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Abstract

The latest data on the impact of the novel coronavirus infection (COVID-19) on female and male reproductive health are reviewed.
Pathological changes in organs and tissues of human reproduction system after COVID-19 as well as recommendations for
rehabilitation of couples planning pregnancy after COVID-19 are discussed. Moreover, issues of the reproductive health resulting
from altered psychologic status in women after COVID-19 were highlighted as well.
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Pe3tome

B naHHom 0630pe nuTteparypbl NpeSCTaBieHa akTyanbHas MHKOpPMaLMs 0 BAIUSAHAN HOBOW KOPOHABMUPYCHOM WHbekLmmn (COVID-19)
Ha PENpPOLYKTUBHOE 340POBbE XEHLMH U MYXXYUH. PacCMOTPEHbI TaKue BOMPOCHI, Kak NaTtonornyeckue U3MeHeHUs B OpraHax
N TKQHX PenpofyKTUBHOI cucTembl nocne nepeHeceHHoro COVID-19, pekomeHAauuu no peabunmtauum nap, naaHupyLwmx
6epemMeHHOCTb nocne nepeHeceHHoro COVID-19. OcBeLLeHbl BONPOCHI PENPOLYKTUBHOTO 340POBbA B Pe3yNbraTe U3MEHeHUs
MNCUXONOrN4eCKOro COCTOAHNA Y XXeHLH nocne COVID-19.

Kntouesbie cnosa: COVID-19, kopoHaBupycHas UHGeKuUms, 6ecnnoane, BCNOMOraTesibHble PenpoayKTUBHbIE TEXHONOT M, PEnpo-
JYKTUBHOE 3[10P0BbE

Ins uutuposanus: fapu6uan E.B, LLatyHosa E.I1., ®epopuna T.A., Tapubugn [O.E. BnusHue HOBO KOPOHABUPYCHON UHAEKLNK
(COVID-19) Ha penpofyKTuBHYo OyHKLNIO YenoBeka. Akyepctso, [uHekonorns v Penpogykuyms. 2022;16(2):176-181. https://
doi.org/10.17749/2313-7347/0b.gyn.rep.2022.277.
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What is already known about this subject?

» There were investigated effects of SARS-CoV-2 on various
organs and systems during COVID-19 pandemic as well as its
impact on female and male reproductive function.

» The study was conducted to assess changes in organs and
tissues in COVID-19 survivors as well as diseased patients due
to subsequent complications.

» The effect of COVID-19-infection on the centers of the brain
responsible for the menstrual function was studied.

What are the new findings?

» Analyzing observations and conducted studies allows to
understand what consequences related to COVID-19-infection
it may lead to as well as assess the scale of the catastrophe
occurring throughout human body due to subsequent
complications.

» Summarizing information on the impact of COVID-19 on
human reproductive function will allow to conduct proper
preparation for further pregnancy.

» An opportunity to evaluate long-term results after COVID-19 in
men emerged.

How might it impact on clinical practice in the foreseeable
future?

» A clinical protocol involving consultation with andrologist and
reproductive physician should be introduced for couples
having problems with conception before COVID-19-infection.

» Women with low follicular reserve who have not suffered from
COVID-19 are recommended to undergo oocyte
cryopreservation followed by vaccination.

» Men with low levels of sperm concentration, motility and
morphology in semen analysis are recommended to undergo
Sperm cryopreservation.

Introduction / BBegenue

The World health Organization announced the novel
coronavirus infection COVID-19 as dangerous virus
infection coupled to multiple organ damage. In addition
to the effect on the respiratory system, COVID-19 may
affect extrapulmonary sites by altering hemostasis,
cardiovascular, hepatic, renal, neurological, intestinal
systems, and endocrine system. Ophthalmological and
dermatological symptoms were described as well. No
doubt, the human reproductive system is not an exception
to this list.

OCHOBHbIE MOMEHTbI

Yro yxe u3BecTHO 06 3TN TEme?

» [poBeneHo u3yyeHne BnuaHna SARS-CoV-2 Ha pasnuyHble
opraHbl 1 cuctemsl B nepuog nangemuu COVID-19 n ocoben-
HOCTW BNUSIHUS HA PENpOAYKTUBHYIO C(HYHKLMIO >KEHLMHbI
11 MY>XYUHBI.

