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Abstract A novel and highly pathogenic coronavirus (2019-nCoV)-induced
pneumonia spread worldwide in a short time. However, studies on the effects
of 2019-nCoV on the male reproductive system are limited. The aim of this
study is to describe the clinical characteristics of the male reproductive system
of COVID-19 patients and to explore the presence of 2019-nCoV in semen.
Retrospective, single-center case series of 112 male patients with confirmed
COVID-19 who were admitted to Renmin Hospital of Wuhan University from
January 2 to March 7, 2020. Demographic data, symptoms and signs related
to the male reproductive system, throat swabs and semen samples were
collected and analyzed. 2019-nCoV RNA measured in throat swab and semen
samples. The organ distribution of ACE2 mRNA and protein in human tissue on
The Human Protein Atlas portal and investigated immunohistochemistry (IHC)
images of the testis. The HPA dataset revealed relatively high levels of ACE2
protein and RNA expression in the testis. A total of 3 severe COVID-19 patients
(2.7%) presented with orchidoptosis, while no patients experienced other
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symptoms or signs related to the male reproductive system. The analysis of
2019-nCoV RNA in semen included 17 patients with fertility needs. Among
these patients, 9 (52.9%) remained positive for 2019-nCoV according to throat
swab analysis, and 8 (47.1%) became negative. In the semen 2019-nCoV
analysis, all 17 patients were negative for the N gene and ORF1ab gene. In
view of the potential impairment, long-term follow-up for male COVID-19
patients with fertility needs is of great significance.

Keywords COVID-19; 2019-nCoV; male reproductive system; a retrospective
study

Since December 2019, a novel and highly pathogenic coronavirus-induced
pneumonia (COVID-19) has occurred in Wuhan, Hubei Province, China1. As of
24:00 on March 17, 2020, 80894 cases were laboratory confirmed, and 3237
people had died in China according to the Chinese National Health Commission.
In addition to China, the number of confirmed cases in multiple overseas
countries (Italy, Germany, Iran, South Korea, etc.) continues to increase every
day, which has posed a serious threat to global public health security 2. Although
the mortality rate of COVID-19 is not as high as that of SARS-CoV, its incidence
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rate is higher and its infectivity is stronger. Therefore, effective control of the
epidemic is particularly urgent and critical.
Since the outbreak of SARS in 2003, extensive structural analysis revealed
the interaction between the spike protein receptor-binding domain (RBD) of
SARS-CoV and the host cell receptor ACE2. 2019-nCoV is a kind of
coronavirus highly similar to SARS-CoV; both of these viruses enter the host
cell through a process mediated by their spike protein. Molecular simulation
showed that the interaction between RBD and ACE2 of 2019-nCoV is stronger
than that between RBD and ACE2 SARS-CoV, suggesting that ACE2 may play
an important role in the process of 2019-nCoV entering host cells, which
subsequently leads to infection3. A previous study showed possible testis
damage in SARS patients and the effects of SARS-CoV on spermatogenesis.
These findings demonstrated that SARS-CoV may cause orchitis and extensive
spermatogenic cell disruption4. Fan et al.5 found that ACE2 is highly expressed
in the seminiferous tubules and Leydig cells of the testis, suggesting that the
testis might be a potential target of virus attack.
In the present study, we first analyzed online datasets to investigate the
expression of ACE2 in testis tissue, which is the potential target of abnormal
spermatogenic function in patients infected with 2019-nCoV. We retrospectively
collected and analyzed 112 male patients with 2019-nCoV infection in the
Renmin Hospital of Wuhan University, evaluated the clinical characteristics of
the reproductive system, and preliminarily investigated the presence of 2019-
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nCoV in the male reproductive system by detecting 2019-nCoV in the semen
of 17 patients.

Methods
Study Design and Participants
This retrospective research was approved by the ethics committee of
Renmin Hospital of Wuhan University (WDRY2020-K105). Male patients over
18 years old with confirmed COVID-19 admitted to Renmin Hospital of Wuhan
University from January 2 to March 7, 2020, were enrolled. The exclusion
criteria for the study were a history of varicocele, orchitis, testicular trauma,
testicular torsion, vasectomy, cryptorchidism or testicular biopsy that may lead
to testicular alterations. No informed consent was required because the data
were anonymized. Renmin Hospital, located in Wuhan, is one of the major
tertiary teaching hospitals of Wuhan University and is responsible for the
treatment of severe COVID-19 patients.

