970-2022 respectively. The Boolean
operator was used in the search strategy conducted, with “OR” and/or “AND” used to
link search terms, while the asterisk “*” was used as a wildcard symbol appended at the
end of the terms to search for variations of those terms. The complete search strategy is
described below:

(a) “impact” or “effect” or “influence” or “outcome*” or “result*” or “consequence” in
topic/title/abstract;

(b) “willingness” or “intention” or “acceptance” or “attitude” or “perception” in topic/
title /abstract;

(¢) “COVID-19” or “coronavirus” or “2019-ncov” or “SARS-CoV-2” or “cov-19” in topic/
title/abstract;

(d) “pandemic” or “epidemic” or “outbreak” in topic/title/abstract;

(e) “pediatric” or “child*” or “infant” or “adolescent” or “early childhood” or “routine”
in topic/title/abstract;

(f) “vaccin*” or “immunizations” in topic/title/abstract;

(g) aORDb;
(h) cANDJ;
(i) eANDT;

() gANDhANDI.

We reviewed articles for relevance through screening titles and abstracts. After re-
moving the duplicates and excluding those who did not meet the inclusion criteria, the
remaining 31 articles were read in full to identify if they met the inclusion criteria. In
addition, another research paper was included by checking through the reference lists of
previous literature [9-14]. Finally, there were 20 relevant articles identified.
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2.2. Inclusion and Exclusion Criteria

The articles included in this review are original studies that were published in peer-
reviewed journals in English using quantitative and/or qualitative methodology, and
therefore providing a higher quality of evidence than a typical case study or case se-
ries, which tends to be more subjective. The eligible studies should report the willing-
ness, intention, attitudes, acceptance, or perception of parents/caregivers toward pedi-
atric/childhood/routine vaccination of their children during the COVID-19 pandemic. The
participants in the reviewed studies were parents and/or caregivers of children. An article
was excluded if it was (1) not clarified to be designed and conducted during the COVID-19
pandemic; (2) a study for the development or validation of scale/tool; (3) a study for the
development of a study protocol; (4) a study that was unclear about whether it included
parents/ caregivers of children; (5) a study focused on the uptake/administration/coverage
of pediatric/childhood /routine vaccination; (6) a study focused on modeling or projection
for prediction of vaccination coverage; and/or (7) a study focused on perception/attitude
of health professionals or stakeholders.

2.3. Quality Assessment and Data Analysis

We used the tool developed by Hawker et al. to assess the quality of the studies. The
tool covers nine domains: (1) abstract and title (did they provide a clear description of
the study?), (2) introduction and aims (was there a good background and clear statement
of the aims of the research?), (3) method and data (is the method appropriate and clearly
explained?), (4) sampling (was the sampling strategy appropriate to address the aims?),
(5) data analysis (was the description of the data analysis sufficiently rigorous?), (6) ethics
and bias (how have ethical issues been addressed, and what has necessary ethical ap-
proval gained? Has the relationship between researchers and participants been adequately
considered?), (7) results (are these a clear statement of the findings?), (8) transferability
and generalizability (are the findings of this study transferable/generalizable to a wider
population?), and (9) implications and usefulness (how important are these findings to
policy and practice?). These domains are rated 1 = very poor, 2 = poor, 3 = fair, and
4 = good. The detailed assessment criteria for each domain were listed in the footnote of
Table S1 [15]. Furthermore, these eligible studies were listed under a structured frame, i.e.,
study design, samples, and key measurement(s). The results are shown in Supplemental
Materials Table S1. The extracted information from the listed references was analyzed
and summarized using a thematic approach to present an overall scope and compare the
targeted information under the key themes. The two authors (Z.W. and Y.F.) independently
completed the review process and data extraction. We reached a consensus about the final
inclusion, analysis, and summary via discussion.

The meta-analysis was conducted with the metaphor package of R version 4.2.1
(R Core Team, 2022, Vienna, Austria) to combine data, calculated pooled proportions, and
95% confidence intervals (CI). During analysis, a random-effects model was used based
on the generalized linear mixed-effects method. The I? statistic test was used to measure
heterogeneity. 12 values of <25%, 25 to 75%, and > 75% indicate low, moderate, and high
heterogeneity, respectively. Furthermore, visual inspection was employed to assess the
asymmetry of funnel plots and the Egger’s test was applied to detect potential publication
bias. Sensitivity analysis was conducted by removing one study each time.

3. Results

The flowchart describing the search process is presented in Figure 1, which outlined a
detailed overview of the search process as well as the reasons for exclusion in this review.
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Figure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram:
search process for study selection about parental willingness to pediatric vaccination in the era of
COVID-19. 2 Included databases of EBSCOhost are CINAHL with Full Text, ERIC, MEDLINE, APA
PsycArticles, APA PsycInfo;  included databases of Web of Science are SSCI and A&HCT; € included
both published papers and preprinted services.

3.1. Overview of Included Studies

A total of 20 papers published between 2020-2022 were included in the final analysis
and summary, while the full list and the key information of the included studies are shown
in Table 1. These studies reported the willingness/attitudes towards pediatric vaccination
and associated factors in 12 countries during the COVID-19 pandemic, including the
United States (6), China (4), Saudi Arabia (4), Turkey (2), Switzerland (2), Indonesia (1),
Mozambique (1), Albania (1), Canada (1), Israel (1), Japan (1), and Spain (1). With the
exception of one cross-sectional in-depth interview, quantitative data was collected in
other 19 studies via cross-sectional surveys. Most of the studies used a self-developed
questionnaire and one study used the Vaccine Hesitancy Scale (VHS) [16]. The samples in
the reviewed studies included 22,902 parents or caregivers of children. All participants were
>20 years old, and 46-100% were mothers. In eleven studies, more than half of parents
received tertiary education. Two studies included caregivers of children with medical
conditions (i.e., 78 parents of children diagnosed with asthma [17]; and 2422 caregivers
of children who received treatment in the emergency room) [18]. Other background
information is listed in Table 1.
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Table 1. Basic information of included studies.

No Ref/Country Study Design/Study Tool Participants Main Findings
Childhood/Routine Vaccination
Prevalence of parental hesitancy to childhood/routine vaccination:
= 15.1%. . . : , . .
2881, 1038, and 1183 fathers or mothers with 5.5-15.1%. Associated factors (for children) Parents sex, time period of
. . COVID-19 pandemic.
children aged <6 years were recruited from . . o
Three-wave repeated . O . Parental willingness to receive COVID-19 vaccination themselves:
Wang et al., 2022 . immunization clinics (aged 31.36 + 4.38, o . . , .
1 . cross-sectional survey . 59.3-92%. Associated factors (for self): parents’ sex, education level,
(China) . . 33.36 £ 4.74, and 32.12 + 5.49 years, respectively; . .
Vaccine Hesitancy Scale (VHS) o o o . healthcare occupation, number of contacts per day, perceived health
69.5%, 89.1%, and 82.9% had an education level of . . .
status, and influenza vaccination hlstory.
college or above) . o .
Narrative reasons for parental vaccination hesitancy: concerns about
vaccine safety and side effects.
. 276 parents (82% mothers, 53% aged > 38 years old, P051t1\'/e correla'tlons betweer} parent§ kr}owledge, .attltude, and
. Cross-sectional survey o 1 o practice for childhood /routine vaccination. Associated factors
Sinuraya et al., 2022 54% being employed, 58% graduated from .
2 . A well-developed KAP . . o . . 1. (for children):
(Indonesia) - . university, and 67.4% had children in kindergarten , . . .
questionnaire . parents’ education level, occupation, knowledge, and attitude of
or primary school) : . o
childhood /routine vaccination.
175 parents of children aged <18 years old (83.3% Parental willingness to childhood /routine vaccination significantly
Cross-sectional survey mothers, 55.2% aged 30-44 years old, 48.8% decreased during COVID-19 compared with the situation before
3 He et al., 2022 (USA) Modified Vaccine education level at high school, 52.4% household COVID-19 in terms of having a greater lack of confidence and
Hesitancy Scale (VHS) income < USD 49K, 61.9% Hispanic, 80.6% visited = perception of more risk. Associated factors (for children): parents” age,
outpatient of general pediatrics) education level, ethnicity, household income.
Prevalence of delay in childhood /routine vaccination: 12.6%. Parental
willingness to adhere to vaccination schedule: 94.7%. Associated factors
Cross-sectional surve 475 parents of children aged 6 months to 8 years  (for children): parental attitude toward childhood/routine vaccines, the
4 Gjini et al., 2022 Self-developed y (89.6% mothers, 59.4% had education level at risk of delay in a health center, trust in health staff; narrative reasons:
(Albania) P university or above, 85.1% aged 24 years or older, parents play a role in children’s vaccination, belief of children receiving

