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ABSTRACT
Objectives: To evaluate the effect of messenger ribonucleic acid (mRNA) vaccines developed for severe acute respiratory 
syndrome coronavirus type 2 (SARS-CoV-2) on the ovarian reserve of women of reproductive age.

Material and methods: This prospective study was conducted between July and December 2022 in a tertiary care hospital 
affiliated with a university. A total of 117 patients were included in the study. The patients were divided into two groups. 
The first group (n = 62) consisted of women of reproductive age who received two doses of Pfizer-BioNTech COVID-19 
vaccine administered 21 days apart. The control group (n = 55) included women with the same demographic characteristics 
who did not plan to be vaccinated. Hormonal values and basal antral follicle count were compared between two groups.

Results: The mean age of the study group was 26.3 ± 3.6 years, and the mean age of the control group was 25.4 ± 6.2 
years (p = 0.332). In the vaccinated group, mean follicular stimulating hormone (FSH) on day 2 was 5.29 ± 2.28; lutein-
izing hormone (LH): 5.18 ± 1.3; E2: 46.43 ± 24.51; anti-Mullerian hormone (AMH): 4.17 ± 2.1; antral follicle count: 16.23 ± 
± 8.04; right ovarian volume: 6.4 ± 1.7; left ovarian volume: 6.2 ± 2.1. FSH measured at D2 in the control group was 5.68 ± 
± 1.89; LH: 5.22 ± 2.2; E2: 48.41 ± 27.12; AMH: 4.30 ± 1.74; number of antral follicles: 15.64 ± 9.04; right ovarian volume: 
6.1 ± 1.8; left ovarian volume: 6.3 ± 1.4. There were no statistically significant differences for FSH, LH, E2, AMH, ovarian 
volume, and number of antral follicles on the second day of menstruation between the groups.

Conclusions: According to the results of the present study, the mRNA SARS-CoV-2 vaccine does not affect the ovarian 
reserve of patients. 
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INTRODUCTION
Upon the increase in the number of pneumonia cases 

in Wuhan, Hubei province of China in December 2019, it  

was determined that the causative agent of the outbreak was  

a type of RNA virus from the beta coronavirus group of 

coronaviruses. This virus spread rapidly, causing an outbreak 

across China, and then spreading to all continents of the 

world except Antarctica, causing a pandemic [1].

The severity of coronavirus disease 2019 (COVID-19) 

ranges from mild symptoms to severe illness requiring long-

term respiratory support in intensive care, depending on 

the immune system’s response to the disease. Therefore, 

the COVID-19 pandemic put enormous pressure on scien-

tists to develop a safe and effective vaccine. The genetic 

sequence of the virus was determined at the beginning of 

the pandemic, and vaccine studies against the virus were 

started by many countries [2].

Cell entry by severe acute respiratory syndrome corona-

virus type 2 (SARS-CoV-2) is similar to that of SARS-CoV-1; 

the viral spike protein is first cut and shaped by a cell pro-

tease (TMPRSS2) on the host cell surface, and afterwards the 

shaped spike protein is recognized by the ACE-2 receptor 

and can enter the cell [3]. Angiotensin converting enzyme 2  

(ACE-2) has been determined in many different organs,  
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including the respiratory tract, heart, kidney, ovaries, uterus, 

vagina, placenta, testis, and gastrointestinal tract [4]. Since 

ACE-2 is known to be expressed in the ovarian tissues of 

women of reproductive age, it is thought that SARS-CoV-2 

infection may cause ovarian damage and impairment of 

ovarian function, leading to decreased oocyte quality, which 

may result in infertility or miscarriage [5].

