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ABSTRACT

Introduction: Many countries carried out mass vaccination campaigns during the coronavirus diseases 2019 pandemic. Almost all the
data on the effects of vaccines used in these campaigns on ovarian reserve come from studies to investigate the effects of their use on
assisted reproductive outcomes. This study was conducted to investigate the possible effects of the inactivated SARS-CoV-2 vaccine on
the number of ovarian follicle forms and serum anti-millerian hormone (AMH) levels in rats.

Materials and Methods: A total of 20 female Wistar Albino rats, aged 16 to 20 weeks, were randomly assigned in a 1:1 ratio to either
group 1 (control group) or group 2 (inactivated SARS-CoV-2 vaccine group). The control group was not treated. The vaccine group
received two doses of the inactivated SARS-CoV-2 vaccine at 28-day intervals. On the 29th day after receiving the second dose, blood
samples were taken from the hearts of the rats under anesthesia. The rats were euthanized by cervical dislocation, followed by bilateral
oophorectomy performed via laparotomy. Primordial, primary, secondary, antral, preovulatory, and atretic follicle forms were counted
in ovarian tissue sections using light microscopy. Serum AMH levels were measured using ELISA.

Results: The mean primordial and primary follicle numbers were decreased in the inactivated vaccine group compared to the control
group (p< .001). However, the numbers of other follicle forms were similar in both groups. Serum AMH levels (ng/mL) were 9.9 (9.4-
10.2) in the control group and 9.7 (9.1-10.0) in the inactivated vaccine group, and there was no difference in AMH levels between
the groups (p= 0.481).

Conclusion: Our findings suggest that the inactivated SARS-CoV-2 vaccine administered to rats may reduce the primordial follicle
pool. Consequently, serum AMH levels and antral follicle numbers, which remain within the normal range, may not accurately reflect
ovarian reserve.
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Giris: Koronavirtis hastaligi 2019 salgini sirasinda birgok tilke toplu asi kampanyalari gerceklestirmistir. Bu kampanyalarda kullanilan
asilarin yumurtalik rezervi tizerindeki etkilerine iliskin verilerin neredeyse tamami, bunlarin kullaniminin yardimci lreme sonuglari
lizerindeki etkilerini arastiran calismalardan olusmaktadir. Bu ¢calisma, inaktif bir siddetli akut solunum yolu sendromu koronavirtis-2
(SARS-CoV-2) asisinin sicanlarda yumurtalik folikiil formlarinin sayisi ve serum anti-Mdillerian hormon (AMH) diizeyleri lizerindeki olasi
etkilerini arastirmak icin ydirditilmdistdir.

Materyal ve Metod: Calismaya yaslari 16-20 hafta arasinda degisen toplam 20 disi Wistar Albino sicani 1:1 oraninda rastgele olarak
grup 1 (kontrol grubu) veya grup 2’ye (inaktif SARS-CoV-2 asisi grubu) atandi. Kontrol grubuna herhangi bir asi uygulanmadi. Asi
grubuna 28 giinliik araliklarla iki doz inaktif SARS-CoV-2 asisi uyguland. lkinci dozun verilmesinden 29 giin sonra, anestezi altinda
sicanlarin kalplerinden kan érnekleri alindi. Sicanlar servikal dislokasyonla otanazi edildi ve laparotomi ile bilateral ooferektomi yapildi.
Yumurtalik doku kesitlerinde primordial, primer, sekonder, antral, preovulatuar ve atretik foliktil formlari 1sik mikroskobu ile sayildi. Serum
AMH diizeyleri ELISA ile él¢iildCi.

Bulgular: Ortalama primordial ve primer folikiil sayilari kontrol grubuyla karsilastirildiginda inaktif asi grubunda azaldi (p< 0.007).
Ancak diger folikiil formlarinin sayisi her iki grupta benzerdi. Serum AMH diizeyleri (ng/mL) kontrol grubunda 9.9 (9.4-10.2) ve inaktif
asi grubunda 9.7 (9.1-10.0) idi ve gruplar arasinda AMH dlizeylerinde fark yoktu (p= 0.481).

Sonug: Bulgular, sicanlara uygulanan inaktif SARS-CoV-2 asisinin primordial folikiil havuzunda azalmaya neden olabilecegini ve bu
nedenle normal aralikta olan serum AMH seviyesi ve antral folikiil sayisinin yumurtalik rezervini dogru bir sekilde yansitmayacadini
gostermektedir.