questionnaire

34.3% had children at 0—6 months)

unnecessary vaccination, concerns about side effects of vaccines, trust
in healthcare staff.
Parental willingness to children’s COVID-19 vaccination: 23.8%.
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Table 1. Cont.

No Ref/Country Study Design/Study Tool Participants Main Findings
Childhood/Routine Vaccination
Prevalence of parental vaccine hesitancy for children: 21.7% before the
COVID-19 pandemic, 20.1% during the COVID-19 pandemic;
associated factors (for children): parents” education level,
Cross-sectional survey 1018 parents of children aged <13 years old (79.5% healthcare occupation,
5 Cag et al., 2022 Self-developed mothers, aged at 36.73 £ 6.67 years, mean number information source (i.e., healthcare professionals, multi-mass media,
(Turkey) . . of children 2.05 + 0.88, and mean age of the relatives/friends).
questionnaire youngest child 5.52 & 5.12 years) Willingness to COVID-19 vaccination: 59% for parents themselves, 83%
for children; associated factors (for children): parents’ vaccination
history of seasonal influenza and COVID-19, parental willingness to
receive COVID-19 vaccine for themselves.

. Cross-sectional survey >77 careglverso of Chﬂ?lren.aged <2 yiars (9028 o Prevalence of delay in childhood/routine vaccination due to COVID-19:

6 Baghdadietal, 2021 Self-developed mothers, 93.6% Saudi nationals, 96.9% married 35.7%. Associated factors: use of social media, use of apps developed

(Saudi Arabia) P women, mean-aged 32.6 £ 5.7 years old, 48.2% had o ] g pp P

questionnaire

private health insurance)

by healthcare authorities.

7

Al-Nafeesah et al., 2021

Cross-sectional survey
Self-developed

1143 parents/guardians of children below six years
(88% mothers/female; 75% mothers had bachelor’s

Prevalence of delay in childhood /routine vaccination: 26% in regular
situation, 38% during the COVID-19 pandemic. Associated factors:

(Saudi Arabia) westionnaire degree, 20-39 years old, 39% had >3 children, 37% number of children in the family, living regions, parents’ reported delay
d of parents resided in the Riyadh region) in regular situations.
Prevalence of parental hesitancy to childhood/routine vaccination:
24.31%. Associated factors: parents” education level, knowledge,
270 mothers (Aged 33 & 5.5 years, 61.71% had attitude and awareness of vaccination, concerns about the safety of
Aldakhil et al.. 2021 Cross-sectional survey completed baéghelor’s de‘ re}:/es 6i 63"’/ V\(;ere vaccines, trust in relatives/friends, trust in multi-mass media.
8 (Saudi Aral;ia) SAGE working group empllc))ye 4. 85% had <4 c}gﬁl dre,n (;9 3;0 % had Narrative reasons: concerns about the side effects of vaccines, adoption

Vaccination Hesitancy Scale

children aged >18 months)

of the importance of vaccines for children’s health,
financial consideration.
Parental willingness to have their children vaccinated against
COVID-19: 24%. Associated factors: parents’ education level.
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Table 1. Cont.

No Ref/Country Study Design/Study Tool Participants Main Findings
Influenza vaccination
Uptake and intention rate of children’s seasonal influenza vaccine:
. Cross-sectional survey 78 parents of children diagnosed with asthma 71.8% during COVID—l? (29'5, o uptake before COYID—19, p= 0'091)'
Ozer et al., 2022 o o Parental adoption of children’s uptake of seasonal influenza vaccine:
9 Self-developed (21.8% mothers and 28.2% fathers had o . . . .
(Turkey) uestionnaire education level at university or higher) 46.2%. Associated factors (for children): medical history related to
q y & asthma, contraction history of COVID-19 in family and close
environment.
Parents’ uptake rate of COVID-19 vaccine: 35%. Parental willingness to
. 299 parents of children aged <18 years old (87% . children’s COYID—19 Va.CCIIl.a’(lOII.I 46%. Associated factors (for
Cross-sectional survey S . . children): parents’ self-vaccination history of COVID-19 and seasonal
. mothers, aged 3044 years old, 86% non-Hispanic . . . -
10 Hill et al., 2022 (USA) Self-developed . . influenza, self-intention to COVID-19 vaccination.
. . White, 55% had household income > USD 99,999, , .. . . ..
questionnaire 50% had children aged 6-12 years old) Parents’ self-vaccination history of seasonal influenza positively
& y affected their willingness to vaccinate their children against
seasonal influenza.
3011 reproductive women (including those
Cross-sectional survey who were mothers and those who had no Prevalence of parental influenza vaccine hesitancy for children: 9.13%.
11  Duetal, 2022 (China) Self-developed pregnancy history, 1.35% lived in central China, Associated factors (for children): perceived susceptibility, perceived
questionnaire (with HBM items) 23.65% were 21-25 years old, and 54.83% had a barriers, perceived benefit.
bachelor’s degree)
Zhou et al.. 2021 Cross-sectional survey 792 adult participants (including parents, mean age Willingness to receive seasonal influenza vaccines increased
12 ( Chine;) Self-developed 31’)3 3 :I:}; 1 vears. 77 5[;5 ?emales,) & significantly following the COVID-19 pandemic among parents (57.8%
questionnaire ’ - Years, 7797 vs. 8%, p < 0.001) and for their children (78.4% vs. 64.8%, p < 0.001)
Majority of participating children (92%) adhered to the childhood/
routine vaccination schedule.
. Uptake of seasonal influenza in participating children in 2019-2020:
. Cross-sectional survey 1 . .9 .
13 Seiler et al., 2021 Self-developed 662 parents (no demographic details) 7.2%. Parental willingness to vaccinate their children against seasonal
(Switzerland) P p stap influenza: 17%. Associated factors (for children): children with chronic

questionnaire

conditions, regional differences.
Parental willingness to children’s COVID-19 vaccination: 59.2%. No
regional difference.
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Table 1. Cont.

Participants

Main Findings

Influenza vaccination

No Ref/Country Study Design/Study Tool
14 Salawati et al., 2021 Cro;zlsf‘_e;tels;il seu‘;'vey
(Saudi Arabia) P

questionnaire

2501 caregivers of children aged 6 months-18 years
(58.0% mothers, 30.1% aged 36—45 years, 28.1%
aged 26-35 years; 97.4% Saudi, 70.1% had a
university degree, 31.4% reported monthly
incomes of USD 1334-3200 and 24.4% reported
monthly incomes of USD 3201-5333)

Parental willingness to children’s seasonal influenza vaccination: 29.8%
before the COVID-19 pandemic, 47.3% during the COVID-19 pandemic.
Associated factors (for children): parents” education level, perceived
health status of their children, perceived vulnerability of their children
against COVID-19, trust in healthcare professionals, household income,
and living regions. Narrative reasons: perceived risk of
influenza infection
in children, fear of needles/syringes.

