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Abstract
Background Although there are some data regarding the COVID-19 vaccine and in in vitro fertilization (IVF) treatments, its 
potential impact in terms of serum immunoglobulin G (IgG) levels has not been evaluated prospectively. This study aimed 
to assess the effect of COVID-19 vaccine and IgG levels on IVF outcomes.
Methods This observational, cohort study was conducted at a referral IVF unit. Couples undergoing IVF treatment during 
the COVID-19 vaccination period were recruited from March–April 2021. The study compared 38 women who had received 
the Pfizer mRNA COVID-19 vaccination to 10 women who had not and were not infected by the virus. We also compared 
pre- and post-vaccination IVF treatments for 24 women. The relation between serologic titers and IVF treatment outcomes 
was also assessed.
Results No significant difference was found between the vaccinated and unvaccinated/uninfected groups regarding the main 
outcome measures. However, there was a trend toward a higher pregnancy rate for the unvaccinated group (57% vs. 23%, 
p = 0.078) but no difference in delivery rate (p = 0.236), gestational week (p = 0.537) or birth rate (p = 0.671).
Conclusion We cautiously state that the COVID-19 mRNA vaccine does not affect fertility outcomes, including fertilization, 
pregnancy and delivery rates, obstetric outcomes, and semen parameters, regardless of measured IgG levels.
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Background

The coronavirus disease 2019 (COVID-19) is an ongoing 
global pandemic caused by the severe acute respiratory 
syndrome coronavirus (SARS-CoV-2) [1]. COVID-19 has a 
high prevalence [2], long incubation period [3] and efficient 
transmission [4].

Vaccines are the most promising and effective solution 
for preventing infectious diseases [5]. At the end of 2020, 
the FDA issued its first emergency use authorization for the 
Pfizer mRNA BioNtech COVID-19 vaccine [6, 7], with a 
reported 94%–95% efficacy in preventing COVID-19 [8]. 
Other vaccines, such as Moderna (mRNA vaccine) and Jans-
sen followed.

Inactive, toxin-free vaccines are considered safe during 
pregnancy [9]. Although animal studies also did not show 
adverse effects on female reproduction or fetal/embryonal 
development, the data are still limited [10, 11]. Some data 
regarding the effect of the COVID-19 vaccine on fertility 
have shown that the vaccine itself may not affect fertility 
outcomes in terms of the number of oocytes retrieved, blas-
tulation rate and pregnancy rate [12].

Another study evaluated 36 couples before and after the 
vaccine and found that the SARS-CoV-2 mRNA vaccine 
did not affect patient performance or ovarian reserve in their 
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immediate subsequent IVF cycle [13]. However, it did not 
include serologic tests to evaluate the vaccination status of 
the couples. Moreover, few studies have tried to evaluate 
the effect of the COVID-19 vaccine and the IgG levels on 
treatment outcomes.

Given this, the current study examined the effect of 
COVID-19 vaccines on women and men undergoing IVF 
treatments. We investigated the following: a) differences in 
IVF treatment outcomes and semen analyses between vacci-
nated and unvaccinated/uninfected patients, b) differences in 
treatment outcomes before and after the vaccine among vac-
cinated patients, and c) correlations between IVF treatment 
outcomes and humoral response among vaccinated patients.

We believe that understanding the effects of the vaccine 
allows women and men to receive accurate advice and make 
informed decisions regarding COVID-19 vaccination and 
fertility treatments.

Materials and methods

Study design

This observational cohort study included women and men 
who were vaccine recipients and those who were neither 
vaccinated nor infected and were undergoing IVF treatments 
in a secondary medical center. We conducted serologic tests 
for all participants to exclude those who were not vaccinated 
and had been infected unknowingly.

Study population

Couples undergoing IVF treatment during the COVID-19 
vaccination period were recruited in March and April 2021. 
Eligibility criteria were ages 18–45 years and a well-doc-
umented COVID-19 vaccination for the vaccinated group. 
Exclusion criteria included women who did not plan embryo 
transfer (surrogacy, social or medical fertility preservation). 
Women with a positive SARS-CoV-2 polymerase chain reac-
tion (PCR) test were also excluded.