Anahtar Kelimeler: Sican; inaktif SARS-CoV-2 asisi; Yumurtalik folikiilleri; Anti-miillerian hormonu; Yumurtalik rezervi

RNA  vaccines?. SARS-CoV-2 nucleic  acid
vaccines, available in the form of DNA and RNA,
provide our bodies with the genetic code needed
for the immune system to produce antigens
necessary to combat infections®.  Viral vector-
based vaccines boost the immune system and
guarantee protein synthesis by introducing genome

INTRODUCTION

Coronavirus diseases-2019 (COVID-19), caused
by severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2), emerged in December 2019, and
vaccines have been produced using different
functional strategies after the genome of the virus,
isolated from the first cases of viral pneumonia

seen in Wuhan in January 2020, was announced
to the entire scientific community by Chinese
researchers!!3l. The majority of effective vaccines
against SARS-CoV-2 have been produced using
the following strategies: live attenuated viruses,
inactivated viruses, subunit vaccines, recombinant
proteins, viral vector-based vaccines and DNA/

of the coronavirus into a virus that is benign
and does not cause illness. In the development
of vaccines that employ viral vectors, the genome
of the coronavirus is integrated into a benign
virus that is incapable of causing disease. This
mechanism triggers an immune response and

facilitates the production of proteins!¥.
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The best and most efficient method of pre-
venting COVID-19 is wvaccination, which is
also recommended for women of reproductive
age[2’5]. Unfortunately, menstrual disorders and
unexpected vaginal bleeding have been reported
after SARS-CoV-2 vaccines with mRNA and
adenovirus vector, and a potential correlation
between the SARS-CoV-2 vaccine and menstrual
abnormalities has been suggested[6’7]. However,
nearly all of the scientific information regarding
how SARS-CoV-2 vaccines affect female fertility
has come from research examining how the
vaccines affect the results of assisted reproductive
methods, such as the use of controlled ovarian
hyperstimulation protocols in infertile women!!.

There is currently no evidence to suggest
whether the administration of a vaccine against
COVID-19 affects fertility in women of reproduc-
tive age[6]. Anti-Miillerian hormone (AMH) and
antral follicle count are currently the simplest,
most sensitive, and specific measures of ovarian
reservel”. The aim of this study was to investi-
gate the possible effects of an inactivated SARS-
CoV-2 vaccine on the number of ovarian follicle
forms and serum AMH levels in rats.

MATERIALS and METHODS
Ethics Statement

The ethical protocol was approved by the
Animal Experiments Local Ethics Committee of
Nigde Omer Halisdemir University (OHU) Animal
Experiments Local Ethic Committee with the
number 2024/09 and decision dated 31.05.2024.
The study was conducted at the OHU Experimental
Animal Production and Research Laboratory.

Experimental Animals and Care

A total of 20 female Wistar Albino rats,
aged between 16-20 weeks and weighing 240
+ 30 g, were used in this study. The rats were
procured from the Kobay Experimental Animal
Laboratory (Ankara, Tiirkiye). All experimental
procedures were performed in accordance with
the guidelines specified in the Guide for the
Care and Use of Laboratory Animals published
by the National Institutes of Health in 1996.
The sample size was determined as a total of
20 rats, 10 rats for each group, using G*Power
version 3.1.9.2 software (Universitit  Kiel,

Germany) with an effect size (d) of 1.34, power
of 80% and a significance level of 0.05. At
the beginning of the study, vaginal cytology was
performed on the rats, and only those in the
estrous phase were included. The estrous period
was defined in vaginal cytology by the presence
of classical keratinized, needle-like cells or round,
serrated cells with irregular edges!!?. The animals
were maintained at a room temperature of
22 + 2 °C, under a 12-hour light/12-hour dark
cycle, and housed in cages with a maximum of
four rats per cage. Standard pellet food and tap
water were provided ad libitum.

Experiment protocol

A total of 20 rats were randomly assigned in
a 1:1 ratio to either group 1 (control group) or
group 2 (inactivated SARS-CoV-2 vaccine group).
Rats in the control group received no treatment
during the experiment. In contrast, rats in the
inactivated SARS-CoV-2 vaccine group (hereafter
referred to as the inactivated vaccine group) were
administered 3 pg/0.5 mL of TURKOVAC™
(ERU-CoV, Kayseri, Tiirkiyve) subcutaneously in
two doses, with a 28-day interval between doses.