Parental uptake of COVID-19 vaccination: 83.4%. Parental willingness
to children’s COVID-19 vaccination: 74.0%. Parents’ sources for
COVID-19 vaccination include internet, health workers, and
social media.

Cross-sectional survey
Self-developed
questionnaire

15 Hou et al., 2021 (China)

1655 parents with children aged 3 to 17 years
(65.1% mothers, 74.0% had a bachelor’s degree or
above, an average of 3.5 £ 1.30 members)

Prevalence of delay in childhood/routine vaccination: 74.8%.
Associated factors: regional difference, parents” education level.
Children’s uptake of seasonal influenza vaccines: 54.7% (2019-2020).
Parental willingness to children’s seasonal influenza vaccination: 80.9%
in the future after the COVID-19 pandemic. Associated factors (for
children): parents’ education level, children’s age.

Goldman et al., 2021 .
Cross-sectional survey
(US, Canada, Israel,
16 . Self-developed
Japan, Spain, . .
Switzerland) questionnaire

2422 caregivers accompanying their children aged
1-19 years old who arrived at the ED of 17 study
centers (97% parents, caregivers’ mean age was
40.0 £7.6 years and median age of the child was
8.3 £ 4.6 years)

Parental willingness to vaccinate their children against seasonal
influenza: 15.8% before the COVID-19 pandemic, 54.2% during the
COVID-19 pandemic. Associated factors (for children): children’s
vaccination status, parents” history of self-vaccination against seasonal
influenza, perceived vulnerability of their children in emergency
department.
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Table 1. Cont.

Ref/Country

Study Design/Study Tool

Participants

Main Findings

Influenza vaccination

17

Beatty and Villwock,
2021 (USA)

Cross-sectional survey
Self-developed

questionnaire

179 parents (88.3% mothers, 92.7% White, 79% a
bachelor’s degree or higher, 83.8% had private
insurance, 82.1% had an annual salary higher than
USD 74,999)

51% of parents supported adding the influenza vaccine to the
mandatory list for school reopening. Distrust was found significantly
higher in those parents who objected to the addition and were
concerned about the vaccine’s side effects.

96% of pro-addition parents and 24% of anti-addition parents reported
willingness to have their children receive COVID-19 vaccination if the
vaccines were proved as “safe and effective”.

18

Sokol and Grummon,
2020 (USA)

Cross-sectional survey
Self-developed

questionnaire

1893 parents and guardians of children aged
6 months to 5 years (69% mothers, 95% aged
18-44 years old, 57% college graduates, 34% White
and 45% Black, 51% non-Hispanic, 52% middle or
high income)

60% of parents changed their plans for children’s seasonal influenza
vaccination due to the COVID-19 pandemic. Only 21% of parents
reported that they were more likely to vaccinate their children due to
the COVID-19 pandemic.

Human papillomavirus (HPV) vaccination

19

Olagoke et al., 2022
(USA)

Cross-sectional survey
Self-developed

questionnaire

342 parents of adolescents who were
unvaccinated for HPV (46% mothers, 87% White,
89% married, 75% education at college or more,
69% > USD 75,000 household income, 83%
employed, 66% had a son)

Parental perceived vulnerability of their children to HPV, perceived
severity of HPV, perceived response efficacy to HPV vaccine was
positively related to parental willingness to vaccinate their children
against HPV and/or COVID-19.

Pneumococcal conjugate vaccination (PCV)

20

Powelson et al., 2022
(Mozambique)

In-depth interviews
Qualitative data

10 mothers of children aged 25-34 months who
were fully vaccinated and 22 mothers of
children who were partially vaccinated (70-73%
lived in rural area; aged 20-30 years old;
50-70% completed primary education); 12 health
workers responsible for delivering
immunizations

Uptake rate of DPT- HepB- Hib in participating caregivers’ children:
90.1% for dose 1, 68.1% for dose 2, 59.1% for dose 3.
Uptake rate of PCV in participating caregivers’ children: 95.45% for
dose 1, 77.3% for dose 2, 54.6% dose 3.
Reasons for parental vaccine hesitancy: social norms and family
support for mothers, trust in vaccination services, concern about side
effects, and relationships between caregivers and health workers.

Ozer et al., 2022
(Turkey)

Cross-sectional survey
Self-developed
questionnaire

78 parents of children diagnosed with asthma
(21.8% mothers and 28.2% fathers had
education level at university or higher)

The uptake rate of children’s PCV: 30.8%. Parental adoption of PCV
protecting children with asthma during COVID-19: 12.8%. Narrative
reason: the majority of parents lacked information or awareness of the
PCV vaccine for their children.
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Moreover, 12 of 20 studies were further involved in meta-analysis. It comprised
17,455 parents and/or caregivers of children, and a random effect model was utilized in
analysis. Overall, no publication bias was found according to the Egger’s test as the p value
ranged from 0.34-0.79 in all analyses (Funnel plots are shown in Supplementary Materials
Figure S1).

3.2. Pediatric Vaccination Hesitancy/Willingness and Associated Factors

The prevalence of parental willingness of childhood/routine vaccination, seasonal
influenza vaccination, PCV and HPV vaccination, as well as the associated factors in this
review, are summarized in Figure 2, Table 1, Supplementary Materials Tables S2 and S3.

' 9
Associated Factors O Parental Willingness: 5
+ Children’s D hi 58.6% (95%C 2.8-98.6%). ChlldhOOd QParental Willingness: significantly increase
« Children’s Demographics: " - 47.3% (95%Cl 25.3-57.3%).
+ Gender QParental hesitancy: Vaccination 6 (e0% ¥
+ Age 18.5% (95%Cl 9.0-34.3%) QUptake in Children:
, . ) o 7.2-64.4% (Season 2019-2020);
# Parents’ Demographics: QiDelay in Vaccination: 20.9-22.1% (Season 2020~2021, China).
* Gender 38.2% (95%C1 10.1-77.2%).
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Figure 2. Parental willingness and associated factors to pediatric vaccination in the era of COVID-19.

3.2.1. Childhood/Routine Vaccination

According to the meta-analysis, the pooled prevalence of hesitancy towards child-
hood/routine vaccination was 18.5% (95% CI = 9.0-34.3%, four studies, I> = 99%; Sup-
plementary Materials Figure S2a), whereas the pooled prevalence of willingness towards
childhood /routine vaccination was 58.6% (95% CI = 2.8-98.6%, two studies, 12 = 97%; Sup-
plementary Materials Figure S2b). In particular, five of them reported hesitancy towards
childhood vaccination with huge diversity. A repeated cross-sectional survey showed a
fluctuant trend in parental vaccine hesitancy (p trend < 0.01), i.e., 7.8% during September—
October 2020, 15.1% during February-March 2021, and 5.5% during May—Jun 2021 [16].
Moreover, the prevalence of parental vaccine hesitancy ranged from 20.1% to 26% in three
studies conducted in Islamic countries [19-21]. In addition, 52.7% of parents in the United
States reported a decline in parental willingness toward childhood vaccination after the
COVID-19 outbreak compared to the time before COVID-19 (p < 0.01) [22].

Furthermore, the pooled prevalence of childhood/routine delayed vaccination was
38.2% (95% CI = 10.1-77.2%, four studies, I*> = 99%; Supplementary Materials Figure
52c). In Switzerland, only 8% of the parents delayed the vaccination schedule of their
children during the COVID-19 pandemic [23]. In three other studies, the prevalence of
delayed childhood vaccination was 12.6%, 35.7%, and 38% during the COVID-19 pandemic,
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respectively [21,24,25]. However, a much higher proportion of parents reported delayed
childhood vaccination in China (74.8%) [26].