Participants who met the eligibility criteria signed an 
informed consent and blood was drawn for serology. Women 
who were not vaccinated and had a positive serology test 
were also excluded. Demographic and fertility information 
were obtained from the electronic medical records.

Serology assays

Samples from participants were tested with an enzyme-
linked immunosorbent assay (ELISA) that detects IgG anti-
bodies against the receptor-binding domain (RBD) of SARS-
CoV-2. Titers > 1.1 were defined as positive.

A SARS-CoV-2 pseudo-virus neutralization assay was 
performed using a propagation–competent–spike [14], 
which was kindly provided by Gert Zimmer, University of 
Bern, Switzerland. Sera unable to reduce viral replication 
by 50% at a 1–8 dilution or below were considered non-
neutralizing. All samples positive for RBD-IgG were tested 
for neutralization assay. Negative RBD-IgG tests were not 
tested since these have been shown to yield negative neu-
tralization assay tests.

Measures

Fertility-related outcomes of interest included total drug 
dose for induction, endometrial thickness, number of 
retrieved oocytes, estradiol and progesterone levels on the 
day of triggering, the ratio between estradiol on trigger 
day per retrieved oocyte, fertilization rate, embryo quality, 
number of blastocysts and clinical pregnancy rate. We also 
evaluated the semen total motile count (TMC), which is 
calculated by multiplying volume by concentration (million 
sperm/ml) by motility (percent moving). Clinical pregnancy 
was defined as one with a high concentration of human cho-
rionic gonadotrophin and ultrasound confirmation of a ges-
tational sac and was calculated as a percentage from women 
who had gone through embryo transfer.

The outcomes of vaccinated and unvaccinated/uninfected 
patients were compared. The latest cycle for the unvacci-
nated and the cycle at least one week post-vaccination were 
included. We confirmed that the treatment was at least one 
week after vaccination, as antibody levels are detectable at 
least 7 days after the second vaccination [15].

For vaccinated patients, treatment outcomes were com-
pared between the most recent treatments before and after 
the vaccine. In addition, the associations between serologic 
IgG levels and neutralizing levels and fertility outcomes 
were evaluated. Also defined was a group of women with 
high IgG antibody levels (cut-off defined as the level above 
the median of IgG antibodies of the vaccinated group) who 
were compared to patients with low IGG levels.

Statistical analysis

Data were analyzed using SPSS 24.0 for Windows (IBM 
Corp., Armonk, NY). Discrete variables are presented as 
numbers and percentages, and continuous variables as means 
and standard deviations (SD). We calculated p values using t 
test or chi-squared for continuous and categorical variables, 
respectively. Pearson’s coefficients were calculated between 
relevant variables. Multivariate regression was conducted to 
evaluate variables affecting the number of oocytes retrieved, 
fertilization rate and pregnancy rate. To compare pre- and 
post-vaccination, we used a paired t test. For all tests, a p 
value < 0.05 was considered significant.
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Results

The cohort included 52 women and 21 men. Among the 
women, 40 were vaccinated (77%) and 12 were not (23%). 
Of the men, 7 were vaccinated (33%) and 14 were not (67%). 
After serology testing, 2 women (17%) and 2 men (14%) in 
the unvaccinated group were found to have positive serol-
ogy and were excluded from the analysis. In the vaccinated 
group, 2 women whose treatment started less than a week 
after the second vaccine were also excluded. Figure 1 pre-
sents a flow diagram of cases included in the study.

