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Capsule: SARS-CoV-2 was not detected in semen of COVID-19 patients. ACE2-mediated viral 
entry of SARS-CoV-2 into target host cells is unlikely within the human testicle based on ACE2 
and TMPRSS2 expression.    
 
  



Abstract: 
Objective: To describe detection of SARS-CoV-2 in seminal fluid of patients recovering from 
COVID-19 and describe the expression profile of ACE2 and TMPRSS2 within the testicle.      
Design: observational, cross-sectional study   
Setting: Tertiary referral center  
Patients: Thirty-four adult Chinese males diagnosed with COVID-19 through confirmatory 
quantitative reverse transcriptase-polymerase chain reaction (qRT-PCR) from pharyngeal swab 
samples  
Intervention: None  
Main Outcome Measures: Identification of SARS-CoV-2 on qRT-PCR of single ejaculated 
semen samples. Semen quality was not assessed. Expression patterns of ACE2 and TMPRSS2 
in the human testis are explored through previously published single-cell transcriptome 
datasets. 
Results: Six patients (19%) demonstrated scrotal discomfort concerning for viral orchitis around 
the time of COVID-19 confirmation. SARS-CoV-2 was not detected in semen after a median of 
31 days (IQR: 29-36 days) from COVID-19 diagnosis. Single-cell transcriptome analysis 
demonstrates sparse expression of ACE2 and TMPRSS2, with almost no overlapping gene 
expression. 
Conclusions: SARS-CoV-2 was not detected in the semen of patients recovering from COVID-
19 one month after COVID-19 diagnosis. ACE2-mediated viral entry of SARS-CoV-2 into target 
host cells is unlikely to occur within the human testicle based on ACE2 and TMPRSS2 
expression. The long-term effects of SARS-CoV-2 on male reproductive function remain 
unknown. 
  



Introduction:  
SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2), a novel coronavirus reported 
in late December 2019 in Wuhan, China, has spread world-wide with over 1,000,000 
coronavirus disease 2019 (COVID-19) cases reported (1, 2). New developments in molecular 
virology and immunobiology of SARS-CoV-2, improve our understanding about COVID-19 
prevention, management, and possible long-term effects. Although viral transmission occurs 
predominantly through respiratory droplets, SARS-CoV-2 has been isolated in blood samples 
and feces from COVID-19 patients, raising questions about viral shedding in other bodily fluids, 
including semen, as well as alternative modes of transmission(3). Similar to SARS-CoV 2002, 
viral entry into target cells by SARS-CoV-2 is likely mediated by the interaction between the viral 
spike (S) protein and cellular angiotensin-converting enzyme 2 (ACE2)(4, 5). ACE2 is 
expressed in multiple organ systems including type II alveolar cells of the lungs, intestine, heart, 
kidney, and the testis(4, 5). Transmembrane Serine Protease 2 (TMPRSS2) appears to prime 
the S protein to enhance ACE2-mediated viral entry(6). Interestingly, TMPRSS2 expression is 
identified in prostatic epithelial cells, with aberrant expression associated with tumorigenesis(7).     
 
The male reproductive tract and the testicle may be involved after some systemic viral infections 
(e.g., mumps orchitis). Testicular immune privilege normally protects the immunogenic germ 
cells from the host response. However, certain viruses are able to cross the blood-testis barrier, 
enter cells of the male reproductive tract, and elicit an immune response within the testicle (8). 
Evidence regarding viral seeding and viral entry into cells of the male reproductive tract after 
SARS-CoV-2 infection is not well understood. Our objectives are to 1) describe detection of 
SARS-CoV-2 in the semen of patients recovering from COVID-19 and 2) determine the 
expression profile of ACE2 and TMPRSS2 within the human testicle, thereby providing 
mechanistic insights into viral entry and the early impact on male reproductive function.       
 
Methods:  
We identified adult Chinese male patients (range 18-57 years) diagnosed with COVID-19 in 
Wuhan, China between Jan 26th, 2020 and March 2nd, 2020. Local institutional review board 
approval was obtained prior to study initiation (Huazhong University of Science and Technology, 
Wuhan, China). A total of 34 adult male patients were recruited for this study after informed 
consent and were asked to provide one ejaculated semen sample. The duration of abstinence 
prior to obtaining the semen sample was not standardized.  
   
Patients were initially diagnosed with COVID-19 based on clinical symptoms (fever, cough, 
pharyngodynia, and respiratory distress) confirmed with quantitative reverse transcriptase-
polymerase chain reaction (qRT-PCR) of pharyngeal swab samples (Anda Gene Ltd, Sun yat-
sen University, Guangzhou, China). Patients had one or more of these symptoms at the time of 
COVID-19 confirmation, but generally demonstrated milder symptoms. SARS-CoV-2 nucleic 
acid was extracted using the automatic nucleic acid extraction system (3DMed, Shanghai, 
China), per manufacturer’s instruction. Two target genes, including open reading frame 1ab 
(ORF1ab) and nucleocapsid protein (N), were amplified and tested using real-time RT-PCR 
(Anda Gene Ltd, Guangzhou, China). A cycle threshold value less than 37 cycles was defined 
as a positive test, and a value of 40 cycles or more was defined as a negative test, per 
recommendation of the Chinese National Institute for Viral Disease Control and Prevention. 
Samples with an equivocal cycle threshold were retested. Detection of SARS-CoV-2 in semen 
samples was performed using an identical protocol. Semen sample testing for SARS-CoV-2 
was performed at the Huazhong University of Science and Technology. Given safety concerns 
regarding viral transmission from the semen specimens, comprehensive semen analyses were 
not performed on the samples.      
 



