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COVID-19 disrupts spermatogenesis through the oxidative stress
pathway following induction of apoptosis
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Abstract

To evaluate the incidence of apoptosis within the testes of patients who died from severe acute respiratory syndrome coro-
navirus 2 (COVID-19) complications, testis tissue was collected from autopsies of COVID-19 positive (n=6) and nega-
tive men (n=06). They were then taken for histopathological experiments, and RNA extraction, to examine the expression
of angiotensin-converting enzyme 2 (ACE2), transmembrane protease, serine 2 (TMPRSS2), BAX, BCL2 and Caspase3
genes. Reactive oxygen species (ROS) production and glutathione disulfide (GSH) activity were also thoroughly examined.
Autopsied testicular specimens of COVID-19 showed that COVID-19 infection significantly decreased the seminiferous
tubule length, interstitial tissue and seminiferous tubule volume, as well as the number of testicular cells. An analysis of the
results showed that the Johnsen expressed a reduction in the COVID-19 group when compared to the control group. Our data
showed that the expression of ACE2, BAX and Caspase3 were remarkably increased as well as a decrease in the expression
of BCL2 in COVID-19 cases. Although, no significant difference was found for TMPRSS2. Furthermore, the results signi-
fied an increase in the formation of ROS and suppression of the GSH activity as oxidative stress biomarkers. The results of
immunohistochemistry and TUNEL assay showed that the expression of ACE2 and the number of apoptotic cells significantly
increased in the COVID-19 group. Overall, this study suggests that COVID-19 infection causes spermatogenesis disruption,
probably through the oxidative stress pathway and subsequently induces apoptosis.
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Introduction disease caused by acute respiratory infection due to coro-

navirus 2 (SARS-CoV-2). The world health organization
In December 2019, Wuhan, the capital of Hubei province (WHO) announced the outbreak of COVID-19 on March
in China, became the epicenter of an outbreak of pneu- 11, 2020 as a global pandemic. As of November 25, 2020,
monia. Coronavirus 2019 (COVID-19) is an infectious = more than 59.8 million cases, as well as more than 1.41
million deaths, have been reported worldwide [1]. COVID-
19, can lead to multiple organ failure in a short period
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such as the cardiovascular system [2], liver [3], kidney [4],
spleen, lymph nodes, brain, testis and skin [5]. All dam-
aged organs and tissues have been reported to have high
levels of ACE2 and TMPRSS2 [6]. It has been shown that
the pattern of ACE2 expression in adult testes is highly
expressed in spermatogonia, spermatids, Leydig and Ser-
toli cells [7]. Co-expression of ACE2 and TMPRSS?2 in
testicular cells suggests that the testis may be a high-risk
organ that is vulnerable to SARS-CoV-2 infection, which
may lead to testicular cell destruction and impaired sper-
matogenesis, eventually leading to infertility in men [7].
Data from autopsies of 12 patients with COVID-19 was
conducted by Neto et al. which, showed a dramatic reduc-
tion in Leydig cells in the interstitial tissue [8]. Recently,
researchers confirmed impaired spermatogenesis in COVID-
19 patients resulting from significant injury to Sertoli cells,
seminiferous tubules, reduction of Leydig cells, and mild
inflammatory infiltrates in the testis interstitium [9, 10]. It
has been reported in SARS-CoV2 infections that the exces-
sive production of ROS can lead to induction of germ cell
apoptosis, spermatogenic disruptions and reduced semen
quality [11]. In men with COVID-19, it has been shown to
reduce testosterone levels as well as alter the secretion of
luteinizing hormone (LH) and follicle-stimulating hormone
(FSH) by stimulating the hypothalamic-pituitary—gonadal
(HPG) axis [12]. Therefore, this study was conducted to
find answers to the following questions: Does over expres-
sion of ACE2 and TMPRSS2 following COVID-19 disease,
observed? Is apoptosis associated with cell death mediated
by COVID-19? Is deduction observed in testicular cells fol-
lowing COVID-19disease? Is decrease in GSH as the main
marker for of antioxidant activity following COVID-19,
signified? Is there an increase in ROS as the main source of

Table 1 Clinical characteristics of COVID-19 patients

oxidative stress following COVID-19? Finally, whether the
change of BAX, BCL2 and Caspase3 expression a suitable
marker for apoptosis following COVID-19?