Comparison between vaccinated and unvaccinated/
uninfected

The cohort included 38 vaccinated women and 10 who 
were not vaccinated or infected. Table 1 shows the basic 
characteristics and the fertility outcomes between groups. 
No differences in BMI (p = 0.108) or marital status were 
found (p = 0.198). There was a trend toward older age 
among the women in the vaccinated group compared to 
the non-vaccinated (38 ± 4.4 years vs. 35 ± 5.8 years, 
p = 0.083). No significant differences were found between 
groups regarding total drug dose for induction, endome-
trial thickness, number of retrieved oocytes, estradiol and 
progesterone levels on the triggering day, ratio between 
estradiol on triggering day per retrieved oocyte, ferti-
lization rate, or embryo quality (Table 1). There was a 
trend toward higher pregnancy rate for the unvaccinated 

group (57% vs. 23%, p = 0.078). However, multivariable 
logistic regression for pregnancy rate showed no differ-
ences regarding fertilization rates (p = 0.842) or preg-
nancy rates (p = 0.414) between vaccinated and unvacci-
nated women. No difference was found between groups in 
terms of missed abortion rate (p = 0.125) and delivery rate 
(p = 0.236). Additionally, regarding obstetric outcomes, we 
did not find any significant differences in gestational week 
(p = 0.537) or birth weight percentile (p = 0.671; Table 2).

Semen analysis did not find any differences in the TMC 
between men who were vaccinated and those who were not 
(p = 0.711; Table 2).

Comparison between pre‑ and post‑vaccination 
treatment outcomes

Data regarding pre- and post-vaccine treatment were avail-
able for 24 of the 40 vaccinated patients. The mean inter-
val between ovum pick-up cycles and the second vaccina-
tion was 33 days (range 11–69 days).

Data regarding the IVF outcomes before and after the 
SARS-CoV-2 mRNA vaccine are shown in Table 3. No 
significant differences were found regarding total drug 
dose for induction, endometrial thickness, number of 
retrieved oocytes, estradiol and progesterone on the day 
of triggering, the ratio between estradiol on trigger day per 
retrieved oocyte, fertilization rate, embryo quality, number 
of blastocysts and clinical pregnancy rate.

Fig. 1  Flow diagram of cases included in the study
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Correlation between serum IGG levels and fertility 
outcomes

All 40 vaccinated patients were found to have neutralizing 
antibodies (above 16), defined as a positive vaccination sta-
tus [14].

The only positive correlation found was between neutrali-
zation titer and progesterone level on the day of induction 
(Pearson = 0.787, p = 0.001; Fig. 1). We also conducted a 
secondary analysis of women with high vs. low IGG levels. 
No difference was found regarding any of the measured fer-
tility outcomes (data not shown).

Discussion

Reluctance of women and men of fertility age to receive 
a new vaccine is common, especially due to uncertainty 
regarding its possible long-term effects and when a new 
vaccine, such as the mRNA COVID-19, is produced and 
approved emergently [16]. Yet, lack of knowledge or mis-
leading information may cause uncertainty. Thus, it is essen-
tial to evaluate the safety of the COVID-19 mRNA vaccine 
regarding fertility and sterility.

The current study did not find any differences in fertility 
treatment or obstetric outcomes between women who were 
vaccinated and those who were not. In addition, no differ-
ences were found among patients before and after receiving 
the vaccine.

Our results support those of Bentov et al. who showed 
that neither COVID-19 infection, the BNT162b2 mRNA 
vaccine, nor the immune response, resulted in any meas-
urable detrimental effects on IVF treatment and outcome 
parameters [17]. Moreover, Orvieto et al. showed that the 
mRNA SARS-CoV-2 vaccine did not affect patient per-
formance or ovarian reserve in the immediate, subsequent 
IVF cycle [13]. Aharon et al. reported similar results [12]. 
However, it is important to mention that the authors did not 
conduct serology tests to exclude unvaccinated patients who 
might have been exposed to the virus.

