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Abstract

Background: Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), involves multiple organs. Testicular involvement
is largely unknown.
Objective: To determine the pathological changes and whether SARS-CoV-2 can be
detected in the testes of deceased COVID-19 patients.
Design, setting, and participants: Postmortem examination of the testes from 12 COVID-19
patients was performed using light and electron microscopy, and immunohistochemistry
for lymphocytic and histiocytic markers. Reverse transcription-polymerase chain reaction
(RT-PCR) was used to detect the virus in testicular tissue.
Outcome measurements and statistical analysis: Seminiferous tubular injury was
assessed as none, mild, moderate, or severe according to the extent of tubular damage.
Leydig cells in the interstitium were counted in ten 400� microscopy fields.
Results and limitations: Microscopically, Sertoli cells showed swelling, vacuolation and
cytoplasmic rarefaction, detachment from tubular basement membranes, and loss and
sloughing into lumens of the intratubular cell mass. Two, five, and four of 11 cases
showed mild, moderate, and severe injury, respectively. The mean number of Leydig
cells in COVID-19 testes was significantly lower than in the control group (2.2 vs 7.8,
p < 0.001). In the interstitium there was edema and mild inflammatory infiltrates
composed of T lymphocytes and histiocytes. Transmission EM did not identify viral
particles in three cases. RT-PCR detected the virus in one of 12 cases.
Conclusions: Testes from COVID-19 patients exhibited significant seminiferous tubular
injury, reduced Leydig cells, and mild lymphocytic inflammation. We found no evidence
of SARS-CoV-2 virus in the testes in the majority (90%) of the cases by RT-PCR, and in
none by electron microscopy. These findings can provide evidence-based guidance for
sperm donation and inform management strategies to mitigate the risk of testicular
VID
injury during the CO
y These authors contributed equally to this work.
* Corresponding author. Department of Pathology and Laboratory Medicine, Tufts Medical Center,
800 Washington Street, Boston, MA 02111, USA. Tel.: 1 617 6366147; Fax: 1 617 6367128.
E-mail address: mzhou3@tuftsmedicalcenter.org(M. Zhou).
** Corresponding author. Department of Pathology, Union Hospital, Tongji Medical College, Huaz-
hong University of Science and Technology, 1277 Jie Fang Avenue, Wuhan, Hubei 430022, China.

ishi@126.com(X. Nie).
E-mail address: niexiuy
https://doi.org/10.1016/j.euf.2020.05.009
2405-4569/© 2020 European Association of Urology. Published by Elsevier B
creativecommons.org/licenses/by-nc-nd/4.0/).
-19 disease course.
.V. This is an open access article under the CC BY-NC-ND license (http://

https://doi.org/10.1016/j.euf.2020.05.009
mailto:mzhou3@tuftsmedicalcenter.org
mailto:niexiuyishi@126.com
https://doi.org/10.1016/j.euf.2020.05.009
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Patient summary: We examined the testes of deceased COVID-19 patients. We found
significant damage to the testicular parenchyma. However, virus was not detected in
testes in the majority of cases.

© 2020 European Association of Urology. Published by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
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1. Introduction

Coronavirus disease 2019 (COVID-19) is an infectious disease
caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2).TheWorldHealthOrganization(WHO)declared
the COVID-19 outbreak a global pandemic on March 11,
2020. As of May 4, 2020, more than 3.43 million cases and
more than 239 000 deaths have been reported worldwide
[1]. Many important discoveries have been made regarding
COVID-19 etiology, epidemiology, diagnosis, and treatment
strategies [2]. There are also emerging data on histopatholog-
ical changes in various organs [3–5], especially the lungs
[6,7]. However, information on COVID-19 pathology in the
testis is scarce. A recent study found that ACE2 receptor, a
target for SARS-CoV-2 infection, is expressed in germ cells,
Leydig cells, and Sertoli cells in the testis [8] using single-cell
RNA sequencing, suggesting the testis is potentially a target for
SARS-CoV-2 infection. However, an autopsy study of one
patient revealed that the testis appeared normal [9]. Two
studies found no SARS-CoV-2 virus in semen [10,11]. A detailed
examination of the testis in COVID-19 patients is therefore
warranted to ascertain whether the virus can be found in the
testicular epithelium and whether there is any cytopathic
effect on the testis. Such knowledge may help in determining
whether SARS-CoV-2 can be transmitted via semen and the
risk of testicular injury during the disease course, which may
affect fertility, especially in young patients.