» 13y4eHbl USMEHEHUS B OpraHax U TKaHAX Y BbDKUBLUMX Nawu-
€HTOB, MEPEHECLLNX HOBbI BUA BUPYCHOM MHCDEKLNN,  TAKXKe
y NauneHToB, MOrMOLLNX B Pe3ynbraTe OCMOXHEHWA nocne
3apaxeHus COVID-19.

» 1I3y4eH0 BIMsSHUE KOPOHABUPYCHOM MHCDEKLUWN HA LEHTPbI
rOMOBHOIO MO3ra, 0TBEYAOLLME 33 MEHCTPYaNbHYH (OYHKLNIO
XKEHLLWH.

Y710 HOBOrO f1aeT cTaThs?

» AHanu3 npoBeAEHHbIX HAOOAEHNIA N UCCNeL0BaHNIA MO3BO-
NSeT NOHATb, K Kakum MOCNEACTBMAM MOXET NpUBECTM
HOBas KOPOHABMPYCHas WHMEKLMS, OLEHUTb MalTab Karta-
CTPObI B OpraHn3Me 4enoBeka B pesynibrare NojlydeHHbIX
0CJI0XKHEHWA.

» 0606LeHne nucpopmauuu no enusHuto COVID-19 Ha penpo-
JYKTUBHYIO (DYHKLMIO YeNOBEKA NO3BOMUT MPaBUIIbHO NPOBE-
CTV NOArOTOBKY K 6epEMEHHOCTMU.

» [MosBuUnacs BO3MOXHOCTb OLEHWUTb OTAANEHHbIE Pe3ynbrarthl
nocne nepeHeceHHoOro 3a601eBaHns y MyXXU4uH.

Kak 3To MOXET NOBNMATb HAa KIIMHNYECKYH) NPAKTHKY
B 0603pumom byaywiem?

» [lnq nap, KOTOpble YXXe umenn npo6nemsl C 3ayatem Ao
nepeHeceHHoi COVID-19-nHdekunm, npu NOATOTOBKE K Gepe-
MEHHOCTW CneflyeT BBECTU B KIIMHNYECKNIA TPOTOKOJT KOHCYITb-
Tauuy Bpaya-aHAposora 1 Bpaya-penpoayKronora.

» JKeHLWMHAM C HU3KUM DONNUKYASPHBLIM Pe3epBOM, He nepe-
6oneswmm COVID-19, cnenyeT pekoMeHA0BaTb KPUOKOHCEP-
BaLMIO OOLMTOB W MOCNE KPUOKOHCEPBALMN OOLMTOB PEKO-
MEHZ0BATb BaKLMHALMIO.

» MyX4ynHam, UMEIOLLMM B CriepMorpamMme HU3KNe KOHLEHTPa-
UMM CMepMaTo30M0B, CHUWKEHHbIE MOKA3aTeNin X MoJBuK-
HOCTU 1 MOpdhONOriN, CeLyeT PEKOMEHA0BATb KPUOKOHCEP-
BaLMIO CNIEPMbI.

COVID-19 pathomorphological pathway
in organs and tissues /
ITaToMOp(OTOTrHIECKHH TyTh BUPyCa
COVID-19 B opranax v TKaHAX

The endothelial dysfunction is manifested as
increased barrier permeability, enhanced production of
prothrombogenic factors, and activated immune cells. All
such processes are systematic and may damage entire
vascular bed that may account for multiple organ changes
in COVID-19 [3]. SARS-CoV-2 mainly enters human body
via angiotensin-converting enzyme 2 (ACE2) receptor due
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to exerting higher affinity for ACE2 receptor. Given that
SARS-GoV-2 is transmitted via airborne particles and
droplets, COVID-19 was initially considered as a highly
contagious disease targeting the respiratory system.
Moreover, it was noted that it resulted in a more aggressive
course in males than in females [4, 5]. Because males
less care about own health than females, the former visit
doctors for preventive treatment less frequently, therefore
suffering from more chronic diseases, which is coupled to
higher percentage of severe diseases and lethal outcomes
in males. It was proved that ACE2 levels are higher in
males than in females as well as in patients with diabetes
mellitus and cardiovascular diseases. Overlapping of
COVID-19-related effects with pre-existing prothrombotic
status substantially elevates the risk of thromboembolic
complications [6]. Based on the up-to-date data, death
is caused by thrombosis resulted from damage to the
vascular endothelium in COVID-19 [7].