Table 1  Basic characteristics 
and fertility and obstetric 
outcomes of vaccinated and 
unvaccinated patients (women)

Characteristic Vaccinated
N = 38

Not vaccinated/not 
infected
N = 10

p value

Demographics
Female age, years (mean ± SD) 38 ± 4.4 35 ± 5.8 0.083
BMI (mean ± SD) 26.9 ± 5.7 23.4 ± 5.1 0.108
Marital status (% married) 71 89 0.198
Male age, years (mean ± SD) 41.2 ± 5.6 40 ± 4.6 0.714
Baseline FSH (IU) 8.8 ± 3 7.5 ± 3.7 0.363
Fertility outcomes
Total dose of induction drug, pg/ml (mean ± SD) 2906 ± 1191 3290 ± 2828 0.717
Estradiol on triggering day, pg/ml (mean ± SD) 1619 ± 1077 1484 ± 997 0.721
Progesterone on triggering day, pg/ml (mean ± SD) 0.73 ± 0.72 0.39 ± 0.32 0.156
Endometrial thickness, mm (mean ± SD) 9.3 ± 2 9.1 ± 1.5 0.725
Number of oocytes (mean ± SD) 7.8 ± 5 7.7 ± 4.9 0.964
Estradiol/oocytes retrieved (mean ± SD) 267 ± 132 245 ± 108 0.645
Fertilization rate (%) 58 52 0.536
Embryo grade (mean ± SD) 3.1 ± 0.7 3 ± 1 0.62
Blastocyst (%) 29 43 0.491
ET occurred n (%) 30 (79%) 7 (70%) 0.347
Clinical Pregnancy n (%) 7 (23) 4(57) 0.078
Missed abortion rate n (%) 3 (42%) 0 (0%) 0.125
Delivery Rate n (%) 4 (57%) 4 (100%) 0.236
Gestational week (mean ± SD) 38.5 ± 1.2 39 ± 0.8 0.537
Birth Weight Percentile (mean ± SD) 41 ± 20 49.5 ± 27 0.671

Table 2  Basic characteristics and semen outcomes between vacci-
nated and non-vaccinated patients (men)

Characteristic/Outcomes Vaccinated
N = 7

Not vac-
cinated/not 
infected
N = 12

p value

Male age, years (mean ± SD) 39.4 ± 7.5 35.6 ± 7.1 0.389
Concentration after centrifu-

gation million/ml
65 ± 107 137 ± 165 0.287

Volume after centrifugation, 
ml

0.18 ± 0.19 0.19 ± 0.18 0.989

Total motile count 7.9 ± 10 5.4 ± 12 0.711
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A study of frozen embryo transfer cycles compared 
implantation rates among women who were SARS-CoV-2 
vaccine seropositive, infection seropositive or seronega-
tive. No difference was found in serum-documented hCG 
implantation rates or sustained implantation rates among the 
3 groups [18]. We also evaluated pregnancy rates between 
vaccinated and unvaccinated/uninfected patients. Although 
we found a trend toward a higher pregnancy rate, this was 
not sustained in multivariant regression.

The lack of negative effects of the vaccine may be related 
to its biological activity, as it is composed of nucleoside-
modified RNA (modRNA) [19] encoding the SARS-CoV-2 
full-length spike, modified by two proline mutations. 
mRNA-based therapy avoids deleterious side effects (which 
include integration into chromosomes) that limit clinical 
application of most virus- and DNA-based vectors [20]. 
Other mRNA-based vaccines that have been investigated pri-
marily with animals, including influenza A virus [21], rabies 
virus [22], HIV-1 [23], and Ebola virus [24], also showed 
efficacy of the mRNA vaccines combined with safety data.

The current study found no differences between semen 
analysis among vaccinated and unvaccinated men. Orvietto 
et al. also did not find any differences in semen volume, 
sperm concentration, sperm %, and pre-wash TMC, based 
on vaccine status [13]. This may be explained by the bio-
logical activity of the vaccine, as mentioned above [20]. In 
addition, spermatogenesis takes 74 days and another 12–21 
days to be transported through the epididymis to the ejacula-
tory ducts [25]. Thus, the specific semen analysis examined 
may have represented sperm parameters before exposure to 
the vaccine.

This study supports the approach of major professional 
associations. The most recent SRM, ACOG and SMFM Joint 
Statement notes that medical experts continue to assert that 
COVID-19 vaccines do not affect fertility [26].