Methods
Patient selection and patient criteria

Six patient samples and six healthy samples were included
in the study (Table 1). For the control group, people in the
age range 45 to 58 years with healthy reproductive status
who died due to accident, electric shock or carbon monoxide
poisoning, with no disease whatsoever were utilized.

Study design

This study is a method that involves the development of
the interpretations of the results based on a blind review of
the data analysis in group A versus group B. After agree-
ing that there would be no further change, the researchers
recorded their decisions and signed the resulting document.
The random code was then broken, the correct interpretation
selected, and the final version finalized.

Postmortem examination and sampling of the lung
and testes

Postmortem human lung and testes were collected from
Iranian Legal Medicine Organization. This study was con-
ducted in accordance with the principles of the Declara-
tion of Helsinki and the guidelines of the Chinese National
Health Commission, and was approved by the Ethics

Caseno Age (yr) Disease Reproductive  Fertile and  Corti- Comorbidity Cause of death
duration  system disor- have chil- costeroid
(d) ders dren therapy
Cl1 58 23 Non Yes Yes Hypertension, type 2 diabetes COVID-19, acute respiratory
distress syndrome, septic
shock
Cc2 48 28 Non Yes Yes Non COVID-19, pneumonia, acute
respiratory distress syndrome,
myocardial infarction
C3 49 30 Non Yes Yes Non COVID-19, respiratory failure,
myocardial infarction
C4 54 32 Non Yes Yes Hypertension COVID-109, respiratory failure,
septic shock
C5 57 27 Non Yes Yes Hypertension, type 2 diabetes COVID-19, respiratory failure,
septic shock
Cc6 55 20 Non Yes Yes Hypertension COVID-109, respiratory failure,

septic shock

COVID-19 coronavirus disease 2019, yr year, d day
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Committee at Shahid Beheshti University of Medical Sci-
ences, (IR.SBMU.MSP.REC 1399.779). All cases were
checked for their medical history of death, death certificate,
and autopsy report. Cases with a history of reproductive
system disorders were excluded from the present study.
According to standard protocol, COVID-19 diagnosis was
confirmed by positive nucleic acid testing of nasopharyn-
geal swabs, radiography (chest X-ray), computer tomog-
raphy (CT) scan features of viral pneumonia, and clinical
symptomatology. The deceased COVID-19 and control
cases were transported by refrigerator from the hospital to
forensic medicine. Postmortem examinations were carried
out after consent from family members and were performed
approximately 8 to 10 h after death. For six patients and six
controls, a tissue sample of 3 X 3cm? was obtained via inci-
sional autopsy for histological, cellular and molecular study.

Tissue preparation

Lung specimens were fixed in 10% formalin for 72 h and
submitted for standard tissue processing. Sectioning and
hematoxylin and eosin (H&E) staining for histopathology
evaluations was subsequently followed. Evaluation of tissue
sections was done by an expert histologist. The testes sam-
ples were kept in Bouin’s liquid for 48 h and then transferred
to formalin 10% before placing them in paraffin blocks. We
then made serial sections (which were 5 um thick to estimate
volume, or 25 um to estimate number) using a microtome
(Leica RM2125 RTS, Germany) consistent with the stereo-
logical techniques. The Systematic Uniform Random Sam-
pling (SURS) was used to choose 10 sections in each sample
by picking a random figure in the 1 to 10 range. They were
then finally stained using H&E staining technique (Sigma,
USA). It is worth noting that the testis cells were distinct in
terms of morphology.

