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Summary A variety of pneumonia cases of unknown
cause emerged in China in December 2019. A new
virus belonging to the Coronaviridae family, called
severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), which causes coronavirus disease 2019
(COVID-19). Within a few days, COVID-19 became
a pandemic disease. This review aimed to investigate
the possible implications of COVID-19 for human re-
productive systems, as in previous studies ACE2 was
highly expressed in some organs of these systems,
such as the testicles. A total of 41 publications were
found in the specialized databases and, after selec-
tion, 7 articles were used to build this study. Our
results showed that the fever caused by COVID-19 has
a negative effect on spermatogenesis, there is high
expression of ACE2 in the testicles and in the uterine
tubes and there is a higher level of transmembrane
protease serine 2 (TMPRSS2), which is also responsi-
ble for the entry of the virus into the cell. Moreover, it
was noted that there was viral genetic material in the
semen and an increase in the serum concentration of
luteinizing hormone (LH) in men and women, which
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could cause hypogonadism. Thus, we conclude that
there is the possibility of infection and malfunction in
the reproductive organs as well as the plausibility of
sexual transmission of this disease. Further analysis
must be carried out to prove the effects of COVID-19
on the human reproductive systems.
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Virus

Introduction

The coronaviruses are a large family of viruses belong-
ing to the family Coronaviridae, subfamily Coronaviri-
nae and order Nidovirales, known since 1960 for caus-
ing respiratory infections in humans and animals [1,
2]. The newly identified severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) is the seventh of
the family to be described associated with diseases in
humans [3]. These pathogens are seen under electron
microscopy as circles with spikes that end in small
droplets that appear on its surface, in a shape similar
to a crown [4]. The SARS-CoV-2, the agent respon-
sible for the coronavirus disease 2019 (COVID-19), is
composed of a single strand of positive sense RNA
(ribonucleic acid) surrounded by a lipoprotein viral
envelope, in which the spike (S) protein, activated by
a cell protease, is arranged. The protein S mediates
viral entry into target cells by binding to a cell re-
ceptor, the angiotensin-converting enzyme 2 (ACE2).
The SARS-CoV-2 makes use of Serino Protease Cell
TMPRSS2 to initiate protein S [5–8].

The COVID-19 is an acute disease, which has
an incubation time in the human body of around
4.1–7.0 days, with an average of 5.2 days, with a 95%
confidence interval (CI: 4.1 to 7.0) [9]. The mode of
transmission is caused by coughing, sneezing, spu-
tum, contaminated fluids and possibly patient feces
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[10, 11]. Transmission can occur through contamina-
tion of the hands, usually when after contamination
the susceptible individual puts them in contact with
the oral, nasal and/or ocular mucosa [12, 13].

A series of pneumonia cases with no known cause
in Wuhan City, Hubei Province China, was reported
to the World Health Organization (WHO) in Decem-
ber 2019. The declaration of being an international
public health emergency came on 30 January 2020
and a pandemic on 11 March. The total number of
cases rose rapidly and on 16 March 2020 the 167,511
confirmed cases in more than 140 countries exceeded
the numbers of cases existing in the Chinese territory,
considering Europe as the new epicenter of the pan-
demic [14, 15]. On 21 May 2020, the Worldometer
data and monitoring website recorded 5,137,481 con-
firmed cases worldwide, with 2,049,806 recovered and
331,499 deaths [16].

The SARS-CoV-2 may be associated with changes
in several organs and systems [17]. Some studies have
shown that the respiratory, cardiovascular, digestive
and urinary systems are targets of infection with the
new coronavirus. In addition, human reproductive
systems and functions have been reported as poten-
tial targets of infection [18]. The patients of senile
age and/or with comorbidities are susceptible to in-
fection and prone to the most severe forms, which
may be associated with acute respiratory distress syn-
drome (ARDS) and with a so-called cytokine storm.
They may, therefore, present a worse prognosis for
the disease [19].

In a review [20] a variety of studies were found that
indicated the presence of abnormal kidney function or
even kidney damage. After analysis the results showed
that ACE2 is expressed in different amounts in each
human organ and has high expression in renal tubu-
lar cells, Leydig cells and seminiferous tubules in the
testes. It was argued that SARS-CoV and SARS-CoV-2
share the same ACE2 receptor, that previous research
showed that orchitis is a complication of SARS infec-
tion and that spermatogenesis can be affected. As
a result, SARS-CoV-2 can cause infertility, a problem
that requires a lot of attention especially among young
men. In addition to the potential damage generated
by the virus, the toxicity levels of antiviral drugs to the
kidneys must be considered.

Similarly, it can occur in the female reproductive
system [21] addressed the availability of ACE2 in host
cells of the female reproductive system, such as in the
ovaries, uterus, vagina and placenta. Furthermore,
based on previous studies Jing et al. [21] listed some
functions of the enzymes for which ACE2 modulates
levels of angiotensin 2 and angiotensin (1-7). Due
to these functional characteristics, SARS-CoV-2 can
cause disturbance in female reproductive functions
through the regulation of ACE2. Thus, this study fo-
cused on analyzing the possible effects of SARS-CoV-2
and the disease caused by it (COVID-19) on human
male and female reproductive organs.

Methodology

This is a systematic review of the effects of the SARS-
CoV-2 virus and the disease for which it is responsible,
COVID-19, for the human male and female reproduc-
tive systems.

Search strategy: to conduct this review study,
PubMed, Bireme and Scopus databases were searched
using the specific descriptors: “genitalia”, “corona-
virus infection” and “2019-nCoV”, combined with
each other and with Boolean operators. There was
a language restriction in the search for studies for
the English language and time, considering articles
published between December 2019 and May 2020
and that addressed the proposed topic. Reading the
abstracts and references was recommended to search
for potentially relevant studies.

Inclusion criteria: studies that were relevant to the
construction of this work and related to the effects
of COVID-19 on the organs of the human male and
female reproductive systems were included. Inter-
views, studies that addressed the correlation between
COVID-19 and STDs (Sexually Transmitted Diseases)
and studies that do not provide sufficient data for the
preparation of the work and were not related to the
topic, were excluded.