The TURKOVAC™ vaccine, administered to
the rats in this study, is a domestically pro-
duced inactivated SARS-CoV-2 vaccine approved
for emergency use by the Turkish Medicines
and Medical Devices Agency of the Ministry of
Health of the Republic of Tiirkive in December
2021111, Furthermore, in this study, the
TURKOVAC™ vaccine was administered to rats
in a manner similar to the recommended two-
dose regimen for humans!12],

Collection of blood and tissue samples

After the second dose, a 28-day period was
allowed for antibody formation. At the end of this
period, all rats in both groups were anesthetized
with 50 mg/kg of 10% ketamine hydrochloride
(Ketasol; Richter Pharma) and 10 mg/kg of 2%
xylazine (Rompun; Bayer Healthcare). All rats
were euthanized by cervical dislocation following
the extraction of two milliliters of blood from the
apex of the heart, and bilateral oophorectomy
was performed via emergency laparotomy. The
blood was then centrifuged at 3000 rpm for 15
minutes and stored in a refrigerator at -80 °C.
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The ovarian tissues were promptly fixed in 10%
formaldehyde.

AMH analysis

The serum AMH level was determined using
ELISA kits (Rat ELISA Kit, 201-11-1246, Baoshan
District, Shanghai, China). AMH measurement
was conducted in the Biochemistry Laboratory of
OHU Training and Research Hospital. All pro-
cedures followed the manufacturer’s instructions,
with a precision of 0.101 ng/mL and a coeffi-
cient of variation of less than 5%.

Histological procedure

All histological procedures and examinations
of ovarian slides were performed by an experi-
enced histologist who was blinded to the study.
The ovarian tissues, fixed in formaldehyde solu-
tion, were dehydrated in a graded alcohol series,
cleared with xylene and embedded in paraffin

blocks. Five pm thick sections were obtained
using a microtome. Standard Hematoxylin &
Eosin (H&E) and Masson’s Trichrome (MT)

staining procedures were applied to all sections,
which were subsequently examined under an
Olympus BX51 light microscope and photo-
graphed using an Olympus DP72 digital camera.

Follicle count

Follicle counting was performed by randomly
selecting 10 out of the 30 prepared slides for
each rat. The follicles were classified based on
previously established histological criteria as fol-
lows: primordial follicles (PrmF), primary follicles
(PriF), secondary follicles (SF), antral follicles
(AF), preovulatory follicles (PF), and atretic follicle
(ATF)[13'14].

Statistical Analysis

SPSS 24.0 for Windows were used for all
statistical analyses. Group conformity to normal
distribution was assessed using the Shapiro-Wilk
test, histograms, and skewness and Kkurtosis
analyses. The Mann-Whitney U test was used
for intergroup comparisons of variables that did
not follow a normal distribution. The Spearman
correlation test was used to assess the relation-
ship between parameters within the groups. The
alpha level of significance was set at p< 0.05.

RESULTS

When the MT staining results were evaluated
under a light microscope, the ovarian tissue of
the control group exhibited a normal appearance,
with a cortex containing follicles at various
stages of development on the outer region and
a medulla layer consisting of loose connective
tissue and a diffuse vascular network on the
inner region (Figure 1A, C). In the inactivated
vaccine group, a slight enlargement in follicular
diameters was observed (Figure 1B, D).

During the light microscopic examination of
H&E and MT-stained tissue sections, it was note-
worthy that PrmFs and PriFs were observed less
frequently in the sections from the inactivated
vaccine group (Figure 2B, D) compared to those
from the control group (Figure 2A, C).

When the mean numbers of follicle forms
were compared between the groups, the num-
bers of PrmFs and PriFs were lower in the inac-
tivated vaccine group compared to the control
group (p< 0.001). A comparison of the groups
in terms of the mean number of follicle forms
is presented in Table 1.

The serum AMH level (ng/m$) was 9.9 (9.4-
10.2) in the control group and 9.7 (9.1-10.0) in
the inactivated vaccine group, with no significant
difference between the groups (p= 0.481). There
was a negative correlation between the numbers
of primordial follicles and the numbers of atretic
follicles in the control group (r= -0.745, p= 0),
but there was a positive correlation between the
number of follicular forms and serum AMH levels
in both groups when the within-group relation-
ships were analyzed. Aside from this correlation,
neither the number of follicular forms nor the
number of follicular forms and serum AMH levels
in either group were related.