The length of the seminiferous tubules

To estimate the length of seminiferous tubules, six random
fields for each tissue section were selected using an objectiv-
ity of X 10. The number of the selected seminiferous tubule
profiles was counted using an unbiased counting frame. The
length density of seminiferous tubules was also estimated
using the following formula [13, 14]:

_ X0
T

where 2Q is the total number of the seminiferous tubules,
a/f is the area per frame and XP is the total points superim-
posed on the testis tissue. The total length of the seminifer-
ous tubules was estimated by multiplying the length density
(L,) by the total volume of the testis.

Total volumes of the testis

Using a projecting microscope, the live image of 8—10 testis
sections was evaluated. The volumes were calculated using
the Cavalieri method [13, 14]. Using stereological software,
a point grid was superimposed on the testis images. The
volume of the testis was estimated by the following formula:

- a
V—ZPxpxt

where ZP is the total points hitting the testis sections, a/p is
the area associated with each point and t being the distance
between the sampled sections.

Testicular cells number

The total number of testicular cells was determined using
the optical dissector method [15]. In this study the micro-
scopic field position of each tissue section was selected by
systematic uniform random sampling. An unbiased count-
ing frame was superimposed on the images. To measure the
z-axis direction a microcrater was attached to the stage of
the microscope being used. The height of the dissector was
defined as a guard zone at the top and bottom of each sec-
tion. Any nucleus of testicular cells coming into maximal
focus was selected if it layed inside the counting frame and
did not touch the exclusion line. The numerical density (NV)
was estimated using the following equation:

__XQ ¢
Ve XY pouthowada  hRA
ZPXhX} BA

where (£Q) is the number of cells, (XP), the number of
counting frame grid in all fields; (a/f) is the area of frame;
(h), the dissector height; (BA), the thickness of microtome
section and (t) being the section’s real thickness.

Johnsen score

A Johnsen score was determined for each testicular biopsy.
In total, 100 tubules were examined per slide and each slide
was scored on a scale of 1-10 based on the level of sper-
matogenesis (Table 2).

Immunocytochemistry

The testes samples were transferred to 4% paraformalde-
hyde, after which, the testes were embedded in paraffin
blocks and sections of 5 um thickness were cut out with
a microtome)Leica RM2125 RTS, Germany). The tissue
sections were then placed on poly-L-lysine-coated slides.
Immunohistochemistry was used to determine the expression
of the receptor for SARS-CoV-2, ACE2 in testicular tissue.
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Table 2 Johnsen Score

Score Level of spermatogenesis

10 Full spermatogenesis

9 Slightly impaired spermatogenesis

8 Less than five spermatozoa per tubule

7 No late spermatids; many early spermatids

6 Few early spermatids; many of spermatogenesis
at the spermatid stage

5 Many spermatocytes

4 Few spermatocytes, arrest of spermatogenesis at
the primary spermatocyte stage

3 Spermatogonia only

No germ cells, Sertoli cells only
No seminiferous epithelial cell, tubular sclerosis

The primary antibodies used included monoclonal mouse
anti-human ACE2 (1:100; MMO0073- 11A31, Abcam, Cam-
bridge, UK). Antigen retrieval was performed in EDTA anti-
gen retrieval solution (G1206, Servicer Bio.) by microwave
oven heating. Sections were incubated with a blocking solu-
tion And after blocking, sections were incubated overnight
with the primary antibody at 4 °C. Alexa Flour 594 donkey
anti-mouse IgG (Ref21203, Life) secondary antibody was
used for the detection of ACE2. In order to count the per-
centage of ACE2 positive cells, at least 200 cells in the testis
were counted for each specimen. Cells were counted under
a light microscope at high magnification.

Reactive oxygen species in testicular tissue

After cell isolation from testis tissue, using trypsin Ethyl-
ene-diamine-tetra-acetic acid (EDTA), the suspension was
centrifuged in PBS for 5 min at 4 °C at 1200RPM. Then,
2,7-dichlorofluorescein diacetate (DCFDA) was added to
the sample at a concentration of 20 uM in a 100 pl aliquot
and was stored in a 37 °C incubator for 45 min in the dark.
Finally, the sample was examined by a flow cytometer with
a wavelength of 495 nm [16].