The spike protein of the virus has been considered to be 

suitable for use as a presenting antigen in mRNA vaccines 

because the spike protein on the virus surface binds strongly 

to the ACE-2 receptor in the host cell and can enter the 

host cell [6]. The basic working principle of mRNA vaccines 

is based on the delivery of mRNA artificially synthesized to 

encode antigenic immunogens to the cytoplasm of the host 

cell within lipid nanoparticles [7]. Afterwards, the translation 

of the ribosome of the host cell with the transcript enter-

ing the cell takes place. Finally, the immunogenic proteins 

formed are expressed and presented at the cell membrane 

or released. It drives the production of viral S-protein in 

the host cells [8]. It has been investigated whether such 

a mechanism could negatively affect the integrity of the 

ovary [9, 10]

Although there have been studies on the effect of 

COVID-19 infection on ovarian reserve, the effect of mRNA 

vaccines developed for the COVID-19 pandemic on ovarian 

reserve is still unknown. Misinterpretation of the vaccine’s 

biodistribution data has led to claims that the lipid nanopar-

ticles contained in the mRNA vaccine are concentrated in the 

ovary and that the spike protein produced there will cause 

infertility. This type of misinformation about the COVID vac-

cine has contributed to vaccine hesitancy and strengthened 

the hand of anti-vaccination groups [11]. The safety of the 

vaccine was publicly questioned by various anti-vaccine 

groups [12]. Concerns that mRNA vaccines would negatively 

affect fertility in the future spread rapidly through social 

media, influencing individuals’ decision-making and vac-

cination rates [13]. Women of reproductive age and their 

parents have been reluctant to get vaccinated because of 

concerns about reduced fertility in the future due to this 

non-evidence-based information. It is important to reduce 

concerns about vaccination and increase vaccination rates, 

especially in the young age group, which is a leading popu-

lation in the spread of the disease in developing countries.

The aim of this study is to determine the effect of mRNA 

vaccines that were developed for the COVID-19 pandemic on 

ovarian reserve and thus to help inform the reproductive age 

group experiencing this common concern. For this purpose, 

we investigated the effects of the mRNA vaccine on ovarian 

reserve by looking at values such as antral follicle count, basal 

follicular stimulating hormone (FSH), E2, luteinizing hormone 

(LH) level, anti-Mullerian hormone (AMH), and ovarian volume 

in the vaccinated and non-vaccinated groups.

MATERIAL AND METHODS
This prospective cross-sectional study was initia

ted with ethical approval from the Ethics Committee of 

Gaziosmanpaşa Training and Research Hospital (date: 

27/07/2022, NO: 100). All procedures done in the study 

complied with the ethical standards of the 1964 Declara-

tion of Helsinki. Informed consent was obtained from the 

patients.

Including the 62 vaccinated and the 55 non-vaccinated 

groups, a total of 117 patients were included in the study. 

The study group included patients between the ages of  

18 and 35 who were admitted to the gynecology outpatient 

clinic, who did not have COVID-19, had regular menstrua-

tion, had no current pregnancy, and had received the mRNA 

vaccine for SARS-CoV-2 in two doses (BioNTech) 21 days 

apart. The control group consisted of individuals who were 

not vaccinated, who did not have COVID-19, and who did not  

plan to be vaccinated.

Patients who were pregnant at the time of the study, 

had a history of infertility, comorbidities (hypo/hyperthy-

roidism, PCOS), genetic disorders (Turner syndrome, etc.), 

systemic chronic diseases (diabetes, kidney, heart, GIS, etc.), 

previous ovarian surgery, the presence of an ovarian mass 

(endometrioma), or use of any medication that could affect 

ovarian reserve were all excluded.

In the study group, blood was collected from the ante-

cubital vein for the measurement of FSH, LH, estradiol and 

AMH in serum on the 3rd day of the menstrual cycle and at 

least three months after mRNA vaccination. Blood samples 

for FSH, LH, and estradiol measurements were analyzed by 

chemiluminescence (Advia Centaur XP, Siemens AG, Munich, 

Germany) without delay. Blood samples for AMH measure-

ment were centrifuged within 30 minutes (10 minutes at 

3000 rpm) and stored at –20°C. AMH was measured by the 

enzyme immunoassay method [Elabscience, USA, detection 

limit: 0.09 ng/mL; coefficient of variation (CV): < 10%]. On 

the same day, the number of antral follicles (2–10 mm) and 

ovarian volume were determined by transvaginal ultrasono-

graphic evaluation. In the control group, FSH, LH, E2, and 

AMH levels were measured on the 3rd day of the menstrual 

cycle; ovarian size and number of antral follicles were evalu-

ated by TVUSG. Ultrasonography was performed by a single 

operator. The total number of antral follicles measuring 

2–10 mm in both ovaries was recorded. Ovarian volume 

was calculated automatically (length*width*depth*0.52 = 

= volume) by USG by accepting the two widest diameters of 

the ovary (length and width) and the diameter (depth) ob-

tained by turning the probe 90 degrees in two dimensions. 