Data extraction: the use of a standard form con-
sisting of the following topics was established: first
author and year of publication, title of work, method-
ology used, results found and conclusion of studies
[22].

Results

The bibliographic search resulted in 41 published ar-
ticles. Of these 17 were excluded due to duplication
in the bibliographic databases, 17 studies were not
considered for this review as they did not fit the topic
in question. The remaining 7 articles published in
2020 were used for this production, which presented
the possible implications of SARS-CoV-2 in the male
and female reproductive systems (Fig. 1). These ar-
ticles are best described in Table 1, which contains
the titles of the article, name of the first author, date
of publication, methodology applied in the study and
the main conclusions.

Discussion

The importance of this review is based on demon-
strating, through data from the literature, the possi-
ble changes in the human reproductive system caused
by COVID-19 and in this way motivating research on
the topic addressed. The infectious disease caused
by the new coronavirus has spread rapidly all over
the world causing thousands of deathes, affecting the
health system and the global economy, which could
cause a drop in the world gross domestic product
(GDP) from 2.9% to 2.4% [11, 27]. According to the
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Fig. 1 Flow diagram:
identification, screening, el-
igibility and analysis of stud-
ies included in the literature
review

results found, the literature presents evidence that the
pathogen that causes this disease affects several sys-
tems of the human organism, including the reproduc-
tive system.

According to Segars et al. [25] it was noted that
the fever caused by COVID-19 negatively affects sper-
matogenesis, decreasing the concentration of sperm
and impairing the mobility of these cells. An experi-
mental study carried out in mice reported that hyper-
thermia causes serious damage to the sperm forma-
tion process, such as damage to the head and tail. The
animals were divided into groups and subsequently
exposed to different temperatures (20 and 36°C). In
view of the results, it was possible to observe that
the mice exposed to a high temperature had higher
testicular weight, lower concentration of gametes, in-
creased diameter and loss of seminiferous tubule ep-
ithelium in addition to lower sperm motility. Further-
more, it has been noted that high temperatures dam-
age sperm chromatin and cause sperm damage in its
various stages of development [28].

The SARS-CoV-2 virus is known to use ACE2 re-
ceptors to enter human cells; however, TMPRSS2 ex-
pression is also a target of the virus to infect human
cells [25, 26]. Studies reported that it is possible to
identify ACE2 in the male and female reproductive
systems, having a greater expression of this enzyme
in testicular cells, mainly in Leydig cells, spermatogo-
nia and Sertoli cells [20, 23, 26]. In this context, an
experiment that proposed to investigate the level of
expression of ACE2 and TMPRSS2 in cells of different
organs of the human systems, using the scRNA-seq
data, demonstrated a significant proportion of these
enzymes in human testicles. Based on the results,
it was possible to group the organs with the highest
risk of being affected by the virus. Among them are
the lungs and testicles with the highest expression of
ACE2. The lungs, large intestine, fallopian tubes and

nasal airways, on the other hand, showed greater ex-
pression of TMPRSS2. Thus, it is possible to verify that
the organ that has the highest risk of suffering injury
by SARS-CoV-2 is the lungs. Then, with a high level
of injury comes the testicles, followed by the organs
of the digestive system, brain and heart. It has also
been reported that there is a low expression of ACE2
in cells of the ovary and uterus [17, 21] demonstrated,
through GeneCards that there is a significant presence
of ACE2 receptors in ovarian cells, indicating that the
organ may be a potential target for COVID-19.

The presence of ACE2 was verified in sperm cells
through immunohistochemistry, concluding again
that the testes may be the target of infection by
the new coronavirus. This same study conducted
a search of 112 patients diagnosed with COVID-19,
whose objective was to analyze whether they had any
symptoms in their reproductive organs. Based on this
3 of these patients with severe COVID-19, presented
with orchidoptosis for 3 days. Then, a screening was
carried out for the presence of SARS-CoV-2 nRNA
in the semen of 17 patients in need of fertility and
9 showed positive results, demonstrating the presence
of the genetic material of the virus in the semen [24].

Liu et al. [26] reported in their studies that patients
with SARS-CoV-2 had a higher concentration in serum
levels of luteinizing hormone (LH). The LH is active
in the fertility of men and women acting on the go-
nads, assisting in the production of sex hormones and
gametes [29]. In high quantities, LH can lead to tes-
ticular dysfunction and changes in testosterone con-
centration [30]. Thus, it was concluded that the virus
can cause the malfunction of the reproductive glands
(hypogonadism). A search for expression of ACE2 in
primordial germ cells through tissues of the testicles
of male donors was also carried out. During the exper-
iment, ACE2 expression was compared in two healthy
patients with different ages (30 and 60 years old) and

968 Alterations of the male and female reproductive systems induced by COVID-19 K



review article
Ta

b
le

1
C
ha

ra
ct
er
is
tic

s
of

st
ud

ie
s
in
cl
ud

ed
in

th
is
lit
er
at
ur
e
re
vi
ew

Au
th
or

an
d

ye
ar

Ti
tle

M
et
ho
d-

ol
og
y

Re
po
rte

d
re
su
lts

Co
nc
lu
si
on

Fa
n

et
al
.,

20
20

[2
0]