Publicly available ACE2 expression dataset
In this research, we used an online dataset that was approved for public
research. We investigated the organ distribution of ACE2 RNA and protein
expression in human tissue on The Human Protein Atlas portal (Website:
http://www.proteinatlas.org/)6. Meanwhile, immunohistochemistry (IHC)
images of the testis were explored. Integrated HPA datasets were sourced
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from the Genotype-Tissue Expression (GTEx) project7. All data were available
online.

Data Collection
The medical records of patients were retrospectively collected and analyzed by
trained physicians of the Department of Urology, Renmin Hospital of Wuhan
University. Data were obtained with collection forms from electronic medical
records. The information recorded included demographic data, symptoms and
signs related to the male reproductive system, throat swabs and semen 2019nCoV RNA analysis. All patients with COVID-19 enrolled in this study were
diagnosed and classified according to World Health Organization interim
guidance8. The date of disease onset was defined as the day when the
symptoms were noticed. The durations from onset of disease to semen analysis
were recorded.

Real-Time Reverse Transcription Polymerase Chain Reaction for 2019-nCoV
Throat swab and semen samples were collected and tested by RT-PCR for
2019-nCoV RNA. All samples were analyzed at the Department of Clinical
Laboratory, Renmin Hospital of Wuhan University. Throat swab samples were
collected from patients with suspected COVID-19, while semen samples were
collected from confirmed male patients with fertility needs. After collection, the
throat swabs and semen samples were washed or diluted with saline, and total
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RNA was extracted using an RNA extraction kit (Health Gene Technologies,
Ningbo, China). Real-time RT-PCR methods targeting the open reading frame
1ab (ORF1ab) and nucleocapsid protein (N) genes were designed to detect
2019-nCoV RNA in patient samples. The designed primer sequences were as
follows: ORF1ab, forward CCCTGTGGGTTTTACACTTAA and reverse
ACGATTGTGCATCAGCTGA;

the

probe

CCGTCTGCGGTATGTGGAAAGGTTATGG-BHQ1-3';
GGGGAACTTCTCCTGCTAGAAT
CAGACATTTTGCTCTCAAGCTG;

5'-FAMN,

and
and

the

forward
reverse

probe

5'-FAM-

TTGCTGCTGCTTGA CAGATT-TAMRA-3'. The real-time RT-PCR assay was
performed using a 2019-nCoV nucleic acid detection kit (Changsha, Sansure
Biological Technology Co., Ltd). For all assays, the 30 μl reaction mixture
contained 4 μl of enzyme solution and 26 μL of RNA template, probe primers
and reaction buffer. RT-PCR assay thermal cycling was performed at 50 °C for
30 minutes for reverse transcription, 95 °C for 1 minute for initial denaturation,
and 45 cycles of 95 °C for 15 seconds, and then 60 °C for 30 seconds for
denaturation, extension and collection of the fluorescence signal. A cycle
threshold value (Ct-value) less than 40 was defined as a positive test result,
and a Ct-value of 40 or more was defined as a negative test.

Statistical Analysis
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Categorical variables were described as frequencies and percentages, and
continuous variables were described using medians, maxima and minima. All
statistical analyses were performed using SPSS software version 19.0.

Results
ACE2 expression level in different human tissues
Molecular simulations showed that 2019-nCoV interacts with human host
cells by binding to ACE2. To explore the potential target of 2019-nCoV, we
investigated the organ distribution of ACE2 RNA and protein expression in
human tissue by using online datasets. The dataset from GTEx suggested that
the mRNA expression level of ACE2 is relatively higher in the small intestine
and testis than in other organs (Figure 1A). Furthermore, a dataset from the
HPA revealed the presence and relatively high level of ACE2 protein in the testis
(Figure 1B). Meanwhile, immunohistochemistry (IHC) data from the HPA
showed the presence of ACE2 protein in the testis, mainly in spermatogenic
cells (Figure 1C). These results suggested that 2019-nCoV infection may cause
testis injury.

Presenting Characteristics
The study population included 112 male hospitalized patients infected with
2019-nCoV. The median age was 55.5 years (range, 23-83 years). Of these
patients, 40 (35.7%) were classified as mild COVID-19, and 72 (64.3%) were
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classified as severe COVID-19 because of the development of severe
pneumonia, acute respiratory distress syndrome (ARDS) or organ dysfunction.
The median age of severe patients was higher than that of mild patients. In
terms of age distribution, 86% of severe patients were more than 40 years old.
In the mild group, 90% of patients were less than 70 years old (Table 1).

