— Taylor & Francis
Taylor & Francis Group

EXPERT

REVIEW Expert Review of Vaccines

OF VACCINES

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ierv20

COVID-19 vaccination hesitancy in pregnant and
breastfeeding women and strategies to increase
vaccination compliance: a systematic review and
meta-analysis

Francesco Paolo Bianchi, Pasquale Stefanizzi, Maria Cristina Di Gioia,
Nazario Brescia, Sabrina Lattanzio & Silvio Tafuri

To cite this article: Francesco Paolo Bianchi, Pasquale Stefanizzi, Maria Cristina Di Gioia, Nazario
Brescia, Sabrina Lattanzio & Silvio Tafuri (2022): COVID-19 vaccination hesitancy in pregnant and
breastfeeding women and strategies to increase vaccination compliance: a systematic review and
meta-analysis, Expert Review of Vaccines, DOI: 10.1080/14760584.2022.2100766

To link to this article: https://doi.org/10.1080/14760584.2022.2100766

A
© 2022 The AUthOF(S). Published by Informa h View Supp|ementary material @
UK Limited, trading as Taylor & Francis

Group.
@ Published online: 20 Jul 2022. Submit your article to this journal &
) . [
||I| Article views: 794 & View related articles '

7R

(&) View Crossmark data &'

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=ierv20


https://www.tandfonline.com/action/journalInformation?journalCode=ierv20
https://www.tandfonline.com/loi/ierv20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14760584.2022.2100766
https://doi.org/10.1080/14760584.2022.2100766
https://www.tandfonline.com/doi/suppl/10.1080/14760584.2022.2100766
https://www.tandfonline.com/doi/suppl/10.1080/14760584.2022.2100766
https://www.tandfonline.com/action/authorSubmission?journalCode=ierv20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ierv20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/14760584.2022.2100766
https://www.tandfonline.com/doi/mlt/10.1080/14760584.2022.2100766
http://crossmark.crossref.org/dialog/?doi=10.1080/14760584.2022.2100766&domain=pdf&date_stamp=2022-07-20
http://crossmark.crossref.org/dialog/?doi=10.1080/14760584.2022.2100766&domain=pdf&date_stamp=2022-07-20

EXPERT REVIEW OF VACCINES
https://doi.org/10.1080/14760584.2022.2100766

Taylor & Francis
Taylor &Francis Group

META-ANALYSIS

a OPEN ACCESS W) Check for updates

COVID-19 vaccination hesitancy in pregnant and breastfeeding women and
strategies to increase vaccination compliance: a systematic review and

meta-analysis

Francesco Paolo Bianchi
and Silvio Tafuri

, Pasquale Stefanizzi

, Maria Cristina Di Gioia, Nazario Brescia, Sabrina Lattanzio

Interdisciplinary Department of Medicine, Aldo Moro University of Bari, Bari, Italy

ABSTRACT

Introduction: Pregnant and breastfeeding women are at an increased risk of severe illness from COVID-
19. Despite this, low vaccination coverages are reported in this population sub-group.

Areas covered: The purpose of this study is to estimate the proportion of pregnant and breastfeeding
women expressing hesitation to the COVID-19 vaccine worldwide. Forty-six studies were included,
selected from scientific articles available in three scientific databases between 1 January 2020 and 6
February 2022. The vaccine hesitation rate among pregnant and breastfeeding women was 48.4% (95%
Cl=43.4-53.4%). In a sub analysis by study period, it was 40.0% (95%Cl=31.6-46.6%) considering surveys
administered in 2020, 58.0% (95%CI=48.9-66.9%) considering surveys administered in the first semester
of 2021, and 38.1% (95%CI=25.9-51.2%) considering surveys administered in the second semester of
2021. The main reasons for vaccine hesitation were lack of information about vaccination, opinion that
the vaccine is unsafe, and fear of adverse events.

Expert opinion: Available evidence in the literature has shown that fighting vaccine resistance is harsh
and too slow as a process, considering the rapidity and unpredictability of a pandemic. Health
education should be provided in order to improve the willingness of the community, especially for
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those with lower levels of education.

1. Introduction

Pregnancy is a physiological process and as such it should not
be considered a disease; nevertheless, pregnant women and
newborns are considered a vulnerable subgroup with an
increased risk of several infectious diseases, some of which
are vaccine-preventable [1,2].

As reported by the Center for Disease Control and
Prevention (CDC), the strongly recommended vaccinations in
pregnancy are the diphtheria-tetanus-pertussis (Tdpa) vaccine
(27th to 36th week of gestation, although Tdap may be given
at any time during pregnancy) and the influenza vaccine (in
any trimester of pregnancy) [3]. Pregnant and breastfeeding
women are at increased risk for severe complications from
COVID-19 compared with people who are not pregnant, as
well as being at increased risk for preterm and stillbirth and
other pregnancy complications [4,5]. So, the CDC recommends
COVID-19 vaccination for people who are pregnant, breast-
feeding, and trying to become pregnant now or who may
become pregnant in the future, as well as their partners [6].

Although no study of the COVID-19 vaccine has enrolled
pregnant women, creating an ethical issue, phase IV studies
have shown a high efficacy and safety profile for both women
and the fetus/infant [7,8]. Furthermore, efficient transfer of

SARS-CoV-2 IgG across the placenta in vaccinated women
to their neonates has been demonstrated in 2021 [9], as has
secretion of SARS-CoV-2 specific IgA and IgG antibodies into
breast milk for 6 weeks after vaccination [10]; thus, in addi-
tion to maternal protection, the vaccine may also provide
neonatal humoral immunity against  SARS-CoV-2.
Nevertheless, low vaccine coverage (VCs) has been reported
in this population sub-group [11]; whole-population data
from a 2022 prospective cohort study in Scotland [12]
showed lower VC in pregnant women (32%) than in the
general female population aged 18 — 44 years (77%). The
authors focused on vaccine hesitation as one of the main
determinants of the success (or otherwise) of the COVID-19
vaccination campaign in this high-risk group.