Glutathione disulfide content assessments

Glutathione peroxidase (GPX) assay kit (Zelbio GmbH) was
used for determining GPX in testis tissue samples with 5 U/
ml sensitivity (SKU/L). In this assay GPX activity unit was
considered as the amount of the sample that will catalyze
decomposition of 1 umol of GSH in one minute. Aliquots of
the testicular cells suspension (0.5 ml) that were previously
stained with O-Phthalaldehyde (OPA) and N-Ethylmaleim-
ide (NEM) probe (5 pM) were separated from the incubation
medium by 1 min centrifugation at 1000 rpm. The cell pellet
was then suspended in 2 ml of fresh incubation medium.

@ Springer

This washing process was carried out twice to remove the
fluorescent dye from the media. Each sample was measured
in quarts cuvettes using a Shimadzu RF5000U fluorescence
spectrophotometer set for at 495 nm excitation and 530 nm
emission wavelengths [16].

Analysis of ACE2, TMPRSS2, BAX, BCL2 and caspase3
expression using real-time PCR

Following the extraction of all RNA samples, we treated
them with DNase I (Roche, Basel, Switzerland) to remove
contamination induced by genomic DNA. We used a com-
mercial kit (Fermentas, Lithuania) to synthesize cDNA at
42 °C for 60 min in compliance with the protocols described
in the manufacturer’s instructions. We used real-time PCR
(TagMan) based on QuantiTect SYBR Green RT-PCR kit
(Takara Bio Inc, Japan) for the quantification of the rela-
tive expression of genes. We designed all pairs of reverse
and forward primers by Primer 3 Plus software using an
exon-exon junction method for the separation of cDNA from
genomic DNA. Prior to that, we tested PCR primers using
Primer-Blast tool available at the website, www.ncbi.nlm.
nih.gov/tools/primer-blast. The sequences of the primer
probe sets used are as follows: GAPDH, CAT#: P7732,
Forward: 5'-CTCAAGATTGTCAGCAATGC-3’, Reverse:
5'-CAGGATGCCCTTTAGTGGGC-3'. ACE 2, CAT#:
HP214223, Forward: 5'-CTCAAGATTGTCAGCAAT
GC-3', Reverse: 5'-CAGGATGCCCTTTAGTGGGC-3'".
TMPRSS, CAT#: HP208758, Forward: 5'-CCTCTAACT
GGTGTGATGGCGT-3', Reverse: 5'-TGCCAGGACTTC
CTCTGAGATG-3'. BAX, CAT#: B8304, F: 5'-AGGATA
GAGCAGGGAGGATGG -3', Reverse: 5'-TGGTAGCAA
AGTAGAAGAGGG-3'. BCL2, CAT#: B9179, Forward: 5'-
AGGAATGTGTGGAATGTGGAGA-3', Reverse: 5'-AGA
TGAATGGTAGAGGGTGTGA-3'. Caspase3, HP100140,
Forward: 5'-AGCTTCTTCAGAGGCGA CTA, Reverse:
5'-GGACACAATACACGGGATCT-3'.

TUNEL assay

To evaluate the ratio of apoptotic cells using TUNEL assay
(In-Situ Cell Death Detection Kit, POD; Roche), the tis-
sue sections (5 pm) were mounted on poly-L-lysine-coated
slides and were deparaffinized and rehydrated. Tissue sec-
tions were incubated with proteinase K solution (10-20 pg/
ml) for 30 min. Tissue sections were then rinsed twice in
PBS and were reacted with 50 pl of the TUNEL reaction
mixture at room temperature for 60 min in a dark, humidified
chamber. Tissue sections were once again rinsed in PBS and
incubated for 30 min with 50 pl of the Converter-POD and
followed by 3-amino-9-ethylcarbazole (AEC). Sections were
then counterstained with hematoxylin. Finally, we quantified
the percentage of TUNEL-positive cells in three sections
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per testis. The brown nuclei of the cells were considered as
apoptotic testicular cells.