When evaluating IgG serology titers, the only effect on 
fertility outcomes that we found was a positive relation 

between progesterone levels on the day of triggering 
and IgG titer. Bentov et al. also found that serum pro-
gesterone was lower in the non-exposed group compared 
to the exposed group [17]. Progesterone is known to be 
involved in the immune response. Progesterone receptors 
are expressed in most immune cells, including epithelial 
cells, macrophages, dendrites, lymphocytes, mast cells, 
and eosinophils, and help modulate the immune response 
to pathogens [27]. Moreover, women are known to have 
higher levels of estrogen and progesterone, which have 
been shown to modulate a more robust immune response 
[27]. During the COVID-19 pandemic, this study sug-
gested giving hormone replacement therapy, including 
estrogen and progesterone, to older patients based on the 
evidence that sex hormone levels can influence immune 
system function [28]. Accordingly, it may be suggested 
that the higher immune response in some women may 
have triggered activation of progesterone as an immune 
system modulator. Further studies are needed to evaluate 
this issue.

The strengths of this study relate to the prospective 
evaluation of the important question regarding whether 
mRNA COVID-19 vaccination affects fertility treatments. 
Evaluation of the serologic titer was also very important. 
Moreover, we evaluated treatment measures, pregnancy 
and obstetric outcomes and semen analyses. It was also 
important that we evaluated the serologic status of each 
patient to exclude exposed, unvaccinated patients; render-
ing our analyses more accurate and precise. Therefore, to 
avoid selection bias, it was essential to exclude these indi-
viduals when analyzing the unvaccinated population. How-
ever, this study was limited by its relatively small sample 
size. In addition, it is essential to evaluate long-term preg-
nancy outcomes, congenital malformations. Future, larger 
studies will be needed to validate our observations and to 
maintain longer follow-up of these patients.

Table 3  Fertility outcomes pre- 
and post-vaccination

Fertility outcomes Pre-vaccination
N = 24

Post-vaccination
N = 24

p value

Total dose of induction drug, pg/ml (mean ± SD) 3091 ± 1448 3156 ± 1233 0.802
Estradiol, pg/ml on triggering day (mean ± SD) 1689 ± 921 1582 ± 970 0.715
Progesterone, ng/ml on triggering day (mean ± SD) 0.5 ± 0.3 0.6 ± 0.6 0.274
Endometrial thickness, mm (mean ± SD) 9.8 ± 2.2 9.6 ± 2 0.53
Number of oocytes (mean ± SD) 7.5 ± 5 7.8 ± 4.8 0.805
Estradiol/oocytes retrieved (mean ± SD) 295 ± 218 264 ± 129 0.507
Fertilization rate (%) 60 52 0.364
Embryo grade (mean ± SD) 3.2 ± 0.6 3.1 ± 0.7 0.725
Blastocyst (%) 57 38 0.214
Clinical pregnancy (%) 22 17 0.747
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Conclusions

We cautiously state that the COVID-19 mRNA vaccine 
does not affect fertility outcomes, including fertilization, 
pregnancy and delivery rates, obstetric outcomes, and 
semen parameters, regardless of the IgG levels. Moreover, 
no relation to IgG titers and fertility outcomes was found, 
except for higher progesterone levels on triggering day. 
Larger, prospective studies are needed to validate these 
observations.

Acknowledgements Not applicable.

Author contributions NDM initiated the study, recruited participants, 
analyzed the data, and wrote the final version of the article. YGG, DC, 
EHH, JMF, MSW, and RR recruited participants, and coded the data. 
AA, HSR, and OM recruited participants and wrote the article. VI and 
YL conducted the laboratory analyses. AW initiated the study, recruited 
participants, analyzed the data, and wrote the final version of the arti-
cle. All authors read and approved the final manuscript.

Funding The authors declare that no funds, grants, or other support 
were received during the preparation of this manuscript.

Data availability The data presented in this study are available upon 
request from the corresponding author. The data are not publicly avail-
able due to privacy limitations.

Declarations 

Conflict of interest The authors have no relevant financial or non-fi-
nancial interests to disclose.