Symptoms and signs related to the male reproductive system
Symptoms and signs related to the male reproductive system, including
testicular pain, orchidoptosis, scrotal swelling, testicular enlargement, and
testicular tenderness, were recorded on the day of hospital admission for all
male patients. A total of 3 patients (2.7%) presented with orchidoptosis for 1 to
3 days. However, no patients experienced any of the other symptoms or signs
related to the male reproductive system listed above. Notably, all 3 patients had
severe COVID-19, accounting for 4.2% of all severe cases (Table 1).

Semen 2019-nCoV RNA analysis
The study included 17 male COVID-19 patients with fertility needs whose
semen was analyzed for the presence of 2019-nCoV RNA. The median age
was 35 years (range, 23-46 years). The median time from onset of COVID-19
to semen detection was 27 days (range, 12-64 days). Of these patients, when
we analyzed 2019-nCoV in the semen, 9 (52.9%) remained positive for 2019nCoV according to the throat swab analysis, and 8 (47.1%) became negative.
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In both groups, no patients experienced the symptoms or signs listed above
related to the male reproductive system. Similarly, in the semen 2019-nCoV
RNA analysis, all 17 patients presented negative results for the N gene and the
ORF1ab gene (Table 2). Of these patients, 9 patients had presented severe
COVID-19 but had mild COVID-19 when we performed the semen 2019-nCoV
analysis.

Discussion
COVID-2019 rapidly spread throughout the country and worldwide in a very
short period of time, posing a serious threat and damaging global human health.
2019-nCoV belongs to the same species as SARS-CoV, and it appears that
they both use the ACE2 receptor to enter host cells for reproduction and
transmission3. ACE2 is a complete membrane protein that can effectively
hydrolyze vasoconstrictor II to angiotensin (1-7) and participate in the reninangiotensin system (RAS)9. It was reported that 2019-nCoV and SARS-CoV
enter target host cells through the ACE2 receptor for propagation and
transmission, suggesting that ACE2 can play a crucial role in the process of
new coronavirus invading host cells and subsequently leading to infection 10,11.
In this research, based on the organ distribution of ACE2 in human tissue
revealed in online datasets, we found that the expression of ACE2 is relatively
higher in the testis than in other organs and that ACE2 is mainly expressed in
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spermatogenic cells, suggesting that the testis may be potentially vulnerable to
2019-nCoV infection5,12.
In addition to typical respiratory symptoms (cough and fever), some
patients may experience other symptoms, such as diarrhea, headache, fatigue,
and even a few patients do not develop symptoms13. In this study, we included
112 male patients infected with 2019-nCoV who were classified as having mild
COVID-19 or severe COVID-19. A total of 3 severe patients presented with
orchidoptosis for 1 to 3 days, but no patients experienced other symptoms or
signs related to the male reproductive system. However, these symptoms are
not specific to COVID-19. In contrast, the use semen 2019-nCoV RNA analysis
might be more valuable for understanding the effects of 2019-nCoV on the male
reproductive system.
The routes of transmission of 2019-nCoV include respiratory droplet
transmission and contact transmission. Aerosol transmission may also occur in
specific environments14. Additionally, the virus was also detected in the feces
of some patients14. The main focus of this study was to investigate the
possibility of the sexual transmission of COVID-19. We analyzed the semen of
17 male patients with confirmed COVID-19 for the presence of 2019-nCoV RNA.
Our results show that 2019-nCoV was not present in all of the above samples,
including samples from 9 individuals that remained positive and 8 that became
negative for 2019-nCoV RNA according to a throat swab analysis, suggesting
that 2019-nCoV was not present in the male reproductive system of COVID-19
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patients, which is in accordance with SARS observations15. This study is limited
by the small sample size and retrospective method. Several considerations
should be taken into account when interpreting the findings. First, the bloodtestis barrier is a structure located between the interstitial capillary lumen and
the seminiferous tubule lumen, which consists of capillaries, endothelial cells,
a basement membrane of lymphatic, myocyte-like cells, a basilar membrane of
seminiferous tubules and Sertoli cells16. The blood-testis barrier can form an
immune barrier. In addition to blocking the antigenicity of sperm and preventing
the body from producing anti-sperm antibodies to avoid the occurrence of
autoimmune reactions, it can also prevent harmful substances from interfering
with spermatogenesis and damaging the formed sperm, promoting sperm
production and ensuring a normal microenvironment for spermatogenesis 17.
Previous studies assessed intrauterine vertical transmission by detecting the
presence of 2019-nCoV in amniotic fluid and umbilical cord blood, showing no
evidence of intrauterine infection in patients with a novel coronavirus during
pregnancy, suggesting that the virus may not be able to transmit vertically
through the placental barrier18. Second, it was also reported that Leydig cells
and testicular macrophages have strong antiviral ability, which can produce
interferon α and γ simultaneously after contact with viruses, thereby resisting
viruses and tumors and enhancing immune regulatory function19,20. Meanwhile,
studies have shown that Leydig cells and macrophages secrete a variety of
antiviral proteases under the stimulation of Sendai virus, which indicated that
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in addition to the blood-testis barrier, the testicular system also an ideal antiviral
system21.. Third, in view of the potential impairment of spermatogenic function
by 2019-nCoV infection, and the current observation and follow-up of 2019nCoV patients is limited to the hospitalization and recovery period; the time is
relatively short.
For male patients with fertility needs, the review and long-term follow-up of
male spermatogenic function are of great significance. Color Doppler
ultrasound and routine semen analysis are frequently used imaging methods
and male fertility testing methods suitable for male 2019-nCoV patients with
scrotal discomfort, testicular swelling and pain, or fertility needs. Sex hormone
tests can assess gonadal endocrine dysfunction, and they are suitable for
2019-nCoV patients with abnormal semen analysis results. Studies have
shown that testosterone and luteinizing hormone are closely related to sperm
count and sperm motility22. Viral orchitis may cause testicular mesenchymal cell
damage, decreased testosterone levels and increased gonadotropin levels,
leading to secondary hypogonadism23. 2019-nCoV patients with infertility or
abnormal semen analysis results should be tested for sperm acrosome function,
sperm nuclear DNA fragments, and antisperm antibodies to evaluate the
intrinsic causes of abnormal sperm function.
In summary, front-line medical staff need to pay close attention to the
testicular function of 2019-nCoV patients, especially for patients with future
fertility requirements. Not only to pay attention to changes in the local symptoms
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and signs of the testis during the course of the disease but also to perform longterm follow-up of testicular spermatogenesis functional examination.

