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vaccine campaigns. The present study aims to answer the question: Is there any impact of COVID-19 vac-
cines on the fertility of men and women of reproductive age?
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Methods: PubMed, Scopus, Web of Science, Cochrane and Embase databases were searched for eligible
studies until June 8th, 2022. The search was restricted to articles regarding humans, published in any lan-
guages, without additional restrictions. Studies’ quality was assessed by the Newcastle-Ottawa and the
Before and After Quality Assessment scales for cohort and pre-post studies, respectively. Random-
effect meta-analyses were performed for parameters considered in > 2 studies, calculating means, p-
values and 95 % Confidence Intervals (CIs).

ty Results: Out of 1406 studies screened, 29 were included in the systematic review. These studies, con-

Reproduction ducted in Israel (34.5 %), USA (24.1 %), Russia (20.7 %) China (10.3 %), Italy (3.5 %), North America
(3.5%) and Turkey (3.5 %) were of poor (34.5 %), moderate (58.6 %) and good (6.9 %) quality. Meta-
analyses were performed for pre- and post-vaccination sperm progressive motility (44 %, 95 % CI 42 %-
62 % vs 43 %, 95 % CI 31 %-59 % p = 0.07) and concentration (50.6 mIn/ml, 95 % CI 35.1-72.8 vs 55.4
mln/ml, 95 % CI 37.4-82.2p = 0.12). Biochemical (0.51, 95 % CI 0.40-0.66 vs 0.60, 95 % CI 0.53-0.68p =
0.45) and clinical (0.45, 95 % C1 0.37-0.54 vs 0.47, 95 % C1 0.40-0.55 p = 0.31) pregnancy rate did not differ
among vaccinated and not vaccinated groups. Subgroup meta-analyses based on the type of vaccine
showed no significant difference: between vaccinated with mRNA vaccines and non-vaccinated regarding
biochemical pregnancy rates; pre- and post-vaccination with Gam-COVID-Vac regarding testosterone,
FSH and LH levels; pre- and post-vaccination with BNT162b2 vaccines regarding sperm volumes.
Conclusion: Based on the studies published so far, there is no scientific proof of any association between
COVID-19 vaccines and fertility impairment in men or women.

© 2022 Elsevier Ltd. All rights reserved.
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1. Introduction

Over the course of the first year of the Severe Acute Respiratory
Syndrome Coronavirus-2 (SARS-CoV-2) infection spread, the only
available measures to tackle it were personal distancing, wearing
protection masks, early identifications and isolations of positive
patients and their contacts. Later, starting from December 2020,
vaccines started to be available as the main tool to fight the pan-
demic. The COVID-19 pandemic has been accompanied by misin-
formation and conspiracy theories since the beginning, especially
concerning the newly developed vaccines. The latter has been a
breeding ground for vaccine opponents [37].

The European Medicines Agency (EMA) [35]and Food and Drug
Administration (FDA)[22,12]issued emergency authorization for
COVID-19 vaccines, even if some individuals requested its with-
hold, claiming that the vaccines posed irreparable harms to the
population and possible female infertility risks [45]. The possible
mechanism that supposedly linked vaccines to fertility impairment
in reproductive age women was hypothesised to be the cross-
reactivity with syncytin-1, claiming a similarity between it and
spike protein. Syncytin-1 plays an essential role in implantation
and its dysfunction might indicate a failed implantation, an early
pregnancy loss, or later problems related to abnormal placentation
such as preeclampsia. Nevertheless, aminoacidic sequences of the
two proteins seem to be different and the cross-reactivity was
not observed. In males it was supposed that the vaccine could
affect spermatogenesis and sperm parameters, considering that
the SARS-CoV-2 virus has been associated to male fertility impair-
ment [11].

Since 2020[16], around 11 billion doses of vaccines have been
administered all over the world. Thus far, there has been an impor-
tant body of literature that has proven short- to medium-term
safety profiles and efficacy [5] of these vaccines in preventing
COVID-19 infection, hospitalisation and deaths [43].

However, concerns on the possible impact on fertility, accentu-
ated by misinformation and anti-vaccine campaigns [13], contin-
ued to circulate on social media and online, corresponding with
increased internet searches for topics related to infertility and
COVID-19 vaccines [27,41]. Fear about the possible effects of the
vaccines on fertility has been a major driver of COVID-19 vaccine
hesitancy [14], with important repercussions on public health.