A basal serum E2 value of < 80 pg/mL and an FSH value of  

5–10 mIU/mL on the 2nd–3rd day of menstruation indicate ad-

equate ovarian reserve. FSH values between 10–15 mIU/mL  

indicate limited reserve, while FSH levels above this level and 
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E2 values > 80 pg/mL are associated with poor reproductive 

outcomes [14].

The total number of antral follicles in bilateral ovaries 

is a useful measurement as an indicator of ovarian reserve 

and also AMH is considered the best biochemical marker 

of ovarian function in many clinical situations [15, 16]. We 

aimed to recruit women of reproductive age with and with-

out vaccination to investigate the effects of vaccination 

on ovarian reserve by comparing ovarian reserve markers 

between the two groups.

Statistical analysis
The statistical evaluation of the data in this study was per-

formed using the Statistical Package for the Social Sciences, 

version 15.0 (SPSS Inc., Chicago, IL, USA). The results were 

given as a mean standard deviation or as a number (percen-

tage). Normally distributed variables between the groups 

were analyzed using the independent samples t-test, and 

non-normally distributed variables were analyzed using the 

Mann–Whitney U test. Nominal and categorical variables 

were evaluated with appropriate chi-square tests depending 

on the expected values. A value of p < 0.05 was considered 

statistically significant.

RESULTS
The study consisted of a total of 117 women. Group-1 

included 62 people who received two doses of the mRNA 

(BioNTech) vaccine 21 days apart. Group-2 included 55 un-

vaccinated individuals. The demographic characteristics of 

the cases are shown in Table 1. No significant differences 

were found between the groups in terms of age, gravidity, 

parity, body mass index, smoking, educational status, mari-

tal status, employment status, or length and frequency of 

menstrual periods (Tab. 1). The groups were homogeneous 

in terms of specified characteristics.

The mean FSH value was 5.29 ± 2.28 mIU/mL, the mean 

E2 value was 46.43 ± 24.51 pg/mL, the mean LH value was 

5.18 ± 1.3 mIU/ML, the mean basal antral follicle number  

was 16.23 ± 8.04, mean right ovarian volume 6.4 ± 1.7 cm, 

mean left ovarian volume 6.2 ± 2.1 cm, and AMH value was 

4.17 ± 2.1 ng/mL in the vaccinated group. In Group-2 who were 

unvaccinated, the mean FSH value was 5.68 ± 1.89 mIU/mL,  

mean LH value was 5.22 ± 2.2 mIU/mL, mean E2 value was  

48.41 ± 27.12.pg/mL, mean basal antral follicle count  

was 15.64 ± 9.04, mean right ovarian volume was 6.1 ± 1.8 cm,  

mean left ovarian volume was 6.3 ± 1.4 cm, and mean AMH 

value was 4.30 ± 1.74.ng/mL. There were no statistically sig-

nificant differences between the groups in terms of ovarian 

reserve parameters (p > 0.005) (Tab. 2).

DISCUSSION
The pandemic caused by SARS-CoV-2, a novel coro-

navirus, is the most important health challenge of the  

21st century. The humanitarian and economic impact of the 

COVID-19 pandemic has made it mandatory to develop 

next-generation vaccine technology platforms [17]. Before 

Table 1. Comparison of socio-demographic characteristics of the cases

Group 1 (the vaccinated group)  n = 62 Group 2 (unvaccinated group) n = 55 pa value

Age 26.3 ± 3.6 25.4 ± 6.2 0.3325

Gravidity 2.2 ± 1 2.4 ± 1  0.2825

Parity 1.4 ±1 1.3±1 0.5903

Body mass index (BMI) 23.4 ± 3.1 22.8 ± 2.2 0.2353

Smoking 15 (24.1%) 11 (20%) 0.5957

Menstruation frequency [days] 27.4 ± 4.6 26.2 ± 3.8 0.1296

Menstruation length [days] 4.9 ± 2.1 4.3 ± 2.3 0.1430

Educational status

Primary school 24 (38.7) 25 (45.4)

High school 27 (43.5) 26 (47.2) pb: 0.234862. 