AC
E2

ex
pr
es
si
on

in
ki
dn
ey

an
d
te
st
is
m
ay

ca
us
e

ki
dn
ey

an
d
te
st
is
da
m
ag
e

af
te
r2

01
9-
nC
oV

in
fe
ct
io
n

Re
vi
ew

of
lit
er
-

at
ur
e

“W
e
re
vi
ew

ed
th
e
la
te
st
3
st
ud
ie
s
fo
cu
se
d
on

th
e
cl
in
ic
al
fe
at
ur
es

of
pa
tie
nt
s
w
ith

ab
no
rm

al
re
na
lf
un
ct
io
n
or

ki
dn
ey

da
m
ag
e.
In
th
es
e
3
co
ho
rts

(w
ith

6,
99

an
d
41

pa
tie
nt
s
ea
ch

st
ud
y)
,t
w
o
of
th
em

su
gg
es
tt
ha
ta
bo
ut

3–
10
%

of
pa
tie
nt
s
in
fe
ct
ed

w
ith

20
19
-n
Co
V
ha
d
ab
no
rm

al
re
na
lf
un
ct
io
n,
in
cl
ud
in
g
el
ev
at
ed

cr
ea
tin
in
e
or
ur
ea

ni
tro

ge
n.
M
or
eo
ve
r,
7%

of
pa
tie
nt
s
ex
pe
rie
nc
ed

ac
ut
e
re
na
li
m
pa
irm

en
t.
Ab
ou
tt
he

m
ec
ha
ni
sm

of
ab
no
rm

al
re
na
lf
un
ct
io
n,
w
e
fo
un
d
in
th
e
CC

LE
an
d
GT

Ex
po
rta

lt
ha
tt
he

AC
E2

m
RN

A
ex
pr
es
si
on

le
ve
li
s
re
la
tiv
el
y
hi
gh
er
in

ki
dn
ey

ce
lls
,s
pe
ci
al
ly
th
e
ex
pr
es
si
on

of
AC

E2
in
re
na
lt
ub
ul
ar
ce
lls
,a
cc
or
di
ng

to
th
e
Hu

m
an

Pr
ot
ei
n
At
la
s
po
rta

l.
W
e
al
so

fo
un
d
th
at
th
e
pr
ot
ei
n
an
d
m
RN

A
ex
pr
es
si
on

of
AC

E2
in
th
e
te
st
es

is
al
m
os
tt
he

hi
gh
es
ti
n
th
e
bo
dy
.

Bo
th
ce
lls

in
se
m
in
ife
ro
us

du
ct
s
an
d
Le
yd
ig
ce
lls

sh
ow

ed
hi
gh

AC
E2

ex
pr
es
si
on

le
ve
l.”

[2
0]

“O
ur

st
ud
y
de
m
on
st
ra
te
d
th
e
hi
gh

ex
pr
es
si
on

of
AC

E2
in
ki
dn
ey

an
d
te
st
ic
ul
ar
tis
su
e
an
d
fa
ci
lit
at
ed

th
e
un
de
r-

st
an
di
ng

of
th
e
m
ec
ha
ni
sm

s
of
ab
no
rm

al
re
na
lf
un
ct
io
n

an
d
ki
dn
ey

da
m
ag
e
in
20
19
-n
Co
V-
in
fe
ct
ed

pa
tie
nt
s.

Ou
rfi

nd
in
gs

al
so

su
gg
es
tt
he

pa
tie
nt
ca
re
s
re
ga
rd
in
g

th
e
po
ss
ib
le
oc
cu
rr
en
ce

of
or
ch
iti
s.
Fo
llo
w
-u
p
an
d
ev
al
-

ua
tio
n
of
th
e
re
pr
od
uc
tiv
e
fu
nc
tio
ns

m
ay

be
ne
ce
ss
ar
y

in
re
co
ve
rin
g
m
al
e
SA
RS

pa
tie
nt
s,
es
pe
ci
al
ly
th
e
yo
un
g

m
al
e
pa
tie
nt
s.
”
[2
0]

W
an
g

et
al
.,

20
20

[2
3]

sc
RN

A-
se
q
pr
ofi
lin
g
of

hu
m
an

te
st
es

re
ve
al
s
th
e

pr
es
en
ce

of
th
e
AC

E2
re
ce
pt
or
,a

ta
rg
et
fo
r

SA
RS

-C
oV
-2

in
fe
ct
io
n
in

sp
er
m
at
og
on
ia
,l
ey
di
g
an
d

se
rto

li
ce
lls

M
et
a-

an
al
ys
is

“T
he

to
ta
lo
f1
6,
63
2
te
st
ic
ul
ar
ce
lls

w
as

id
en
tifi
ed

in
ni
ne

m
aj
or
ce
ll
cl
us
te
rs
(s
pe
rm

at
og
on
ia
,e
ar
ly
sp
er
m
at
o-

cy
te
s,
la
te
sp
er
m
at
oc
yt
es
,r
ou
nd

sp
er
m
at
id
s,
el
on
ga
te
d
sp
er
m
at
id
s,
en
do
th
el
ia
lc
el
ls
,S
er
to
li
an
d
Le
yd
ig
ce
lls

an
d
m
on
oc
yt
es
)b
as
ed

on
th
e
un
ifo
rm

m
an
ifo
ld
ap
pr
ox
im
at
io
n
an
d
pr
oj
ec
tio
n
(U
M
AP
).
Th
e
RN

A
ex
pr
es
si
on

pr
o-

fil
e
of
AC

E2
w
as

an
al
yz
ed

at
si
ng
le
-c
el
lr
es
ol
ut
io
n
to
de
te
rm

in
e
th
e
sp
ec
ifi
c
ce
ll
ty
pe
s
ex
pr
es
si
ng

AC
E2
.T

he
sp
er
m
at
og
on
ia
an
d
Le
yd
ig
an
d
Se
rto

li
ce
lls
’c
lu
st
er
s
de
m
on
st
ra
te
d
hi
gh

ex
pr
es
si
on

of
AC

E2
.E

ar
ly
an
d
la
te

sp
er
m
at
oc
yt
es
,s
pe
rm

at
id
s
an
d
ot
he
rs
om

at
ic
ce
lls

ha
d
ve
ry
lo
w
ex
pr
es
si
on

le
ve
ls
of
AC

E2
.T

he
ex
pr
es
si
on

of
tra

ns
m
em

br
an
e
se
rin
e
pr
ot
ea
se

2
(T
M
PR

SS
2)
,w

hi
ch

is
us
ed

fo
rv
ira
ls
pi
ke

(S
)p
ro
te
in
pr
im
in
g,
w
as

co
nc
en
-

tra
te
d
an
d
sp
er
m
at
og
on
ia
an
d
sp
er
m
at
id
s.
Th
us
,T
M
PR

SS
2
ex
pr
es
si
on

in
sp
er
m
at
og
on
ia
an
d
AC

E2
ex
pr
es
si
on

in
sp
er
m
at
og
on
ia
an
d
Le
yd
ig
an
d
Se
rto

li
ce
lls

su
gg
es
ta

hi
gh

po
te
nt
ia
lo
fS
AR

S-
Co
V-
2
in
fe
ct
io
n
in
hu
m
an

te
st
es
.