Statistical analysis

The quantitative data was extracted from six independent
samples and presented as Mean +SD. All statistical analyses
were performed using the SPSS software, version 20. All
quantitative data analyzed via Kolmogorov—Smirnov had
normal distribution; therefore, the comparisons between
groups were performed using t-test. Statistical significance
was set at P <0.05.

Results
Patients confirmation
Chest X-ray image of COVID-19 patients

Chest X-ray images of COVID -19 positive adult males,
showing bilateral mid and lower zones homogenous consoli-
dation in peripheral distribution on both lungs with obscu-
ration of both CP angles- Findings, fell in the category of
indeterminate for COVID-19 (Fig. 1).

Chest CT scan image of COVID-19 patients

Axial thin-section unenhanced CT scan of COVID-19
showed multifocal ground glass opacities and consolidation
in the periphery and center of both lungs. Axial unenhanced
imaging showed that the pleural effusion was loculated in
areas and pleural thickening had occurred in the posterior
aspect of the lungs. Other occurrences such as Smooth inter-
lobular septal thickening, fibrotic bands in both lungs and
collapse consolidation in both lungs were observed as well.

(Fig. ).

Histopathological features

Histopathological examination of the pulmonary system
showed a spectrum of diffuse alveolar damage in patients,
which was evidenced by the presence of intra-alveolar fibrin
and hyaline membranes in the alveolar septal walls. Airways
and alveolar spaces contained large, reactive mononuclear
inflammatory cells. Microscopic hemorrhage was identi-
fied with diffuse alveolar damage in patients. Most patients
showed variable degrees of chronic interstitial inflammation,
with some having more prominent perivascular lymphocytic
inflammation (Fig. 2).

The impact of COVID-19 in testis
Stereological parameters

The advantage of using stereological methods was to obtain
unbiased and accurate results. The control group showed
normal seminiferous tubules with normal germinal epithe-
lium and testis interstitial tissue (Fig. 3). However, expo-
sure to COVID-19 caused degenerative changes in the semi-
niferous tubules associated with loss of spermatogenesis.
Moreover, testis section in the COVID-19 group showed
severe damage of seminiferous tubules and an absence of
spermatogenic cells (Fig. 3). The graphs for evaluated ste-
reological parameters are shown in Figs. 3 and 4. The con-
trol group showed normal histological parameters. Based
on the obtained results, the length of seminiferous tubules
witnessed reduction in the COVID-19 group when compared
with the control group (P <0.001) (Fig. 4A). In addition, the
volume of interstitial tissue and seminiferous tubules signifi-
cantly decreased in the COVID-19 group as compared to the
control group (P <0.001, P <0.001, respectively) (Fig. 4B
and C). At the cellular level, a significant reduction was
observed in the total number of testicular cells such as sper-
matogonia, primary spermatocyte, spermatid, Leydig and
Sertoli cells in the COVID-19 group as compared to the
control group (P<0.001) (Fig. 4D-H). The overall stereo-
logical findings showed normal appearance and normal sper-
matogenesis in the control group. Testicular tissue structure
in the COVID-19 group showed changes in the seminiferous
tubules including arrest of spermatogenesis and reduction
in testicular cell numbers with in the germinal epithelium.
It was also to be noted that Testicular tissue structure in the
COVID-19 group showed reduction of testicular cells such
as spermatogonia, primary spermatocyte, spermatid, Leydig
and Sertoli cells (Fig. 3).

