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SARS-CoV-2 and the next generations: which impact
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Abstract
Coronavirus disease 2019 (COVID-19) caused by the severe acute respiratory syndrome–coronavirus 2 (SARS-CoV-2) is a
severe global pandemic, affecting mostly the respiratory system. Understandably, attention is also being directed towards the
urogenital tract. In this work, expression patterns of various host molecules possibly involved in viral entry and replication were
investigated in human female andmale reproductive systems by inquiring online repositories, including the Human Protein Atlas,
GTEx, FANTOM5. Our findings highlight that male reproductive tissues could be targeted by SARS-CoV-2, particularly the
testis since it co-expresses the receptor (ACE2) and the protease (TMPRSS) needed for viral entry. We hypothesized that SARS-
CoV-2 infection could have repercussions on the fertility status of male individuals Potential infectivity of SARS-CoV-2 in
reproductive tissues should be considered in reproductive medicine and management of in vitro fertilization in present and future
generations.
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Coronavirus disease 2019 (COVID-19) caused by the severe
acute respiratory syndrome–coronavirus 2 (SARS-CoV-2) is
widely considered as a dramatic global pandemic.

COVID-19 has been firstly characterized by respiratory man-
ifestations ranging from sore throat, rhinorrhea, cough, and dys-
pnea, to pneumonia and acute respiratory distress syndrome with
pathognomonic chest X-ray features [1]. Other not specific
symptoms are fever, myalgia, headache, lymphopenia, increment
of C-reactive protein, hyposmia, and hypogeusia [1].
Nevertheless, new insights highlight that other organs can be
infected by SARS-CoV-2; indeed, in a minor fraction of the
cases, diarrhea, nausea, and vomiting are reported, suggesting
the involvement of the gastro-enteric system [1]. Furthermore,

proteinuria and acute renal tubular damage in COVID-19 pa-
tients indicate kidney impairment [2] and elevated troponin T
and N-terminal pro B-type natriuretic peptide levels underline
possible cardiovascular injury [3].

The scientific community is currently focused on the study of
SARS-CoV-2 virus characteristics and on the mechanisms lead-
ing to the development of COVID-19 disease.Moreover, intense
efforts are being made to discover possible treatments/vaccines.
Therefore, to date, few studies investigated the possible impact of
SARS-CoV-2 infection and sequelae in male and female repro-
ductive systems [4, 5], as well as the potential outcome in the
context of reproductive medicine.

Focusing on the human reproductive system, we firstly
reviewed the scientific literature looking for the main proteins
(as well as mRNA expression) already known to be involved
in virus entry/replication, whose involvement has been dem-
onstrated through in vitro experiments. Angiotensin-
converting enzyme 2 (ACE2) is widely recognized as the pri-
mary receptor for virus entry [6, 7], and notably, both ACE2
and renin-angiotensin system (RAS) are known to play fun-
damental roles in human fertility [8]; nevertheless, other actors
should be necessary to trigger SARS-CoV-2 virulence.
SARS-CoV-2 necessitates of protein spike (S) priming to al-
low the fusion of viral envelope with the cellular membrane
and this process is mediated by host protease such as the type
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II membrane serine proteases (TMPRSS) 2, 4, 11A, 11D, and
11E [6, 7]. Moreover, phosphatidylinositol 3-phosphate 5-ki-
nase (PIKFYVE) involved in the endosome dynamics, two
pore channel subtype 2 (TPCN2), cathepsin L (CTSL) and
cathepsin B (CTSB) acting in lysosome have been proposed
as required molecules for SARS-CoV-2 entry [6, 7].

Aimed at investigating the expression pattern of the above-
mentioned molecules in the female and male reproductive
tissues, a databank query and interrogation of the human pro-
tein atlas database which reports both the protein production
and the gene expression profile (www.proteinatlas.org) were
performed; the Genotype-Tissue Expression (GTEx) (www.
gtexportal.org) and the Functional Annotation of Mammalian
Genomes 5 (FANTOM5) (https://fantom.gsc.riken.jp/5/)
repositories, documenting transcriptome findings, were also
interrogated. The following molecules, based on previous
literature data on SARS-CoV-2 entry mechanisms into host
cells, were searched: ACE2; TMPRSS 2, 4, 11A, 11D, and
11E; PIKFYVE; TPCN2; CTSL; CTSB, in the female (vagi-
na, ovary, fallopian tube, endometrium, cervix uterine) and
male (ductus deferens, testis, epididymis, seminal vesicle,
prostate) reproductive tissues.

Our observations can be accessed in tables 1, 2, and 3 of
supplementary materials and in Fig. 1.

Interestingly, the protein expression of ACE2 was high in
testis (both in cells of the seminiferous duct and Leydig cells)
and low in glandular cells of seminal vesicles. Instead,
TMPRSS2 has been observed in the epididymis, seminal

vesicles, and prostate, and TMPRSS4 has been evidenced in
testis, epididymis, and prostate as well as TMPRSS11D has
been observed also in seminal vesicles. Therefore, the co-
expression of the receptor and almost one protease is present
in testis and seminal vesicles, suggesting that they could be
potentially infected by SARS-CoV-2.