Th
e
GS

EA
re
su
lts

su
gg
es
tt
ha
tm

al
e
ge
rm

ce
ll
sp
ec
ifi
c
ge
ne
s
an
d
ge
ne
s
th
at
ar
e
co
lle
ct
iv
el
y
in
vo
lv
ed

in
sp
er
-

m
at
og
en
es
is
ar
e
co
m
pr
om

is
ed

in
AC

E2
po
si
tiv
e
ce
lls
.T
he
re
fo
re
,S
AR

S-
Co
V-
2
m
ay

di
re
ct
ly
ta
rg
et
AC

E2
-p
os
i-

tiv
e
sp
er
m
at
og
on
ia
an
d
di
sr
up
ts
pe
rm

at
og
en
es
is
.M

or
eo
ve
r,
SA
RS

-C
oV
-2

m
ay

re
pl
ic
at
e
an
d
tra

ns
fe
rt
hr
ou
gh

ce
ll–
ce
ll
ju
nc
tio
ns

an
d,
in
AC

E2
po
si
tiv
e
Le
yd
ig
an
d
Se
rto

li
ce
lls
,t
he
re
is
a
lo
w
er
po
te
nt
ia
lt
o
su
pp
or
ts
pe
rm

at
o-

ge
ne
si
s.
”
[2
3]

“B
y
an
al
yz
in
g
th
e
ex
pr
es
si
on

pa
tte
rn
of
AC

E2
in
ad
ul
th
u-

m
an

te
st
es

at
si
ng
le
-c
el
lt
ra
ns
cr
ip
to
m
e
re
so
lu
tio
n,
w
e

fo
un
d
th
at
AC

E2
is
pr
im
ar
ily

ex
pr
es
se
d
in
sp
er
m
at
og
on
ia

an
d
Le
yd
ig
an
d
Se
rto

li
ce
lls

in
th
e
hu
m
an

te
st
is
.A

CE
2-

po
si
tiv
e
sp
er
m
at
og
on
ia
ex
pr
es
se
s
a
hi
gh
er
nu
m
be
ro
f

ge
ne
s
as
so
ci
at
ed

w
ith

vi
ra
lr
ep
ro
du
ct
io
n
an
d
tra

ns
m
is
-

si
on
,a
nd

a
lo
w
er
nu
m
be
ro
fg
en
es

re
la
te
d
to
sp
er
m
at
og
e-

ne
si
s
co
m
pa
re
d
to
AC

E2
-n
eg
at
iv
e
sp
er
m
at
og
on
ia
.A
CE
2-

po
si
tiv
e
Le
yd
ig
an
d
Se
rto

li
ce
lls

ex
pr
es
s
hi
gh
er
ge
ne
s
in
-

vo
lv
ed

in
ce
ll–
ce
ll
ju
nc
tio
n
an
d
im
m
un
ity
,a
nd

lo
w
er
ge
ne
s

as
so
ci
at
ed

w
ith

m
ito
ch
on
dr
ia
an
d
re
pr
od
uc
tio
n.
Th
es
e

fin
di
ng
s
su
gg
es
tt
ha
tt
he

te
st
is
is
a
hi
gh
-r
is
k
or
ga
n
vu
l-

ne
ra
bl
e
to
SA
RS

-C
oV
-2

in
fe
ct
io
n
th
at
m
ay

re
su
lt
in
sp
er
-

m
at
og
en
ic
fa
ilu
re
.O

ur
st
ud
y
pr
ov
id
es

bi
oi
nf
or
m
at
ic
s
ev
i-

de
nc
e
th
at
th
e
te
st
is
m
ay

be
po
te
nt
ia
lly

vu
ln
er
ab
le
to
SA
RS

-
Co
V-
2
in
fe
ct
io
n.
Th
es
e
in
ve
st
ig
at
io
ns

su
gg
es
tt
ha
tt
he

re
-

pr
od
uc
tiv
e
fu
nc
tio
ns

sh
ou
ld
be

fo
llo
w
ed

an
d
ev
al
ua
te
d
in

re
co
ve
re
d
CO

VI
D-
20
19

m
al
e
pa
tie
nt
s.
”
[2
3]

Ni
ng

et
al
.,

20
20

[2
4]

