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Abstract Original Research Article

Introduction: Objectives: Coronavirus disease 2019 (COVID-19), caused by the novel severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), has become a global pandemic, raising widespread public health concerns.
Our team treated hospitalized patients with COVID-19 in SAIMS Indore, where the outbreak first began, and we
suspected that SARS-CoV-2 may cause testicular infection in male patients. We conducted this study to explore that
observation. Methods: We enrolled male patients with a confirmed diagnosis of COVID-19 and performed a bedside
ultrasound (US) examination of the scrotum, focused on findings of acute inflammation such as tunica albuginea
thickening, enlargement and heterogeneous echogenicity of the testis, epididymis, or both, an abscess, scrotal wall
edema, and hydrocele. Then we compared the proportions of observed epididymo-orchitis in patients from different
age groups and COVID-19 severity groups. Results: A total of 150 patients with COVID-19 were enrolled in our
study, and 32 (22.5%) patients had acute orchitis, epididymitis, or epididymo-orchitis on scrotal US imaging,
according to the diagnosis criteria. The observed risk of acute scrotal infection increased with age, with the incidence
reaching 53.3% in men older than 80 years. We also observed that men with severe COVID-19 had a significantly
higher possibility of epididymo-orchitis compared to the non- severe COVID-19 group (P = .037). Conclusions: This
study shows US imaging evidence that SARS-CoV-2 may cause infection of the testis or epididymis, and the risk is
worthy of the attention of clinicians.
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INTRODUCTION CoV-2 is via exposure to respiratory droplets. Infection

. . . can be transmitted through respiratory air droplets or
. Coropawrug dl_sease 2019 (COVID-19) is via direct contact with contaminated surfaces. Early and
highly contagious viral illness caused by severe acute

X . accurate diagnosis of patients, including those with little
respiratory syndrlome coronavirus-2 (SARS-CoV-2) gnd or no symptoms is crucial, since nearly 80% of all
had a catastrophic effect on the world’s demographics, infections have little or no symptoms and yet, these
resulting in more than 6 million deaths worldwide as of '

. . individuals are equally infective and thus, play a major
March 2022, emerging as the most consequential global role in spreading the pandemic. Common symptoms
health crisis since the era of the influenza pandemic of

include fever, h, and d , While the di
1918. The first few cases of this predominantly neluce Tever, Cotlgh, anc dyspnea, Wl the cisease

X Lo . . has potential to cause a host severe fatal cardio-
rHeSEg?tg%V\i’r'g .gm Wi?]relzItI;StDrgg:rgggrlg O\/l\IQUh[&:IL? respiratory complications in vulnerable population,
After this, SARS-CoV-2 rapidly disseminated across particularly the elder with co-morbid conditions [2].
the world in a short span of time and on 30 January
2020, first case was reported in India. World Health
Organization (WHO) declared it as a global pandemic

Previous studies have demonstrated that the
virus enters a host cell via its receptor-binding domain,
. - which binds to a specific cell surface receptor. In
on (ljvlar_ch 1C1(’)V2|(|)3201'98Ihnce being ddeclared a glok_)al humans, angiotensin-converting enzyme 2 (ACE2) has
pandemic, -19 has ravaged many countries been identified as the major functional receptor for the

worldwide and has overwhelmed many healthcare receptor-binding domain of SARS-CoV and SARS-
systems. The primary mode of transmission of SARS- CoV-2 [7, 8]. Immunohistochemical studies have
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demonstrated that ACE2 is widely expressed in vari-
ous human organs, including the lung, kidney, small
intestine, and testis, among others [6, 9]. Angiotensin-
converting enzyme 2 has been found to be highly
expressed on Leydig cells and seminiferous duct cells in
the testis [10, 11] leaving open the possibility that
SARS-CoV-2 infection may cause testicular infection.
We thus designed this study and performed bedside
ultrasound (US) examinations of the scrotum on hos-
pitalized patients with COVID-19 to determine whether
there is sufficient US evidence to verify the risk of
testicular infection caused by SARS-CoV-2.

MATERIALS AND METHOD
Study Design and Participants

This retrospective study was scarried out
from1¥april 2021 to 30" September 2022 in the
department of Radiodiagnosis, SAMC & PG Institute,
Indore which is one of the major authorized institution
that can receive and cure patients with COVID-19. All
enrolled patients presented with initial symptoms
between from1%april 2021 to 30" September 2022, and
had a confirmed diagnosis of COVID-19 during their
hospitalization. Our study was approved by the Ethics
Committee. All patients in this study signed informed
consent.