DISCUSSION

In this study, follicle forms in ovarian tissue
were counted, and serum AMH levels were
measured to investigate the potential impact of
the inactivated SARS-CoV-2 vaccine on ovarian
reserve in rats. A significant decrease in the
numbers of PrmFs and PriFs was observed in
rats that received two doses of the wvaccine
three months after the initial administration.

FLORA 2024;29(4):516-525
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Group 1 (Control)

4x

Figure 1. Light microscopic images of the control and inactivated vaccine groups (MT, X4; MT, X10).

MT: Masson'’s trichrome, CL: Corpus luteum, PriF: Primary follicle, SF: Secondary follicle, AF: Antral follicle, PF: Preovulatory follicle,
ATF: Atretic follicle, Arrow: Blood vessel, Arrowhead: Primordial follicle.

However, neither the number of other follicle
forms nor the levels of serum AMH changed.
This study is the first investigation counting the
follicle forms in rats following vaccination. The
data showing that the counts of antral follicles
and serum anti-Miillerian hormone AMH levels,
both serving as indicators of ovarian reserve,
remained unchanged three months after the
first administration suggest that ovarian reserve
was preserved. Nonetheless, the reduction in
primordial follicle numbers, which is a significant
measure of ovarian reserve, raises concerns
about the potential wvulnerability of ovarian
reserve throughout the reproductive phase.

The impact of SARS-CoV-2 vaccines on the
morphology of ovarian follicles in rats has not

yet been investigated. Nevertheless, this subject
has been explored in human cycles utilizing
assisted reproductive technology (ART). A recent
meta-analysis of 15 studies, seven of which
employed inactivated vaccines, was conducted to
understand the impact of SARS-CoV-2 vaccination
on assisted reproductive outcomes. These studies
included 1506 vaccinated and 3626 unvaccinated
ART cycles. The analysis showed that the admin-
istration of SARS-CoV-2 vaccines did not have
a significant impact on the number of oocytes
retrieved. According to the subgroup analysis,
the pooled estimate for the number of oocytes
retrieved showed consistency across the various
types of SARS-CoV-2 vaccines, including mRNA,

inactivated, and protein-based formulations!®.
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Figure 2. Light microscopic images of the control and inactivated vaccine groups (H&E, X4; H&E, X10).

H&E: Hematoxylin & Eosin, CL: Corpus luteum, PriF: Primary follicle, SF: Secondary follicle, AF: Antral follicle, PF: Preovulatory

follicle, ATF: Atretic follicle, Arrow: Blood vessel, Arrowhead: Primordial follicle.

Table 1. Comparison of the groups in terms of the mean follicle numbers

Follicle Forms Group 1 (Control) (n= 10)

Primordial follicle
Primary follicle
Secondary follicle

50.0 (44.8-53.0)
41.0 (37.0-44.5)
25.5(22.2-29.2)
13.0 (11.0-14.2)
11.5 (8.8-13.5)
7.0 (5.8-9.0)

Antral follicle
Preovulatory follicle
Atretic follicle

Group 2 (Inactivated vaccine) (n= 10) P
39.5(32.0-43.0) 0.001*
32.5 (28.8-36.2) 0.001*
22.5(19.8-23.8) 0.075
13.5(9.8-15.2) 0.796
10.0 (8.8-12.2) 0.529
6.0 (5.0-7.5) 0.280

Data are presented as mean + standard deviation.
*p< 0.05.

In this research, rats vaccinated with the inactivat-
ed SARS-CoV-2 exhibited a significant decrease
in the quantity of primordial and primary follicles
compared to the control group. Nevertheless,
there was no change in the number of other

types of follicles, such as antral follicles. The
initial phase of recruitment, when primordial
follicles progress to primary follicles (referred to
as the growing follicle pool), is influenced by
several paracrine factors that are not dependent

FLORA 2024;29(4):516-525
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on follicle-stimulating hormone (FSH). However,
during cyclic recruitment, an increase in FSH
levels in the bloodstream enables a group of
antral follicles to evade apoptotic death!1®]. Based
on the previous findings, we propose that rats
administered an inactivated SARS-CoV-2 vaccine
successfully underwent a recruitment cycle and
subsequent stages of follicle development under
the influence of FSH without any impairment.
This might explain the equivalent number of
retrieved oocytes in ART cycles performed with
FSH prior to vaccination, with no differences
observed in women who received the SARS-
CoV-2 virosomal vaccine.