2. Patients and methods

2.1. Postmortem examination of the testes

This study was conducted in accordance with the principles of the
Declaration of Helsinki and the guidelines of the Chinese National Health
Commission, and was approved by the Ethics Committee of Union
Hospital, Tongji Medical College, Huazhong University of Science and
Technology. According to the Chinese regulations [12], COVID-19 diag-
nosis was confirmed by positive nucleic acid testing of oropharyngeal
swabs or bronchoalveolar lavage fluid, radiological features of viral
pneumonia, and clinical symptomatology. Postmortem examinations
were carried out after consent from patients or family members and
were performed within 1 h of death at Union Hospital, Tongji Medical
College, Huazhong University of Science and Technology. For eight
patients, a tissue sample of 1 cm � 1 cm was obtained via incisional
biopsy. For the other four patients, a tissue core of 1 cm � 0.2 cm was
obtained using a 14 G needle under ultrasound guidance.

2.2. Tissue processing and staining

Procured tissue was fixed in 10% formalin for hematoxylin and eosin
staining or in 2.5% glutaraldehyde for electron microscopy (EM) for
48–72 h. For EM, Epon-embedded “semi-thin” sections stained with
toluidine blue were examined after gradient dehydration. Selected areas
were chosen for thin sections, which were then cut and stained with
uranyl acetate and lead citrate. EM grids were viewed using a transmis-
sion electron microscope (HT-7800; Hitachi, Hitachinaka, Japan)
[13]. Immunohistochemical stains were performed for CD3 (Dako,
Copenhagen, Denmark), CD20 (Roche, Tucson, AZ, USA), CD68 (Dako),
CD138 (Dako), and ACE2 (Biolyx, Hanzhou, China) according to manu-
facturers’ protocols on a Dako Link 48 automated stainer (for CD3, CD68,
CD138, and ACE2) or a Roche Benchmark XT Ultra system (for CD20).

2.3. Reverse transcription-polymerase chain reaction (RT-PCR)

Fourteen 5-mm-thick formalin-fixed, paraffin-embedded lung and testis
tissue sections were used for RNA extraction using an AmoyDx FFPE RNA
extraction kit (Amoy Diagnostics, Xiamen, China). SARS-CoV-2 RNA was
detected using a real-time multiplex RT-PCR kit (Liferiver Biotechnology,
Shanghai, China), which detects the SARS-CoV-2 RdRp gene, E gene, and
N gene simultaneously. RT-PCR was performed on an Mx3000 P real-
time PCR system (Agilent Technologies, Santa Clara, CA, USA). According
to the manufacturer’s protocol, a threshold cycle (Ct) of �43 for all three
genes, or the RdRp and E genes, or the RdRp and N genes indicated the
presence of SARS-CoV-2.

3. Results

3.1. Clinical characteristics

Twelve patients were included in this study. The mean age
was 65 yr (range 42–87 yr; Table 1). The mean disease
duration (from onset to death) was 42 d (range 23–75 d).
Fever was present in ten patients. Ten patients received low-
dose steroids (maximum dose 160 mg).

3.2. Pathological findings

Pathological examination was performed in 11 of the
12 cases. One case (S5) contained predominantly fibrovas-
cular tissue with very few seminiferous tubules and was
therefore not included in the pathological evaluation. Sem-
iniferous tubules exhibited a range of changes. Sertoli cells
were affected predominantly and showed swelling, vacuo-
lation and cytoplasmic rarefaction, and detachment from
tubular basement membranes (Fig. 1A and 1B). Loss and
sloughing of the intratubular cell mass into the lumens was
also observed (Fig. 1C). According to the extent of these
changes, seminiferous tubular injury was categorized as
none, mild, moderate, or severe if 0%, <10%, 10–50%, or
>50% of seminiferous tubules were affected, respectively.
Two (18.2%), five (45.5%), and four (36.4%) of 11 cases
showed mild, moderate, and several injury, respectively
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Table 1 – Clinical features of 12 COVID-19 patients.