Vaccine hesitation is an already known phenomenon in preg-
nant and lactating women; in fact, many studies in the literature
have reported low VCs of influenza and Tdap vaccines and high
levels of vaccine hesitancy in this population [13-19]; the main
reasons for low vaccination uptake were vaccine safety, belief
that the vaccine is not necessary or effective, not recommended
by health care professionals, low knowledge of vaccines, access
issues, cost, and conflicting advice [20].
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Article highlights

e Vaccine hesitancy can be a determining factor in the success (or
otherwise) of the anti-COVID-19 immunization campaign

o Vaccination hesitancy among pregnant and breastfeeding women is
a topic already investigated in the literature

 Insufficient vaccination coverage is reported, considering other vac-
cine-preventable diseases recommended for the category

o Our study estimated the prevalence of vaccine hesitancy in pregnant
and breastfeeding women, that was assessed around 48%.

e No differences were found between pregnant (49%) and lactating
women (53%; p>0.05).

o The scenario of management strategies for hesitant individuals is very
difficult

e Our results highlight that vaccine hesitancy in pregnant and breast-
feeding women is a genuine public health concern worldwide

o Multifactorial strategy seems to be necessary to deal with low uptake

To estimate the proportion of pregnant and breastfeeding
women expressing COVID-19 vaccine hesitancy worldwide, we
conducted a systematic review of relevant literature and meta-
analysis. Determinants of vaccine compliance and options
suggested by these studies to deal with vaccine hesitancy
were also analyzed.

2. Methods
2.1. Search strategy and selection criteria

Scopus, MEDLINE/PubMed and Google Scholar databases (up
to page 10) were systematically searched. Research articles,
brief reports, commentaries, and letters published between
1 January 2019 and 6 February 2022, were included in our
search. The following terms were used for the search strategy:
(adherence OR hesitancy OR compliance OR attitude) AND
(covid* OR SARS*) AND (vaccin* OR immun*) AND (pregnan*
OR post-partum OR breastfeeding OR lactating). Full-text
English studies were included. Abstracts without full text,
systematic reviews, meta- analyses and all studies focusing
on issues unrelated to the purpose of this review (vaccine
knowledge, adverse vaccine reactions, etc.) were excluded.
When necessary, study authors were contacted for additional
information. References of all articles were reviewed for
further study. The list of papers was independently screened
by title and/or abstract by two reviewers who applied the
predefined inclusion/exclusion criteria. Discrepancies were
recorded and resolved by consensus.

Data extracted included year, sample size, number of hesi-
tant women, country, timing of the investigation (before or
during the anti-COVID-19 vaccination campaign) and options
for managing hesitant subjects.

2.2. Quality assessment

The quality of selected studies was assessed according to the
STROBE checklist, which includes 22 methodological questions
[21]. Eligible short reports, commentaries, and letters
described cross-sectional studies and their quality was there-
fore also evaluated using the STROBE checklist. Quality assess-
ment was not performed for studies without full text. Studies

assessed according to STROBE had a minimum and maximum
possible score of 0 and 44, respectively, and were classified as
low quality (<15.5), moderate quality (15.5-29.5) or high qual-
ity (30-44).

The risk of bias for each study was assessed independently
by two researchers. Discrepancies were recorded and resolved
by consensus.

2.3. Pooled analysis

Several different groups of meta-analysis were performed: the
first included all women, the second compared hesitancy
between pregnant and breastfeeding women, the third eval-
uated hesitancy according to different survey administration
periods (2020 vs. first semester 2021 vs. second semester
2021) and the fourth by country; finally, vaccine hesitancy
was compared according to different determinants, calculat-
ing the risk ratio (RR) and 95% confidence interval (95%Cl). In
addition, for each of the meta-analyses, a separate analysis
was conducted using only high-quality papers.

The pooled proportion in the meta-analysis was calculated
using the Freeman-Tukey double arcsine transformation to
stabilize variances, and DerSimonian-Laird weights for random
effects models, with the heterogeneity estimate obtained from
the fixed-effects inverse-variance model. The pooled preva-
lence and associated 95% Wald confidence interval were
plotted, and a forest plot was drawn. The I? statistic was
calculated as a measure of the proportion of the overall var-
iance attributable to heterogeneity between studies rather
than to chance. Heterogeneity between studies in different
groups was also assessed. A value of p < 0.10 was considered
to indicate statistical significance of heterogeneity.

A sensitivity analysis was conducted to evaluate stability;
among the studies included in this systematic review, one study
at a time was excluded, and the subsequent conclusion based on
the others was then reevaluated to avoid severe distortions.

Statistical analysis was conducted using STATA MP17.

Strategies to increase vaccination compliance among preg-
nant and breastfeeding women and suggested strategies to
address vaccination hesitancy were collected from all available
studies and their respective results were compared, with par-
ticular attention to the evidence presented in several of the
included papers.

3. Results
3.1. Identification of relevant studies

The flow-chart, constructed following the PRISMA guide [22]
(Figure 1), shows the process of article selection. According to
the aforementioned inclusion criteria, 41 articles were identi-
fied in Google Scholar, 13 in Scopus and 34 in MEDLINE/
PubMed. After exclusion of duplicate articles in the two data-
bases, there were 46 eligible studies [23-68]. Of these, one [64]
was excluded because it evaluated the same phenomenon in
a more recent, comprehensive article already included in the
meta-analysis, one [65] because additional information was
requested from the authors but they did not respond, and
three [66-68] because the full text was not available; two



studies [62,63] were excluded from the quantitative analysis
because additional information was requested from the
authors but they did not respond, but they were included in
the qualitative analysis. Thus, in total, 41 studies were eligible
[23-63], of which 29 were quantitative [23-51] and 12 were
qualitative [52-63] (Table 1). The remaining 150 studies did
not meet the inclusion criteria.