While increasing numbers of new cases are still being reported
in many countries, with new variants spreading fast among the
population, vaccination against SARS-CoV-2 remains an important
measure to prevent serious infection, and misinformation and
doubts regarding the vaccines should be properly addressed, in
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order to guide the population into safer, informed choices and pro-
vide clinicians with evidence based, scientific information. In this
context, this systematic review and meta-analysis aims at sum-
marising and assessing available data on the possible impact of
COVID-19 vaccines on male and female fertility.

2. Methods

This systematic review and meta-analysis was reported accord-
ing to the Preferred Reporting Items for Systematic Reviews and
meta-Analyses (PRISMA) statement. The protocol of this system-
atic review was registered to Prospero registration number
CRD42022314744.

2.1. Research question

This work aimed to answer the question: is there any impact of
COVID-19 vaccines on the fertility of men and women of reproduc-
tive age? The research question was structured following the PI/
ECOS framework (Population, Intervention/Exposure, Comparison,
Outcome, Setting/Time):

e Population: Men and women of reproductive age vaccinated
with at least one dose of COVID-19 vaccines;

e Intervention: Vaccination with COVID-19 vaccines;

e Comparison: Men and women of reproductive age not vacci-
nated against COVID-19 or prior vaccination against COVID-19;

e Outcome: Impact on male (hormonal levels, sperm parameters)
and female (pregnancy rate and pregnancy loss rate, antral fol-
licle count, ovarian follicle functions) fertility;

e Setting/Time: All.

2.2. Literature search

The literature search was conducted on PubMed, Scopus, Web
of Science, Cochrane and Embase electronic databases using key-
words such as: “COVID-19”; “COVID-19 Pandemic”; “SARS Coron-
avirus 2 Infection”; “COVID-19 Vaccines”; "COVID-19 Vaccines
adverse effects*; “SARS-CoV-2 Vaccine”; “BNT162b2 mRNA vac-
cine”; “COVID-19 mRNA Vaccine*” OR “mRNA-1273 vaccine”;
“Fertility”; “Male Infertility”; “Female Infertility”.

At first, a search string was built for PubMed, using MeSH terms,
Boolean operators, and free text words. Afterwards, the string was
adapted for being used in the other databases (Supplementary
Material 1).
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Identification of studies via databases and registers

Records identified from Records removed before screening:
Databases
Scopus (n = 1251) Duplicate records removed (n = 346)
_ Records marked as ineligible by
Pubmed (n = 256) automation tools (n = 0)
c »
% WoS (n =109) " Records removed for other reasons (n = 0)
;..'f.’ Cochrane (n = 39)
T
§ Embase (n = 180)
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— (n = 40) Reports not retrieved
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(n =40)
2
'E i Reports excluded with reasons (n = 12)
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é,‘; No primary data (n = 8)
Studies included in review > Duplicate (n = 1)
(n=28) Control with people vaccinated with
another vaccine (n= 1)
i No comparison between vaccinated
and non-vaccinated (n = 2)
— | Studies included in review (n = 29) Studies retrieved from bibliographic
5 Studies included in metanalysis (n = 20) search (n =1)
s
©
=

Fig. 1. Flowchart of the screening and selection process.

The search was restricted to articles regarding humans, pub-
lished in any languages, without additional restrictions and was
last performed on June 8th, 2022, for all databases. Furthermore,
the reference lists of the included studies were hand searched to
look for additional studies.

2.3. Study selection and Inclusion/Exclusion criteria

All articles obtained from the search strategy were imported to
Rayyan QCRI and duplicates were removed. Two independent
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reviewers (DZ and ELG) selected the identified studies evaluating
title and abstract for each study.

All studies which investigated the impact that COVID-19 vacci-
nes might have on fertility, both in male and in female subjects,
were considered pertinent.

Only studies reporting primary data were included in the sys-
tematic review.

Case reports, case-series (reporting data for fewer than ten
patients), reviews (narrative or systematic), communications, per-
spectives were excluded.
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percentage %
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Author, Year (95% CI) Weight
Rozhivanov, 2021 - 0.64 (0.59, 0.70) 21.75
Elagin, 2021 —_— 0.24(0.18,0.32) 18.84
Drapkina, 2021 e 0.46 (0.35, 0.60) 18.98
Reschini, 2022 —— 0.40 (0.32, 0.50) 19.97
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Overall, DL (1" =92.7%, p = 0.000) <> 0.43(0.31,0.59) 100.00
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b) 05

Fig. 2. Progressive motility a) before and b) after vaccination.

Articles related to pregnancy outcomes instead of fertility were
excluded. Data regarding the effect of SARS-CoV-2 virus on fertility
were also excluded. Any disagreements were resolved through dis-
cussion among the study team members.

2.4. Data extraction

The full texts of the articles included after the first screening
were uploaded on a shared Google Drive file. Two researchers (LP
and ELG) performed the data extraction process.