Long-term observations allowed to find out any
human organs and systems may be targeted by SARS-
CoV-2. Moreover, some studies allow to suspect that
certain cerebral structures may be also affected. Also
cytokine storm syndrome and vasculitis causing acidosis,
impaired blood clotting problems such as thromboses
and haemorrhage result in prolonged brain hypoxia [8].
SARS-CoV-2 enters via blood brain barrier and damage
brain centres responsible for diverse body functions.
M.T. Heneka et al. showed that more than 1/3 of the
diseased patients developed neurological symptoms
in acute COVID-19 [9]; 25 % of subjects suffered from
damage to the central nervous system [10]. Hypoxia
resulting from pulmonary damage along with drug
toxic effects used during therapy exert adverse impact
on the subcortical structures. ACE2 receptors are
expressed not only in alveolar type Il cells but also in
other organs: intestine, spleen, liver, lymph nodes, and
reproductive system resulting in multiple organ lesions.
In case of entering systemic circulation, it results in virus
dissemination and subsequent damage to the vascular
endothelium causing organ-related complications [11].

Based on such data, it may be considered that any
human body system may be affected by SARS-CoV-2
regardless of transmission route, viral effect, and
magnitude of tissue damage.

An impact of SARS-CoV-2 on female
reproductive system / Biusaaue
KOPOHABHPYCA HA KEHCKYIO

PENPOTYKTHBHYIO CHCTEMY

R. Li et al. found that SARS-CoV-2 affects the female
reproductive system [12] via ovarian granulosa cells

that impairs oocyte quality providing all reasons to
believe that it causes recurrent pregnancy loss. In turn,
multiple pregnancy loss results in damaged endometrial
endothelial cells affecting embryo implantation [13].
At early gestation age, higher rate of pregnancy loss is
observed both in natural and in vitro fertilization cycles.
Taking into consideration lack of evidence base about
direct impact of SARS-CoV-2 on ovarian and endometrial
tissues, studies investigating a role of this virus in the field
are under way.

New living conditions faced by general population due
to the COVID-19 pandemic as well as profound prolonged
stress may definitely severely affect the reproductive
system given that structures in the hypothalamus-
pituitary-adrenal axis exert reciprocal effects. In turn,
it results in establishing chronic stress followed by
suppressed estrogens and norepinephrine release
eventually resulting in diverse menstrual disorders.
Enforced isolation, hypodynamia, malnutrition, family
conflicts, and unemployment may aggravate menstrual
disorders in the form of amenorrhea, inter-menstrual
uterine bleeding, and form anovulatory cycles [14].
Similar stressful situations in men resulted in impaired
semen parameters manifested as lowered sperm quality
and motility.

Stress-dependent disorders arise due to psychogenic
factors so thatadolescents and young women are succumb
to them more often because of unstable hypothalamus-
pituitary-adrenal axis [15].

Male infertility / Becruiogme y My:K4uH

Based on the data published by the Chinese scientists,
the human testis may be potentially targeted SARS-
CoV-2 because the ACE2 receptor is highly expressed in
testicular stem cells resulting in spermatozoa. It is a mere
reason of why the latter is affected at the earliest stages of
development [16]. Moreover, ACE2 is found in Leydig cells
producing testosterone, the most prominent hormone for
sexual vigor and male health. It is also believed that SARS-
CoV-2 may infect Sertoli cells, the so-called “nurse cells”.

Numerous publications showed that SARS-CoV-2 may
exert multimodal effects on male reproductive system: i)
due to the binding to testicular ACE2 receptors directly
affecting testes; ii) indirectly targeting testes by inducing
testicular inflammatory and immune response [17]. In this
regard, the study with 81 male patients with COVID-19 [18]
found low and high level for testosterone and luteinizing
hormone (LH), respectively, with low testosterone/LH ratio
[19]. This finding indicates that the virus may potentially
target testes to reduce Leydig cell function. Other
researchers observed that post-COVID-19 spermogram
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had lowered concentration of sperm cells with low motility
present within the three months post-infection [20]. Thus,
it was found out that the coronavirus negatively impacted
on the male reproductive system within the mean 60 to
120 day-follow-up after recovery [21, 22].