3.2. Quality assessment

The STROBE checklist was applied appropriately to the
included studies; 75.0% of eligible papers were determined
to be of high quality (Table 1). The impact of study quality was
assessed in a sub-analysis.

3.3. Pooled analysis

Meta-analysis of all HCWs showed that the prevalence of
vaccine hesitation was 48.4% (95%Cl: 43.4-53.4%; |> = 98.7%;
p-value for heterogeneity <0.0001). Based on high-quality
articles only, the pooled prevalence was 48.4% (95%
Cl = 43.0-53.8%; I> = 98.6%; p < 0.0001).

Comparing pregnancy vs. breastfeeding hesitation, the
pooled prevalence of vaccine hesitancy was 49.2% (95%
Cl = 42.8-55.7%; I> = 98.9%; p < 0.0001) in pregnant women
and 53.1% (95%Cl = 39.0-66.9%; I> = 99.1%; p < 0.0001) in
lactating women; the p-value in the test for heterogeneity
between sub-groups was 0.630 (Figure 2). Based on high-
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quality articles only, the pooled prevalence of vaccine hesi-
tancy was 50.5% (95%C| = 43.4-57.5%; I? = 98.9%; p < 0.0001)
in pregnant women and 50.6% (95%Cl = 36.2-65.0%;
I> = 99.0%; p < 0.0001) in lactating women; the p-value in
the test for heterogeneity between sub-groups was 0.984.

In a sub analysis by continents, the pooled prevalence of
vaccine hesitancy was 52.2% (95%CI = 40.8-64.1%; 12 = 98.5%;
p < 0.0001) in North America (ten studies), 47.7% (95%
Cl = 34.4-61.1%; I = 99.0%; p < 0.0001) in Asia (nine studies),
42.4% (95%C| = 34.1-50.9%; I°> = 98.5%; p < 0.0001) in Europe
(seven studies) and 50.9% (95%Cl = 47.9-53.9%; I> = -; p = -) in
Africa (two studies); the p-value in the test for heterogeneity
between sub-groups was 0.299. Based on high-quality articles
only, the pooled prevalence of vaccine hesitancy was 47.0%
(95%Cl = 38.2-55.9%; I = 98.6%; p < 0.0001) in North America,
47.9% (95%Cl = 32.5-63.5%; 1> = 99.0%; p < 0.0001) in Asia,
47.0% (95%Cl = 38.2-55.9%; I = 98.6%; p < 0.0001) in Europe
and 50.9% (95%Cl = 47.9-53.9%; I> = -; p = -) in Africa; the
p-value in the test for heterogeneity between sub-groups was
0.838.

In a sub analysis according to study period, the pooled
prevalence of vaccine hesitancy was 40.0% (95%Cl = 31.6-
46.6%; I = 98.9%; p < 0.0001) considering surveys adminis-
tered in 2020, 58.0% (95%CI 48.9-66.9%; I = 98.6%;
p < 0.0001) considering surveys administered in the first
semester of 2021 and 38.1% (95%CI 25.9-51.2%;
I = 97.8%; p < 0.0001) considering surveys administered in
the second semester of 2021; the p-value in the test for
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Figure 1. Flow-chart of the bibliographic research.
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Table 1. Characteristics of the selected studies included in meta-analysis and systematic review.

First author Year Quality Hesitant women (n) Total sample Study period Country Population
Quantitative study
Hosokawa Y [23] 2022 h 825 1621 July-August 2021 Japan preg
Huddleston HG** [24] 2022 m 689 2506 April-June 2021 us preg
Kiefer KM [25] 2022 h 246 456 March - April 2021 us preg
Skirrow H [26] 2022 h 448 1181 August-October 2020 UK preg
Sznajder KK* [27] 2022 h 69 196 May-December 2020 us preg
Waring ME [28] 2022 h 5 15 February-March 2021 us preg
Aisyah RD [29] 2021 m 38 255 July-December 2021 Indonesia preg
Battarbee AN [30] 2021 h 568 915 August-December 2020 us preg
Carbone L [31] 2021 h 102 142 January 2021 Italy preg
Ceulemans M [32] 2021 h 5283 15400 April-July 2020 Ireland, Norway, Switzerland,  preg, breas
Netherland, UK
Desai P [33] 2021 m 89 124 February-March 2021 us preg
Gencer H [34] 2021 h 72 152 July-October 2020 Turkey preg
Geoghegan S* [35] 2021 h 187 300 December 2020 - January 2021 Ireland preg
Goncu Ayhan S [36] 2021 m 189 300 January - February 2021 Turkey preg
Hailemariam S [37] 2021 h 283 412 February-March 2021 Ethiopia preg
Hirshberg JS** [38] 2021 m 80 87 April-May 2021 us preg
Jayagobi PA [39] 2021 h 312 408 March - May 2021 Singapore preg, breas
Levy TA** [40] 2021 m 272 653 December 2020 - January 2021 US preg
Mappa | [41] 2021 m 25 161 December 2020 Italy preg
Mohan S [42] 2021 h 161 316 October — November 2020 Qatar preg, breas
Mose A [43] 2021 h 246 630 February-March 2021 Ethiopia breastfeeding
Nguyen LH [44] 2021 h 258 651 January-February 2021 Vietnam preg
Oluku D [45] 2021 m 275 412 February-March 2021 Turkey breas
Riad A [46] 2021 h 108 362 August-October 2021 Czechia preg, breas
Schaal NK [47] 2021 h 1152 2339 March-April 2021 Germany preg, breas
Siegel MR [48] 2021 h 240 473 June-August 2021 us preg
Skjefte M [49] 2021 h 2547 5294 October — November 2020 US, India, Brazil, Russia, Spain, preg
Argentina, Colombia, UK,
Mexico, Peru, South Africa,
Italy, Chile, the Philippines,
Australia, New Zeland
Sutton D [50] 2021 h 160 338 January 2021 uUs preg, breas
Tao L [51] 2021 h 315 1392 November 2020 China preg
Qualitative study
Ransing R [52] 2022 h - - - - -
Anderson E [53] 2021 h - - - - -
Chervenak FA** [54] 2021 SXEX - - - - -
Daskalakis G* [55] 2021 m - - - - -
Deruelle P [56] 2021 h - - - - -
Hayakawa S [57] 2021 h - - - - -
lacobucci G [58] 2021 i - - - - -
Moodley J* [59] 2021 -xxx - - - - -
Shook LL [60] 2021 il - - - - -
Knight M** [61] 2020  -xex - - - - -
Perez MJ [62] 2021 h - - - - -
Samannodi M [63] 2021 h - - - - -