Parents” demographics, socioeconomic status, parental knowledge/attitude toward
childhood vaccination, trust in information, and information source were factors associated
with parental willingness of childhood vaccination in the included studies. Regarding par-
ents’ demographics, older age (e.g., 45-54 years old, p = 0.012, [22]), higher education level
(i.e., with a master’s degree, p = 0.039, [22]; p = 0.016, [27]; p = 0.026, [19]; p = 0.0288, [20]),
higher household income [22], and being healthcare workers (p = 0.0001) [19] were associ-
ated with higher willingness for childhood /routine vaccination among parents. Being male
was associated with higher vaccine hesitancy among Chinese parents (adjusted odds ratio
[AOR] 1.372, p = 0.032) [16]. Ethnicity played a controversial role in childhood/routine vac-
cine hesitancy among parents. As compared to White parents, parents who were Hispanic
or multiple races had lower childhood/routine vaccination hesitancy [22]. Parents having
at least two children were more likely to delay childhood /routine vaccination [22]. Regional
differences were also observed between Chinese cities (e.g., Shanghai vs. Wuhan [26]) and
districts in Saudi Arabia [21]. Moreover, several studies revealed that better knowledge and
positive attitude among parents were correlated with lower hesitancy/delay in childhood
vaccination [20,24,27]. At the interpersonal level, lower confidence in the information
provided by health staff [24] and being told by others that children had a bad reaction to
the vaccine or vaccine was not safe [20] increased the likelihood of vaccine hesitancy or
delaying vaccination for children. Sources to obtain information related to vaccination
during the pandemic also influenced vaccine hesitancy among parents. A study in Saudi
Arabia showed that obtaining information from a healthcare professional in person was
associated with a higher delay in childhood vaccination [25], while a Turkish study sug-
gested that obtaining information from health institutions and health workers decreased
the likelihood of childhood vaccine hesitancy [19]. Obtaining information from family,
friends, and spouses was associated with an increased likelihood of delaying childhood
vaccination among parents [19,25]. The use of social media not only increased the level of
fear among caregivers but also had a negative influence on their decisions about children’s
vaccination [25]. Searches on social media (e.g., YouTube and Facebook) increased the odds
of delaying vaccination [25]. Similar effects were also found for other written, audio, and
visual media [19]. In Saudi Arabia, using the Ministry of Health (MOH)’s Sehha app or
calling the MOH call centers to obtain relevant information decreased the odds of delaying
childhood vaccination [25].

Furthermore, the main reasons for parents to accept childhood vaccination included
(1) trust in the vaccination information given by health professionals (85.1% [24]); (2) belief
that vaccines were important for children (95.4% [20]); and (3) perceived vaccines offered
by the government were beneficial for children (94.6% [20]). The key reasons for childhood
vaccination hesitancy in parents included (1) the belief that children received more vaccines
than necessary (30.6% [24]; 28.3% [20]), and (2) concerns about side effects or safety issues
of vaccines (57.7-63.6% [24]; 34.6—43.6% [19]; 44.3% [20]).

3.2.2. Seasonal Influenza Vaccination

Studies consistently found a significant increase in the parental willingness of chil-
dren’s seasonal influenza vaccination during the COVID-19 pandemic (Table 1). Based
on the meta-analysis, the pooled prevalence of willingness towards seasonal influenza
vaccination was 47.3% (95% CI = 25.3-70.5%, five studies, I = 99%; Supplementary Ma-
terials Figure S3). The residual analyses examined outliers in one study that reported the
prevalence of willingness towards seasonal influenza vaccination [23]. Sensitivity analy-
sis by removing the outlier shows an increase in the prevalence of willingness towards
seasonal influenza vaccination (47.3% vs. 56.4%). One Chinese study found that 68.4%
of parents were willing to have their children receive seasonal influenza vaccination [28],
which was significantly higher than that in the time before COVID-19 (35.2%) [28]. Among
these parents, 85.9% intended to have their children receive seasonal influenza vaccination
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if free vaccination was available [28]. Similar changes were observed in some other coun-
tries. In Switzerland, parents reported a more than 2-fold increase in the willingness of
children’s seasonal influenza vaccination during the pandemic, as compared to the time
before COVID-19 (17% versus 7.2%) [23]. About half (47.3%) of the parents in Saudi Arabia
agreed to have their children receive seasonal influenza vaccination in the next seasons,
which was higher than the time before COVID-19 (29.8%) [29]. In China, 54.7% of children
received seasonal influenza vaccination in the season of 2019-2020, while 80.9% of parents
intended to have their children receive such a vaccine in the next season [26]. A study
conducted in six developed countries found that 54.2% of parents were willing to vaccinate
their children against seasonal influenza, which was about 3-fold higher than the figure
recorded before the time of COVID-19 (15.8%) [18].

Some sociodemographic characteristics of the children and/or parents were associated
with parental willingness of children’s seasonal influenza vaccination during the COVID-19
pandemic. Having a daughter [29], younger age of the children [26], higher education
level [18,26,29] and higher household /personal income among parents [29], parents be-
ing healthcare workers [29], and parents’” and/or children’s history of seasonal influenza
vaccination [18,29,30] were associated with higher parental willingness. Poor health sta-
tus [29] and the presence of medical conditions in children (e.g., asthma, atopy) [23,31]
were also facilitators for parents to have their children receive seasonal influenza vacci-
nation. Regional differences in parental willingness were also observed in Switzerland
and Saudi Arabia [23,29]. Perceptions related to seasonal influenza vaccination also in-
fluenced parental willingness. Worry about children’s infection with influenza and trust
in the medical system were associated with a higher parental willingness [29]. Variables
related to COVID-19 also affected the parental willingness of seasonal influenza vaccination.
COVID-19 infection among family members or neighborhoods [31] and perceived children
were vulnerable to COVID-19 [18,29] were associated with higher parental willingness,
while a negative association was found between children’s history of COVID-19 and the
parental willingness [29].

Perceived low risk of infection (24.7%) was the most common reason for parents’
hesitancy for children’s seasonal influenza vaccination, followed by concerns about side
effects (19.6%), and children’s fear of needles/syringes (19.4%) [29]. The main reasons for
parents’” acceptance of pediatric influenza vaccination were doctors’ recommendations,
belief in the protection of vaccines against seasonal influenza in children, and the COVID-19
pandemic [31].

3.2.3. PCV

Meta-analysis was not performed towards PCV due to limited information. Two
studies looked at PCV among children during the COVID-19 pandemic. In Turkey, 30.8%
of parents had their children with asthma complete PCV between October 2020 and March
2021 [31]. However, only 12.8% agreed that PCV could protect children with asthma during
the COVID-19 pandemic [31]. Over half (54.6%) of the parents in Mozambique indicated
that their children had completed PCV [32]. Some qualitative reasons on whether to receive
PCV were given by the parents. Adherence to the pediatric care services provided by
health facilities was mentioned as a facilitator for children to receive PCV [32]. Barriers
mentioned by the parents included: (1) social norms and limited family support placed
the burden of childhood vaccination on mothers, (2) perceived poor quality of health
services reduced parents’ trust in vaccination services, (3) concerns about side effects,
and (4) parents hesitated to seed and advocate for vaccination due to power imbalances
with health workers [32]. COVID-19 also created additional barriers for parents, such as
social distancing, facemask requirements, supply chain challenges, and disrupted outreach
services [32].
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3.2.4. HPV Vaccination

There was limited information in this session. Only one study investigated the psycho-
logical association and potential factors between willingness to accept HPV and COVID-19
vaccination in children and themselves [17]. The study revealed that parents’ perceived
vulnerability of their children to HPV, perceived severity of HPV, and perceived response
efficacy were positively and significantly associated with their acceptance of HPV or
COVID-19 vaccination to their children.