In the female reproductive system, no tissue showed the
presence of ACE2 protein, the same for TMPRSS2, leading
us to hypothesize these tissues could not be susceptible to
SARS-CoV-2 infection.

Regarding the other factors, no data were available for
PIKFYVE; TPCN2 and CTSB were almost produced in all
the female and male structures, while CTSL has not been
detected or it was present at low level.

Not surprisingly, when looking at the transcriptomic data-
bases (from GTEx, HPA, and FANTOM5), the information
reported was different.

ACE2 RNA expression was present in all the reproductive
tissues examined, with higher level in testis and lower in the
prostate, vagina, fallopian tube, endometrium, and uterine cer-
vix. TMPRSS2 RNA has been also observed in all reproduc-
tive tissues but it showed the major expression in the male
tissues, namely, ductus deferens, seminal vesicles, and pros-
tate. TMPRSS4, 11A, 11D, and 11E levels were not such con-
spicuous within the different tissues; nevertheless, the vagina
and uterine cervix produced a high amount of them. Finally,
the PIKFYVE, TPCN2, CTSL, and CTSB were ubiquitarian in
the different reproductive tissues both in males and females.

Fig. 1 Schematic representation of the potential SARS-CoV-2 infection
in the reproductive system. (A) Viral entry into the cells, highlighting the
host factors possibly involved. (B) The potential infectivity of SARS-
CoV-2 in female (low risk of infection) and male (high risk of infection)

reproductive system. (C) The potential infectivity of testis cells based on
the co-expression of ACE2 and TMPRSS (the virus image together with
hazard icon indicate the cells at the high risk)
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When considering just mRNA expression findings, the data
suggest that SARS-CoV-2 could potentially infect all the male
and female reproductive tissues.

Special attention should be reserved for the testis,
since ACE2 showed in this organ the highest gene ex-
pression, taking into consideration that in the lung, the
supposed preferential target of SARS-CoV-2, ACE2 pre-
sented a lower mRNA expression (consensus among the
three dataset: 17.9 and 0.8 normalized expression NX in
testis and lung respectively).

It is important to note that the protein data reported based
on the search on the human protein atlas are supported by
semi-quantitative immunohistochemistry experiments, and
not by quantitative proteomics (i.e., western blot or ELISA),
so a lack of sensibility towards low amounts of molecules
could be hypothesized. Consequently, it is possible to specu-
late that for this reason a discrepancy between protein and
RNA data was observed; post transcriptional changes could
also not be excluded.

To further explore this issue, the COVID-19 Cell Atlas was
interrogated (https://www.covid19cellatlas.org) looking at the
different cell population in the testis, namely differentiating
spermatogonia, early primary spermatocytes, elongated
spermatids, endothelial cells, late primary spermatocytes,
Leydig cells, macrophages, myoid cells, round spermatids,
Sertoli cells, sperm, and spermatogonial stem cells. The data
of the maximum expression are reported in table 4 of
supplementary materials and Fig. 1.

Intriguingly, at low level, ACE2 mRNA expression has
been observed in all the cells, specifically, differentiating sper-
matogonia, early primary spermatocytes, elongated sperma-
tids, endothelial cells, late primary spermatocytes, Leydig
cells, macrophages, myoid cells, round spermatids, Sertoli
cells, sperm, and spermatogonial stem cells; meanwhile, the
TMPRSS (2, 4, 11A, 11D, 11E) were slightly expressed by
elongated spermatids, sperm, and spermatogonial stem cells.
Finally, PIKFYVE, TPCN2, CTSL, and CTSB mRNA have
been reported in all the different cell types of the testis.
These data suggest that spermatids, sperm, spermatogonial
stem cells should present a potential risk of susceptibility to-
wards SARS-CoV-2 infection.

The analysis of the testis transcriptome showed that ACE2
positive spermatogonia expressed also an elevated number of
genes associated with spermatogenesis respect to ACE2-neg-
ative ones; moreover, ACE2-positive Leydig and Sertoli cells
(expressing no TMPRSS genes) produced a low amount of
mRNA of genes related to mitochondria and reproduction.
Therefore, the authors speculated the vulnerability of testis
to SARS-CoV-2 infection that could lead to spermatogenesis
impairment [9]. Similarly, ACE2 mRNA and protein expres-
sion were observed in testis and spermatids [10, 11].
Moreover, also spermatogonial stem cells, differentiating
spermatogonia, leptotene spermatocytes type 1, leptotene

spermatocytes type 3, zygotene spermatocytes, diplotene sper-
matocytes, spermatocyte 7, spermatids stage 1, and Sertoli
cells may be susceptible for SARS-CoV-2 infection. Testis
expressed also TMPRSS2, CTSL, and CSTB, thus possibly
corroborating the hypothesis of its vulnerability [12].