To investigate the gene expression level of ACE2 and TMPRSS2 in different cells of the testes, 
we examined our prior published single-cell RNA-seq (scRNA-seq) dataset of human testicular 
cells at the University of Utah (9, 10). The scRNA-seq dataset was analyzed as described in 
prior work (9, 10). In brief, single cell RNA profiling experiments were performed by loading 
single testicular cells from testes of three healthy, young adults to 10X Genomics Chromium 
platform to generate libraries, which were sequenced using Illumina HiSeq 2500. The 
generated fastq files were then de-multiplexed and aligned using CellRanger, which will 
generate the single cell gene expression matrices. The gene expression matrices were then 
analyzed using dimension reduction algorithm (t-SNE) and clustering approaches. Cells with 
similar transcriptomes were placed in proximity to each other with the same color. Known 
markers were utilized to help decode the major testicular cell type identities, as described in 
prior work (9, 10). Detailed downstream analysis was performed using customized R script. The 
expression levels of ACE2 and TMPRSS2 were examined and displayed by projecting them 
onto the t-SNE plot. In addition, co-localization of ACE2 and TMPRSS2 were reported, and their 
correlation was calculated. 
 
Results:  
 
Table 1 presents characteristics of the 34 Chinese men recovering from COVID-19. Median age 
was 37 years (interquartile range, (IQR): 31-49 years). Median body mass index (BMI) was 25.0 
kg/m2 (IQR: 23.2-26.9), with 17 men (50%) classified as overweight (BMI >25 kg/m2). Three 
patients (9%) had a past medical history of hypertension. Baseline treatment of hypertension 
(for example use of ACE inhibitors or angiotensin receptor blockers) was unknown. 
Interestingly, 6 patients (19%) had scrotal discomfort around the time of COVID-19 confirmation 
concerning for viral orchitis, although a comprehensive genitourinary examination was not 
performed on the entire cohort due to the pandemic. Generally, patients in the cohort 
demonstrated mild-moderate symptoms of COVID-19 at the time of disease confirmation. The 
median time from the collection of a semen sample from a confirmatory diagnosis of COVID-19 
was 31 days (IQR: 29-36 days). SARS-CoV-2 was not detected in any ejaculated semen 
sample after a median of 31 days. 
 
Figure 1 displays the expression of ACE2 and TMPRSS2 using published single-cell 
transcriptome profiles of human testicular cells. The dimension reduction approach (t-SNE) was 
utilized to present the single-cell transcriptome data from human testes (6490 single cells), with 
each dot representing a single cell (Figure 1A). Cells were colored based on cell identities(10). 
We examined the expression of ACE2 and TMPRSS2 by projecting their expression to the t-
SNE plot, observing very low expression of both genes (Figure 1B). Last, we examined co-
expression of ACE2 and TMPRSS2 in every single testicular cell (Figure 1C); only 4 of 6490 
cells displayed expression of both genes (Pearson correlation value = -0.01), suggesting limited 
overlap expression.  
 
Discussion: 
In our study, we did not detect SARS-CoV-2 within the semen of adult Chinese males 
recovering from COVID-19. Nineteen percent of patients in our cohort had scrotal discomfort 
around the time of their COVID-19 confirmation, although the significance of this remains 
unclear. Additionally, in our scRNA-seq dataset of human testicular cells at the University of 
Utah, ACE2 and TMPRSS2 are sparsely expressed in the human testes, with almost no 
overlapping gene expression.  
 
Testicular immune privilege protects the immunogenic germ cells from a host response and a 
systemic inflammatory response may alter this environment(8). Many viruses such as Mumps, 



human immunodeficiency virus (HIV), human herpes virus, Ebola, and Zika can be detected in 
human semen after infection and can cause orchitis(11, 12). These viruses, through febrile 
illness, can have a negative impact on male reproductive function and spermatogenesis (11). 
Before our analysis, the impact of SARS-CoV-2 on male reproductive function was largely 
unknown. Previously, Xu et al. reported testicular pathology after autopsy from six males who 
died from complications of SARS-CoV (13). The authors found widespread destruction of germ 
cells and sperm, in a background of complex inflammatory infiltrate. Although they were unable 
to isolate a genomic signature from SARS-CoV itself, they postulated that SARS-CoV caused 
orchitis and reproductive impairment. ACE2, a likely receptor for viral entry by SARS-CoV-2, 
has been previously localized to human Leydig and Sertoli cells(14). Our single-cell 
transcriptome data suggests ACE2 RNA expression occurs at low levels. Therefore, ACE2-
mediated viral entry of SARS-CoV-2 into target host cells is unlikely to occur within the human 
testicle. Investigation of alternative biologic mechanisms for alteration of the testicular 
microenvironment by SARS-CoV-2 is warranted.  
 