*short report
**|etter

***quality not assessed
preg = pregnant; breas = brestfeeding

heterogeneity between sub-groups was 0.003 (Figure 3).
Based on high-quality articles only, the pooled prevalence of
vaccine hesitancy was 42.0% (95%C| = 34.3-50.0%; |> = 99.0%;
p < 0.0001) considering surveys administered in 2020, 56.3%
(95%Cl = 47.3-65.1%; 12 = 97.2%; p < 0.0001) considering
surveys administered in the first semester of 2021 and 44.7%
(95%Cl = 35.8-53.8%; I*> = 94.8%; p < 0.0001) considering
surveys administered in the second semester of 2021; the
p-value in the test for heterogeneity between sub-groups
was 0.053.

Estimates of Risk Ratio (RR) values when comparing vaccine
hesitation for different determinants are described in Table 2.
In the analysis based only on high-quality studies, RR values
did not differ significantly. Sensitivity analysis did not show
severe distortion by a specific study. In the publication bias

analysis, there was no obvious asymmetry in the funnel plots
and no strong evidence of publication bias (Figures $1-512).

3.4. Determinants of vaccination compliance and
suggested strategies to address vaccination hesitancy

Many determinants of hesitancy have been investigated; most
studies reported that the main reasons are lack of information
about vaccination, the opinion that the vaccine is unsafe (for
both mother and fetus), and fear of adverse events (including
potentially long-term adverse events, especially for children of
breastfeeding women) [23,25,26,30-33,35,36,39-42,44—
51,62,63]. Moreover, the role of pharmaceutical companies in
influencing vaccine policy decisions and the uncertainty asso-
ciated with the rapid COVID-19 vaccine development process
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Study ES (95% Cl)

]
pregnant 1
Aisyah RD [29] (2021) —— : 14.902 (11.053, 19.792)
Battarbee AN [30] (2021) . - 62.077 (58.888, 65.164)
Carbone L [31] (2021) 1 —a— 71.831 (63.933, 78.579)
Ceulemans M [32] (2021) | : 38.583 (37.399, 39.780)
Desai P [33] (2021) . —_— 71.774 (63.290, 78.950)
Gencer H [34] (2021) —y— 47.368 (39.594, 55.273)
Geoghegan S* [35] (2021) 1 —— 62.333 (56.727, 67.628)
Goncu Ayhan S [36] (2021) : il 63.000 (57.404, 68.267)
Hailemariam S [37] (2021) : —— 68.689 (64.056, 72.977)
Hirshberg JS** [38] (2021) 1 —— 91.954 (84.312, 96.048)
Jayagobi PA [39] (2021) X —_— 69.652 (62.976, 75.590)
Levy TA** [40] (2021) - 41.654 (37.932, 45.473)
Mappa | [41] (2021) —a— 1 15.528 (10.744, 21.918)
Nguyen LH [44] (2021) —— : 39.631 (35.945, 43.439)
Riad A [46] (2021) —— . 23.381 (18.789, 28.699)
Schaal NK [47] (2021) 1 - 84.180 (81.841, 86.269)
Siegel MR [48] (2021) —— 50.740 (46.247, 55.221)
Skjefte M [49] (2021) | X 48.111 (46.767, 49.458)
Sutton D [50] (2021) —a— 50.000 (43.391, 56.609)
Tao L [51] (2021) L 3 ! 22629 (20.508, 24.901)
Hosokawa Y [23] (2022) Eal 50.895 (48.462, 53.323)
Huddelston HG** [24] (2022) = 1 27.494 (25.781, 29.276)
Kiefer KM [25] (2022) - 53.947 (49.359, 58.470)
Skirrow H, Barnett S [26] (2022) - . 37.934 (35.210, 40.736)
Sznajder KK* [27] (2022) —_ 35.204 (28.861, 42.116)
Waring ME [28] (2022) = . 33.333 (15.176, 58.286)
Subtotal (142 = 98.949%, p = 0.000) <> 49.221 (42.798, 55.656)

]
breastfeeding !
Ceulemans M [32] (2021) [ X 31.247 (30.297, 32.214)
Jayagobi PA [39] (2021) 1 —a— 83.092 (77.394, 87.584)
Mose A [43] (2021) - ! 39.048 (35.315, 42.913)
Oluku D [45] (2021) : —— 66.748 (62.062, 71.124)
Riad A [46] (2021) _— 51.190 (40.685, 61.592)
Schaal NK [47] (2021) 1 - 55.170 (52.451, 57.858)
Sutton D [50] (2021) —a— 42.623 (34.205, 51.491)

Subtotal (12 = 99.099%, p = 0.000)

Heterogeneity between groups: p = 0.630
Overall (12 = 99.009%, p = 0.000);

53.054 (38.953, 66.913)

50.030 (44.551, 55.508)

I I
-50 0

| |
100 150

Figure 2. Forest plot of pooled prevalence of vaccine hesitancy, per sub-populations (pregnant vs. breastfeeding women).