University 11 (17.7) 4 (7.2) X2: 2.8975. 

Employment

Not working (housewife) 50 (80.6%) 48 (87.2%) pb: 0.4721

Working 12 (19.3%) 7 (12.7) X2: 0.517

Marital status

Married 47 (75.8%) 49 (89%) pb: 0.103

Single 15 (24.1%) 6 (10.9%) X2: 2.649

Pa a independent samples t-test; Continuous variables are expressed as mean ± standard deviation; Pb Yates corrected chi-square test or Pearson chi-square test were used
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the COVID-19 pandemic, it took an average of 10 to 15 years 

to develop a vaccine [18]. This period was shortened after the  

COVID-19 virus was isolated and the entire genome of  

the virus was made available to researchers. Next-genera-

tion mRNA vaccines which have been intensively researched 

based on genetic bases over the last two decades, could 

be produced cheaply in a short time for SARS-CoV-2 [19].

False and misleading claims, such as that these lipid 

particles containing mRNA spread throughout the body  

and accumulate particularly in the ovaries, have been ad-

vanced and discussed publicly by opponents of vaccination. 

Such unsubstantiated claims have caused a certain amount 

of fertility-related concern among the public. The biodistri-

bution and persistence of LNP-mRNA vaccine formulations 

for COVID-19 and other diseases have been studied in ro-

dents and primates. Animal studies have shown that the 

highest concentration of lipid nanoparticle mRNA remains 

at the injection site. This was followed by the liver (up to 

21.5%) and much less in the spleen (≤ 1.1%), adrenal glands  

(≤ 0.1%), and ovaries (≤ 0.1%). Mean concentrations and tissue 

distribution patterns did not differ between genders [20, 21].

Bowman et al. [22] published in May 2021 the results of 

their study on the effects of mRNA vaccines on the repro-

ductive function of female mice. They found no changes in 

mating, fertility, or the size and volume of the uterus and 

ovary in female mice after vaccination.

Jing et al. [4] reported in a review that COVID-19 does 

not only infect the female reproductive organs but can also 

infect the placenta via the ACE receptor. They suggested 

that COVID-19 can cause infertility and menstrual irregu-

larities, as well as fetal distress in pregnant women. They 

therefore recommended that women with COVID-19 delay 

their pregnancies. The data on the impact of SARS-CoV-2 

infection and SARS-CoV-2 mRNA vaccines on fertility and 

ovarian function in humans are limited. In a retrospective 

study published in 2021, no difference was found in the 

comparison of serum FSH and AMH levels in the follicular 

phase between 237 women after recovery of COVID-19 

infection and the uninfected population [23] .

Mohr-Sasson et al. [24] investigated the effect of the 

mRNA COVID-19 vaccine on AMH, which is a marker of 

ovarian reserve in women of reproductive age. Their study 

group consisted of 129 women of reproductive age who 

received two mRNA vaccines 21 days apart. Subjects with 

ovarian failure, infertility treatment, pregnancy, previous 

mRNA vaccination, or COVID-19 infection were excluded 

from the study. Plasma AMH levels before vaccination and 

three months after the first vaccination were analyzed in 

different age groups. There was no significant difference  

in AMH levels before and after vaccination in all age groups. 

Also, Sason examined COVID-19 antibody levels in all vac-

cinated women at the end of three months and found no 

association between COVID-19 antibody levels and AMH 

levels. Therefore, Sason et al. stated in their study that SARS- 

-CoV-2 mRNA vaccines were not associated with a decrease 

in ovarian reserve [24]. Similarly, Soysal et al. [25] studied the 

effect of mRNA vaccination on ovarian reserve. They com-

pared AMH levels between the groups vaccinated with the 

mRNA vaccine and the unvaccinated group in their study. 