Case
no.

Age
(yr)

Disease
duration (d)

Body
temperature (�C)

Steroid
therapy

Comorbidity Cause of death

S20-4 87 23 37.6 No Hypertension, chronic renal disease,
coronary heart disease

COVID-19, RF

S20-5 39 30 38.7 Yes Gastric carcinoma COVID-19
S20-6 66 36 38.9 Yes Hepatocellular carcinoma COVID-19, RF
S20-7 77 27 37.7 Yes Basal cell carcinoma of the face COVID-19, RF, septic shock
S20-9 70 20 36.5 Yes Lung carcinoma (histological type

unknown)
COVID-19, myocardial infarction, RF

S20-12 63 44 39 Yes Hypertension COVID-19, pneumonia, ARDS, MODS
S20-14 61 36 39.6 Yes None COVID-19, RF, septic shock
S20-19 55 37 38.3 Yes None COVID-19, respiratory failure, MODS
S20-20 73 49 37.5 Yes Hypertension, gastric adenocarcinoma COVID-19, septic shock
S20-22 42 52 40 Yes Hypertension COVID-19, RF, septic shock, MODS
S20-23 64 75 36.6 Yes None RF, COVID-19 (critical type),

abdominal bleeding
S20-24 57 63 37.4 Yes None COVID-19, DIC, lower gastrointestinal

bleeding

COVID-19 = coronavirus disease 2019; RF = respiratory failure; ARDS = acute respiratory distress syndrome; MODS = multiple organ dysfunction syndrome;
DIC = disseminated intravascular coagulopathy.
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(Table 2). To rule out the possibility that these changes
resulted from protracted severe illness, we reviewed testes
from five patients who died of non-COVID-19 causes and
had a disease course of at least 7 d, and found no tubular
injury in two cases and mild tubular injury in three cases
(Fig. 1D).

To quantify Leydig cells in the interstitium, Leydig cell
and seminiferous tubule cross-sections were counted in ten
400� microscopy fields and the number of Leydig cells per
tubule cross-section was calculated. As a control group, we
examined five orchiectomies performed for penile cancer
(n = 1), castration in prostate cancer (n = 3), and perineal
trauma (n = 1). The mean age of patients in the control group
was 66.8 yr (range 49–75 yr), which was not significantly
different from the age of our COVID-19 patients (p = 0.807,
Student t test). The mean number of Leydig cells in
COVID-19 testes was 2.2 (range 0.44–5.3), which was sig-
nificantly lower than in the control group (7.8, range 5.3–10;
t = �6.336, p < 0.001, Student t test).

In the interstitium there was edema and mild inflamma-
tory infiltrates composed predominantly of CD3-positive T
lymphocytes (Fig.1E) and CD68-positive histiocytes (Fig.1F)
as confirmed by immunohistochemistry. B lymphocytes
and plasma cells were not found in the stroma. No inflam-
matory cells were found within the seminiferous tubules.

Normal spermatogenesis was observed in three cases.
The other cases showed variable degrees of spermatogenic
alteration (Table 2) that was in general consistent with
patient age.

Immunostaining revealed that ACE2 was diffusely
expressed in Sertoli cells and strongly expressed in Leydig
cells (Fig. 2). It was not expressed in spermatogonia. Germ
cells at other differentiation stages, including primary and
secondary spermatocytes, and spermatids, are difficult to
assess as they were enveloped by the cytoplasm of Sertoli
cells.