Histopathological analysis

The overall histopathological findings showed that the mor-
phology of the tubes was completely normal. The epithe-
lium manifested normal thickness in the control autopsy
with a Johnsen score of 10. Testicular histopathology in the
COVID-19 autopsy specimens showed changes in the semi-
niferous tubules of all samples including: one sample which
had certain tubules with slightly impaired spermatogenesis
whilst maintaining a Johnson score of 9. Two samples had
tubules with less than five spermatozoa per tubule giving a
Johnson score of 8. Two samples had tubules with no late
spermatids and many early spermatids resulting in a 7 John-
son score. One sample had tubules with few early sperma-
tids; most of the spermatogenesis was at the spermatid stage
while the Johnson score was 6 (Fig. 5SA and B). The Johnsen
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«Fig.1 (I) Chest X-ray image of a COVID-19 positive old male,
showing bilateral mid and lower zones homogenous consolidation in
peripheral distribution along with Obscuration of both CP angles (red
arrow), findings fall in the category of indeterminate for COVID-19
(A-F). (II) Axial thin-section chest computed tomography (CT) in
patients with COVID-19 pneumonia from our institution. A—G Non-
contrast chest CT scan exam showed bilateral ground glass opacities
and interlobular septal thickening giving appearance of crazy paving
and areas of surrounding consolidation giving appearance of reverse
halo sign and air bronchogram (red arrow) (Color figure online)

score in the COVID-19 group showed a significant reduction
compared to the control group (P <0.001) (Fig. 5C).

Expression of ACE2 in testis based
on immunocytochemistry

Immunostaining showed that ACE2 was sporadically
expressed in testicular cells and strongly expressed in Ley-
dig cells in the COVID-19 group compared to the controls
(P<0.001) (Fig. 6A—C). Whilst in Sertoli cells, spermat-
ogonia, primary spermatocytes and spermatids are less
expressed, evaluation of such as was difficult because they
are covered by Sertoli cell cytoplasm. However, no obvious
differences in the ACE2 expression were observed between
COVID-19 and control samples.

Reactive oxygen species (ROS) production

To understand probable oxidative stress mechanism at the
COVID-19, the effects of COVID-19 on the formation of
ROS was assayed (Fig. 7A). The ROS production in the
COVID-19 group showed a significant increase compared
to the control group (P <0.001) (Fig. 7A).

Thiols metabolism

Since thiol metabolism has an important role in cellular
defense against stress exposure, we assessed the concentra-
tion of glutathione (GSH). As Fig. 5 show, concentration
of GSH in COVID-19 group had significantly reduced in
comparison to the control group (P <0.05) (Fig. 7A).

Real-time PCR analysis

To assess mRNA expression of target genes at molecular
level, the amount of transcripts for two genes contributing
to the cellular entry of the virus (ACE2 and TMPRSS) as
well as three genes involved in cellular death (BAX, BCL2
and Caspase3) was analyzed in testis tissue. The transcript
for ACE2 was significantly upregulated in the COVID-
19 group as compared to the control group (P <0.001)
(Fig. 7B). Nonetheless, the relative levels of mRNA expres-
sion for TMPRSS did not signify any differences between

the COVID-19 group, and control group (Fig. 7B). Based
on the statistical results, expression levels of BAX and Cas-
pase3 were notably upregulated in the COVID-19 group as
compared to the control group (P <0.01) (Fig. 7B). Finally,
in comparison with the control group, the protein expres-
sion for BCL2 had seen reduction in the COVID-19 group
(P<0.01) (Fig. 7B).

Percentage of apoptotic cells

The percentage of apoptotic cells in testis was examined
by TUNEL assay. TUNEL-positive cell counts illustrated
a substantial increase in the apoptotic cells in the COVID-
19 group (39.05%) compared to the control group (9.93%)
(P<0.001) (Fig. 8A-C).

Discussion

Many studies have been carried out to clarify the disease’s
course and therapeutic approach during the pandemic out-
break of COVID-19 [17]. Findings of the negative effects
of COVID -19 on the male reproductive system remains
of significant concern for clinicians. Infection caused by
the virus have been associated with deterioration in sperm
quality, but yet the exact mechanisms of SARS-CoV-2
infection remain poorly understood upon male fertility
[18]. This study provides important results on the effect of
SARS-CoV-2 virus on induction of oxidative stress pathway
followed by the onset of apoptosis in testicular cells. Our
first finding based on stereological examination of testicular
tissue autopsy samples of severely ill deceased COVID-19
showed a significant decrease in the volume of interstitial
tissue and seminiferous tubules. Reduction was also noted in
seminiferous tubule length in deceased COVID-19 patients
caused by the significant depletion of testicular cells such
as spermatogonia, primary spermatocyte, spermatid, Leydig
and Sertoli cells in the testis. This indicated injury of semi-
niferous tubules, interstitial tissue and germinal epithelium.
Recently, a research also reported oligospermia in recov-
ered male patients with a moderate COVID-19 infection who
were fertile and have had offspring. Li et al. (2020) reported
that decreased cell layers of seminiferous epithelium and a
significant increase in apoptotic cells within seminiferous
tubules in deceased COVID-19 patients due to the extensive
germ cell destruction, which is an indication of impaired
spermatogenesis [9].