There are certain limitations to this study. First, our results are impacted by the small sample 
size and selection bias, as men with COVID-19 in this study are more likely to have 
demonstrated milder symptoms. Prior research has suggested that higher viral loads are 
associated with more severe disease symptoms, and it is plausible that viremia or a certain viral 
threshold is not achieved to cross the blood-testis barrier(15). Second, given safety concerns 
regarding viral transmission from the semen specimens, comprehensive semen analyses were 
not performed. We were only able to obtain a single semen sample for the purposes of this 
study, with only three patients providing a sample within 14 days of their COVID-19 diagnosis. 
This limits our ability to provide data on possible early viral shedding in the semen. Third, not all 
patients in our cohort had a comprehensive genitourinary examination, limiting interpretations 
regarding the incidence of scrotal findings consistent with orchitis during acute SARS-CoV-2 
infection. Fourth, we were unable to assess hormone profiles in our cohort, including total 
testosterone, luteinizing hormone, and follicle stimulating hormone, which could provide an 
assessment of testicular function. This preliminary data is unable to characterize the long-term 
impact of COVID-19 on fertility and testicular endocrine function. Finally, we only examined 
expression of ACE2 and TMPRSS2 at the RNA expression level. We understand that gene 
expression may not always reflect protein abundance, and cannot explicitly conclude that these 
proteins are absent. Further study of the distribution and roles of ACE2 and TMPRSS2 in 
regulating SARS-CoV-2 infection in the testes is indicated. 
  
Conclusion: 
We did not detect SARS-CoV-2 within semen of adult Chinese males recovering from COVID-
19, approximately one month after the initial COVID-19 confirmation. Unfortunately, we cannot 
definitively rule out the presence of SARS-CoV-2 in the seminal fluid during an acute infection 
with severe COVID-19 symptoms. Additionally, we did not find evidence of ACE2 and 
TMPRSS2 co-expression in high fidelity RNA datasets from our prior published work at the 
University of Utah, indicating that SARS-CoV-2 would likely not be able to gain entry to 
testicular cells through an ACE2/TMPRSS2-mediated mechanism. Further research is needed 
to understand the long-term impact of SARS-CoV-2 on male reproductive function including 
fertility and testicular endocrine function.  
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Table 1: Individual characteristics for adult males with confirmed COVID-19 providing 
semen sample for SARS-CoV-2 testing.     
Patient Age 

(yrs) 
BMI 

(kg/m2) 
Time between COVID-19 diagnosis and 

semen sample obtained (days) 
SARS-CoV-2 
Semen Result 

1 31 26 33 Negative  
2 55 23.5 28 Negative 
3 31 29.4 32 Negative 
4 20 31.2 31 Negative 
5 28 24.6 33 Negative  
6 50 25.1 29 Negative 
7 35 27 27 Negative 
8 54 18.1 25 Negative 
9 46 24.9 30 Negative  
10 30 24.6 40 Negative 
11 30 21.7 40 Negative 
12 37 29.2 31 Negative 
13 49 24.3 31 Negative  
14 50 22.2 30 Negative 
15 49 26.4 33 Negative 
16 55 26.2 37 Negative 
17 33 25.1 27 Negative  
18 50 23.1 37 Negative 
19 37 22 15 Negative 
20 27 29.9 31 Negative 
21 47 26.6 30 Negative  
22 36 22.8 36 Negative 
23 36 24.1 33 Negative 
24 32 30.9 14 Negative 
25 44 26.6 31 Negative  
26 32 28.7 33 Negative 
27 26 24.1 9 Negative 
28 32 32 36 Negative 
29 43 22.2 36 Negative  
30 39 35.5 8 Negative 
31 54 26 35 Negative 
32 18 23 29 Negative 
33 39 24.3 56 Negative 
34 55 22.9 75 Negative 
Abbreviations: COVID-19 - coronavirus disease 2019; SARS-CoV-2- severe acute respiratory 
syndrome coronavirus 2; BMI – body mass index; 
  



Figure 1: Expression of ACE2 and TMPRSS2 in human testicular cells using single-cell 
RNA-seq dataset 
A. Dimension reduction (t-SNE) analysis of single-cell transcriptome data from human testes (n 
= 6490). Reference: Guo et al(10). Each dot represents a single cell and is colored according to 
its cluster identity, as indicated on the figure key.  
B. Expression patterns of ACE2 and TMPRSS2 projected on the t-SNE plot. Red indicates high 
expression, and gray indicates low or no expression, as shown on the figure key.  
C. Scatter plot to show the co-expression of ACE2 (x-axis) and TMPRSS2 (y-axis) in human 
testicular cells. 
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