However, no significant difference was found between the 

AMH values of the vaccinated group and the control group 

after three months of vaccination in the study group. In our 

study, in addition to the ovarian reserve marker AMH, other 

ovarian reserve markers such as AFC (antral follicle count), 

basal FSH, basal LH, E2, and ovarian volume were compared 

between the mRNA vaccine group and the control group.  

A total of 117 cases were included in the study. The cases 

were selected from women of reproductive age without fer-

tility problems. It was determined that there was no signifi-

cant difference between the vaccinated and non-vaccinated 

groups according to parameters such as AFC, basal FSH, 

basal LH, E2, AMH, and ovarian volume.

There are also studies in the literature investigating the 

effect of the SARS-CoV-2 mRNA vaccine on IVF frequencies. 

Table 2. Comparison of ovarian reserve markers between the two groups

Group 1 (the vaccinated group) n = 62 Group 2 (unvaccinated group) n = 55 pa value

Day 3 FSH levels (mIU/mL)a 5.29 ± 2.28 5.68 ± 1.89 0.3195

Day 3 LH levels (mIU/mL)a 5.18 ± 1.3 5.22 ± 2.2 0.9037

Day 3 estradiol levels (pg/mL)a 46.43 ± 24.51 48.41 ± 27.12 0.6790

AMH levels (ng/mL) 4.17 ± 2.1 4.30 ± 1.74 0.7181

Basal antral follicle count 16.23 ± 8.04 15.64 ± 9.04 0.7093

Ovarian volume

Right ovarian volume 6.4 ± 1.7 6.1 ± 1.8 0.3560

Left ovarian volume 6.2 ± 2.1 6.3 ± 1.4 0.7655
aBaseline FSH and LH estradiol levels measured in hormone panel test at day three of menstrual period; AMH — anti-Mullerian hormone; FSH — follicular stimulating 
hormone; LH — luteinizing hormone; pa — Independent samples t-test; Continuous variables are expressed as mean ± standard deviation
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Bentov et al. [26] published in July 2021 the first study in-

vestigating the effects of mRNA vaccine in a cohort study of 

32 patients with infertility and planned IVF. Group-1 (n = 9) 

included people who had received mRNA vaccine, group-2 

(n = 9) included people who had COVID-19 infection, and 

group-3 (n = 14) included people who did not receive mRNA 

vaccine and did not have infection. As a conclusion of this 

study, it was observed that there was no deterioration in 

ovarian follicle quality and function in individuals with SARS- 

-CoV-2 infection and mRNA vaccination [26]. Horowitz et al. 

compared AMH concentrations before and after vaccination 

in a group of 31 infertile patients undergoing IVF and found 

no significant difference [27]. Ortrento et al. [28] compared 

oocyte stimulation and embryologic characteristics before 

and after mRNA COVID-19 vaccination in an IVF patient 

group of 36 couples. In their study, they found no differ-

ence in the dose of gonadotropin used, peak estrogen and 

progesterone levels, number and quality of aspirated oocytes, 

fertilization rates, and embryo quality between IVF cycles 

in the same patient group before and after vaccination. In 

another study, they examined IVF treatment parameters and 

outcomes in 32 vaccinated and 22 non-vaccinated patients. 

Similar to the above results, no difference was found between 

the number of follicles formed, number of oocytes collected, 

oocyte quality, fertilization rates, and pregnancy rates in the 

vaccinated and non-vaccinated patient groups [29].

CONCLUSIONS
In this study, we aimed to estimate the effects of mRNA 

vaccines developed for COVID-19 on ovarian reserve and 

found that there was no significant difference between the 

vaccinated and unvaccinated groups in terms of ovarian 

reserve markers. The most important limitation of this study 

is the small number of cases, as in other published studies 

[24–29]. The second limitation of our study is the lack of 

long-term results of the mRNA vaccine on ovarian reserve 

functions. Additional studies with a larger number of cases 

and longer follow-up are required to determine the effect 

of the mRNA vaccine on ovarian reserve.
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