Ethical approval The study was performed in accordance with the 
principles of the Declaration of Helsinki. Approval was granted by the 
Meir Medical Center Ethics Review Board, approval number MMC-
0017–21.

Consent to participate All participants provided signed informed con-
sent.

Consent for publication Not applicable.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Di Gennaro F, Pizzol D, Marotta C, Antunes VR, Veronese NSL. 
Coronavirus diseases (COVID-19) current status and future 

perspectives: a narrative review. Int J Env Res Public Heal. 
2020;17(8):2690. https:// doi. org/ 10. 3390/ ijerp h1708 2690.

 2. World Health Organization (WHO). Coronavirus disease 
(COVID-19) Weekly Epidemiological Update and Weekly Opera-
tional Update. 2021.

 3. Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, et al. Early trans-
mission dynamics in Wuhan, China, of novel coronavirus-infected 
pneumonia. N Engl J Med [Internet]. 2020;382(13):1199–207. 
https:// doi. org/ 10. 1056/ NEJMo a2001 316.

 4. Klompas M, Baker MA, Rhee C. Airborne transmission of SARS-
CoV-2: theoretical considerations and available evidence. JAMA. 
2020. https:// doi. org/ 10. 1001/ jama. 2020. 12458.

 5. Van Panhuis WG, Grefenstette J, Jung SY, Chok NS, Cross A, Eng 
H, et al. Contagious diseases in the United States from 1888 to the 
present. N Engl J Med [Internet]. 2013;369(22):2152–8. https:// 
doi. org/ 10. 1056/ NEJMm s1215 400.

 6. FDA. USF and DA. “FDA Takes Key Action in Fight Against 
COVID-19 By Issuing Emergency Use Authorization for First 
COVID-19 Vaccine.” 2020; Available at: https:// www. fda. 
gov/ news- events/ press- annou nceme nts/ fda- takes- key- action- 
fight- again st- covid- 19- issui ng- emerg ency- use- autho rizat 
ion- first- covid- 19.

 7. Skowronski DM, De Serres G. Safety and efficacy of the 
BNT162b2 mRNA Covid-19 vaccine. N Engl J Med [Internet]. 
2021;384(16):1576–7. https:// doi. org/ 10. 1056/ NEJMc 20362 42.

 8. Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lock-
hart S, et al. Safety and efficacy of the BNT162b2 mRNA Covid-
19 vaccine. N Engl J Med. 2020;383(27):2603–15. https:// doi. org/ 
10. 1056/ NEJMo a2034 577.

 9. Maertens K, Orije MRP, Van Damme P, Leuridan E. Vaccination 
during pregnancy: current and possible future recommendations. 
Eur J Pediatr [Internet]. 2020;179(2):235–42. https:// doi. org/ 10. 
1007/ s00431- 019- 03563-w.

 10. Michailidou A, Trenz H-J, de Wilde P. Covid 19 vaccine Astra-
zeneca report. Internet Eur Integr. 2019;167–72.

 11. Michailidou A, Trenz H-J, de Wilde P. Pfizer vaccination product 
information. Internet Eur Integr. 2019;167–72.

 12. Aharon D, Lederman M, Ghofranian A, Hernandez-Nieto 
C, Canon C, Hanley W, Gounko D, et al. In vitro fertilization 
and early pregnancy outcomes after coronavirus disease 2019 
(COVID-19) vaccination. Obstet Gynecol. 2022;139(4):490–7. 
https:// doi. org/ 10. 1097/ AOG. 00000 00000 004713.

 13. Orvieto R, Noach-Hirsh M, Segev-Zahav A, Haas J, Nahum R, 
Aizer A. Does mRNA SARS-CoV-2 vaccine influence patients’ 
performance during IVF-ET cycle? Reprod Biol Endocrinol. 
2021;19(1):69. https:// doi. org/ 10. 1186/ s12958- 021- 00757-6.

 14. Lustig Y, Sapir E, Regev-Yochay G, Cohen C, Fluss R, Olmer L, 
et al. BNT162b2 COVID-19 vaccine and correlates of humoral 
immune responses and dynamics: a prospective, single-centre, 
longitudinal cohort study in health-care workers. Lancet Respir 
Med. 2021;9(9):999–1009. https:// doi. org/ 10. 1016/ S2213- 
2600(21) 00220-4.