3.3. Limitation of the Included Studies

Several limitations were reported by the included studies. Methodological issues
included (1) being unable to establish a causal relationship due to the cross-sectional study
design [21,23,30,33], (2) nonprobabilistic sampling that would limit the generalizability
of the findings [16-18,20-22,25-35], (3) small sample size that would result in limited
statistical power [22], (4) limited factors being investigated [16,25,28,35]. Self-reported data
by parents/caregivers/guardians might cause recall bias, self-selection bias, and social
desirability bias [16,18,22,26-29,31], and it might not represent children’s willingness [28,29].
Moreover, missing data [30] and a low response rate [23,26] also limited the transferability
and usefulness of the studies. Finally, attrition of participants caused by the closure of the
study venues during COVID-19 pandemics was a limitation [22,23,31,32]. Moreover, it is
difficult for researchers to investigate the causal relationship between intention/uptake of
vaccination and health authority policies [16,23,26,32].

4. Discussion

Although a recently published systematic review and meta-analysis estimated par-
ents” hesitancy to vaccinate their children against COVID-19 [36], there was a dearth of
systematic review and/or meta-analysis looking at parents” hesitancy for other childhood
vaccination. As compared with the time before COVID-19, there was no evidence sup-
porting significant changes in parental willingness of childhood/routine vaccination after
the COVID-19 outbreak. However, studies consistently reported a significant increase
in parental willingness/acceptance to vaccinate their children against seasonal influenza
(1.48-3.43-fold higher) after the COVID-19 outbreak. Very low parental willingness for
children’s PCV was found during the pandemic [31]. Acceptance of PCV for children was
relatively low among parents before the time of COVID-19 [37,38]. Regarding parental
willingness of children’s HPV vaccination, there were large variations across countries
before the time of COVID-19 [39,40]. However, the limited number of studies was unclear
about the impact of COVID-19 on children’s PCV and HPV vaccination. The decline in
the number of administered doses during the pandemic might be due to the interruption
in vaccination service provision (e.g., shortage of healthcare workers, shift in priority of
medical services, and COVID-19 control measures such as lockdown).

Associated factors of the parental willingness of pediatric vaccination during the
COVID-19 pandemic were categorized into three levels following the socioecological
model [3]. Factors at the individual level included sociodemographic characteristics,
vaccination history of both children and parents, perceived health status or vulnerability of
children, and trust in healthcare providers/authorities. In many studies, higher education
level was associated with higher parental willingness for children’s vaccination [19,20,22,27].
However, a mixed relationship between education level and parental willingness was
found among Chinese parents. Those with better education were more likely to delay
the children’s routine vaccination during the pandemic [16,26], but were more likely to
vaccinate their children against seasonal influenza vaccination [26]. It is necessary for
future studies to investigate the underlying reasons between parents’ education level and
parental willingness. Moreover, insufficient awareness of children’s vaccination status
may result in a low parental willingness [18,31]. Therefore, it is necessary to provide
sufficient health information and reminders to parents in order to increase their awareness
of children’s vaccination status. Factors at the interpersonal level included influences
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of others (relatives/friends/spouses) and traditional and social media. Similar to the
findings of a study looking at information exposure and mental and behavioral health
during the pandemic [41], different sources of information exposure had different effects
on the parental willingness of children’s vaccination. Exposure to vaccination-related
information through official channels was associated with a lower likelihood of delaying
childhood vaccination. These media channels mainly reported information verified by
expert sources. As compared to official channels, unofficial media sources contained not
only factual information but also emotional contents [41]. Negative emotions are more
likely to be amplified in these media during the COVID-19 outbreak. Information exposure
through interpersonal communication also increased the likelihood of delaying routine
vaccination. It is likely that fake and unverified information was disseminated through
this channel [41]. Health authorities should make use of the official channel to disseminate
information related to childhood vaccination during the pandemic. COVID-19-related
factors also affected parental willingness during the pandemic. The perception of children
as vulnerable to COVID-19 was associated with increased parental willingness to have
their children receive other vaccines (e.g., seasonal influenza vaccination, PCV, and HPV
vaccination). Developing synergetic strategies to promote COVID-19 vaccination together
with other pediatric vaccination is warranted during the pandemic [17].

Currently, there is also a growing body of studies reporting the interventions to main-
tain and/or enhance the uptake of pediatric vaccination during the COVID-19 pandemic.
Some approaches aimed to remove the barriers of parental decision-making on pediatric
vaccination. One study emphasized continuous capacity-building for healthcare workers
to enhance the quality of vaccination services and users’ trust in service providers [42].
Researchers highlighted that public health nurses should be proactive in advocating the
policies and addressing parents” concerns related to childhood vaccination during the
COVID-19 pandemic [43]. The “Development of Systems and Education for Human Pa-
pillomavirus Vaccination” (DOSE), a capacity-building program for healthcare providers,
was shown to be effective in improving HPV vaccination coverage during the COVID-
19 pandemic [44]. Moreover, fear of COVID-19 infection and logistic barriers caused by
COVID-19 and its control measures resulted in a decrease in children’s visits to healthcare
facilities, which reduced vaccination opportunities for children and disrupted childhood
vaccination implementation. Using online technologies to remind parents and update them
about their children’s vaccination status may be a useful strategy during the COVID-19 pan-
demic [8,42,45]. A study conducted in India showed that a phone counseling intervention
for parents increased vaccination uptake among children by more than 20% (from 65.2% to
88.2%) [46]. Furthermore, telemedicine assisted parents in making decisions and achieving
self-efficacy by providing necessary and sufficient health information [8,42,43,45-48]. In
Jordan, a mobile app called “Children Immunization App” helped child refugees and their
parents to have health-risk and vaccination information in a challenging context (i.e., a
refugee camp), which was indicated to be a feasible and innovative means during the
COVID-19 pandemic [47]. A randomized controlled trial in Korea showed that parents
who used a “Child Vaccination Chatbot Real-time Consultation Messenger Service” had
higher score than the control group in terms of vaccination information, motivation, and
self-efficacy in children’s vaccination and vaccination intention [48]. Finally, the removal of
environmental barriers also made great improvements for children’s vaccination during
the epidemic. A successful example was presented by four primary care clinics at Arkansas
Children’s Hospital in Little Rock, USA [49]. It was documented that a drive-through
pediatric vaccine clinic was established at multiple drive-through sites in the community
(other than healthcare facilities) during the pandemic. Besides the reduction in risk of
contraction with COVID-19 and the burden of healthcare facilities, a significantly short-
ened waiting time (5 £ 2.77 min) was recorded (p < 0.001) when it was compared with
regular clinical practice (17 & 9.57 min). In addition to the positive feedback from both
children and their parents, an apparently increased trend in monthly uptake of children
vaccination was also revealed (e.g., ~4000 in September 2018, ~4700 in September 2019, and
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5033 in September 2022). Apart from this, providing free vaccination was potentially useful
to increase parental willingness (e.g., pediatric influenza vaccination [28]). In line with
these, the US CDC recommended that a robustness of communication between healthcare
professionals and the target population would help to maintain and enhance the primary
care service [50]; whereas the Canadian catch-up strategies of childhood vaccination also
underlined that health providers and policy-makers should identify the missing cases
across the life course, detect gaps in service delivery, develop a multipronged tailored
strategy, and enhance communication, documenting, evaluation, and readjustment of the
vaccination programs after the pandemic [51].