Conclusions
The online datasets indicated the potential impairment of the male reproductive
system by 2019-nCoV. However, this group of cases suggested that male
patients have few reproductive symptoms and signs, and 2019-nCoV was not
present in the male reproductive system of patients with confirmed COVID-19.
In view of the potential impairment, the long-term follow-up for male COVID-19
patients with fertility needs is of great significance.
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Figure legends

Figure1. Data of ACE2 from GTEx and HPA dataset. A, B. Data of ACE2 RNA
and protein expression level in different human tissues from GTEx and HPA
dataset. C. Representative IHC staining of ACE2 in testis

Table1. Clinical Features of Patients Infected with 2019-nCoV
All patients

Mild group

Severe group

(N=112)

(N=40)

(N=72)

55.5 (23-83)

45.5 (24-82)

57 (23-83)

≤39

25 (22%)

15 (38%)

10 (14%)

40–54

29 (26%)

10 (25%)

19 (26%)

55–69

43 (39%)

11 (27%)

32 (45%)

≥70

15 (14%)

4 (10%)

11 (15%)

Testicular pain

0

0

0

Orchidoptosis

3 (2.7%)

0

3 (4.2%)

Scrotal swelling

0

0

0

Testicular enlargement

0

0

0

Testicular tenderness

0

0

0

Age, years
Median(range)

Symptoms on male
reproductive system, No

Signs on male reproductive
system, No
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Abbreviations: 2019-nCoV, 2019-novel Coronavirus. N, Nucleoprotein gene.
ORF, Open reading frame.

Table2. Clinical Features of Patients Detected Semen 2019-nCoV RNA
Throat swab

Throat swab

remained positive

converted into

(N=9)

negative (N=8)

35 (23-46)

38 (23-46)

30 (28-45)

≤39

13 (76%)

7 (78%)

6 (75%)

40–54

4 (24%)

2 (22%)

2 (25%)

0

0

0

27(12-64)

30(14-64)

18.5(12-36)

Scrotum discomfort

0

`0

0

Testicular pain

0

0

0

Orchidoptosis

0

0

0

Scrotal swelling

0

0

0

Testicular enlargement

0

0

0

Testicular tenderness

0

0

0

2019-nCOV NP positive

0

0

0

2019-nCOV ORF1ab positive

0

0

0

All patients
(N=17)
Age, years
Median(range)

≥55
Onset of COVID-19 to semen
detection, median(range)
Symptoms on male reproductive
system, No

Signs on male reproductive
system, No

Semen Detection of 2019-nCoV
RNA
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Abbreviations: COVID-19, corona virus infective disease 2019. 2019-nCoV,
2019-novel Coronavirus. N, Nucleoprotein gene. ORF, Open reading frame.