A standardised Google Drive spreadsheet was created, in order
to extract the following data:

first author, year, country, study design, population, sex, age,
vaccine type, number of doses, time vaccination-recruitment, indi-
cator used to measure fertility, main results, limits.

2.5. Data synthesis and Statistical analyses

A descriptive analysis was performed based on data such as
population, sex, age, vaccine type, indicator used to measure fertil-
ity. Two researchers (ELG, DZ) were involved in the data synthesis
process. When not present in the studies, Confidence Intervals (CI)
were calculated.

When possible, random-effect meta-analyses were performed
for the same outcome (fertility indicator) reported in > 2 studies.
The effect measure for most fertility indicator included mean con-
centrations or rates. First, meta-nalyses were performed for any
type of vaccine used, followed by subgroup analysis based on the
specific vaccine administered. The inconsistency index (I?) was
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used to estimate the heterogeneity across the included studies.
The heterogeneity between studies was considered low if the -
value was < 50 %. Statistical significance was considered at
p < 0.05. Publication bias was explored through the Egger test,
where p < 0.05 indicated significant publication bias [20] and pre-
sented through funnel plots. Statistical analyses were performed
using the STATA software package v. 15 (Stata Corporation, College
162 Station, TX, USA).

2.6. Quality assessment

The included studies were evaluated, in terms of methodologi-
cal quality, based on the study design.Newcastle-Ottawa scale was
used for cohort studies, in order to assess the following quality
parameters: selection of study groups, comparability of study
groups and ascertainment of outcome, giving scores that range
from O to 9. For pre-post studies was used the Before and After
Quality Assessment scale, to assess the following quality parame-
ters: clearness of the study objective, description of eligibility cri-
teria, representativeness and enrolment of participants, sample
size, intervention description and delivery, outcome measures,
blindness, loss to follow-up, statistical methods.

The overall evidence quality was summarised grouping the arti-
cles into three categories, based on methodological quality: good
(studies that met at least 75 % of the quality criteria), moderate
(studies that met between 50 % and 74 % of the quality criteria)
and poor (studies that met<50 % of the quality criteria).
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Table 1

Subgroup analysis in groups vaccinated with mRNA vaccines and non-vaccinated.

Vaccine 40 (2022) 6023-6034

Vaccinated Non vaccinated
Study; Subgroup Rate 95 % Cl Rate 95 % Cl p value
Biochemical pregnancy rate
Aharon, 2021 0.756 0.637-0.842 0.73 0.678-0.774
Morris, 2021 0.80 0.641-0.90 0.739 0.638-0.819
Aizer, 2022 0.264 0.207-0.327 0.288 0.211-0.376
Avraham, 2022 0.047 0.017-0.099 0.098 0.053-0.161
Aharon, 2022 0.738 0.679-0.798 0.749 0.718-0.78
Pooled (95 % CI) 044 0.31-0.63 0.5 0.4-0.62 0.496
12 97.10 % 96.40 %
Clinical pregnancy rate
Aharon, 2021 0.634 0.509-0.738 0.569 0.516-0.623
Morris, 2021 0.657 0.492-0.792 0.625 0.521-0.729
Aizer, 2022 0.25 0.194-0.313 0.264 0.167-0.313
Avraham, 2022 0.328 0.248-0.417 0.331 0.252-0.418
Aharon, 2022 0.595 0.527-0.663 0.637 0.602-0.673
Safrai, 2022 0.19 0.086-0.341 0.19 0.086-0.341
Odeh-Natour, 2022 0.440 0.224-0.522 0.50 0.260-0.740
Pooled (95 % CI) 042 0.32-0.56 043 0.33-0.55 0.574
12 93.20 % 95.40 %
Ongoing pregnancy rate
Aharon, 2021 0.667 0.54-0.765 0.561 0.507-0.614
Morris, 2021 0.657 0.492-0.792 0.523 0.420-0.624
Aizer, 2022 0.245 0.190-0.308 0.227 0.161-0.305
Aharon, 2022 0.475 0.404-0.545 0.536 0.497-0.574
Pooled (95 % CI) 048 0.33-0.70 0.46 0.38-0.57 0.173
12 95.20 % 91 %
Estradiol
Author, Year Estradiol (pMol/l) 95 % Cl Estradiol (pMol/l) 95 % ClI
Safrai, 2022 8869.8 3466.2-14273.4 6486.6 1730.8-11242.4
Avraham, 2022 5896.69 5113.34-6680.04 6199.54 5358.01-7041.07
Aharon, 2022 2559.4 1188.2-3930.6 2513.7 1257.6-3769.8
Odeh Natour, 2022 2070 921-2919 1637 1028-2682
Pooled (95 % CI) 4074.25 2191.4-7574.7 3623.6 1859.5-7061.1 0.182
12 93.60 % 92.70 %