The review has some limitations. Limitations that existed in the pooled studies were
inevitable. First, no causal relationship was established, as all included studies were cross-
sectional. Second, self-reported data might reduce the validity and accuracy of the study
conclusions. Third, articles were retrieved from eight electronic databases, and the selected
studies were limited for reviewing because only those with specific terms mentioned in the
title/abstract were screened for further analysis. Those in a non-English language, with the
publications formed as a conference abstract, government report, textbook, or unpublished
dissertation, were not included.

5. Conclusions

The current review summarized and analyzed the parental willingness of children’s
vaccination (including childhood vaccination, seasonal influenza vaccination, HPV vacci-
nation, and PCV) during the COVID-19 pandemic. Associated factors were also revealed
and compared with the situation before the time of COVID-19. The existing interventions
to maintain or enhance pediatric vaccination in the era of COVID-19 were also interpreted
and discussed in this study. Based on the evidence provided by this review, it is necessary
to design and implement the parental intervention programs of children’s vaccination
promotion targeting particular local context/circumstance in different countries/regions.
This may contribute to the protection of children from vaccine-preventable diseases during
or after the COVID-19 pandemic.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /vaccines10091453/s1, Figure S1: Funnel plots for assessing
the publication bias of reported the prevalence of willingness and hesitancy towards vaccination
among the included studies; Figure S2: Forest Plot. Pooled prevalence towards childhood/routine
vaccination; Figure S3. Forest Plot. Pooled prevalence of willingness towards seasonal influenza
vaccination; Table S1. Quality assessment of the included studies; Table S2. Categories and associated
factors of parental willingness to vaccinate their children. Table S3. Categories and associated factors
of parental hesitancy to vaccinate their children.

Author Contributions: Conceptualization: Z.W. and Y.F; methodology: Z.W. and Y.F; data curation:
Z.W. and Y.F; formal analysis: Z.W. and Y.E; project administration: Z.W. and Y.F; supervision: Z.W.
and Y.F; writing—original draft preparation: Z.W., Y.F. and S.C.; writing—review and editing: Z.W.,
Y.F. and S.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Data presented in this study are contained within the article and
Supplementary Materials.

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


https://www.mdpi.com/article/10.3390/vaccines10091453/s1
https://www.mdpi.com/article/10.3390/vaccines10091453/s1

Vaccines 2022, 10, 1453 16 of 18

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

State of the World’s Vaccines and Immunization, 3rd ed.; WHO, UNICEF, World Bank: Geneva, Switzerland, 2009.

MacDonald, N.E.; Hesitancy, S.W.; Go, V. Vaccine hesitancy: Definition, scope and determinants. Vaccine 2015, 33, 4161-4164.
[CrossRef]

Corben, P; Leask, J. To close the childhood immunization gap, we need a richer understanding of parents’ decision-making. Hurm.
Vaccines Immunother. 2016, 12, 3168-3176. [CrossRef]

Schmid, P; Rauber, D.; Betsch, C.; Lidolt, G.; Denker, M.L. Barriers of Influenza Vaccination Intention and Behavior—A Systematic
Review of Influenza Vaccine Hesitancy, 2005-2016. PLoS ONE 2017, 12, e0170550.

Larson, H.J.; Jarrett, C.; Eckersberger, E.; Smith, D.M.D.; Paterson, P. Understanding Vaccine Hesitancy around Vaccines and
Vaccination from a Global Perspective: A Systematic Review of Published Literature, 2007-2012. Vaccine 2014, 32, 2150-2159.
[CrossRef]

Shet, A.; Carr, K.; Danovaro-Holliday, M.C.; Sodha, S.V.; Prosperi, C.; Wunderlich, J.; Wonodi, C.; Reynolds, HW.; Mirza, I;
Gacic-Dobo, M.; et al. Impact of the SARS-CoV-2 pandemic on routine immunisation services: Evidence of disruption and
recovery from 170 countries and territories. Lancet Glob. Health 2022, 10, e186—€194. [CrossRef]

WHO and UNICEF Warn of a Decline in Vaccinations during COVID-19; WHO: Geneva, Switzerland; New York, NY, USA, 2020;
Available online: https:/ /www.who.int/news/item/15-07-2020-who-and-unicef-warn-of-a-decline-in-vaccinations-during-
covid-19 (accessed on 15 June 2022).

Ryan, G.; Gilbert, P.A.; Ashida, S.; Charlton, M.E.; Scherer, A.; Askelson, N.M. Challenges to Adolescent HPV Vaccination and
Implementation of Evidence-Based Interventions to Promote Vaccine Uptake During the COVID-19 Pandemic: “HPV Is Probably
Not at the Top of Our List”. Prev. Chronic Dis. 2022, 19, 210378. [CrossRef]

Kuznetsova, L.; Cortassa, G.; Trilla, A. Effectiveness of Mandatory and Incentive-Based Routine Childhood Immunization
Programs in Europe: A Systematic Review of the Literature. Vaccines 2021, 9, 1173. [CrossRef]

Beric-Stojsic, B.; Kalabalik-Hoganson, J.; Rizzolo, D.; Roy, S. Childhood Immunization and COVID-19: An Early Narrative Review.
Front. Public Health 2020, 8, 587007. [CrossRef]

Chiappini, E.; Parigi, S.; Galli, L.; Licari, A.; Brambilla, I.; Tosca, M.A.; Ciprandi, G.; Marseglia, G. Impact that the COVID-19
pandemic on routine childhood vaccinations and challenges ahead: A narrative review. Acta Paediatr. 2021, 110, 2529-2535.
[CrossRef]

Kong, G.; Lim, N.-A.; Chin, YH.; Ng, YP.M.; Amin, Z. Effect of COVID-19 Pandemic on Influenza Vaccination Intention: A
Meta-Analysis and Systematic Review. Vaccines 2022, 10, 606. [CrossRef]

Lassi, Z.; Naseem, R.; Salam, R.; Siddiqui, F; Das, J. The Impact of the COVID-19 Pandemic on Immunization Campaigns and
Programs: A Systematic Review. Int. J. Environ. Res. Public Health 2021, 18, 988. [CrossRef]

SeyedAlinaghi, S.; Karimi, A.; Mojdeganlou, H.; Alilou, S.; Mirghaderi, S.P.; Noori, T.; Shamsabadi, A.; Dadras, O.; Vahedi, F,;
Mohammadi, P; et al. Impact of COVID-19 pandemic on routine vaccination coverage of children and adolescents: A systematic
review. Health Sci. Rep. 2022, 5, e00516. [CrossRef]

Hawker, S.; Payne, S.; Kerr, C.; Hardey, M.; Powell, ]. Appraising the Evidence: Reviewing Disparate Data Systematically. Qual.
Health Res. 2002, 12, 1284-1299. [CrossRef]

Wang, Q.; Xiu, S.; Yang, L.; Han, Y.; Cui, T.; Shi, N.; Liu, M.; Yi, Y; Liu, C.; Wang, X.; et al. Changes in Parental Attitudes toward
COVID-19 Vaccination and Routine Childhood Vaccination during the COVID-19 Pandemic: Repeated Cross-sectional Survey
Study. JMIR Public Health Surveill. 2022, 8, e33235. [CrossRef]

Olagoke, A.A.; Carnahan, L.R.; Olagoke, O.; Molina, Y. Shared Determinants for Human Papillomavirus and COVID-19
Vaccination Intention: An Opportunity for Resource Consolidation. Am. J. Health Promot. 2021, 36, 506-509. [CrossRef]
Goldman, R.D.; McGregor, S.; Marneni, S.R.; Katsuta, T.; Griffiths, M.A.; Hall, J.E.; Seiler, M.; Klein, E.J.; Cotanda, C.P.; Gelernter,
R.; et al. Willingness to Vaccinate Children against Influenza after the Coronavirus Disease 2019 Pandemic. J. Pediatr. 2021, 228, 87.
[CrossRef]