Diagnosis and Grading of COVID-19

All patients enrolled in the study had diagnosis
and grading according to the interim guidance issued by
the World Health Organization [12]. The diagnosis of
COVID-19 was confirmed by positive results from a
nasopharyngeal swab and respiratory pathogen nucleic
acid testing with high-throughput sequencing or a real-
time reverse transcriptase polymerase chain reaction
[14]. AIll patients underwent chest computed
tomography and were confirmed to show changes
characteristic of viral pneumonia [15, 16].

According to their signs and symptoms,
computed tomographic results, and laboratory results,
COVID-19 severity can be classified into 4 types: mild,
moderate, severe, and critical. Severe COVID-19 must
meet 1 of the following 3 criteria: respiratory distress
and a respiratory rate greater than 30 breaths per
minute; resting fingertip blood oxygen saturation less
than 93%; and partial arterial oxygen pressure/fraction
of inspiration oxygen less than 300 mm Hg. Critical
COVID-19 disease is based on the following criteria:
respiratory failure requiring mechanical ventilation;
shock; and multiple organ failure requiring intensive
care management. For this study, patients were
classified into 2 groups: group 1, including patients
with non-severe COVID-19 (mild and moderate types);
and group 2, including patients with severe COVID-19
(severe and critical types).

Ultrasound Examination and Data Collection

The clinical data for the enrolled patients were
collected from electronic medical records and included
demographic information, clinical symptoms and signs,
comorbid conditions, imaging findings, laboratory
results, treatments, and clinical outcomes. Ultrasound
examinations of the scrotum were performed at the
bedside during hospitalization with a delay between 1
week to 1 month after the initial disease symptom
appeared or after the admission date for patients whose
time of initial symptoms was uncertain in their medical
history. The scrotal US examinations focused on the
acute orchitis /epididymitis /epididymo-orchitis related
imaging manifestations, including a thickened tunica
albuginea, enlargement of the testis, epididymis, or
both, heterogeneous echogenicity of the testis,
epididymis, or both, increased vascular flow on color
Doppler imaging, an abscess of the epididymis,
hydrocele, and scrotal wall swelling. The major US
features of acute orchitis were the classic triad
(enlargement,  heterogeneous  echogenicity, and
increased flow on color Doppler flow imaging [CDFI]
of the testis), and the minor features included a
thickened tunica albuginea, hydrocele, and scrotal wall
swelling. The diagnostic criteria for acute orchitis were
defined as the presence of all 3 major features or any 2
major features plus at least 1 minor feature. The major
US features of acute epi- didymitis were enlargement,
heterogeneous echogenicity, and increased flow on
CDFIl of the epididymis, and the minor features
included an abscess in the epididymis, hydrocele, and
scrotal wall swelling. The diagnostic criteria for acute
epididymitis were defined as the presence of all 3 major
features or any 2 major features plus at least 1 minor
feature. Patients who met both epididymitis and orchitis
diagnostic criteria were classified as having epididymo-
orchitis [17].

Statistical Analysis

Binary and ranked variables were expressed as
counts and percentages. Continuous variables were
expressed as the mean and standard deviation or median
and interquartile range (IQR), as appropriate.
Continuous  parameters were compared by an
independent- samples t test when the data were
normally distributed or the Mann—-Whitney test when
non-normally distributed. The binary and ranked data
sets were analyzed by a cross-table ¥ test or Fisher
exact test when the expected frequency was less than 5.
Statistical significance for all analyses was defined as 2-
tailed P < .05.

RESULTS

Demographics,  Clinical  Characteristics, and
Outcomes

The demographics and clinical characteristics
of patients with COVID-19 enrolled in this study are
summarized in Table 1. There were a total of 150 hos-
pitalized male patients with confirmed diagnosis of
COVID-19 in our study population. The median age
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was 58.3 years (IQR, 43.0-78.0 years; range, 24.0-93.0
years). Of the 150 patients hypertension (45 [29.7%]),
chronic kidney disease (20 [14.1%]), and diabetes (21
[16.2%]) were the most common. The most common
initial symptoms were fever (80 [59.6%]), sore throat
(70 [50.4%]), cough (51[40.7%]), chest pain/tightness
(49 [36.3%]), and shortness of breath (43 [31.7%])
fifteen (10.2%) patients had acute scrotal symptoms,
including enlargement, swelling, and pain, before the
US scanning.