Ef
fe
ct
s
of
20
19

no
ve
l

co
ro
na
vi
ru
s
on

m
al
e
re
pr
o-

du
ct
iv
e
sy
st
em

:a
re
tro

-
sp
ec
tiv
e
st
ud
y

Re
tro

-
sp
ec
tiv
e

st
ud
y

“T
he

da
ta
se
tf
ro
m
GT

Ex
su
gg
es
te
d
th
at
th
e
m
RN

A
ex
pr
es
si
on

le
ve
lo
fA
CE
2
is
re
la
tiv
el
y
hi
gh
er
in
th
e
sm

al
l

in
te
st
in
e
an
d
te
st
is
th
an

in
ot
he
ro
rg
an
s.
Fu
rth

er
m
or
e,
a
da
ta
se
tf
ro
m
th
e
HP

A
re
ve
al
ed

th
e
pr
es
en
ce

an
d
re
l-

at
iv
el
y
hi
gh

le
ve
lo
fA
CE
2
pr
ot
ei
n
in
th
e
te
st
is
.M

ea
nw

hi
le
,i
m
m
un
oh
is
to
ch
em

is
try

(IH
C)
da
ta
fro

m
th
e
HP

A
sh
ow

ed
th
e
pr
es
en
ce

of
AC

E2
pr
ot
ei
n
in
th
e
te
st
is
,m

ai
nl
y
in
sp
er
m
at
og
en
ic
ce
lls
.T
he
se

re
su
lts

su
gg
es
te
d

th
at
20
19
-n
Co
V
in
fe
ct
io
n
m
ay

ca
us
e
te
st
is
in
ju
ry
.T
he

st
ud
y
po
pu
la
tio
n
in
cl
ud
ed

11
2
m
al
e
ho
sp
ita
liz
ed

pa
tie
nt
s

in
fe
ct
ed

w
ith

20
19
-n
Co
V
w
ho
se

m
ed
ia
n
ag
e
w
as

55
.5
ye
ar
s
(ra
ng
e,
23
-8
3
ye
ar
s)
.4

0
(3
5.
7%

)p
at
ie
nt
s
w
er
e

cl
as
si
fie
d
as

m
ild

CO
VI
D-
19

an
d
72

(6
4.
3%

)w
er
e
cl
as
si
fie
d
as

se
ve
re
CO

VI
D-
19
.S

ig
ns

an
d
sy
m
pt
om

s,
in
cl
u-

di
ng

te
st
ic
ul
ar
pa
in
,o
rc
hi
do
pt
os
is
,s
cr
ot
al
sw

el
lin
g,
te
st
ic
ul
ar
en
la
rg
em

en
ta
nd

te
st
ic
ul
ar
te
nd
er
ne
ss

w
er
e
re
-

la
te
d
on

th
e
da
y
of
ho
sp
ita
la
dm

is
si
on

fo
ra
ll
m
al
e
pa
tie
nt
s.
Th
e
se
m
en

an
al
ys
is
of
17

m
al
e
CO

VI
D-
19

pa
tie
nt
s

(th
e
m
ed
ia
n
ag
e
w
as

35
ye
ar
s)
sh
ow

s
th
at
52
.9
%

(9
pa
tie
nt
s)
re
m
ai
ne
d
po
si
tiv
e
fo
r2

01
9-
nC
oV

in
th
e
se
m
en

ac
co
rd
in
g
to
th
e
th
ro
at
sw

ab
an
al
ys
is
an
d
47
.1
%

be
ca
m
e
ne
ga
tiv
e.
Th
e
m
ed
ia
n
tim

e
fro

m
on
se
to
fC

OV
ID
-1
9
to

se
m
en

de
te
ct
io
n
w
as

27
da
ys

(ra
ng
e,
12
–6
4
da
ys
).”

[2
4]

“T
he

on
lin
e
da
ta
se
ts
in
di
ca
te
d
th
e
po
te
nt
ia
li
m
pa
irm

en
t

of
th
e
m
al
e
re
pr
od
uc
tiv
e
sy
st
em

by
20
19
-n
Co
V.
Ho
w
ev
er
,

th
is
gr
ou
p
of
ca
se
s
su
gg
es
te
d
th
at
m
al
e
pa
tie
nt
s
ha
ve

fe
w

re
pr
od
uc
tiv
e
sy
m
pt
om

s
an
d
si
gn
s,
an
d
20
19
-n
Co
V
w
as

no
t

pr
es
en
ti
n
th
e
m
al
e
re
pr
od
uc
tiv
e
sy
st
em

of
pa
tie
nt
s
w
ith

co
nfi
rm

ed
CO

VI
D-
19
.I
n
vi
ew

of
th
e
po
te
nt
ia
li
m
pa
irm

en
t,

th
e
lo
ng
-t
er
m
fo
llo
w
-u
p
fo
rm

al
e
CO

VI
D-
19

pa
tie
nt
s
w
ith

fe
rti
lit
y
ne
ed
s
is
of
gr
ea
ts
ig
ni
fic
an
ce
.”
[2
4]

K Alterations of the male and female reproductive systems induced by COVID-19 969



review article
Ta

b
le

1
(C
on

tin
ue

d
)

Au
th
or

an
d

ye
ar

Ti
tle

M
et
ho
d-

ol
og
y

Re
po
rte

d
re
su
lts

Co
nc
lu
si
on

Qi et
al
.,

20
20

[1
7]