 15. Arunachalam PS, Scott MK, Hagan T, Li C, Feng Y, Wimmers 
F, Grigoryan L, Trisal M, Edara VV, Lai L, Chang SE. Systems 
biological assessment of human immunity to BNT162b2 mRNA 
vaccination. Res Square. 2021. https:// doi. org/ 10. 21203/ rs.3. rs- 
438662/ v15.

 16. Lu-Culligan A, Iwasaki A. The false rumors about vaccines that 
are scaring women. The New York Times. Available at: https:// 
www. nytim es. com/ 2021/ 01/ 26/ opini on/ covid- vacci ne- rumors. 
html.

 17. Bentov Y, Beharier O, Moav-Zafrir A, Kabessa M, Godin M, 
Greenfield CS, et al. Ovarian follicular function is not altered by 
SARS-CoV-2 infection or BNT162b2 mRNA Covid-19 vaccina-
tion. Hum Reprod. 2021;36(9):2506–13. https:// doi. org/ 10. 1093/ 
humrep/ deab1 82.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ijerph17082690
https://doi.org/10.1056/NEJMoa2001316
https://doi.org/10.1001/jama.2020.12458
https://doi.org/10.1056/NEJMms1215400
https://doi.org/10.1056/NEJMms1215400
https://www.fda.gov/news-events/press-announcements/fda-takes-key-action-fight-against-covid-19-issuing-emergency-use-authorization-first-covid-19
https://www.fda.gov/news-events/press-announcements/fda-takes-key-action-fight-against-covid-19-issuing-emergency-use-authorization-first-covid-19
https://www.fda.gov/news-events/press-announcements/fda-takes-key-action-fight-against-covid-19-issuing-emergency-use-authorization-first-covid-19
https://www.fda.gov/news-events/press-announcements/fda-takes-key-action-fight-against-covid-19-issuing-emergency-use-authorization-first-covid-19
https://doi.org/10.1056/NEJMc2036242
https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.1007/s00431-019-03563-w
https://doi.org/10.1007/s00431-019-03563-w
https://doi.org/10.1097/AOG.0000000000004713
https://doi.org/10.1186/s12958-021-00757-6
https://doi.org/10.1016/S2213-2600(21)00220-4
https://doi.org/10.1016/S2213-2600(21)00220-4
https://doi.org/10.21203/rs.3.rs-438662/v15
https://doi.org/10.21203/rs.3.rs-438662/v15
https://www.nytimes.com/2021/01/26/opinion/covid-vaccine-rumors.html
https://www.nytimes.com/2021/01/26/opinion/covid-vaccine-rumors.html
https://www.nytimes.com/2021/01/26/opinion/covid-vaccine-rumors.html
https://doi.org/10.1093/humrep/deab182
https://doi.org/10.1093/humrep/deab182


Clinical and Experimental Medicine           (2024) 24:81  Page 7 of 7    81 

 18. Morris RS. SARS-CoV-2 spike protein seropositivity from vacci-
nation or infection does not cause sterility. F&S Rep. 2021. https:// 
doi. org/ 10. 1016/j. xfre. 2021. 05. 010.

 19. Karikó K, Muramatsu H, Welsh FA, Ludwig J, Kato H, Akira S, 
et al. Incorporation of pseudouridine into mRNA yields superior 
nonimmunogenic vector with increased translational capacity and 
biological stability. Mol Ther [Internet]. 2008;16(11):1833–40. 
https:// doi. org/ 10. 1038/ mt. 2008. 200.

 20. Hacein-Bey-Abina S, Von Kalle C, Schmidt M, McCormack MP, 
Wulffraat N, Leboulch P, et al. LMO2-associated clonal T cell 
proliferation in two patients after gene therapy for SCID-X1. Sci 
[Internet]. 2003;302(5644):415–9. https:// doi. org/ 10. 1126/ scien 
ce. 10885 47.