Serum AMH levels were measured to eval-
uate the impact of SARS-CoV-2 infection and
vaccination on ovarian reservel'®l Hasdemir et
al. measured serum AMH levels before vacci-
nation and at the first, third, sixth, and ninth
months afterward to evaluate the effect of the
SARS-CoV-2 vaccination on serum AMH levels
in women of reproductive age. They observed
a gradual decrease in AMH levels from the
beginning to the sixth month, followed by a
significant increase in the ninth month compared
to the sixth month. Furthermore, the same study
revealed that inactivated vaccines resulted in sig-
nificantly lower serum AMH levels compared to
inactivated + mRNA-based vaccines.

The researchers suggested that SARS-
CoV-2 vaccination led to a slight reduction in

serum AMH levelsl!”l In a systematic review
and meta-analysis conducted by Ghaemi and
colleagues, a pooled analysis of ten studies

examining the potential impact of the SARS-
CoV-2 vaccination on AMH levels revealed no
statistically significant alteration in AMH levels
after vaccination!’®. A recent systematic review
evaluated the effect of SARS-CoV-2 vaccine on
ovarian reserve and emphasized that it is safe
to assume that COVID-19 vaccination does not
exert any adverse effect on ovarian reserve
parameters such as AMH, AFC, FSH, and estra-
dioll’”). In relation to prior research assessing
the influence of SARS-CoV-2 vaccines on AMH
levels in women, our results diverged from those
presented by Hasdemir et al., yet they were

consistent with the findings of Ghaemi et al.
and Zhu et al.[16-18],

Successful reproduction in females results
from numerous interactions, with the ovary and
ovarian follicles playing a fundamental role!19),
The follicles, the functional unit of the ovaries,
are composed of oocytes, granulosa and theca
cells?%.  Follicular development, which serves
as the physiological basis for female estrus
and owvulation, commences with the formation
of primordial follicles?122]. Germ cells in the
embryonic mouse ovary follow a developmental
pattern similar to that in humans. The concept
of a non-renewable primordial follicle pool,
assembled around birth in rodents and during
gestation in humans, forms the basis of a finite
reproductive lifespanm]. Although some histo-
morphological and biochemical methods such as
AF and ATF count and serum hormone con-
centrations have been described to demonstrate
ovarian function and damage, AMH level and
AF count are currently the simplest, most sensi-
tive and specific measures of ovarian reservel?).
AMH is expressed in the ovary after birth in the
granulosa cells of healthy, small growing follicles,
and serum AMH levels correlate strongly with
the number of antral follicles in normo-ovulatory
women. In humans, AMH expression follows a
pattern similar to that observed in mice and
rats. It is not detected in primordial follicles,
while 74% of primary follicles exhibit at least
a weak signal in the granulosa cells?3, A
study examining AMH immunoexpression in the
ovaries of 40 patients with premature ovarian
failure (POF) revealed that AMH immunolabeling
was consistently absent in primordial follicles24,
Notably, intermediate, primary, and secondary
follicles exhibited comparable AMH expression
in all cases, both normal and POF, except for
two cases. The similarities between AMH in
the pre-antral follicles of most POF patients
and normal women indicate that the developing
granulosa cells of the majority of POF patients
are functionally efficient and capable of AMH
production[25]. Rats administered an inactivated
SARS-CoV-2 vaccine did not exhibit a statistical-
ly significant alteration in antral follicle counts or

522 |
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serum AMH levels compared to the control
group. However, a comparison between the
vaccine group and the control group revealed
a statistically significant decrease in the quantity
of primordial and primary follicles. Moreover,
the study evaluated the relationships within the
groups regarding the number of follicular forms
and the connection between the number of fol-
licular forms and serum AMH levels. A negative
relationship was established between primordial
and atretic follicles in the control group, while
no additional relationships were found in either
group. It can thus be proposed that the normal
serum AMH levels and antral follicle counts
observed in rats administered an inactivated
SARS-CoV-2 vaccine may not accurately reflect
ovarian reserve, given the reduction in the pri-
mordial follicle pool.