Th
e
sc
RN

A-
se
q
ex
pr
es
-

si
on

pr
ofi
lin
g
of
th
e
re
-

ce
pt
or
AC

E2
an
d
th
e
ce
l-

lu
la
rp
ro
te
as
e
TM

PR
SS
2

re
ve
al
s
hu
m
an

or
ga
ns

su
sc
ep
tib
le
to
CO

VI
D-
19

in
fe
ct
io
n

M
et
a-

an
al
ys
is

“I
n
th
e
re
sp
ira
to
ry
sy
st
em

,a
tt
he

lu
ng
,A
T2

ce
lls

co
nt
ai
n
an

av
er
ag
e
of
0–
79
%

AC
E2
-e
xp
re
ss
ed

ce
lls

ac
ro
ss

8
sa
m
pl
es

an
d
th
e
ex
pr
es
si
on

le
ve
ls
of
AC

E2
an
d
TM

PR
SS
2
ar
e
hi
gh

in
th
e
AT
2
ce
lls
.T

he
no
se

co
nt
ai
ns

AC
E2
-

ex
pr
es
se
d
an
d
TM

PR
SS
2-
ex
pr
es
se
d
ce
ll
cl
us
te
rs
,w

hi
ch

ha
ve

th
e
ra
tio
s
of
AC

E2
-e
xp
re
ss
ed

al
lo
ve
r0

–7
9%

.
Th
us
,t
he

no
se

is
id
en
tifi
ed

as
th
e
hi
gh
-r
is
k
or
ga
n.
In
th
e
di
ge
st
iv
e
sy
st
em

,t
he

pr
im
or
di
um

ce
lls

fro
m
th
e
ga
ll

bl
ad
de
rc
on
ta
in
2–
6%

TM
PR

SS
2-
ex
pr
es
se
d
ce
lls

an
d
2–
2%

AC
E2
-e
xp
re
ss
ed

ce
lls
,w

hi
ch

m
ea
ns

th
e
ga
ll
bl
ad
-

de
ri
s
vu
ln
er
ab
le
to
th
e
CO

VI
D-
19

in
fe
ct
io
n.
M
or
eo
ve
r,
sm

al
la
nd

la
rg
e
in
te
st
in
es

an
d
es
op
ha
gu
s
ar
e
id
en
tifi
ed

as
hi
gh
-r
is
k
or
ga
ns
.I
n
th
e
ne
rv
ou
s
sy
st
em

,t
he

re
su
lts

sh
ow

th
at
AC

E2
is
ex
pr
es
se
d
in
th
e
ol
ig
od
en
dr
oc
yt
e
pr
e-

cu
rs
or
ce
lls

(1
–6
%
)a
nd

as
tro

cy
te
s
(1
–9
%
)o
ft
he

su
bs
ta
nt
ia
ni
gr
a
an
d
co
rte

x
w
ith

a
hi
gh

le
ve
l,
an
d
TM

PR
SS
2
is

ex
pr
es
se
d
as

w
el
l.
Th
er
ef
or
e,
th
e
su
bs
ta
nt
ia
ni
gr
a
an
d
co
rte

x
ar
e
pr
ed
ic
te
d
as

hi
gh
-r
is
k
tis
su
es
,a
nd

th
e
br
ai
n

is
id
en
tifi
ed

as
hi
gh
-r
is
k
or
ga
n.
In
th
e
re
pr
od
uc
tiv
e
sy
st
em

,t
he

fa
llo
pi
an

tu
be

is
id
en
tifi
ed

as
a
hi
gh
-r
is
k
or
ga
n

(th
e
ra
tio
s
of
th
e
TM

PR
SS
2-
ex
pr
es
se
d
ce
ll
an
d
th
e
AC

E2
-e
xp
re
ss
ed

ce
ll
ar
e
26
–5
%
an
d
1–
4%

re
sp
ec
tiv
el
y)
.

Th
e
te
st
is
is
al
so

id
en
tifi
ed

as
a
hi
gh
-r
is
k
or
ga
n
be
ca
us
e
of
th
e
hi
gh

ex
pr
es
si
on

le
ve
lo
fT
M
PR

SS
2
an
d
AC

E2
.I
n

th
e
ci
rc
ul
at
or
y
sy
st
em

,t
he

ca
rd
io
m
yo
cy
te
s
an
d
ca
rd
io
va
sc
ul
ar
pr
og
en
ito
rc
el
ls
fro

m
he
ar
tc
on
ta
in
6–
6%

an
d

12
–5
%

AC
E2
-e
xp
re
ss
ed

ce
lls

re
sp
ec
tiv
el
y,
an
d
th
e
TM

PR
SS
2
is
ex
pr
es
se
d
in
bo
th
ce
ll
cl
us
te
rs
as

w
el
l.
Co
ns
e-

qu
en
tly
,t
he

he
ar
ti
s
co
ns
id
er
ed

as
a
hi
gh
-r
is
k
or
ga
n.
In
th
e
ur
in
ar
y
sy
st
em

,t
he

ki
dn
ey

sc
RN

A-
se
q
da
ta
sh
ow

hi
gh

AC
E2

an
d
TM

PR
SS
2
ex
pr
es
si
on

le
ve
ls
in
th
e
ne
ph
ro
n
ep
ith
el
ia
lc
el
ls
,e
pi
th
el
ia
lc
el
ls
,e
nd
ot
he
lia
lc
el
ls
an
d

m
es
an
gi
al
ce
lls
.P

ar
tic
ul
ar
ly
,t
he

ra
tio
s
of
TM

PR
SS
2-
ex
pr
es
se
d
ar
e
10
–7
%
,9
–6
%
,1
2–
8%

an
d
14
–5
%

re
sp
ec
-

tiv
el
y,
an
d
th
e
ra
tio
s
of
AC

E2
ex
pr
es
se
d
ar
e
2–
7%

,2
–7
%
,2
–7
%

an
d
3–
0%

re
sp
ec
tiv
el
y.
Th
e
or
ga
ns

fro
m
th
e

en
do
cr
in
e,
m
ot
or
an
d
im
m
un
e
sy
st
em

s
do

no
ts
ho
w
hi
gh

AC
E2

an
d
TM

PR
SS
2
ex
pr
es
si
on

le
ve
ls
.”
[1
7]

“B
as
ed

on
TM

PR
SS
2
ex
pr
es
si
on

le
ve
l,
w
e
gr
ou
pe
d
th
e

su
sc
ep
tib
le
or
ga
ns

in
to
th
re
e
ris
k
le
ve
ls
.T
he

lu
ng
,l
ar
ge

in
te
st
in
e
(c
ol
on

an
d
re
ct
um

),
fa
llo
pi
an

tu
be
,a
nd

no
se

(n
as
al

ai
rw
ay

ep
ith
el
iu
m
)a
re
th
e
m
os
ts
us
ce
pt
ib
le
or
ga
ns

w
ith

TM
PR

SS
2-
ex
pr
es
se
d
ra
tio

ov
er
20
%
,a
nd

th
e
re
su
lt
in
-

di
ca
te
s
th
e
SA
RS

-C
oV
-2

m
ai
nl
y
at
ta
ck
s
th
e
re
sp
ira
to
ry

sy
st
em

,t
he

di
ge
st
iv
e
sy
st
em

an
d
th
e
re
pr
od
uc
tiv
e
sy
st
em

.
Th
e
ki
dn
ey
,s
m
al
li
nt
es
tin
e
(d
uo
de
nu
m
an
d
je
ju
nu
m
)a
nd

te
st
is
ar
e
su
sc
ep
tib
le
or
ga
ns

w
ith

m
od
er
at
e
ris
k.
In
ad
di
-

tio
n,
th
e
es
op
ha
gu
s,
ga
ll
bl
ad
de
r,
br
ai
n
(s
ub
st
an
tia

ni
gr
a

an
d
co
rte

x)
an
d
he
ar
ta
re
id
en
tifi
ed

to
be

th
e
po
te
nt
ia
lly

su
sc
ep
tib
le
or
ga
ns
.”
[1
7]

Se
ga
rs

et
al
.,

20
20

[2
5]

Pr
io
ra
nd

no
ve
lc
or
on
a-

vi
ru
se
s,
CO

VI
D-
19
,a
nd

hu
m
an

re
pr
od
uc
tio
n:
w
ha
t

is
kn
ow

n?