 21. Bahl K, Senn JJ, Yuzhakov O, Bulychev A, Brito LA, Hassett KJ, 
et al. Preclinical and clinical demonstration of immunogenicity by 
mRNA vaccines against H10N8 and H7N9 influenza viruses. Mol 
Ther [Internet]. 2017;25(6):1316–27. https:// doi. org/ 10. 1016/j. 
ymthe. 2017. 03. 035.

 22. Schnee M, Vogel AB, Voss D, Petsch B, Baumhof P, Kramps 
T, et al. An mRNA vaccine encoding rabies virus glycoprotein 
induces protection against lethal infection in mice and correlates 
of protection in adult and newborn pigs. PLoS Negl Trop Dis 
[Internet]. 2016;10(6): e0004746. https:// doi. org/ 10. 1371/ journ 
al. pntd. 00047 46.

 23. Pardi N, Secreto AJ, Shan X, Debonera F, Glover J, Yi Y, et al. 
Administration of nucleoside-modified mRNA encoding broadly 
neutralizing antibody protects humanized mice from HIV-1 

challenge. Nat Commun [Internet]. 2017;8:14630. https:// doi. 
org/ 10. 1038/ ncomm s14630.

 24. Meyer M, Huang E, Yuzhakov O, Ramanathan P, Ciaramella 
G, Bukreyev A. Modified mRNA-based vaccines elicit robust 
immune responses and protect guinea pigs from Ebola virus dis-
ease. J Infect Dis [Internet]. 2018;217(3):451–5. https:// doi. org/ 
10. 1093/ infdis/ jix592.

 25. Jung A, Schuppe H-C. Influence of genital heat stress on semen 
quality in humans. Andrologia. 2007;39(6):203–15. https:// doi. 
org/ 10. 1111/j. 1439- 0272. 2007. 00794.x.

 26. COVID-19 Vaccination Considerations for Obstetric–Gynecologic 
Care. ACOG July 2021.

 27. Mauvais-Jarvis F, Klein SL, Levin ER. Estradiol, progesterone, 
immunomodulation, and COVID-19 outcomes. Endocrinology. 
2020;161(9):bqaa127.

 28. Okpechi SC, Fong JT, Gill SS, Harman JC, Nguyen TH, Chuk-
wurah QC, et al. Global sex disparity of COVID-19: a descriptive 
review of sex hormones and consideration for the potential thera-
peutic use of hormone replacement therapy in older adults. Aging 
Dis [Internet]. 2021;12(2):671–83. https:// doi. org/ 10. 14336/ AD. 
2020. 1211.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.xfre.2021.05.010
https://doi.org/10.1016/j.xfre.2021.05.010
https://doi.org/10.1038/mt.2008.200
https://doi.org/10.1126/science.1088547
https://doi.org/10.1126/science.1088547
https://doi.org/10.1016/j.ymthe.2017.03.035
https://doi.org/10.1016/j.ymthe.2017.03.035
https://doi.org/10.1371/journal.pntd.0004746
https://doi.org/10.1371/journal.pntd.0004746
https://doi.org/10.1038/ncomms14630
https://doi.org/10.1038/ncomms14630
https://doi.org/10.1093/infdis/jix592
https://doi.org/10.1093/infdis/jix592
https://doi.org/10.1111/j.1439-0272.2007.00794.x
https://doi.org/10.1111/j.1439-0272.2007.00794.x
https://doi.org/10.14336/AD.2020.1211
https://doi.org/10.14336/AD.2020.1211

	Does the SARS-CoV-2 mRNA vaccine and its serum IgG levels affect fertility treatments and obstetric outcomes? An observational cohort study
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Materials and methods
	Study design
	Study population
	Serology assays
	Measures
	Statistical analysis

	Results
	Comparison between vaccinated and unvaccinateduninfected
	Comparison between pre- and post-vaccination treatment outcomes
	Correlation between serum IGG levels and fertility outcomes

	Discussion
	Conclusions
	Acknowledgements 
	References