3. Results
3.1. Bibliographical search

Our searching strategy produced a total of 1489 records, after
duplicate removal. After the screening process, 39 articles were
considered pertinent for potential inclusion and the full texts were
retrieved. Finally, 29 articles [1,2,3,4,6,7,8,10,15,17,18,21,23,25,26,
28,29,30,31,33,34,36,38,39,40,42,44,46,47 | )were included in the
systematic review and 20 articles [2,3,4,6,7,18,21,23,25,26,30,
33,34,36,38,39,40,42,46,47] in the meta-analysis (Fig. 1).

3.2. Description of the included studies

After the selection process, 29 studies were included (Fig. 1): 10
(34.5 %) were conducted in Israel [4,6,7,8,28,29,33,34,39,40]), 7
(24.1 %) in the USA [2,3,10,23,26,30,31]), 6 (20.7 %) in Russia
[1,15,17,18,21,38], 3 (10.3 %) in China [25,46,47], 1 (3.5 %) in Italy
[36],1 (3.5 %) in North-America (Canada and USA) [44]and 1 (3.5 %)
in Turkey [42].

In 16 studies from Israel and USA [2,3,4,6,7,8,10,
23,28,29,30,31,33,34,39,40]), as well as the study from Turkey
[42], the vaccines investigated were the two mRNA vaccines,
BNT162b2 and mRNA-1273 (respectively, known as Pfizer and
Moderna); the 6 studies from Russia (20.7 %)[1,15,17,18,21,38]
investigated the adenovirus-vector vaccine Gam-COVID-Vac (also
known as Sputnik V); 3 studies from China (10.3 %)[25,46,47 |inves-
tigated the inactivated vaccine (Sinopharm or Sinovac). In the
other 3 studies from Italy, North America and USA, several vaccines
were analysed (mRNA and viral vector based)[26,36,44].
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In total, 15 studies (51.7 %) were conducted on female popula-
tion [2,3,4,6,8,15,17,25,26,29,30,31,33,40,42]), 11 studies (37.9 %)
on males [1,7,10,18,21,23,28,36,38,39,47]and 3 studies (10.3 %)
included both populations [34,44,47].

15 studies (51.7 %) included In Vitro Fertilization (IVF)/IVG
patients (11 studies on females [2,3,4,6,8,25,30,31,33,40,42], 2
studies on couples [34,46]) and 2 studies on males [36,39]). 2 stud-
ies from Russia [15,17]), 1 from Turkey [42]and 1 from Israel [29]
were conducted on healthy women (10.3 %). As for the studies on
males, 7 were conducted on healthy men [1,7,18,21,23,28,47], 1 on
two comparative groups of healthy and unhealthy men [38], 2 on
men undergoing IVG or assisted reproduction technology (ART)
technology [36,39], and 1 on men from a big database [10].

As for the study design, 14 were pre-post studies (48.3 %)
[1,7,15,17,18,21,23,29,34,36,38,39,42,47]) and 15 were cohort
studies (51.7 %)[2,3,4,6,8,10,25,26,28,30,31,33,40,44,46]. For more
detailed information consult Data extraction table-Supplementary
Material 2.

3.3. Quality assessment

After the quality assessment of the cohort studies with the
Newcastle-Ottawa scale, 13.3 % of the studies resulted to be of
good quality (2/15) [10,25]), 33.3 % resulted to be of moderate
quality (5/15)[2,33,44,46,26]), 53.3 % resulted to be of poor quality
(8/15) [3,4,6,8,28,30,31,40].

After the quality assessment of the pre-post studies with the
Before and After Quality Assessment scale, 85.71 % of the studies
resulted to be of moderate quality (12/14) [15,17,18,21,23,29,34,
36,38,39,42,47]), 14.28 % resulted to be of poor quality (2/14) [1,7].
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Fig. 3. Spermatozoa concentration a) before and b) after vaccination.

4. Main results - metanalysis

The metanalysis of 5 pre-post studies [18,21,36,38,47|including
a total of 298 males, did not show any significant difference on pro-
gressive motility before and after vaccination with any type of
COVID-19 vaccines (44 %, 95 % Cl 42 %-62 %, 1 = 93.6 % vs 43 %,
95 % CI 31 %-59 %, I2 = 92.7 %; p = 0.07) (Fig. 2). There was still
no significant difference when conducting a subgroup analysis
based on the type of vaccine used (Table 1).