Fifty-nine (41.5%) of the patients with severe
COVID-19 were categorized into group 2, whereas 83
(58.5%) were categorized into group 1. In comparing
these groups, patients in the severe group were
significantly older (mean age, 64.0 years versus 54.2
years [IQR, 38.0-69.0] years.

There were no significant differences between
patients in the groups in terms of the other comorbid
diseases and all the initial symptoms recorded in this
study. In group 2, more patients had acute scrotal
symptoms than group 1 (12 [18.9%] versus 5 [4.2%]).

Table 1: Clinical Characteristics of Patients with COVID-19

Characteristic Disease Severity Groups
All Patients 1(Non-severe) 2(Severe) P
(n = 150) (n=85) (n=65)
Age, y 58.3 (43.0-73.0) | 54.2 (38.0-69.0) | 64.0 (47.0-78.0) 0.001
Initial symptoms
Fever 80 (59.6) 39 (55.0) 35 (63.7) | 0.699
Cough 51 (40.7) 30 (35.9) 29 (46.1) | 0.191
Shortness of breath 43 (31.7) 32 (29.1) 18 (23.9) | 0.199
Chest pain/tightness 49 (36.9) 30 (35.2) 20 (34.3) | 0.674
Sore throat 70 (50.4) 45 (50.4) 30 (52.2) | 0.477
Acute scrotal symptoms
Swelling/pain | 15 (10.2) 5(4.2) 12 (18.9) | 0.006
Comorbid diseases
Hypertension 45 (29.7) 26 (30.4) 25 (37.9) | 0.157
Diabetes 21 (16.2) 12 (12.3) 14 (19.6) | 0.201
Coronary heart disease 19 (13.7) 7(9.4) 12 (21.6) | 0.037
Chronic kidney disease 20 (14.1) 10 (12.7) 15 (26.9) | 0.059
Chronic obstructive pulmonary disease 16 (14.1) 9 (9.3) 10 (16.6) | 0.022
Hepatic cirrhosis 10 (8.1) 4 (3.9) 7 (12.1) 0.123
Scrotal US Imaging Findings [48.1%] versus 13 [15.1%]; P < .001), heterogeneous
Twenty-one (15.1%) patients had echogenicity of the testis (13 [16.6%] versus 5 [5.1%];

inflammatory findings in bilateral testes, epididymis, or
both, whereas 18 (13.0%) patients had unilateral onset.
There was significant difference in the unilateral and
bilateral onset risk between the disease severity groups
(P = .268). The most common manifestations were a
thickened tunica albuginea (29 [21.1%]), increased
vascular flow on CDFI of the testis (27[19.3%]) and

P =.012), increased vascular flow on CDFI of the testis
(26[43%)] versus 8 [9.8%]; P =.001), increased vascular
flow on CDFI of the epididymis (18[28.1 %] versus 11
[12.1%]; P =.019), and an abscess in the epididymis (6

[8.8%] versus 0 [0%]; P =.026).

There were no significant differences between

epididymis (22[14.7%]), and heterogeneous patients in the disease severity groups in enlargement of
echogenicity of the testis (15 [10.9%]) and epididymis the testis, enlargement of the epididy- mis,
(9[6.5%]). Compared with group 1, significantly more heterogeneous echogenicity of the epididymis,
patients in group 2 had a thickened tunica albuginea (27 hydrocele, and scrotal swelling.
Table 2: Ultrasound Findings of Acute Scrotal Infections in Patients with COVID-19
Disease Severity Groups
US Finding All Patients 1(Nonsevere) | 2 (Severe) P
(n =150) (n=85) (n=65)
Unilateral onset 18 (13.0) | 9(10.1) 9 (14.3) 0.158
Bilateral onset In flammatory characteristics 21 (15.1) | 11 (13.2) 14 (24.1) 0.148
Thickened tunica albuginea 29 (21.1) | 13(15.1) 27 (48.1) <.001
Enlargement of testis 11 (8.0) 5 (5.8) 7(11.2) 0.301
Heterogeneous echogenicity of testis 15 (10.9) | 5(5.1) 13 (19.6) 0.012
Increased vascular flow on CDFI of testis 27 (19.3) | 8(9.8) 26 (43) 0.001
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Disease Severity Groups
US Finding All Patients 1(Nonsevere) | 2 (Severe) P
(n = 150) (n=85) (n =65)
Enlargement of epididymis 13 (9.7) 6 (7.0) 8 (12.2) 0.512
Heterogeneous echogenicity of epididymis 9 (6.5) 4 (4.3) 6 (9.3) 0.212
Increased vascular flow on CDFI of epididymis 22 (14.9) | 11 (12.1) 18 (28.1) 0.019
Abscess in epididymis -2.8 0 (0) 6 (8.8) 0.026
Hydrocele 10 (7.1) 4 (4.3) 9(12.9) 0.051
Scrotal swelling 4 (7.3) 2 (6.6) 5(8.2) 0.149
Subcategorized by infection type
Acute orchitis 11 (9.0) 4 (4.6) 8 (19.1) 0.091
Acute epididymitis 6 (3.9) 6 (4.1) 6 (7.8) 0.399
Acute epididymo-orchitis 25(20.2) | 3(4.2) 18 (14.9) 0.032