Although a systematic review and meta-anal-
ysis of controlled and randomized clinical trials
found that all approved vaccines were safe and
efficacious, the rapid development of SARS-
CoV-2 vaccines, compared to traditional vaccine
development methods, has raised questions about
the safety and efficacy of the approved vac-
cines'?®!. The estrous cycle of the rat is relative-
ly brief, with a duration of approximately four
days, making it ideal for investigating changes
that occur during the reproductive cycle[27].
The results observed in rats in this study may
provide a basis for human studies. In addition,
since the number of studies evaluating follicular
forms separately while assessing ovarian reserve
is limited in the literature, this current study may
also contribute to filling this gap. Finally, the
fact that experimental animal studies are more
homogeneous than human studies is very impor-
tant in terms of reducing the bias in the study.
While these aspects represent the strengths of
our study, there are also some limitations. Given
the significant differences between the human
and animal reproductive systems, direct gener-
alization of the findings to humans should be
made with caution.

Furthermore, since this study focused only on
the inactivated COVID-19 vaccine, the potential
effects of other types of vaccines on ovarian

reserve were not considered. One of the limita-
tions of our study is that long-term effects were
not observed.

CONCLUSION

In conclusion, the administration of an
inactivated SARS-CoV-2 wvaccine to rats was
observed to reduce the number of primordial
and primary follicles, while serum AMH levels
and counts of other follicle types, including
antral follicles, remained unchanged. These
findings suggest that the vaccine may impact the
primordial follicle pool, a critical determinant of
ovarian reserve. However, the lack of change in
AMH levels and antral follicle counts highlights
a potential limitation in relying solely on these
markers to assess ovarian reserve accurately.

It is important to note that this study was
conducted in rats, and the direct applicability
of these findings to humans remains uncertain.
Differences in reproductive physiology between

species, as well as variations in wvaccine for-
mulation and administration, may influence
outcomes. Additionally, the study focuses on

short-term effects, leaving the long-term impact
of SARS-CoV-2 vaccination on ovarian function
unexplored. Given the global importance of vac-
cination in combating the COVID-19 pandemic,
further research is essential to understand the
broader reproductive implications in humans.
Specifically, studies with longer follow-up periods
and human participants are needed to determine
whether these findings translate to clinical signif-
icance in women. Such investigations will help
ensure that vaccination strategies are both safe
and effective across all populations.

ETHICS COMMITTEE APPROVAL

The study was approved by the Nigde Omer
Halisdemir University (OHU) Animal Experiments
Local Ethics Committee (Decision no: 2024/09,
Date: 31.05.2024).

CONFLICT of INTEREST

The authors have no conflicts of interest to
declare that are relevant to the content of this
article.

FLORA 2024;29(4):516-525

|523



| Impact of TURKOVAC™ on Ovarian Reserve

AUTHORSHIP CONTRIBUTIONS

Concept and Design: EK, AY, IT, IS, YD,
MEA

Analysis/Interpretation: EK, AY, DA, EB, FY,
ES, YD, OC

Data Collection or Processing: EK, DA, ES,
IT, IS, YY, MEA, YD

Writing: All of authors
Review and Correction: EK, DA, MEA, YY
Final Approval: EK, AY, DA

REFERENCES

1.

World Health Organization (WHO). WHO coronavirus
(COVID-19) dashboard. Available from: https://covidl9.
who.int/ (Accessed date: 01.12.2023).

Lotfi H, Mazar MG, Ei NMH, Fahim M, Yazdi NS. Vaccina-
tion is the most effective and best way to avoid the disease
of COVID-19. Immun Inflamm Dis 2023;11:e946. https://
doi.org/10.1002/iid3.946

Zhu N, Zhang D, Wang W, Li X, Yang B, Song |, et al. A
Novel Coronavirus from patients with pneumonia in Chi-
na, 2019. N Engl | Med 2020;382:727-33. https://doi.
0rg/10.1056/NEJMoa2001017

Ndwandwe D, Wiysonge CS. COVID-19 vaccines. Curr
Opin Immunol 2021,;71:111-6. https://doi.org/10.1016/].
€0i.2021.07.003

Li S, Liu H, Li D, Chen F. Female reproductive health during
the COVID-19 pandemic: Latest evidence and understand-
ing. Arch Gynecol Obstet 2023;308:1691-6. https://doi.
0rg/10.1007/500404-023-06976-z

Medicines and Healthcare products Regulatory Agency [In-
ternet]. GOV.UK. Available from: https://www.gov.uk/gov-
ernment/organisations/medicines-and-healthcare-prod-
ucts-regulatory-agency (Accessed date: 12.10.2024).