Sperm concentration after vaccination with any type of vaccine
did not significantly differ in the metanalysis of 8 pre-post studies,
including a total of 451 males [18,21,23,34,36,38,39,47](50.6 min/
ml, 95 % CI 35.1-72.8 min/ml, I2 = 82.3 % vs 55.4 mIn/ml, 95 % CI
37.4-82.2 min/ml, I> = 90.9 %; p = 0.12) (Fig. 3).

6028

Egger’s test showed no significant publication bias for studies
assessing progressive motility before and after vaccination
(p=0.05and p = 0.08, respectively) and for studies assessing sperm
concentration before and after vaccination (p = 0.7 and p = 0.05,
respectively).

The metanalysis of 6 studies [21,23,34,36,39,47], including a
total of 346 males, showed no significant difference in the sperm
volume before and after vaccination with any type of vaccine
(2.6 ml, 95 % CI 2.3-2.9 ml, I> = 0 %% vs 2.7 ml, 95 % CI 2.4-3.0,
2= 0 %; p = 0.32). Egger’s test showed no significant publication
bias for studies assessing sperm volume before and after vaccina-
tion (p = 0.23 and p = 0.07, respectively) (Fig. 4).

Biochemical pregnancy rate was not significantly different
among vaccinated and not vaccinated groups (0.51, 95 % CI 0.40-
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0.66, 1> =95.7 % vs 0.60, 95 % C1 0.53-0.68, I> = 94.8 %; p = 0.45) in 7
studies [2,3,4,6,25,31,46](Fig. 5). The heterogeneity decreased after
omitting the studies by Avraham 2022, and Aizer 2022 (1> = 45.6 %
and I? = 15.4 %, respectively), which reported lower biochemical
pregnancy rates compared to the rest of the studies. Egger’s test
showed significant publication bias for studies assessing biochem-
ical pregnancy rate among vaccinated (p 0.019) and non-
vaccinated subjects (p = 0.01), which lost significance after omit-
ting the study by Avraham 2022, that counted for most of the
heterogeneity

Clinical pregnancy rate did not significantly differ between vac-
cinated and non-vaccinated women in the metanalysis of 10 stud-
ies [2,3,4,6,25,26,31,33,40,46](0.45, 95 % C1 0.37-0.54, 1 = 90.5 % vs
0.47, 95 % CI 0.40-0.55, I> = 94.5 %; p = 0.31) (Fig. 6). The hetero-
geneity was not significantly lower after omitting studies one by
one. Egger’s test showed significant publication bias for studies
assessing clinical pregnancy rate among vaccinated (p = 0.01)
and non-vaccinated subjects (p = 0.03).

Estradiol levels did not significantly differ between vaccinated
and non-vaccinated women in the metanalysis of 5 studies
[3,6,25,33,40](3509.3 pMol/L, 95 % CI 1957.3-6292.2 pMol/L,
I> = 931 % vs 3214.3 pMol/L, 95 % CI 1731.5-5967 pMol/L,
2 =925 %; p = 0.38) (Fig. 7). Egger’s test showed no significant
publication bias for studies assessing estradiol levels among vacci-

Vaccine 40 (2022) 6023-6034

nated and non-vaccinated subjects (p 0.1,

respectively).

0.24 and p

5. Subgroup analysis based on the type of vaccines
5.1. mRNA vaccines: BNT162b2 and mRNA-1273

The metanalysis of studies that assessed the effect of mRNA
vaccines on the fertility of women who were going through IVG,
showed no significant difference on biochemical [2,3,4,6]), [31]),
clinical pregnancy rate [2,3,4,6,31,33,40] and ongoing pregnancy
rate [2,3,4,31]between the vaccinated and not vaccinated groups
(Table 1).

5.2. BNT162b2 vaccine

The meta-analyses of included studies that assessed the effect of
BNT162b2 vaccine on the fertility of men who were going through
IVF, showed no significant difference on Sperm volume [34,39]
(3 ml. 95 % CI 2.33-3.83, > = 0 % vs 2.92 ml, 95 % CI 2.19-3.9,
2= 0 %; p = 0.56], Spermatozoa concentration [34,39](52.2 mln/
ml, 95 % CI 25.7-106.04 min/ml, I> = 52.8 % vs 61.39 min/ml,
95 % CI 29.35-126.25 min/ml, I2 = 44.9 %; p = 0.17) and Progressive