DiscussioN

In this study, we acquired First-hand and direct
US imaging findings of acute scrotal infection in
hospitalized patients with COVID-19 on the front line
of the pandemic. Thirty-nine (27.5%) patients showed
inflammatory imaging features such as a thickened
tunica albuginea, tissue enlargement, heterogeneous
echogenicity, increased vascular flow, hydrocele,
abscesses, and scrotal wall swelling. more patients had
a diagnosis of as acute orchitis, epididymitis, or
epididymo-orchitis according to the diagnostic criteria,
and the observed risk appeared to increase with
increasing age and COVID- 19 severity.

According to our review of the Human Protein
Atlas, the ACE2 protein is highly expressed in the
duodenum, small intestine, colon, kidney, testis, and
gallbladder [20]. The expres-sion pattern of ACE2
suggests that SARS-CoV-2 mayaffect the function of
multiple organs. Some previous and recent coronavirus
studies have demonstrated that the virus can indeed
affect many organs beyond the lungs, including the
kidneys, brain, digestive tract, heart, liver, thyroid
gland, and testicles [21-23]. In human testis tissue,
ACE?2 is primarily expressed in the sper- matogonia,
Leydig cells, and Sertoli cells [25]. A 2005 study of
autopsy findings for patients with SARS found 6 cases
of orchitis with various pathologic changes such as
widespread germ cell destruction, few or no
spermatozoa in the seminiferous tubules, thickening of
the basement membrane, and leukocyte infiltration [24].
Consequently, many scholars consider the testicles as
potential infection targets of SARS- CoV-2, given its
similar receptor interaction as SARS-Co V [25, 26].

Viral infections can result from hematogenous
spreading or from direct extension of adjacent inflam-
mation. Therefore, on the basis of the assumption of
receptor interaction and the distribution of ACE2, we
think that SARS-CoV-2 could attack both the testis and
the epididymis. At the same time, however, many
patients with COVID-19 were in a state of dimin- ished
immunity, and the bacteria from the ascending urinary
tract may break out and cause scrotal infec- tions, in

which tail-of-epididymis involvement was most
obvious [17].

Our results lend credence to the idea that
SARS- CoV-2 infection may specifically affect the
testis, epi- didymis, or both. Thus, we suggest that
clinicians remain aware of the risk of acute scrotal
infection in hospitalized patients with COVID-19, and
for young male patients with COVID-19, especially
those who wish to have children, local symptoms and
fertility should be carefully monitored and protected.

Admittedly, there was no pathologic evidence
to verify the US diagnosis of acute scrotal infections in
this study, so we cannot state with surety that SARS-
CoV-2 was responsible. Comorbidities and a systemic
inlammatory reaction may have resulted in tissue
enlargement and swelling as well. Further research
based on biopsy or autopsy should be undertaken to
investigate whether pathologic and histologic changes
caused by SARS-CoV-2 occur in the testis and epidid-
ymis of patients with COVID-19.

CONCLUSION

Viral infections can result from hematogenous
spreading or from direct extension of adjacent inflam
mation. Therefore, on the basis of the assumption of
receptor interaction and the distribution of ACE2, we
think that SARS-CoV-2 could attack both the testis and
the epididymis. At the same time, however, many
patients with COVID-19 were in a state of dimin- ished
immunity, and the bacteria from the ascending urinary
tract may break out and cause scrotal infec- tions, in
which tail-of-epididymis involvement was most
obvious [17]. Our results lend credence to the idea that
SARS- CoV-2 infection may specifically affect the
testis, epi- didymis, or both. Thus, we suggest that
clinicians remain aware of the risk of acute scrotal
infection in hospitalized patients with COVID-19, and
for young male patients with COVID-19, especially
those who wish to have children, local symptoms and
fertility should be carefully monitored and protected.
Admittedly, there was no pathologic evidence to verify
the US diagnosis of acute scrotal infections in this
study, so we cannot state with surety that SARS CoV-2
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was

responsible. Comorbidities and a systemic

inflammatory reaction may have resulted in tissue
enlargement and swelling as well. Further research
based on biopsy or autopsy should be undertaken to
investigate whether pathologic and histologic changes
caused by SARS-CoV-2 occur in the testis and epidid
ymis of patients with COVID-19.