Re
vi
ew

of
lit
er
-

at
ur
e

“S
ev
en
ty
-n
in
e
re
po
rts

fo
rm

ed
th
e
ba
si
s
of
th
e
re
vi
ew

.C
or
on
av
iru
s
bi
nd
in
g
to
ce
lls

in
vo
lv
es

th
e
S1

do
m
ai
n
of
th
e

sp
ik
e
pr
ot
ei
n
to
re
ce
pt
or
s
pr
es
en
ti
n
re
pr
od
uc
tiv
e
tis
su
es
,i
nc
lu
di
ng

an
gi
ot
en
si
n
co
nv
er
tin
g
en
zy
m
e-
2
(A
CE
2)
,

CD
26
,E
zr
in
an
d
cy
cl
op
hi
lin
s.
SA
RS

-C
oV
1
m
ay

ca
us
e
se
ve
re
or
ch
iti
s
le
ad
in
g
to
ge
rm

ce
ll
de
st
ru
ct
io
n
in
m
al
es
.

Re
po
rts

in
di
ca
te
de
cr
ea
se
d
sp
er
m
co
nc
en
tra

tio
n
an
d
m
ot
ili
ty
fo
r7

2-
90

da
ys

fo
llo
w
in
g
CO

VI
D-
19

in
fe
ct
io
n.
Go
-

na
do
tro

pi
n-
de
pe
nd
en
te
xp
re
ss
io
n
of
AC

E2
w
as

fo
un
d
in
hu
m
an

ov
ar
ie
s,
bu
ti
ti
s
un
cl
ea
rw

he
th
er
SA
RS

Co
V-
2

ad
ve
rs
el
y
af
fe
ct
s
fe
m
al
e
ga
m
et
og
en
es
is
.E
vi
de
nc
e
su
gg
es
ts
th
at
CO

VI
D-
19

in
fe
ct
io
n
ha
s
a
lo
w
er
m
at
er
na
l

ca
se

fa
ta
lit
y
ra
te
th
an

SA
RS

or
M
ER
S,
bu
ta
ne
cd
ot
al
re
po
rts

su
gg
es
tt
ha
ti
nf
ec
te
d,
as
ym

pt
om

at
ic
w
om

en
m
ay

de
ve
lo
p
re
sp
ira
to
ry
sy
m
pt
om

s
po
st
pa
rtu

m
.C

OV
ID
-1
9
in
fe
ct
io
ns

in
pr
eg
na
nc
y
ar
e
as
so
ci
at
ed

w
ith

pr
et
er
m
de
liv
-

er
y.
Po
st
pa
rtu

m
ne
on
at
al
tra

ns
m
is
si
on

fro
m
m
ot
he
rt
o
ch
ild

ha
s
be
en

re
po
rte

d.
”
[2
5]

“C
OV

ID
-1
9
in
fe
ct
io
n
m
ay

ad
ve
rs
el
y
af
fe
ct
so
m
e
pr
eg
na
nt

w
om

en
an
d
th
ei
ro
ffs
pr
in
g.
Ad
di
tio
na
ls
tu
di
es

ar
e
ne
ed
ed

to
as
se
ss

ef
fe
ct
s
of
SA
RS

-C
oV
-2

in
fe
ct
io
n
on

m
al
e
an
d
fe
m
al
e

fe
rti
lit
y.
”
[2
5]

Li
u

et
al
.,

20
20

[2
6]

Si
ng
le
-c
el
lt
ra
ns
cr
ip
to
m
e

an
al
ys
is
of
th
e
no
ve
lc
or
o-

na
vi
ru
s
(S
AR

S-
Co
V-
2)

as
so
ci
at
ed

ge
ne

AC
E2

ex
pr
es
si
on

in
no
rm

al
an
d

no
n-
ob
st
ru
ct
iv
e
az
oo
sp
er
-

m
ia
(N
OA

)h
um

an
m
al
e

te
st
es

Ex
pe
ri-

m
en
ta
l

st
ud
y

“W
e
fo
un
d
th
at
AC

E2
-e
xp
re
ss
ed

ce
lls

ex
is
te
d
in
al
m
os
ta
ll
te
st
is
ce
ll
ty
pe
s
an
d
Se
rto

li
ce
lls

ha
d
hi
gh
es
te
xp
re
s-

si
on

le
ve
la
nd

po
si
tiv
e
ce
lls

ra
tio
.M

or
eo
ve
r,
w
e
al
so

fo
un
d
th
at
th
e
le
ve
lo
fA
CE
2
ex
pr
es
si
on

de
cr
ea
se
d
w
ith

th
e

in
cr
ea
se

of
ag
e
an
d
th
at
Se
rto

li
ce
lls

m
ig
ht
be

m
or
e
vu
ln
er
ab
le
to
SA
RS

-C
oV
-2

in
fe
ct
io
n.
In
ad
di
tio
n,
w
e
di
sc
ov
-

er
ed

th
at
th
e
AC

E2
po
si
tiv
e
ce
lls

ha
d
hi
gh

ex
pr
es
si
on
s
of
st
re
ss

re
sp
on
se

an
d
im
m
un
e
ac
tiv
at
io
n-
re
la
te
d
ge
ne
s.

An
al
yz
in
g
th
e
TM

PR
SS
2
ex
pr
es
si
on
,w

e
no
te
d
th
at
al
m
os
ta
ll
th
e
ce
ll
ty
pe
s
ha
d
TM

PR
SS
2-
ex
pr
es
se
d
ce
lls

ex
-

ce
pt
fo
rt
he

S4
an
d
tM
φ
(te
st
ic
ul
ar
m
ac
ro
ph
ag
es
)g
ro
up
s.
Th
e
sp
er
m
at
og
en
es
is
-r
el
at
ed

ge
ne
s
w
er
e
si
gn
ifi
-

ca
nt
ly
de
cr
ea
se
d
in
NO

A
Se
rto

li
ce
lls
.”
[2
6]