Transmission EM was performed for three of the 12 cases
and did not identify definite SARS-CO-oV-2 viral particles.
3.3. Detection of SARS-CoV-2 by RT-PCR

The target SARS-CoV-2 nucleic acid sequence was detected
in lung tissue from ten of the 12 patients. It was detected in
the testis from only one case (S20-5) with a threshold cycle
(Ct) value of 31.68, 30.53, and 30.46 for the RdRP, E, and N
genes, respectively. Of note, this patient had a high viral
load: his lung, kidney, spleen, and testis were all positive for
the virus on RT-PCR. The testicular tissue sampled con-
tained predominantly fibrovascular tissue and very few
seminiferous tubules.

4. Discussion

The objectives in this study were twofold. First, we investi-
gated whether SARS-CoV-2 virus could be detected in sem-
iniferous tubules and germ cells. Second, we sought to
determine whether COVID-19 can cause injury to seminif-
erous tubules and Leydig cells, which may affect fertility,
especially in young men. The findings could have important
clinical implications.

Many viruses that infect humans can be detected in
semen [14]. It has been found that SARS-CoV, a virus that
belongs to the same betacoronavirus family as SARS-CoV-2
and is responsible for SARS, causes spermatogenic cell
necrosis and apoptosis and induces inflammatory infiltrates
in the interstitium, although viral genomic sequences were
not detected in testes [15]. A recent study using single-cell
RNA sequencing found that the ACE2 receptor, a target for
SARS-CoV-2 infection, is expressed in germ cells, Leydig
cells, and Sertoli cells in the testis [8], suggesting the testis is
potentially a tropism site and reservoir for the SARS-CoV-2
virus. In a study by Pan et al [10], 19% of patients had scrotal
discomfort concerning for testicular involvement around
the time of their COVID-19 diagnosis. On the basis of these
preliminary data, the American Society for Reproductive
Medicine and the Society for Assisted Reproductive



Fig. 1 – Pathology in testes from COVID-19 patients. (A) Sertoli cells shows swelling, vacuolation, and cytoplasmic rarefaction, and detachment from
the tubular basement membranes. Spermatogenesis is present but reduced. (B) A case with severe tubular injury shows cytoplasmic vacuolation and
detachment of Sertoli cells from the basement membranes. Spermatogenesis is present. Scattered Leydig cells are present (arrow). (C) A case with
moderate tubular injury shows loss and sloughing of intratubular cells into the lumens (asterisks). There is marked interstitial edema. Note the
normal spermatogenesis. (D) Testis from a non-COVID patient with protracted disease shows normal spermatogenesis. In the interstitium there is
edema and mild inflammatory infiltrates composed predominantly of (E) CD3-positive T lymphocytes and (F) CD68-positive histiocytes according to
immunohistochemistry.
COVID-19 = coronavirus disease 2019.
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Table 2 – Pathological findings in the testes of 12 COVID-19 patients.

Case no. Tubular injury Leydig cells Spermatogenesis SARS-CoV-2 (RT-
PCR)

Electron microscopy

Lung Testis

S20-4 Severe 2.0 Hypospermatogenesis, MPH + – ND
S20-5 ND ND ND + + ND
S20-6 Moderate 2.2 Hypospermatogenesis, MPH + – ND
S20-7 Moderate 0.44 Maturation arrest, MPH + – ND
S20-9 Moderate 1.6 Spermatogenesis appropriate for age – – ND
S20-12 Mild 2.82 Hypospermatogenesis + – Not detected
S20-14 Moderate 5.3 Spermatogenesis appropriate for age + – Not detected
S20-19 Moderate 1.0 Spermatogenesis appropriate for age + – ND
S20-20 Mild 3.6 Maturation arrest + – Not detected
S20-22 Severe ND Maturation arrest, MPH + – ND
S20-23 Severe 1.0 Hypospermatogenesis – – ND
S20-24 Severe 1.5 Maturation arrest, MPH + – ND

MPH = mild peritubular hyalinization; ND = not determined; RT-PCR = reverse transcription-polymerase chain reaction; SARS-CoV-2 = severe acute respiratory
syndrome coronavirus 2.