volume(ml) %
Author, Year (95% Ci) Weight
Elagin, 2021 * 2.40 (1.85, 3.50) gee
Orvieto et al, 2022 + 3.00 (2.05, 4.40) 8.73
Safrai et al. 2022 * 3.00 (2.14, 4.20) 11.31
Gonzalez, 2021 —_——————— 2.20(1.73, 2.80) 20m
Reschini, 2022 _— 2.50 (208, 3.00) 3852
Zhu, 2022 * 3.10 (2.18, 4.40) 10,42
Overall. DL (I = 0.0%, p = 0.500) O 257 (229, 2.88) 100.00
1
a) °
volume(ml) %
Author, Year (©5% Cl) Weight
Elagin. 2021 * 2.51(1.78, 3.53) 12.55
Orvieto et al, 2022 + 2.20(2.09, 4.00) 8.04
Safra et al 2022 g 2.70 (1.82, 4.00) g4
Gonzalez, 2021 * 2.70 (2.03, 3.80) 17.63
Reschini, 2022 e — 2.50 (2.08, 3.00) 4280
Zhu, 2022 g 3.30 (2.18, 5.00) 845
Overall, DL (I' = 0.0%, p = 0.802 O 267 (2.36, 3.01) 00.00
T
b) .

Fig. 4. Sperm volume a) before and b) after vaccination.
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motility (62 %, 95 % CI 55-70 %, 1> = 0 % vs 63 %, 95 % Cl 59-67 %,
12 =0 %; p = 0.75) before and after vaccination [7,34].

5.3. Gam-COVID-Vac (Sputnik V)

Testosterone levels, spermatozoa concentrations, progressive
motility, normal forms, FSH and LH levels were not significantly
different before and after the administration of Gam-COVID-Vac
in the metanalysis performed [18,21,38](Table 2).

6. Discussion

Published literature has suggested that the SARS-CoV-2 infec-
tion can impair male fertility by worsening semen parameters,
potentially lowering testosterone levels, and increasing risk of
erectile dysfunction [19,32]. As for female fertility, studies report
the detrimental impact that oxidative stress has on the quality of

Vaccine 40 (2022) 6023-6034

oocytes and embryos, implying that SARS-CoV-2 could alter female
fertility, as well as significant, but reversible, menstrual alterations,
and slightly modified ovarian reserve and hormonal balance [9].
In this context, the COVID-19 vaccines seem a solution to pre-
vent the infection and its impact on health, including fertility. Nev-
ertheless, COVID-19 vaccination campaign has been associated
with distrust and disinformation, particularly regarding any possi-
ble repercussions of vaccination on male and female fertility.
Against this background, the present systematic review and meta-
analysis aimed at summarising and assessing available data on the
possible impact of COVID-19 vaccines on male and female fertility.
The included studies that assessed the possible effect of COVID-
19 vaccines on female fertility reported no significant worsening of
any fertility indicator evaluated. Most of these studies
[2,3,4,6,8,25,30,31,33,40,42]) were conducted among women who
were going through IVF and there were no significant detrimental
effects of vaccination on trigger day estradiol and progesterone

pefcentage %

Author, Year (95% Cl) Weight
Aharon, 2021 — | 076(068,084)  15.84
Morris, 2021 —— | 080(071,090) 1576
Aizer, 2022 —— 026(0.21,033) 1468
Avraham, 2022 <——— 0.05 (0.02, 0.10) 7.00
Aharon, 2022 «~ | 074(068,080)  16.05
Xia, 2022 —_ 064(0.54,075) 1533
Huang, 2022 —— | 065(056,076) 1535
Overall, DL (I = 95.7%, p = 0.000) <> 051(0.39,066)  100.00

.

05 ;
a)

percentage %

Author, Year (95% Cl) Weight
Aharon, 2021 +~ | 073069077 1760
Morris, 2021 ~ | 074(067,082) 1627
Aizer, 2022 —_— 0.29 (0.22, 0.38) 9.90
Avraham, 2022 =~ ————— 0.10 (0.06, 0.16) 4.64
Aharon, 2022 + | 075(072,078)  17.97
Xia, 2022 —_— 065(0.58,074)  15.54
Huang, 2022 * 0.74 (0.72,0.77) 18.07
Overall, DL (I = 94.8%, p = 0.000) @ 060 (0.53,068)  100.00

.