The seminiferous tubule injury, testicular cell depletion,
and mild lymphocytic inflammation were also considered to
be another key factor in the histopathological findings of tes-
ticular tissue in COVID-19 patients (10). A recent report by
Nora et al. [19] also showed decreased sperm concentration
in ameliorated men with a moderate COVID-19 infection
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«Fig.2 A In the control group, the lung parenchyma, including the
alveolar sac and alveolar walls, has a normal appearance. B In Covid-
19 group, infiltration of lung tissue by mononuclear inflammatory
cells (arrow), along with desquamation of alveolar epithelium and
formation of hyaline membrane together alveolar wall thickening was
observed

[19]. Apoptosis trigger by human CoV (HCoV) infection
was described in previous in vitro studies and animal models
in SARS-CoV-infected lung, spleen, and thyroid tissues [20].
Examination of BAX, BCL2 and Caspase3 expression and
TUNEL assay in the testicular tissues of deceased COVID-
19 autopsy showed a significant increase in testicular cell
apoptosis which is an indication of impaired spermatogen-
esis. Furthermore, the results of this study also showed a sig-
nificant increase in ROS production, as well as, a decrease in
GSH content in deceased COVID-19 autopsy in compared
to controls. One of the possible effective factors in caus-
ing damage to testicular tissue is oxidative stress. Oxidative
stress is a mechanisms of cell and tissue damage caused
by viruses of the Corona family, such as influenza. Thus
COVID-19 infection can lead to oxidative damage to the
testis [11]. Oxidative stress by ROS is related to all the main
changes observed in inflammatory and infectious diseases by
viruses of the Corona family, such as influenza. This, could
be the connecting point that unites all these events. It has
also been suggested that apoptosis can be triggered by oxida-
tive stress in testicular cell apoptosis. These results suggest
that SARS-CoV-2 infection can induce apoptosis in testicu-
lar cells due to the high levels of oxidative stress which,
was consistent with previous studies [21]. It is assumed that
oxidative stress plays a role in the pathogenesis of COVID-
19 infection through the cytokine storm cycle, blood clot-
ting mechanism, and exacerbation of hypoxia [22]. There is
crosstalk between the cytokine storm and oxidative stress
which may have deleterious effects on the testis tissue in
the patients with COVID-19 infection. In addition, evidence
suggests that SARS-CoV-2 infection in men increases lev-
els of pro-inflammatory cytokines, mainly IL-1f, IL-6, and
TNF-a, and ultimately acute stage hypogonadism which has
been linked with increased levels of oxidative stress [23].
Furthermore, we also investigated the relative mRNA
expression levels of ACE2 and TMPRSS genes in testicular
tissue. The ACE2 and TMPRSS2 receptors has been shown
to be a target for SARS-CoV-2 infection in testicular cells,
suggesting that the testis is potentially a target organ for
the SARS-CoV-2 virus [7, 24-26]. RNA-Seq revealed the
presence of ACE2 transcripts in human spermatogonia,