REFERENCES

1.

10.

Wang, C., Horby, P. W., Hayden, F. G., & Gao, G.
F. (2020). A novel coronavirus outbreak of global
health concern. The lancet, 395(10223), 470-473.
Wu, J. T., Leung, K., & Leung, G. M. (2020).
Nowcasting and forecasting the potential domestic
and international spread of the 2019-nCoV
outbreak originating in Wuhan, China: a modelling
study. The Lancet, 395(10225), 689-697.

Chan, J. F. W., Yuan, S., Kok, K. H., To, K. K. W,
Chu, H., Yang, J., ... & Yuen, K. Y. (2020). A
familial cluster of pneumonia associated with the
2019 novel coronavirus indicating person-to-person
transmission: a study of a family cluster. The
lancet, 395(10223), 514-523.

Gralinski, L. E., & Menachery, V. D. (2020).
Return of the coronavirus: 2019-nCoV. Viruses, 12,
135. World Health Organization website.
https://www.who.int/. Updated October 30, 2020.
Chen, Y., Guo, Y., Pan, Y., & Zhao, Z. J. (2020).
Structure analysis of the receptor binding of 2019-
nCoV. Biochemical and biophysical research
communications, 525(1), 135-140.

Hoffmann, M., Kleine-Weber, H., Schroeder, S.,
Kriger, N., Herrler, T., Erichsen, S., .. &
Péhlmann, S. (2020). SARS-CoV-2 cell entry
depends on ACE2 and TMPRSS2 and is blocked
by a clinically proven protease
inhibitor. Cell, 181(2), 271-280.

Li, W., Moore, M. J., Vasilieva, N., Sui, J., Wong,
S. K., Berng, M. A,, ... & Farzan, M. (2003).
Angiotensin-converting enzyme 2 is a functional
receptor for the SARS
coronavirus. Nature, 426(6965), 450-454.
Hamming, 1., Timens, W., Bulthuis, M. L. C., Lely,
A. T., Navis, G. V., & van Goor, H. (2004). Tissue
distribution of ACE2 protein, the functional
receptor for SARS coronavirus. A first step in
understanding SARS pathogenesis. The Journal of
Pathology: A Journal of the Pathological Society of
Great Britain and Ireland, 203(2), 631-637.
Douglas, G. C., O’Bryan, M. K., Hedger, M. P,
Lee, D. K., Yarski, M. A., Smith, A. I., & Lew, R.
A. (2004). The novel angiotensin-converting
enzyme (ACE) homolog, ACE2, is selectively
expressed by adult Leydig «cells of the
testis. Endocrinology, 145(10), 4703-4711.

Zou, X., Chen, K., Zou, J., Han, P., Hao, J., & Han,
Z. (2020). Single-cell RNA-seq data analysis on the
receptor ACE2 expression reveals the potential risk
of different human organs vulnerable to 2019-

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

nCoV infection. Frontiers of medicine, 14, 185-
192.

World Health Organization. Clinical management
of severe acute respiratory infection when novel
coronavirus (nCoV) infection is suspected: interim
guidance. World Health Organization website.
https://www.who.int/publications-detail/clinical-
management-of-severe-acute-respiratory-infection-
when-novel-coronavirus-(ncov)- infection-is-
suspected. Updated May 27, 2020.

National Health Commission of the People’s
Republic of China. Interim guidance for novel
coronavirus pneumonia (trial imple- mentation of
seventh edition). National Health Commission of
the People’s Republic of China website.
http://www.nhc.gov.cn/
yzyQj/s7653p/202003/46¢9294a7dfedcef80dc7f591
2eb1989. shtml. Updated March 4, 2020.

Huang, C., Wang, Y., Li, X., Ren, L., Zhao, J., Hu,
Y., ... & Cao, B. (2020). Clinical features of
patients infected with 2019 novel coronavirus in
Wuhan, China. The lancet, 395(10223), 497-506.
Chung, M., Bernheim, A., Mei, X., Zhang, N.,
Huang, M., Zeng, X., ... & Shan, H. (2020). CT
imaging features of 2019 novel coronavirus (2019-
nCoV). Radiology, 295(1), 202-207.