[26,31,35,37,46,48,50] were also determinants of attitude.
Minor factors of a negative attitude toward the vaccine were
reporting a history of chronic disease or allergies [25,50]
(although Sznajder KK et al. [27] did not find a role of this
topic with vaccine uptake, while Schaal NK et al. [47] reported
that women who breastfed at higher risk were more compli-
ant), substance use [25], lower monthly household income
[14,26], unavailability of vaccines or not having time to receive
them [42] and not having private health insurance [25,44,48].
A major role in vaccination compliance is played by family
members and friends of pregnant or breastfeeding women
[25,41] or at higher risk for COVID-19 [27,50,62], as well as
family members’ opinions [36,46] and having previous sons
and daughters [36,45,46,50]; Indeed, personal stories are often
reasons why people choose to be vaccinated [27]. Concern
about the risk associated with COVID-19 disease and its impact
on their health and pregnancy is a determinant of a better
attitude, as is adherence to infection prevention measures
(social distancing, masks, hand hygiene, etc.) and knowledge
of the mechanism of action of the vaccine and COVID-19

disease [24,25,37,39,43,47,49-51]. To a lesser extent, women
reported that the safety and protection of themselves, and
their family members was one of the main reasons for vacci-
nation uptake [25,46,50]; as if most studies reported that
higher education and information from scientific sources
were associated with better acceptance [23,25,29,32-
34,37,40,43-46], two studies [39,51] reported that a low level
of education was associated with higher vaccine acceptance in
Chinese and Singaporean women [51]. The role of social
media is discussed, too; Gencer H et al. [34] reported that
women who used mass media or the Internet as their main
source of information showed higher levels of hesitancy, while
Riad A et al. [46] reported that the impact of media/social
media on Czech women'’s attitudes was significantly positive.

Overall, another important determinant of vaccination
compliance was having received previous vaccinations, either
during or before/after pregnancy/breastfeeding, especially the
anti-influenza vaccine [25-27,30,33,40,45,48].

Regarding age, higher levels of compliance were reported
in younger women [25,29,51], even though Levy TA et al. [40]
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middle-upper)

Study ES (95% Cl)
2021, 2° semester :
Aisyah RD [29] (2021) - 1 14.902 (11.053, 19.792)
Riad A [46] (2021) —O— ' 29.834 (25.353, 34.739)
Siegel MR [48] (2021) —— 50.740 (46.247, 55.221)
Sutton D [50] (2021) —0— 47.337 (42.074, 52.660)
Hosokawa Y [23] (2022) - 50.895 (48.462, 53.323)
Subtotal (12 = 97.793%, p = 0.000) e — 38.140 (25.861, 51.239)
1
2021, 1° semester :
Carbone L [31] (2021) . —a— 71.831 (63.933, 78.579)
Desai P [33] (2021) 1 —_— 71.774 (63.290, 78.950)
Geoghegan S [35] (2021) : —— 62.333 (56.727, 67.628)
Goncu Ayhan S [36] (2021) . —a— 63.000 (57.404, 68.267)
Hailemariam S [37) (2021) 1 —-— 68.689 (64.056, 72.977)
Hirshberg JS [38] (2021) : —— 91.954 (84.312, 96.048)
Jayagobi PA [39] (2021) . —- 76.471 (72.120, 80.328)
Levy TA[40] (2021) - 41.654 (37.932, 45.473)
Mose A [43] (2021) = ! 39.048 (35.315, 42.913)
Nguyen LH [44] (2021) - 39.631 (35.945, 43.439)
Oluku D [45] (2021) 1 —0— 66.748 (62.062, 71.124)
Schaal NK [47] (2021) -II 49.252 (47.229, 51.277)
Huddelston HG [24] (2022) = » 27.494 (25.781, 29.276)
Kiefer KM [25] (2022) 1= 53.947 (49.359, 58.470)
Waring ME [28] (2022) = A 33.333 (15.176, 58.286)
Subtotal (12 = 98.587%, p = 0.000) _— 58.042 (48.926, 66.895)
]
2020 -
Battarbee AN [30] (2021) > - 62.077 (58.888, 65.164)
Ceulemans M [32] (2021) n 1 34.305 (33.559, 35.059)
Gencer H [34] (2021) —— 47.368 (39.594, 56.273)
Mappa | [41] (2021) —-— . 15.528 (10.744, 21.918)
Mohan S [42] (2021) —i— 50.949 (45.459, 56.417)
Skjefte M [49] (2021) = 48.111 (46.767, 49.458)
Tao L[51] (2021) - ' 22,629 (20.508, 24.901)
Skirrow H, Bamett S [26] (2022) - 37.934 (35.210, 40.736)
Sznajder KK [27] (2022) el 1 35.204 (28.861, 42.116)
Subtotal (12 = 98.942%, p = 0.000) =, 38.966 (31.624, 46.567)
]
Heterogeneity between groups: p = 0.003 !
Overall (12 = 98.705%, p = 0.000); <> 48.423 (43.413, 53.449)
]
L
| | | | |
-50 0 50 100 150
Figure 3. Forest plot of the pooled prevalence of vaccine hesitancy, per study period.
Table 2. Estimation of the risk ratio in a comparison of vaccine hesitancy with respect to several determinants.
All studies High-quality studies
n. of p-value for n. of p-value for
Determinants studies RR (95%Cl) 12 heterogeneity  studies RR (95%Cl) 12 heterogeneity
Mother age (=35 vs. <35 years) 10 1.03 (0.91-1.17) 82% <0.0001 9 1.04 (0.92-1.19) 82% <0.0001
Race (white vs. other) 7 0.63 (0.56-0.73) 54% 0.04 5 0.65 (0.56-0.78) 67% 0.02
N. of pregnancies (=1 vs. 1) 9 1.06 (0.93-1.22) 82% <0.0001 8 1.06 (0.92-1.21) 84% <0.0001
Tobacco smoke (yes/no) 3 1.27 (0.89-1.80) 90% <0.0001 3 1.27 (0.89-1.80) 90% <0.0001
Preexisting chronic disease (yes/no) 7 1.04 (0.94-1.16) 15% 0.32 7 1.04 (0.94-1.16) 15% 0.32
Marital status (married vs. not 5 0.77 (0.58-1.04) 94% <0.0001 4 0.82 (0.61-1.10) 95% <0.0001
married)
Diagnosis of COVID-19 (yes/no) 10 1.10 (0.95-1.27) 56% 0.02 7 1.03 (0.91-1.18) 0% 0.63
Previous influenza/dtaP vaccine 11 0.64 (0.53-0.77) 90% <0.0001 7 0.62 (0.50-0.77) 87% <0.0001
uptake (yes/no)
Employment status (worker vs. 10 0.82 (0.69-0.96) 84% <0.0001 8 0.84 (0.70-1.00) 86% <0.0001
unemployed)
Gestational age (third trimester vs. 6 0.76 (0.60-0.97) 86% <0.0001 6 0.76 (0.60-0.97) 86% <0.0001
first/second trimester)
Educational status (college or 12 0.80 (0.61-1.04) 96% <0.0001 11 0.85 (0.65-1.12) 97% <0.0001
more vs. lower degree)
Socioeconomical status (lower vs. 6 1.03 (0.92 — 1.16) 57% 0.04 6 1.03 (0.92 — 1.16) 57 USD 0.04