Conversely, only a minor fraction of spermatogonial stem
cells (0.05%) co-expressed ACE2 and TMPRSS2 accordingly
with a scRNAseq dataset of human testicular tissue [13].

Regarding SARS-CoV-2 presence in the semen from
COVID-19 patients, few studies have been conducted [14].
qRT-PCR of single ejaculated semen sample after a median of
31 days from COVID-19 diagnosis was negative; notably, the
19% of the infected patients experienced scrotal discomfort,
maybe a sign of viral orchitis, although a deep genito-urinary
medical examination was not conducted [15]. Similarly, no viral
RNAwas detected in semen from a patient, after 9 days from the
positive naso-pharyngeal swab [16]. Nevertheless, these are pre-
liminary reports, and the second article was conducted only on
one patient; moreover, maybe the time of the semen collection
after the diagnosis, when the patientswere almost recovered front
the acute illness, could have affected the negative results. Indeed,
SARS-CoV-2 was found in the semen of 6 COVID-19 patients
(15.8%), 4 being in acute stage and 2 in a recovery phase, al-
though the presence of the virus could be due to the failure of the
blood barriers around themale reproductive system, it may linger
in the apparatus leading to the viremia found in the semen; there-
fore, the authors warned about the possible sexual transmission
of SARS-CoV-2 and the possible preventive measures to be
assumed [17].

Our observations obtained using different online tools hint
that male reproductive tissues, especially the testis, which co-
expresses the receptor and the protease necessary for virus
entry could be affected by SARS-CoV-2. To date, few studies
were carried out on this topic, and no works investigated the
impact of the virus presence on spermatozoa in vitro or in vivo
in animal models. Thereafter, the real implication of the infec-
tion on the fertility status of the individuals needs to be clar-
ified and proved. It is important to mention that SARS-CoV
(outbreak in 2002) promoted orchitis, probably by inducing
inflammatory and immunological host response that damages
the gonads [18]; considering that ACE2 is the entry receptor
of both SARS-CoV and SARS-CoV, it cannot be excluded
that the new coronavirus could act in a similar way [1].

Regarding the female reproductive tissues, we observed
only low expression of ACE2 in female tissues.

Recently, a co-expression of ACE2 and TMPRSS2 in pri-
mate ovarian cells has been observed; meanwhile, in cumulus
cells, ACE2was identified in high amount, but TMPRSS2was
slightly present [13]. In the endometrium, ACE2 expression
was reported as low, while the TMPRSS2 one as medium and
TMPRSS4, CTSL, and CTSB expressions as high; moreover,
all the genes mentioned above showed an increment towards
the secretory phase of the menstrual cycle [19]. These findings
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hint a potential although low susceptibility towards SARS-
CoV-2 infection also in the female reproductive tissues.

On the other hand, the possible risk of the vertical
transmission from the mothers to the fetus is under de-
bate. Indeed, SARS-CoV-2-positive newborns are main-
ly asymptomatic [20], and only some case reports
showed the positivity of the immunoglobulins IgG and
IgM [21, 22]

The information here reported, being aware that it is based
on in silico transcriptomic and proteomic repositories analy-
ses, would be the cue to further deepen SARS-CoV-2 poten-
tial impact on the cells from the reproductive tissues; although
viral RNA was detected in the semen [17], it is not assessed if
the replicative cycle of the virus occurs in the testis or in the
related organs, or its presence is only the result of blood barrier
failure, even though since SARS-CoV-2 is not quantified in
blood [23], the last option can be excluded. Intriguingly, with
our observations, we proposed to draw the attention to the co-
expression of ACE2 and TMPRSSs in specific cells of the
testis, namely, spermatogonial stem cells, spermatids, and
spermatozoa, as presumptive targets of SARS-CoV-2.
Perhaps, the possible repercussion of SARS-CoV-2 infection
on the fertility status of the individuals, especially when
COVID-19 occurs in fertile subjects, may be underestimated
and should need to be urgently re-evaluated. Physicians and
researchers working in the context of reproductive medicine
should consider that SARS-CoV-2 is potentially able to infect
and possibly replicate in male reproductive tissues with an
eventual impact on the infectivity of the semen. Therefore,
some questions arise for in vitro fertilization (IVF) technique,
about the possibility that spermatozoa could be carriers of the
virus and so potentially infect the oocyte during the proce-
dures; consecutively, it is reasonable to ponder about the mo-
lecular evaluation of the presence of SARS-CoV-2 in the se-
men collected in reproductive medicine centers and about the
possibility to postpone the IVF procedures, both the gamete
preservation and the IVF techniques. Finally, it is important to
evaluate the cases of elderly women whose oocyte reserve is
diminished, for whom the possible window of opportunity of
achieving pregnancy is limited; for these individuals, assisted
reproductive techniques should be considered undertaking
careful and adequate preventive and therapeutic measures,
for example, in case of women positivity, the use of human
monoclonal antibody against SARS-CoV-2 isolated from
memory B cells of an individual infected with SARS-CoV
in 2003 [24] or vaccine when it will be available.
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