Muhaidat N, Alshrouf MA, Azzam MI, Karam AM, Al-Naz-
er M, Al-Ani A. Menstrual symptoms after COVID-19 vac-
cine: A cross-sectional investigation in the MENA region.
Int | Womens Health 2022;14:395-404. https://doi.
0rg/10.2147/lJ|WH.5352167

Huang J, Fang Z, Liu Y, Xing C, Huang L, Mao J, et al. Ef-
fect of female coronavirus disease 2019 vaccination on
assisted reproductive outcomes: A systematic review and
meta-analysis. Fertil Steril 2023;119:772-83. https://doi.
org/10.1016/].fertnstert.2023.01.024

Penzias A, Azziz R, Bendikson K, Falcone T, Hansen K, Hill
M, et al. Testing and interpreting measures of ovarian re-
serve: A committee opinion. Fertil Steril 2020;114:1151-7.
https://doi.org/10.1016/j.fertnstert.2020.09.134

Goldman |M, Murr AS, Cooper RL. The rodent estrous cy-
cle: Characterization of vaginal cytology and its utility in
toxicological studies. Birth Defects Res B Dev Reprod Toxicol
2007,80:84-97. https://doi.org/10.1002/bdrb.20106

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Tiirkiye flac ve Tibbi Cihaz Kurumu (TITCK). Kamuoyu
duyurusu. Available from: https://www.titck.gov.tr/haber/
kamuoyunun-dikkatine22122021142222 (Accessed date:
01.10.2024).

Ozdarendeli A, Sezer Z, Pavel STI, Inal A, Yetiskin H, Kaplan
B, et al. Safety and immunogenicity of an inactivated whole
virion SARS-CoV-2 vaccine, TURKOVAC, in healthy adults:
Interim results from randomised, double-blind, place-
bo-controlled phase 1 and 2 trials. Vaccine 2023;41:380-
90. https://doi.org/10.1016/j.vaccine.2022.10.093

Mpyers M, Britt KL, Wreford NGM, Ebling FJ, Kerr |B. Methods
for quantifying follicular numbers within the mouse ovary.
Reproduction 2004,127:569-80. https://doi.org/10.1530/
rep.1.00095

Gougeon A. Regulation of ovarian follicular development in
primates: Facts and hypotheses. Endocr Rev 1996,17:121-
55. https://doi.org/10.1210/edrv-17-2-121

McGee EA, Hsueh AJ. Initial and cyclic recruitment of ovar-
ian follicles. Endocr Rev 2000,;21:200-14. https://doi.
0rg/10.1210/edrv.21.2.0394

Ghaemi M, Hantoushzadeh S, Shafiee A, Gargari OK, Fathi
H, Eshraghi N, et al. The effect of COVID-19 and COV-
ID-19 vaccination on serum anti-Mullerian hormone: A
systematic review and meta-analysis. Immun Inflamm Dis
2024;12:e1136. https://doi.org/10.1002/iid3.1136

Hasdemir PS, Senol Akar S, Goker A, Kosova F, Ucar D,
Ozalp Ates FS, et al. The effect of COVID-19 vaccinations on
menstrual cycle and serum anti-Mullerian hormone levels
in reproductive age women. Hum Fertil 2023;26:153-61.
https://doi.org/10.1080/14647273.2023.2181710

Zhu S, Luan C, Zhang S, Wang X, Long f, Zhang Q, et
al. Effect of SARS-CoV-2 infection and vaccine on ovari-
an reserve: A systematic review. Eur | Obstet Gynecol Re-
prod Biol 2024,292:63-70. https://doi.org/10.1016/].
ejogrb.2023.10.029

Cruz G, Fernandois D, Paredes AH. Ovarian function and
reproductive senescence in the rat: Role of ovarian sym-
pathetic innervation. Reproduction 2017;153:R59-68.
https://doi.org/10.1530/REP-16-0117

LiL, Shi X, ShiY, Wang Z. The signaling pathways involved in
ovarian follicle development. Front Physiol 2021,;12:730196.
https://doi.org/10.3389/fphys.2021.730196