reported less hesitation in older subjects. Social determinants
have also been reported; indeed, trust in local government
and public health agencies [23,41,46,49], not belonging to an
ethnic  minority  [25,26,30,40,48], being employed
[27,32,46,48], higher economic status [34] (except for
Jayagobi PA et al. [39]) and living in an urban area [37,43]
are associated with better vaccine compliance. The second
and third trimesters of pregnancy [46,51] and confidence in
routine childhood vaccines [49] are other determinants of
vaccination adherence.

As reported by most authors, it must be taken into account
that pregnancy is considered an emotional phase in women'’s
lives and how it can impact women’s mental health [31]; in
fact, Ceulemans M et al. [32] highlighted that 52% of those
who had already been pregnant in their sample reported that
the pandemic had a (rather) large impact on their current
pregnancy experience compared with previous pregnancies.
This phenomenon, called maternal anxiety, must be consid-
ered in the management of immunization of pregnant and
breastfeeding women; indeed, it can be both a determinant of
vaccine compliance and refusal [27,28,36,41,45,49].

In this light, many experiences are quoted to achieve better
immunization coverage. Most authors [24,27,29,30,33-35,45-
48,54-56,63] focused on the role of healthcare providers; in
fact, the degree of trust in healthcare professionals to provide
reliable and trustworthy information related to COVID-19 vac-
cine safety seems to be a strong predictor of vaccine accep-
tance. As noted by Schaal NK et al. [47] it is important that
healthcare professionals, especially gynecologists, discuss the
benefits and risks of the vaccine and reach a common decision
based on individual circumstances. Along these lines, it is
important that health providers are continuously informed
about the latest scientific updates [47]. Indeed, as reported
by Siegel MR et al. [48] while HCWs reported high personal
compliance with COVID-19 vaccination and felt that the ben-
efits of vaccination outweighed the risks in pregnancy, less
than one-third felt very confident in counseling pregnant
patients about the available evidence for mRNA vaccine safety
in pregnancy. Chervenak FA et al. [54] identified three pre-
viously undefined root causes underlying physicians’ hesita-
tion to recommend COVID-19 vaccinations for pregnant
women: clinical misapplications of therapeutic nihilism, shared
decision-making, and ethical issues. Furthermore, expectant
mothers who visit medical services and receive regular immu-
nization counseling are more educated about their pregnancy
an related risks and are more amenable to COVID-19 vaccina-
tion [29,43]. Finally, Sznajder KK et al. [27] suggested that
clinicians could offer COVID-19 vaccine along with influenza
vaccine and remind women who feel overloaded that
a COVID-19 vaccination could reduce their risk of severe
COVID-19.