spermatocyte, spermatids, Leydig cells and Sertoli cells
in the testis tissue [27, 28]. Interestingly, high levels of
ACE?2 receptor expression in testicular cells were observed
in infertile men compared to fertile men, suggesting that
increased ACE2 gene expression may have adverse effects
on spermatogenesis [29]. In the present study, the expression
of ACE-2 genes was increased in the testis of the COVID-
19 group, which could be due to the fact that most of the
samples in the COVID-19 group had high blood pressure,
mainly angiotensin-converting enzyme inhibitor and angio-
tensin-receptor blocker therapy can modulate the expression
of ACE2 protein and increase the expression of ACE2 and
patient susceptibility to viral host cell entry and proliferation
[30]. Previous studies thought that SARS-CoV-2 virus had a
destructive effect on the testes by gaining entry to testicular
cells via ACE2 receptors [29]. Recent findings, indicated
that the expression of both ACE2 and TMPRSS?2 receptors
was required for SARS-CoV-2 virus to enter host testicular
cells [25, 30]. However, our results showed that the expres-
sion of ACE2 gene and protein was increased in testicular
cells, but the expression of TMPRSS?2 in testicular cells
was not significantly different in the COVID-19 samples
compared to the control group. Therefore, the possibility of
SARS-CoV-2 virus entry to the testicular cells are unlikely.

The present study has limitations that include a relatively
smaller sample size, and the study could not investigate
these COVID-19 patients prospectively. However, with these
limitations, this study can be considered as a comprehen-
sive study to assess the severity of reproductive health in
COVID-19 patients. Our results can be considered prelimi-
nary and further studies are invited by researchers to confirm
the findings of our study.

Conclusion

It can be concluded from this study that COVID-19 infec-
tion can cause spermatogenesis disruption. This disruption is
likely thought to be through the oxidative stress pathway and
subsequently induces apoptosis. It is not yet fully determined
whether SARS-CoV-2 virus particles can transmission to the
testicular blood barrier and enter testicular tissue, therefore,
further experiments are needed to validate this association.
Due to the lack of information on the SARS-CoV-2 virus
further studies are need to be undertaken to better under-
stand the effects of this virus on reproductive organs.
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Fig. 3 Photomicrograph of the
testis stained with H&E; (X 4, X
10 and % 40). SG Spermatogo-
nia (SG), primary spermatocyte
(PS), round spermatid (ST),
Sertoli cell (SC), Leydig cell
(LC). A In the control group,
the testis tissue, including the
seminiferous tubules and ger-
minal epithelium, has a normal
appearance. B The testicular
cells death, interstitial edema
and thinning of the seminifer-
ous epithelium was observed
in all autopsy COVID-19
specimens of testes. C A point
grid is superimposed over the
photomicrograph for measur-
ing the volume using Cavalieri
method. D Counting frames
are superimposed over the pho-
tomicrographs to measure the
number of testicular cells using
optical disector method. The
yellow box is counting frame
(Color figure online)
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Fig.4 A-C Stereological results of testis tissue. Mean+SD of the ical results of testis tissue. Mean + SD of the total number of spermat-
seminiferous tubules length, interstitial tissue volume and seminifer- ogonia, total number of primary spermatocyte, total number of round
ous tubules volume of testis in the study groups; (***P <0.001). C spermatid, total number of Leydig cells and total number of Sertoli
Photomicrograph of the testis stained with H&E, x4. D-H Stereolog- cells in the study groups; (***P <0.001)
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Fig.5 Photomicrograph of the testis stained with H&E; (x40). A
Histopathological finding showed normal spermatogenesis in all
control autopsy and the Johnsen score was 10. B Testicular histo-
pathology in the six COVID-19 autopsy specimens such as: sample
(I) had some tubules with slightly impaired spermatogenesis and the
Johnson score was 9. Two samples (II and III) had some tubules with
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less than five spermatozoa per tubule and the Johnson score was 8.
samples (IV and V) had some tubules with no late spermatids and
many early spermatids and the Johnson score was 7. Sample (IV) had
some tubules with few early spermatids; many of spermatogenesis at
the spermatid stage and the Johnson score was 6. C Mean + SD of the
Johnsen score in the study groups; (¥*P <0.001)
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sion levels of (ACE2, TMPRSS2, BAX, BCL2 and Caspase3) in
the testis tissue. Mean+SD of the genes expression in the different
groups (*P <0.05 and ***P <0.001). PCR, polymerase chain reaction
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