“O
ur

st
ud
y
m
ad
e
a
de
ep

an
al
ys
is
to
ex
pl
or
e
th
e
po
ss
ib
le

CO
VI
D-
19
-r
el
at
ed

ge
ne

ex
pr
es
si
on

in
di
ffe
re
nt
te
st
ic
ul
ar

ce
ll
ty
pe
s.
W
e
al
so

an
al
yz
ed

AC
E2

ex
pr
es
si
on

in
th
re
e
NO

A
pa
tie
nt
s
(w
ith

an
d
w
ith
ou
ts
pe
rm

at
og
en
et
ic
ce
lls
).
Ou

r
fin
di
ng
s
al
lo
w
be
tte
ru

nd
er
st
an
di
ng

of
th
e
po
te
nt
ia
lr
is
ks

of
SA
RS

-C
oV
-2

in
fe
ct
io
n
in
di
ffe
re
nt
te
st
is
ce
ll
ty
pe
s
an
d

th
e
re
su
lts

m
ay

pr
ov
id
e
m
or
e
in
si
gh
ts
in
to
th
e
st
ud
y
of
th
e

ef
fe
ct
s
of
AC

E2
on

m
al
e
in
fe
rti
lit
y.
M
or
e
ro
bu
st
ev
id
en
ce

st
ill
ne
ed
s
cl
in
ic
al
an
d
ex
pe
rim

en
ta
lr
es
ea
rc
h.
”
[2
6]

Ji
ng

et
al
.,

20
20

[2
1]

Po
te
nt
ia
li
nfl
ue
nc
e
of

CO
VI
D-
19
/A
CE
2
on

th
e
fe
-

m
al
e
re
pr
od
uc
tiv
e
sy
st
em

Re
vi
ew

of
lit
er
-

at
ur
e

“W
e
an
al
yz
ed

AC
E2

da
ta
fro

m
th
e
Ge
ne
Ca
rd
s
da
ta
ba
se

an
d
fo
un
d
th
at
AC

E2
is
m
os
ta
bu
nd
an
tly

ex
pr
es
se
d
in

th
e
ov
ar
y.
In
th
e
m
ea
nt
im
e,
da
ta
ob
ta
in
ed

fro
m
Bg
ee

sh
ow

ed
th
at
th
e
ex
pr
es
si
on

le
ve
lo
fA
CE
2
in
oo
cy
te
s
is
re
l-

at
iv
el
y
hi
gh
.T
he
re
fo
re
,t
he

ov
ar
y
an
d
oo
cy
te
m
ig
ht
be

po
te
nt
ia
lt
ar
ge
ts
of
20
19
-n
Co
V.
Th
e
Hu

m
an

Pr
ot
ei
n
At
la
s

an
d
th
e
Ge
ne
Ca
rd
s
co
nfi
rm

th
e
pr
es
en
ce

of
AC

E2
in
th
e
ut
er
us

an
d
va
gi
na
.A

CE
2
is
w
id
el
y
ex
pr
es
se
d
in
hu
m
an

pl
ac
en
ta
an
d
AC

E2
re
ac
he
s
th
e
hi
gh
es
tl
ev
el
in
ea
rly

ge
st
at
io
n.
Ac
co
rd
in
g
to
th
e
Ge
ne
Ca
rd
s,
th
e
ex
pr
es
si
on

of
AC

E2
in
th
e
pl
ac
en
ta
is
gr
ea
te
rt
ha
n
th
at
de
te
ct
ed

in
th
e
lu
ng
,s
ug
ge
st
in
g
a
po
ss
ib
ili
ty
of
vi
ra
li
nf
ec
tio
n
of
th
e

pl
ac
en
ta
.A

dd
iti
on
al
ly
,t
he

Hu
m
an

Pr
ot
ei
n
At
la
s
an
d
Ge
ne
Ca
rd
s
da
ta
ba
se

sh
ow

ed
th
e
pr
es
en
ce

of
AC

E2
in
fe
-

m
al
e
br
ea
st
s.
A
st
ud
y
cl
ai
m
ed

th
at
1
of
3
sa
m
pl
es

of
br
ea
st
m
ilk

w
as

po
si
tiv
e
fo
r2

01
9-
nC
oV

in
nu
cl
ei
c
ac
id

te
st
in
g
in
di
ca
tin
g
th
e
ch
an
ce

of
tra

ns
m
is
si
on

th
ro
ug
h
br
ea
st
fe
ed
in
g.
”
[2
1]

“2
01
9-
nC
oV

m
ay

in
fe
ct
th
e
ov
ar
y,
ut
er
us
,v
ag
in
a
an
d
pl
a-

ce
nt
a
th
ro
ug
h
th
e
ub
iq
ui
to
us

ex
pr
es
si
on

of
AC

E2
.M

or
eo
ve
r,

20
19
-n
Co
V/
AC

E2
m
ay

di
st
ur
b
th
e
fe
m
al
e
re
pr
od
uc
tiv
e
fu
nc
-

tio
ns
,r
es
ul
tin
g
in
in
fe
rti
lit
y,
m
en
st
ru
al
di
so
rd
er
an
d
fe
ta
l

di
st
re
ss
.”
[2
1]

AC
E2

an
gi
ot
en
si
n-
co
nv
er
tin
g
en
zy
m
e
2

970 Alterations of the male and female reproductive systems induced by COVID-19 K



review article

a greater presence of this enzyme was observed in
the 30-year-old patient, demonstrating that the pres-
ence of ACE2 may be related to age, decreasing during
adulthood [26]. A study sought to justify the ancestry
of SARS in young people and aimed to relate ACE2 as
a viral receptor and age. The research was carried out
with young and old rats and at the end it was possi-
ble to observe that in the older rats, the expression of
the enzyme was significantly decreased and that the
syndrome can affect the young age group [31]. Thus,
SARS-CoV-2 may cause greater reproductive harm in
younger people.

Conclusion

Therefore, it was noted that SARS-CoV-2 receptors,
such as ACE2 and TMPRSS2, are found in organs of the
various systems of the human body. Thereby, through
COVID-19 studies and symptomatology it is possible
to highlight that the respiratory system, which has
a large expression of the viral receptors, is the most
affected. In this perspective, our review found that the
human reproductive system also has a significant ex-
pression of ACE2 and TMPRSS2, demonstrating a pos-
sible infection in the primordial germ cells. This cellu-
lar invasion causes a malfunction of the reproductive
glands and a possible alteration in the gametes; how-
ever, there must be more analytical studies to prove
the action of COVID-19 in the reproductive system
and a possible transmission of the disease through
sex.
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