Lei, J., Li, J., Li, X., & Qi, X. (2020). CT imaging
of the 2019 novel coronavirus (2019-nCoV)
pneumonia. Radiology, 295(1), 18-18.
Vijayaraghavan, S. B. (2006). Sonographic
differential diagnosis of acute scrotum: real-time
whirlpool sign, a key sign of torsion. Journal of
Ultrasound in Medicine, 25(5), 563-574.

Van Der Hoek, L., Pyrc, K., Jebbink, MF,
Vermeulen-Oost, W., Berkhout, RJ, Wolthers, KC,
... & Berkhout, B. (2004). Identification of a new
human coronavirus. Naturemedicine, 10(4), 368-
373.

Wu, K., Li, W., Peng, G., & Li, F. (2009). Crystal
structure of NL63 respiratory coronavirus receptor-
binding domain complexed with its human
receptor. Proceedings of the National Academy of
Sciences, 106(47), 19970-19974.

Human Protein Atlas. ACE2. Human Protein Atlas
website.
https://www.proteinatlas.org/ENSG00000130234-
ACE2/tissue. Accessed October 30, 2020.

Hui, D. S., & Zumla, A. (2019). Severe acute
respiratory syndrome: historical, epidemiologic,
and clinical features. Infectious Disease
Clinics, 33(4), 869-889.

Chai, X., Hu, L., Zhang, Y., Han, W., Lu, Z., Ke,
A., ... & Lan, F. (2020). Specific ACE2 expression
in cholangiocytes may cause liver damage after
2019-nCoV infection. biorxiv, 2020-02.
https://doi.org/10.1101/2020.02.03.931766.

Gupta, R., & Misra, A. (2020). Contentious issues
and evolving concepts in the clinical presentation
and management of patients with COVID-19
infectionwith reference to use of therapeutic and

| © 2023 Scholars Journal of Applied Medical Sciences | Published by SAS Publishers, India [ 436 |



http://www.nhc.gov.cn/yzygj/s7653p/202003/46c9294a7dfe4cef80dc7f5912eb1989.shtml
http://www.nhc.gov.cn/yzygj/s7653p/202003/46c9294a7dfe4cef80dc7f5912eb1989.shtml
http://www.nhc.gov.cn/yzygj/s7653p/202003/46c9294a7dfe4cef80dc7f5912eb1989.shtml
http://www.nhc.gov.cn/yzygj/s7653p/202003/46c9294a7dfe4cef80dc7f5912eb1989.shtml
https://www.proteinatlas.org/ENSG00000130234-ACE2/tissue
https://www.proteinatlas.org/ENSG00000130234-ACE2/tissue
https://doi.org/10.1101/2020.02.03.931766

Maniesh V Bhagat & Uday Singh Sengar.; Sch J App Med Sci, Feb, 2023; 11(2): 432-437

23.

24.

other drugs used in Co- morbid diseases
(Hypertension, diabetes etc). Diabetes & Metabolic
Syndrome: Clinical Research & Reviews, 14(3),
251-254.

Xu, J., Qi, L., Chi, X., Yang, J., Wei, X., Gong, E.,
... & Gu, J. (2006). Orchitis: a complication of
severe acute respiratory syndrome (SARS). Biology
of reproduction, 74(2), 410-416.

Wang, Z., & Xu, X. (2020). scRNA-seq profiling
of human testes reveals the presence of the ACE2
receptor, a target for SARS-CoV-2 infection in
spermatogonia, Leydig and Sertoli

25.

26.

cells. Cells, 9(4), 920.

Fan, C., Li, K., Ding, Y., Lu, W., & Wang, J.
(2020). ACE2 expression in kidney and testis may
cause kidney and testis damage after 2019-nCoV
infection. MedRxiv, 2020-02.
https://doi.org/10.1101/2020.02.12.20022418.

Ma, L., Xie, W., Li, D., Shi, L., Mao, Y., Xiong,
Y., ... & Zhang, M. (2020). Effect of SARS-CoV-2
infection upon male gonadal function: a single
center-based study. MedRxiv, 2020-03.
https://doi.org/10.1101/2020.03.21.2003726.

| © 2023 Scholars Journal of Applied Medical Sciences | Published by SAS Publishers, India 437



https://doi.org/10.1101/2020.02.12.20022418