Kerr |B, Myers M, Anderson RA. The dynamics of the pri-
mordial follicle reserve. Reproduction 2013;146:R205-15.
https://doi.org/10.1530/REP-13-0181

Matsuda F, Inoue N, Manabe N, Ohkura S. Follicular growth
and atresia in mammalian ovaries: Regulation by survival
and death of granulosa cells. | Reprod Dev 2012;58:44-50.
https://doi.org/10.1262/jrd.2011-012

Gruijters M|, Visser JA, Durlinger AL, Themmen AP. Anti-M(il-
lerian hormone and its role in ovarian function. Mol Cell
Endocrinol 2003;211:85-90. https://doi.org/10.1016/j.
mce.2003.09.024

Weenen C, Laven |S, Von Bergh AR, Cranfield M, Groome NP,
Visser JA, et al. Anti-Miillerian hormone expression pattern
in the human ovary: Potential implications for initial and
cyclic follicle recruitment. Mol Hum Reprod 2004,10:77-83.
https://doi.org/10.1093/molehr/gah015

524|

FLORA 2024;29(4):516-525


https://doi.org/10.1002/iid3.946
https://doi.org/10.1002/iid3.946
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.1016/j.coi.2021.07.003
https://doi.org/10.1016/j.coi.2021.07.003
https://doi.org/10.1007/s00404-023-06976-z
https://doi.org/10.1007/s00404-023-06976-z
https://doi.org/10.2147/IJWH.S352167
https://doi.org/10.2147/IJWH.S352167
https://doi.org/10.1016/j.fertnstert.2023.01.024
https://doi.org/10.1016/j.fertnstert.2023.01.024
https://doi.org/10.1016/j.fertnstert.2020.09.134
https://doi.org/10.1002/bdrb.20106
https://doi.org/10.1016/j.vaccine.2022.10.093
https://doi.org/10.1530/rep.1.00095
https://doi.org/10.1530/rep.1.00095
https://doi.org/10.1210/edrv-17-2-121
https://doi.org/10.1210/edrv.21.2.0394
https://doi.org/10.1210/edrv.21.2.0394
https://doi.org/10.1002/iid3.1136
https://doi.org/10.1080/14647273.2023.2181710
https://doi.org/10.1016/j.ejogrb.2023.10.029
https://doi.org/10.1016/j.ejogrb.2023.10.029
https://doi.org/10.1530/REP-16-0117
https://doi.org/10.3389/fphys.2021.730196
https://doi.org/10.1530/REP-13-0181
https://doi.org/10.1262/jrd.2011-012
https://doi.org/10.1016/j.mce.2003.09.024
https://doi.org/10.1016/j.mce.2003.09.024
https://doi.org/10.1093/molehr/gah015

Karaman E, Yavuz A, Ayan D, Bayram E, Yay F, Sakalll E, et al. |

25.

26.

27.

Meduri G, Massin N, Guibourdenche |, Bachelot A, Fiori O,
Kuttenn F, et al. Serum anti-Miillerian hormone expression
in women with premature ovarian failure. Hum Reprod
2007;22:117-23. https://doi.org/10.1093/humrep/del346

Beladiya J, Kumar A, Vasava Y, Parmar K, Patel D, Patel S,
et al. Safety and efficacy of COVID-19 vaccines: A system-
atic review and meta-analysis of controlled and randomized
clinical trials. Rev Med Virol 2024,;34:e2507. https://doi.
0rg/10.1002/rmv.2573

Marcondes FK, Bianchi FJ, Tanno AP. Determination of the es-
trous cycle phases of rats: some helpful considerations. Braz
J Biol 2002;62:609-14. https://doi.org/10.1590/51519-
69842002000400008

Address for Correspondence/Yazisma Adresi
Dr. Enes KARAMAN

Department of Obstetrics and Gynecology,

Nigde Omer Halisdemir University

Faculty of Medicine,

Nigde, Tiirkiye

E-posta: dr.eneskaraman@gmail.com

FLORA 2024;29(4):516-525

|525


https://doi.org/10.1093/humrep/del346
https://doi.org/10.1002/rmv.2573
https://doi.org/10.1002/rmv.2573
https://doi.org/10.1590/S1519-69842002000400008
https://doi.org/10.1590/S1519-69842002000400008
mailto:dr.eneskaraman@gmail.com