Much attention is paid to communicating evidence-based
data of vaccine safety and efficacy to minimize vaccine
hesitation in pregnant and breastfeeding women
[23,24,26,31-35,39-41,45,47,51,59,63]; thus, public health
strategies should prioritize providers and public education
regarding adverse effects of COVID-19 in pregnancy and
evolving safety data for vaccines in this group. Strategies
to achieve this goal included: educational brochure [39],
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community collaboration especially for ethnic minorities
[30], institutional communication from people who can pro-
vide leadership in society [34], creation of websites and
mobile apps that include correct and clear information
about vaccination [34,63] as well as better use of mass
media and social media and the internet to spread evi-
dence-based facts on the vaccine and COVID-19 [39].
Hirshberg JS et al. [38] described their experience with
vaccination uptake rates among high-risk obstetric patients
before and after on-site availability of BNT162b2 messenger
RNA vaccination in outpatient clinics as part of a pilot pro-
gram to improve vaccine access among pregnant women;
the authors concluded that increased access alone might
not improve vaccination rates in obstetric patients even
after consultation with experienced clinicians. Two studies
[52,60] have proposed interventions based on an individual-
level dialogue intervention using the components of
a problem-based approach, the 5 C model of vaccine hesi-
tancy, and motivational interviewing techniques. A key role
should be played by the government, public health institu-
tions, and scientific societies [31,53,57,59,63] that should
inform this subpopulation group about the true risks and
benefits of vaccination; for any woman who is pregnant,
nursing, or planning to conceive, contracting COVID-19 is
certainly more dangerous than being vaccinated.

Finally, several studies [40,42,53,58,61] have focused on
excluding women from vaccine trials, leaving clinicians in the
position of recommending vaccination to pregnant women
without evidence of efficacy or safety, especially in the pre-
cocious phase of the vaccination campaign. Identifying the
best way to include pregnant women in future vaccine studies
rather than excluding them by default seems to be a priority
for the scientific community and policy makers.

4. Conclusion

Our meta-analysis estimated vaccine hesitancy among preg-
nant and breastfeeding women worldwide to be 48% (95%
Cl = 43-53%); no differences were found between pregnant
(49%) and lactating women (53%; p > 0.05) and between
continents (p > 0.05); on the other hand, our analysis showed
that vaccination hesitation varied by study period: assessed at
39% during 2020, before the start of the vaccination cam-
paign, reached the highest values in the first semester of
2021 (58%), and then decreased in the second semester of
2021 (38%); this trend should be interpreted considering that
in the first months of 2021 no data on vaccine safety and
efficacy were available, and consequently healthcare providers
could not rely on guidelines to recommend (or therefore)
vaccination; further, reports of (rare) thromboembolic adverse
events following vector adenoviral vaccines widely dissemi-
nated (and often distorted) by the mass media and social
media [69]) may have contributed to increase distrust and
fear among patients. With increasing scientific evidence
reported from phase IV studies and recommendations from
scientific societies and international public health institutions,
levels of unwillingness have returned to levels prior to the
start of the vaccination campaign, although the percentage of
hesitancy was still high and concerning.
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Analysis of the evaluated determinants of vaccination hes-
itancy revealed that most of the evaluated determinants
appeared not to influence the willingness of our population
sub-group. The main determinants of improved vaccination
compliance were white race, being employed, having pre-
viously received anti-influenza and/or dtaP vaccines, and
being in the third trimester of pregnancy, as also confirmed
by our systematic review. Social disparities as barriers to vac-
cination uptake (not specifically anti-COVID19) are determi-
nants confirmed by other evidence in the literature; a 2022
systematic review reported that black ethnic minorities
showed high vaccine hesitancy [70]. Ayers KC et al. [71] eval-
uated socioeconomic disparities and concluded that factors
potentially contributing to vaccine adherence include barriers
to vaccine access, inadequate information, and concerns
about vaccine safety and efficacy. A 2019 systematic review
reported that there was consistently a relationship between
socioeconomic status and influenza immunization [72]. These
studies agreed that building trust, reducing physical barriers,
and improving communication and transparency about vac-
cine development through healthcare workers, religious, and
community leaders can improve access and facilitate vaccine
adoption among ethnic minorities.

The third trimester seemed to be associated with a better
readiness for vaccination, probably because women consider
the fetus to be more mature and hence the vaccine may be
less potentially dangerous. On the contrary, when considering
the anti-influenza vaccine, a systematic review in 2021 found
that one reason for not getting vaccinated was proximity to
childbirth [73], with some women fearing that getting vacci-
nated then may be dangerous or unnecessary because deliv-
ery is close [73].

In each case, a major determinant of vaccination adherence
was having received a previous vaccination, particularly the
anti-influenza vaccine; this evidence had already been
reported in the literature for anti-pertussis and anti-influenza
vaccines [73,74], as well as for other sub-group populations
(i.e. HCWs) [74-76].

The systematic review showed the main determinants of
vaccine hesitation; lack of information about the vaccination,
the opinion that the vaccine is not safe, and fear of adverse
events for both mother and child are known determinants of
vaccination refusal in the scientific literature [77,78]; in fact,
these data confirmed the evidence already reported in the
literature for other vaccinations in pregnancy [73,74,79]. On
the other hand, the role of pharmaceutical companies in
influencing vaccination policy decisions and the uncertainty
associated with the rapid COVID-19 vaccine development pro-
cess as determinants of hesitation are pathognomonic of
COVID-19 vaccination compared with other vaccines; conver-
sely, Prospero E et al. [80] reported that the role of pharma-
ceutical companies is also a deterrent for anti-influenza
vaccine.

History of disease or experience with it among family
members and friends, fear of COVID-19 complications, and
the safety and protection of mothers and fetuses/children
seemed to increase the willingness to vaccinate. Higher edu-
cation and scientific sources played a fundamental role in the

attitudes of pregnant and breastfeeding women; trust in the
scientific community has already been identified has a major
determinant of vaccination compliance in the general popula-
tion [81] and thus, also plays a major role for this subgroup.
Then again, the role of social media and the internet is dis-
cussed; although it is well known that fake news in mass and
social media facilitates distrust of vaccines [82], our systematic
review did not clearly highlight this mechanism in pregnant
and breastfeeding women [34,46]. Instead, extensive use of
mass media, social media, and the internet to disseminate
evidence-based facts about the vaccine and COVID-19 is advo-
cated [39].