Cag, Y.; Bektemdir, G.; Karabela, S.; Oztﬁrk-Engin, D.; Cag, Y.; Aktas, S.; Kart-Yasar, K. Parents’ Attitudes toward COVID-19
Vaccination and Childhood Vaccines during the COVID-19 Pandemic. Asia-Pac. ]. Public Health 2022, 34, 270-272. [CrossRef]
Aldakhil, H.; Albedah, N.; Alturaiki, N.; Alajlan, R.; Abusalih, H. Vaccine hesitancy towards childhood immunizations as a
predictor of mothers’ intention to vaccinate their children against COVID-19 in Saudi Arabia. J. Infect. Public Health 2021, 14,
1497-1504. [CrossRef]

Al-Nafeesah, A.S.; Aldamigh, A.S.; Almansoor, B.A.; Al-Wutayd, O.; AIE’Ed, A.A. The impact of the COVID-19 pandemic on
parents’ behavior toward scheduled pediatric vaccinations in Saudi Arabia. J. Infect. Dev. Ctries. 2021, 15, 1054-1058. [CrossRef]
He, K.; Mack, W.].; Neely, M.; Lewis, L.; Anand, V. Parental Perspectives on Immunizations: Impact of the COVID-19 Pandemic
on Childhood Vaccine Hesitancy. J. Community Health 2021, 47, 39-52. [CrossRef]

Seiler, M.; Goldman, R.D.; Staubli, G.; Hoeffe, J.; Gualco, G.; Manzano, S. Parents’ intent to vaccinate against influenza during the
COVID-19 pandemic in two regions in Switzerland. Swiss Med. Wkly. 2021, 151, w20508. [CrossRef] [PubMed]

Gijini, E.; Moramarco, S.; Carestia, M.C.; Cenko, E; YIli, A.; Mehmeti, I.; Palombi, L.; Buonomo, E. Parents’ and caregivers’ role
toward childhood vaccination in Albania: Assessment of predictors of vaccine hesitancy. Ann. Ig. 2022. [CrossRef]


http://doi.org/10.1016/j.vaccine.2015.04.036
http://doi.org/10.1080/21645515.2016.1221553
http://doi.org/10.1016/j.vaccine.2014.01.081
http://doi.org/10.1016/S2214-109X(21)00512-X
https://www.who.int/news/item/15-07-2020-who-and-unicef-warn-of-a-decline-in-vaccinations-during-covid-19
https://www.who.int/news/item/15-07-2020-who-and-unicef-warn-of-a-decline-in-vaccinations-during-covid-19
http://doi.org/10.5888/pcd19.210378
http://doi.org/10.3390/vaccines9101173
http://doi.org/10.3389/fpubh.2020.587007
http://doi.org/10.1111/apa.15949
http://doi.org/10.3390/vaccines10040606
http://doi.org/10.3390/ijerph18030988
http://doi.org/10.1002/hsr2.516
http://doi.org/10.1177/1049732302238251
http://doi.org/10.2196/33235
http://doi.org/10.1177/08901171211053933
http://doi.org/10.1016/j.jpeds.2020.08.005
http://doi.org/10.1177/10105395211058291
http://doi.org/10.1016/j.jiph.2021.08.028
http://doi.org/10.3855/jidc.13765
http://doi.org/10.1007/s10900-021-01017-9
http://doi.org/10.4414/smw.2021.20508
http://www.ncbi.nlm.nih.gov/pubmed/35275392
http://doi.org/10.7416/ai.2022.2521

Vaccines 2022, 10, 1453 17 of 18

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Baghdadi, L.R.; Hassounah, M.M.; Younis, A.; Al Suwaidan, H.I,; Al Khalifah, R. Caregivers’ Sources of Information about
Immunization as Predictors of Delayed Childhood Vaccinations in Saudi Arabia During the COVID-19 Pandemic: A Cross-
Sectional Questionnaire Study. Risk Manag. Health Policy 2021, 14, 3541-3550. [CrossRef]

Hou, Z.; Song, S.; Du, E; Shi, L.; Zhang, D.; Lin, L.; Yu, H. The Influence of the COVID-19 Epidemic on Prevention and Vaccination
Behaviors among Chinese Children and Adolescents: Cross-sectional Online Survey Study. JMIR Public Health Surveill. 2021,
7,€26372. [CrossRef] [PubMed]

Sinuraya, R.K.; Kusuma, A.S.; Pardoel, Z.E.; Postma, M.].; Suwantika, A.A. Parents” Knowledge, Attitude, and Practice on
Childhood Vaccination during the COVID-19 Pandemic in Indonesia. Patient Prefer. Adherence 2022, 16, 105-112. [CrossRef]
[PubMed]

Zhou, Y.; Tang, J.; Zhang, J.; Wu, Q. Impact of the coronavirus disease 2019 epidemic and a free influenza vaccine strategy on
the willingness of residents to receive influenza vaccines in Shanghai, China. Hum. Vaccines Immunother. 2021, 17, 2289-2292.
[CrossRef] [PubMed]

Salawati, E.; Alwafi, H.; Samannodi, M.; Minshawi, F.; Gari, A.; Abualnaja, S.; Almatrafi, M.A. Parents” Willingness to Vaccinate
Their Children against Seasonal Influenza after the COVID-19 Pandemic in Saudi Arabia: A Retrospective Cross-Sectional Survey.
Patient Prefer. Adherence 2021, 15, 2821-2835. [CrossRef] [PubMed]

Hill, A.V; Geffel, KM.; Lavage, D.R.; Davis, A.; Dwarakanath, N.; Ettinger, A.K.; Ragavan, M.I. Parent-Reported Intention
to Vaccinate Children against COVID-19: Influences of COVID-19 and Seasonal Influenza Vaccination. Clin. Pediatr. 2021, 61,
107-111. [CrossRef]

Ozer, M.; Baskaya, N.; Bostanci, 1. Attitudes towards influenza and pneumococcal vaccines in parents of asthmatic children
during the COVID-19 pandemic. Pediatr. Pulmonol. 2022, 57, 871-877. [CrossRef]

Powelson, J.; Magadzire, B.P,; Draiva, A.; Denno, D.; Ibraimo, A.; Benate, B.B.L.; Jahar, L.C.; Marrune, Z.; Chilundo, B.; Chinai,
J.E.; et al. Determinants of immunisation dropout among children under the age of 2 in Zambézia province, Mozambique: A
community-based participatory research study using Photovoice. BM] Open 2022, 12, e057245. [CrossRef]

Beatty, S.; Villwock, J. Attitudes of Suburban Kansan Parents Regarding School-Required Immunizations and the Influences of
the Coronavirus Pandemic. Kans. |. Med. 2021, 14, 116-120. [CrossRef]

Sokol, R.L.; Grummon, A.H. COVID-19 and Parent Intention to Vaccinate Their Children against Influenza. Pediatrics 2020,
146, €2020022871. [CrossRef]

Du, M;; Tao, L.; Liu, J. Association between risk perception and influenza vaccine hesitancy for children among reproductive
women in China during the COVID-19 pandemic: A national online survey. BMC Public Health 2022, 22, 385. [CrossRef]
Galanis, P; Vraka, L; Siskou, O.; Konstantakopoulou, O.; Katsiroumpa, A.; Kaitelidou, D. Willingness, refusal and influential
factors of parents to vaccinate their children against the COVID-19: A systematic review and meta-analysis. Prev. Med. 2022,
157, 106994. [CrossRef]

How, C.H.; Chun, PPS; Shafi, F,; Jakes, RW. Parental knowledge, attitudes and perception of pneumococcal disease and
pneumococcal conjugate vaccines in Singapore: A questionnaire-based assessment. BMC Public Health 2016, 16, 923. [CrossRef]
Obiajunwa, P.O.; ljadunola, M.Y.; Ojo, T.O.; Mohammed, B.; Olatunji, O.T.; Adesiyan, O.0O.; Ogundiran, Y.O.; Ajayi, E.T. Parents’
Acceptability and Health Workers’ Perspectives of Pneumococcal Conjugate Vaccination for Under-Fives in Ile-Ife, Nigeria. J.
Community Med. Prim. Health Care 2014, 26, 46-58.