The study conducted in the South India confirmed the
arguments about damaging effect of SARS-CoV-2 on
male fertility and quality of embryos while using assisted
reproductive technologies. Moreover, it also confirmed
the hypothesis of the previous study that COVID-19
may have a long-term detrimental effect on sperm cells,
particularly on DNA and cell morphology. A rehabilitation
period of men may last long enough exceeding 4 months.
In addition, irreversible sequelae causing persistent
changes such as oligospermia, asthenozoospermia, and
teratozoospermia may finally result in male infertility
[13]. Furthermore, inflammatory process is also found in
the testis, whereas autopsy of COVID-19 non-survivors
provided clear evidence of finding the virus presence in
testicular tissue [16].

Outlooks / IlepcrieKTUBHI

Taking into consideration that SARS-CoV-2 was found
in the sperm cells, it may not rule out that it could be
transmitted from male to female as well as to fetus at
conception [16].

During ovum fertilization, SARS-CoV-2-infected
chromosomes or viral fragments (via transcriptome)
are transmitted to offspring to be further incorporated
into RNA-ribosome complex immediately involved in
production of nascent proteins. Such an insight is novel
that emerged recently and requires long-term follow-up.
Currently, it is difficult to predict an outcome of female
infection would it result in potential fetal pathology or
other consequences. Making an analogy with herpesvirus-
triggered effects on host cell, it is evident that herpes
simplex virus can live intracellularly as it was confirmed
using electron microscopy by the renowned reproductive
biologist, professor Elizaveta Bragina [23].

According to Avtandil Chogovadze, head of the
Reproductive Cell and Tissue Bank: “Today, when the
whole world fights against coronavirus infection and
saves patients' lives, few people think of such potential
complications as infertility. | believe that full-fledged
studies aimed at exploring virus-related impact on the
human reproductive system will be conducted later.
However, it is proven, that the virus causes infertility, this
might not of any aid to the recovered patients. It will come
down solely to state such a sad fact”". While considering

the treatment of cancer patients, it is worth noting that
around 100 % of patients who underwent chemotherapy
and radiological treatment become unfertile. Taking
into consideration high mortality rate due to cancer,
few years oncologists ranked number one patient’s
survival. However, over time they came to conclusion
that it is necessary to inform patients about methods for
preserving reproductive material mortality rate in cancer
declines, quality of medical assistance becomes improved
so that recovered patients begin to think of opportunity
for planning birth of new pregnancies. Currently, clinical
recommendations on infertility management have been
extended. Taking into consideration harmful effects
from COVID-19 on reproductive system, it has been
concluded to obligatorily inform patients about potential
development of infertility due to severe COVID-19. Hence,
many patients may be able to conserve semen and
oocytes, thereby securing reproductive function.

To date, there have been confirmed the pediatric cases
of COVID-19. However, an impact of the novel coronavirus
infection on a child’s body has not been fully explored.
Likewise, no data on virus-related effect on reproductive
capacity in children suffered from COVID-19 before sexual
maturation are available.

Conclusion / 3akIoueHue

Taking into consideration the seriousness of the current
situation developed during the COVID-19 pandemic, it
should clearly recognized that long-term outcomes will
not be obtained in the near future and multiple factors
require detailed investigation.

Couples preparing for pregnancy after COVID-19 take a
crucial step to result in healthy offspring, who, therefore,
must adhered to the following steps:

1) conducting laboratory and instrumental assays
according to the clinical recommendations (Assisted
Reproductive Technology and COVID-19. Russian
Association of Human Reproduction Recommendations
on preventing SARS-CoV-2-associated novel coronavirus
infection in conducting assisted reproductive technology.
Approved by the Council of All Russia Public Organization
"Russian Association of Human Reproduction'. Dated of:
May 20, 2020);

2) before planned pregnancy, undergo examination
by specialist doctors due to complications emerged after
COVID-19;

3) undergo post-COVID-19 patient rehabilitation;

4) a personalized approach to pregnancy planning is
necessary during ongoing GOVID-19 pandemic.

' Goronavirus can lead to infertility. Institute of Human Stem Cells, 2021. (In Russ.). Available at: https://hsci.ru/news/koronavirus-mozhet-privesti-k-besplodiyu.
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