b) 05

Fig. 5. Biochemical pregnancy rate in the a) vaccinated and b) non vaccinated group.
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percentage %
Author, Year (95% CI) Weight
Aharon, 2021 — 0.63 (0.54, 0.74) 10.90
Morris, 2021 — 0.66 (0.55, 0.79) 10.54
Aizer, 2022 —_—— 0.25 (0.20, 0.31) 10.09
Avraham, 2022 — 0.33 (0.26, 0.42) 9.90
Aharon, 2022 —— 0.60 (0.53, 0.66) 11.27
Safrai, 2022 —_— 0.19(0.11, 0.34) 566
Xia, 2022 — 0.42 (0.32, 0.54) 9.64
Jacobs, 2022 —_—— 0.46 (0.39, 0.54) 10.71
Huang, 2022 . 0.59 (0.49,0.71)  10.57
Odeh-Natour — 0.44 (0.37, 0.52) 10.71
Overall, DL (I = 90.5%, p = 0.000) <:> 0.45 (0.37,0.54)  100.00
T
3 05 1
percentage %
Author, Year (95% CI) Weight
Aharon, 2021 - 0.57 (0.52, 0.62) 11.85
Morris, 2021 — 0.62 (0.54,0.73) 10.99
Aizer, 2022 —— 0.26 (0.22, 0.31) 10.72
Avraham, 2022 — 0.33 (0.26, 0.42) 9.60
Aharon, 2022 - 0.64 (0.60, 0.67) 12.17
Safrai, 2022 —_— 0.19(0.11, 0.34) 4.40
Xia, 2022 —_— 0.41 (0.34, 0.51) 10.10
Jacobs, 2022 —— 0.54 (0.46, 0.62) 11.09
Huang, 2022 * 0.65 (0.62, 0.67) 12.25
Odeh-Natour — e 0.50 (0.34, 0.74) 6.82
Overall, DL (I = 94.5%, p = 0.000) <:> 0.47 (0.40,0.55)  100.00
T
.05 1

b)

Fig. 6. Clinical pregnancy rate in the a) vaccinated and b) non vaccinated group.

concentrations, serum and follicular fluid estradiol and proges-
terone, number of oocytes [8,25,33], implantation rate([31]), and
pregnancy rate [2,25,30]. Two studies assessed the levels of AMH
in healthy reproductive age women and no significant difference
was found in ovarian reserve [15,29], as well as in serum levels
of AMH, FSH, TSH, estradiol [3,6,25,33,39], antiphospholipid anti-
bodies [15].

As for the impact of COVID-19 vaccines on male fertility, studies
conducted among healthy men showed absence of adverse effects
of the COVID-19 vaccines on molecular features of semen samples
[1]), sperm volume and concentration, motility, morphology, FSH
and LH levels [2,3,4,6,7,18,21,23,25,26,28,31,33,39]. In the study
by Carto et al., mRNA vaccines were associated with a decreased
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risk of developing orchitis and/or epididymitis (OR = 0.568; 95 %
Cl: 0.497-0.649; p < 0.0001), while prolactin and testosterone
levels were significantly lower after vaccination with Gam-
COVID-Vac in the study by Elagin et al.

The study by Rozhivanov et al., conducted among men with
normozoospermia and pathozoospermia, concluded that vaccina-
tion with Gam-COVID-Vac (Sputnik V) had no effect on testos-
terone levels or quality of ejaculate. Two studies assessing the
impact of vaccines on fertility among men undergoing IVF or infer-
tility management showed no differences before and after vaccina-
tion regarding sperm volume, concentration and morphology
[36,39].
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19.44
2002 208
haron, 2022 19682
Oceh Nstowr, 2022 20
. Al
Overall, 0 93 1%, p = 0.000 100.00
| |
1 1000 8000
a)
Author, Year estradol{pMoll) (95% Cl) Wegh
Safrai, 2022 > 545560 (3742.65, 11242.20) 002
\vraharn, 202 ¢ 619354 (5458.60, 7041.06 2218
Aharon, 2022 —r— 2511.70 (1676.15, 3760.77 2042
Odeh Natour, 2022 — £37.00 (939.18, 2661.98) 958
luang, 2021 — §20.10 (1083.31, 3403.26) 8.79
erall, DL (I = 92.5%, p = 0.000 O 3214.34 (1731.53, 5066.96) 100.00
| |
b) 1000 2000

Fig. 7. Estradiol levels in the a) vaccinated and b) non vaccinated group.

Couples undergoing IVF did not have any significant changes on
mean peak estradiol and progesterone levels, mean number of
oocytes, semen volume, sperm concentration or motility before
and after mRNA vaccines [34], while fecundability rate and number
of pregnancies did not have a significant difference between cou-
ples vaccinated with any type of vaccine compared to not vacci-
nated ones [44].

Subgroup meta-analyses based on the type of vaccine showed
no significant difference: between vaccinated with mRNA vaccines
and non-vaccinated regarding biochemical pregnancy rates
[2,3,4,6,31]; pre- and post-vaccination with Gam-COVID-Vac
regarding testosterone, FSH and LH levels; pre- and post-
vaccination with BNT162b2 vaccines regarding sperm volumes
[18,21,38].