Newman, PA.; Logie, C.H.; Lacombe-Duncan, A.; Baiden, P.; Tepjan, S.; Rubincam, C.; Doukas, N.; Asey, F. Parents’ uptake of
human papillomavirus vaccines for their children: A systematic review and meta-analysis of observational studies. BMJ Open
2018, 8, €019206. [CrossRef]

Loke, A.Y.; Kwan, M.L.; Wong, Y.-T.; Wong, A K.Y. The Uptake of Human Papillomavirus Vaccination and Its Associated Factors
among Adolescents: A Systematic Review. . Prim. Care Community Health 2017, 8, 349-362. [CrossRef]

Pan, Y.; Xin, M.; Zhang, C.; Dong, W.; Fang, Y.; Wu, W.; Li, M.; Pang, ].; Zheng, Z.; Wang, Z.; et al. Associations of Mental Health
and Personal Preventive Measure Compliance with Exposure to COVID-19 Information during Work Resumption following the
COVID-19 Outbreak in China: Cross-Sectional Survey Study. J. Med. Internet Res. 2020, 22, €22596. [CrossRef]

Balogun, M.; Banke-Thomas, A.; Gwacham-Anisiobi, U.; Yesufu, V.; Ubani, O.; Afolabi, B.B. Actions and Adaptations Implemented
for Maternal, Newborn and Child Health Service Provision during the Early Phase of the COVID-19 Pandemic in Lagos, Nigeria:
Qualitative Study of Health Facility Leaders. Ann. Glob. Health 2022, 88, 13. [CrossRef]

Kovar, C.L; Pestaner, M.; Corbett, RW.; Rose, C.L.; Kovar, R.C.L.; Msn, RM.P,; Corbett, ER.-W. HPV vaccine promotion: Snapshot
of two health departments during the COVID-19 pandemic. Public Health Nurs. 2021, 38, 715-719. [CrossRef] [PubMed]

Casey, S.M.; Jansen, E.; Drainoni, M.-L.; Schuch, T.J.; Leschly, K.S.; Perkins, R.B. Long-Term Multilevel Intervention Impact on
Human Papillomavirus Vaccination Rates Spanning the COVID-19 Pandemic. J. Low. Genit. Tract Dis. 2022, 26, 13-19. [CrossRef]
[PubMed]

Kazi, A.M.; Ahsan, N.; Mughis, W.; Jamal, S.; Allana, R.; Raza, M.; Muneer, S.; Mughal, M.A K,; Kaleemuddin, H.; Sameen, F;
et al. Usability and Acceptability of a Mobile App for Behavior Change and to Improve Immunization Coverage among Children
in Pakistan: A Mixed-Methods Study. Int. ]. Environ. Res. Public Health 2021, 18, 9527. [CrossRef] [PubMed]

Murthy, S.; Sawant, M.; Doreswamy, S.S.; Pothula, S.C.; Du Yan, S.; Pathani, T.S.; Thakur, D.; Vemuri, S.R.S.; Upadhyaya, S.; Alam,
S.; et al. Supporting Immunization Uptake during a Pandemic, Using Remote Phone Call Intervention among Babies Discharged
from a Special Neonatal Care Unit (SNCU) in South India. Vaccines 2022, 10, 507. [CrossRef]


http://doi.org/10.2147/RMHP.S312148
http://doi.org/10.2196/26372
http://www.ncbi.nlm.nih.gov/pubmed/33882450
http://doi.org/10.2147/PPA.S339876
http://www.ncbi.nlm.nih.gov/pubmed/35068926
http://doi.org/10.1080/21645515.2020.1871571
http://www.ncbi.nlm.nih.gov/pubmed/33577397
http://doi.org/10.2147/PPA.S342135
http://www.ncbi.nlm.nih.gov/pubmed/34938071
http://doi.org/10.1177/00099228211046499
http://doi.org/10.1002/ppul.25818
http://doi.org/10.1136/bmjopen-2021-057245
http://doi.org/10.17161/kjm.vol1414843
http://doi.org/10.1542/peds.2020-022871
http://doi.org/10.1186/s12889-022-12782-0
http://doi.org/10.1016/j.ypmed.2022.106994
http://doi.org/10.1186/s12889-016-3597-5
http://doi.org/10.1136/bmjopen-2017-019206
http://doi.org/10.1177/2150131917742299
http://doi.org/10.2196/22596
http://doi.org/10.5334/aogh.3529
http://doi.org/10.1111/phn.12900
http://www.ncbi.nlm.nih.gov/pubmed/33938032
http://doi.org/10.1097/LGT.0000000000000648
http://www.ncbi.nlm.nih.gov/pubmed/34928249
http://doi.org/10.3390/ijerph18189527
http://www.ncbi.nlm.nih.gov/pubmed/34574452
http://doi.org/10.3390/vaccines10040507

Vaccines 2022, 10, 1453 18 of 18

47.

48.

49.

50.

51.

Khader, Y.S.; Maalouf, W.; Abu Khdair, M.; Al-Nsour, M.; Aga, E.; Khalifa, A.; Kassasbeh, M.; El-Halabi, S.; Alfven, T.; El-Khatib, Z.
Scaling the Children Immunization App (CIMA) to Support Child Refugees and Parents in the Time of the COVID-19 Pandemic:
A Social Capital Approach to Scale a Smartphone Application in Zaatari Camp, Jordan. J. Epidemiol. Glob. Health 2022, 12, 7-12.
[CrossRef]

Hong, Y.-]J.; Piao, M.; Kim, J.; Lee, ].-H. Development and Evaluation of a Child Vaccination Chatbot Real-Time Consultation
Messenger Service during the COVID-19 Pandemic. Appl. Sci. 2021, 11, 12142. [CrossRef]

Patil, S.; Kerby, K.; Ramick, A.; Criddle, ].H. “Is that for here or to go?” Drive-Through Pediatric Vaccine Clinic as a Novel
Approach during a Global Pandemic. Disaster Med. Public Health Prep. 2021, 1-5. [CrossRef]

McNally, V.V.; Bernstein, H.H. The Effect of the COVID-19 Pandemic on Childhood Immunizations: Ways to Strengthen Routine
Vaccination. Pediatr. Ann. 2020, 49, e516—e522. [CrossRef]

MacDonald, N.E.; Comeau, J.L.; Dubé, E.; Bucci, L. M. COVID-19 and missed routine immunizations: Designing for effective
catch-up in Canada. Can. J. Public Health 2020, 111, 469-472. [CrossRef]


http://doi.org/10.1007/s44197-021-00029-x
http://doi.org/10.3390/app112412142
http://doi.org/10.1017/dmp.2021.338
http://doi.org/10.3928/19382359-20201115-01
http://doi.org/10.17269/s41997-020-00385-4

	Introduction 
	Methods 
	Search Strategy 
	Inclusion and Exclusion Criteria 
	Quality Assessment and Data Analysis 

	Results 
	Overview of Included Studies 
	Pediatric Vaccination Hesitancy/Willingness and Associated Factors 
	Childhood/Routine Vaccination 
	Seasonal Influenza Vaccination 
	PCV 
	HPV Vaccination 

	Limitation of the Included Studies 

	Discussion 
	Conclusions 
	References