Fig. 2 – ACE2 is diffusely expressed in Sertoli cells and strongly
expressed in Leydig cells (long arrows) according to
immunohistochemistry. Spermatogonia are negative (short arrows).
Spermatocytes of later stages are surrounded by the Sertoli cell
cytoplasm (open arrows).
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Technology have advised caution regarding sperm donation
by COVID-19 patients [16]. However, in our study we did not
find evidence of the presence of SARS-CoV-2 in testicular
tissue or germ cells. Of the ten cases for whom viral RNA was
detected in lung tissue by RT-PCR, nine cases were negative
for the virus in testicular tissue. Only one case was positive
for the virus in the testis. This patient had a high viral load
and his lung, kidney, and spleen, in addition to testis, were
positive for the virus by RT-PCR. The testicular tissue sam-
pled contained predominantly fibrovascular tissue and very
few seminiferous tubules. It is likely that RT-PCR detected
the virus present in blood rather than in testicular tissue.
We also performed electron microscopy for three of the
12 cases (S20-12, S20-14, and S20-20). Viral particles were
not identified in any case. Our study supports the finding in
two recent reports that SARS-CoV-2 was not detected in
semen for a total of 46 patients after a median of 31 d from
COVID-19 diagnosis [10,11]. Testicular tissue from a
deceased COVID-19 patient tested negative for the virus
on RT-PCR [11]. However, it remains possible that the virus
may attack testicular tissue early on but is cleared from the
testes later during the disease course, as testicular tissue
was obtained 41 d after disease onset in this study and
semen was obtained 31 d after disease onset in the study by
Pan et al [10]. Further studies are needed to address
whether the virus can be found in the testis in the early
phase of COVID-19. However, the data so far demonstrate no
evidence of the virus in semen or testicular tissue later in
the disease course (30–40 d after disease onset), suggesting
that sperm donation or an impregnation plan could be
considered during convalescence for COVID-19 patients.

We observed morphological changes suggestive of sig-
nificant damage to seminiferous tubules. Sertoli cells exhib-
ited “ballooning” changes, vacuolation, and detachment
from basement membranes. There was loss and sloughing
into the lumens of tubular cells. We observed interstitial
edema and mild lymphocytic inflammation with predomi-
nantly T lymphocytes, consistent with viral orchitis. Fur-
thermore, the number of Leydig cells in the interstitium was
significantly reduced in COVID-19 patients. It is intriguing
that both Sertoli and Leydig cells have strong expression of
ACE2, a cell-surface receptor to which SARS-CoV-2 binds to
gain entry into cells. Even though we did not find the virus
in seminiferous tubules or Leydig cells, we speculate that
viral membrane proteins, such as the spike protein, may
play a role in the injury to seminiferous tubules and Leydig
cells. Alternatively, hyperthermia, secondary infection, hyp-
oxia, and steroids may play a role in the tissue damage
observed in the testis of COVID-19 patients.

Our study found that spermatogenesis was not altered and
wasappropriate forage inCOVID-19 patients during the acute
phase of the disease. Sertoli cells play a critical role in the
homeostasis of seminiferous tubules and spermatogenesis
[17]and Leydig cellsare involvedinandrogenproduction [18],
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so the pathology observed may lead to seminiferous tubule
damage and endocrine abnormality and eventual reduced or
even absent spermatogenesis in patients who have recovered
from COVID-19. Our findings suggest that studies should be
undertaken to find ways to mitigate the risk of testicular
injury during the COVID-19 disease course.

5. Conclusions

We reported on pathological changes in 12 testes from
patients who died of COVID-19. We found no evidence of
SARS-CoV-2 virus in the testes in the majority (90%) of the
cases by RT-PCR, and in none of the cases by electron
microscopy. However, there was significant injury to Sertoli
cells and seminiferous tubules, reduction of Leydig cells,
and mild inflammatory infiltrates in the interstitium. These
findings can provide evidence-based guidance for sperm
donation and inform management strategies to mitigate the
risk of testicular injury during the COVID-19 disease course.
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