The results of this systematic review and meta-analysis should
be considered in the light of some limitations. The follow-up time
in the included studies ranged from a minimum of 7 days after the
first dose to a maximum of 9 months. Considering that any possi-
ble impact of vaccines on fertility could be seen after a certain time
period, there is the need for longer time of follow. Furthermore,
there is the need for more robust studies, systematic investigation,
with more precise eligibility criteria, with appropriate sample size
and more representative population, focusing not only on particu-
lar ones, such as those going through IVF. Nevertheless, the results
of this systematic review and meta-analysis are important, since
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affirm no effects of COVID-19 vaccines on human fertility, based
on the studies published so far, and could serve as a guide for
future, well-designed studies. Moreover, these results can assist
healthcare professionals (doctors, midwives, nurses) in addressing
the doubts and questions of their reproductive-age patients
regarding the possible association between COVID-19 vaccines
and male or female fertility.

Considering that COVID-19 infection itself may be associated
with impaired fertility, COVID-19 vaccination could act as a tool
to preserve reproductive function through the prevention of
COVID-19 infection. Furthermore, it has been reported that vacci-
nation has other protective effects; for example, vaccinated men
are less likely to develop orchitis and/or epididymitis compared
to unvaccinated men [10].

In this context, vaccination against SARS-CoV-2 remains an
important measure to prevent serious infection and release the
burden of this pandemic. Misinformation and doubts regarding
the vaccines should be properly addressed, in order to guide the
population into safer, informed choices and provide clinicians with
evidence based, scientific information [24].

6.1. Conclusions

So far, there is no scientific proof of any association between
COVID-19 vaccines and fertility impairment in men or women.
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Table 2

Subgroup analysis in groups before and after vaccination with Gam-COVID-Vac vaccine.

Vaccine 40 (2022) 6023-6034

Pre vaccination

Post vaccination

Study; Subgroup Testosterone level 95 % Cl Testosterone level 95 % Cl p value
Testosterone
Rozhivanov, 2021 16.5 14.0-22.1 16.7 14.0-22.1
Elagin, 2021 22.20 17.65-30.63 17.25 13.00-19.85
Drapkina, 2021 9.60 8.30-12.8 11.80 9.40-13.2
Pooled (95 % CI) 15.15 9.37-24.48 14.88 11.18-19.82 0.635
12 86.90 % 89.40 %
Spermatozoa concentration Concentration 95 % Cl Concentration 95 % Cl
Rozhivanov, 2021 70.0 51.0-112.0 71 53-102
Elagin, 2021 86.00 49.75-117.25 103.00 59.0-116.0
Drapkina, 2021 45.0 25.0-83.0 53.5 32.0-79.0
Pooled (95 % CI) 69.94 49.77-98.29 75.49 49.82-114.4 0.098
12 42.70 % 84.10 %
Progressive Motility Progressive Motility 95 % Cl Progressive Motility 95 % Cl
Rozhivanov, 2021 0.67 0.6-0.74 0.64 0.58-0.7
Elagin, 2021 0.2478 0.178-0.316 0.2376 0.159-0.315
Drapkina, 2021 0.46 0.325-0.58 0.455 0.28-0.6
Pooled (95 % CI) 043 0.24-0.77 0.41 0.23-0.75 0.906
12 96.50 % 95.6
Normal forms Normal forms 95 % Cl Normal forms 95 % Cl
Rozhivanov, 2021 0.09 0.06-0.15 0.09 0.07-0.15
Elagin, 2021 0.07 0.05-0.1175 0.08 0.05-0.15
Drapkina, 2021 0.02 0.02-0.03 0.02 0.020.03
Pooled (95 % CI) 0.05 0.02-0.13 0.05 0.02-0.15 0.21
12 92 % 92.1
FSH levels FSH levels 95 % ClI FSH levels 95 % CI
Elagin, 2021 5.08 2.96-7.20 4.88 2.43-7.33
Drapkina, 2021 4.80 3.10-6.40 4.80 3.20-7.00
Pooled (95 % CI) 4.91 3.98-6.13 4.84 3.67-6.38 0.75
12 0.00 % 0.00 %
LH levels LH levels 95 % Cl LH levels 95 % Cl
Elagin, 2021 4.05 3.23-4.6 4.10 2.92-5.2
Drapkina, 2021 3.20 2.10-4.36 4.30 2.60-5.5
Pooled (95 % CI) 3.76 3.04-4.66 4.2 3.54-4.98 0.23
12 47.50 % 0.00 %
Considering that COVID-19 infection could pose a threat to the Acknowledgements
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