The degree of reliance on healthcare professionals to pro-
vide reliable and trustworthy information related to COVID-19
vaccine safety, regular access to medical service by expectant
mothers, and efficient immunization counseling seem to be
strong predictors of vaccine acceptance. This evidence is also
confirmed by considering the literature for anti-pertussis and
anti-influenza vaccines [73,74]. Indeed, as suggested by
Sznajder KK et al. [27] HCWs should offer COVID-19 vaccine
along with influenza and pertussis vaccines to increase immu-
nization rates. Finally, most authors agree on the need to
promote vaccination through classical or modern sources of
information, in order to combat fake news and ensure institu-
tional communication based on scientific evidence.

The main limitation of this meta-analysis was the high
heterogeneity between studies, as indicated by the I? values;
however, the use of a random-effects analysis minimized this
bias. One major limitation is that the definition of ‘vaccine
hesitancy’ is rather heterogeneous across studies, yet, it is
very similar between them; therefore, this does not appear
to be a critical issue. Another argument is that most surveys
were administered online or on social media, and thus it is
possible that HCWs responded to more than one question-
naire; this potential bias is unfortunately not detectable or
correctable. However, a strength of our review and meta-
analysis was the large sample size resulting from the collation
of selected papers, which improved the statistical analysis
and provided a better view of hesitancy to the anti-COVID
-19 vaccine among pregnant and breastfeeding women. In
addition, all studies were published as of 2021, so this view is
up-to-date and reliable. Furthermore, many RR were calcu-
lated considering multiple determinants. Finally, the meta-
analysis revealed a comparison of vaccine hesitancy before
and during the vaccination campaign, not previously
reported in the literature. Future studies should evaluate if
the attitude tp vaccination change after the pregnancy and
breastfeeding.

5. Expert opinion

Our study highlighted that half of pregnant and lactating
women expressed hesitation to vaccinate and the main deter-
minants of vaccination compliance were exposed. Many stra-
tegies have been proposed to deal with this criticism, and
other approaches could be implemented considering those
already suggested for other recommended vaccines in preg-
nancy [73,74,79], as well as for other fragile patients [83]. In



fact, available evidence in the literature has shown that fight-
ing vaccine resistance is harsh and too slow as a process,
considering the rapidity and unpredictability of a pandemic.
Health education, and toward the anti-COVID19 vaccine,
should be provided in order to improve the willingness of
the community, especially for those with lower levels of edu-
cation [84].

Can mandatory vaccination be an option? This strategy has
already been successful for other categories of the population
[85], but it seems difficult to propose this option considering
the emotional fragility of the study population. Consequently,
widespread action on multiple fronts is necessary to obtain
good results in these patients.

Government and Public Health institutions should probably
play the main role; in fact, clear and unambiguous commu-
nication is needed to express the risk/benefit ratio of the
vaccine for both women and the fetus/child [86]. Special
measures are needed especially for that segment of the popu-
lation of low economic status, which we have seen to be to be
the most at risk of hesitation. Politicians should not be
seduced by the vote pool of the no vax and anti-science
community but should rely on scientific evidence and educate
the population to data-based decisions.

Additionally, HCWs are among the most trusted sources of
vaccine information and have direct influence on the vaccina-
tion decisions of their patients and social contacts [87]. Hence,
healthcare professionals must be empowered to play their role
in the immunization campaign and pandemic management; it
is also necessary to work on the hesitation of healthcare
professionals, considering that a hesitant provider is less likely
to recommend the vaccine to his or her patients [74]. This last
point is of crucial importance in the fight against the pan-
demic and the return to normalcy.

On the other hand, the role of information sources, parti-
cularly social media, must also be questioned. Many studies
have reported the risk of vaccination campaign failure due to
uncontrolled dissemination of erroneous information by the
media [69,88]. Although the content of the media cannot be
controlled, it must be taken into account that especially social
platforms are the battlefield of no-vax groups that, even if
small in number, are very organized and able to circulate fake
news in a very short time [69]. This is precisely why it is
appropriate for public health institutions to ensure proper
institutional and scientific communication, especially on social
networks. Experiences reported in Italy, such as that of the
website ‘Vaccinarsi,” indicate that during the pandemic there
was a strong increase in views, concluding that combining
disciplines such as health education and digital communica-
tion through Information and Communication Technologies
(ICT) represents the best strategy to support citizens [89].

Finally, pregnant women have historically been excluded
from most vaccine clinical trials because of ethical concerns
and the potential for liability [90-92]. So, there is a lack of
evidence from phase Il studies supporting the safety and
efficacy of vaccines in this specific population. Data on vaccine
safety in pregnant women are often drawn from the limited
number of unintentional exposures during pregnancy. As
assessed by Bianchi DW et al. [93] additional protections that
could be provided through rulemaking and development of
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regulations would help overcome these barriers to research on
therapies during pregnancy and lactation, especially for those
preventive or therapeutic interventions that are accelerated to
address a public health emergency. There is a critical need to
include pregnant women in vaccine trials, given the vulner-
ability of this population to developing severe illness with
COVID-19 and other vaccine preventable diseases.

In conclusion, vaccination hesitancy toward the anti-COVID
-19 vaccine among pregnant and breastfeeding women is an
existing phenomenon. It must be considered that the changes
in the practice of healthcare workers during the pandemic
period [94] and the impact of newer virus variants on health
outcomes of pregnant [95] put women’s health at even
greater risk. Skjefte et al. [49] showed how vaccination com-
pliance is 50% higher in non-pregnant women compared with
pregnant women. Achieving high vaccination coverage
requires a multifactorial approach, which requires major social,
scientific and health efforts. The success of the vaccination
campaign in this population depends on the capillarity and
consistency of the interventions implemented.
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