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Abstract: SARS-CoV-2 infection arose in 2019 and has changed life as we know it. With our ever-advancing knowl-
edge, therapies, and vaccines, more functions of the SARS-CoV-2 virus are being investigated outside of its pul-
monary invasion. Here, we set out to review the current and pertinent literature on the impact of SARS-CoV-2 on
the male genitourinary system including the bladder, lower urinary tract, prostate, testis, and penis. The biggest
newsworthy stake was if SARS-CoV-2 could be transmitted through semen. Although initially thought to occur, more
recent studies have opposed this hypothesis. Outside of the reproductive spread of SARS-CoV-2, multiple studies in
this review highlight where the virus resides and what effect it may be having on this genitourinary system includ-
ing increased voiding problems, viral persistence months after systemic clearance, and rare penile complications
post-infection. Long-term outcomes are still needed to fully understand how SARS-CoV-2 infection can alter the

genitourinary system.
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Introduction

Severe acute respiratory syndrome coronavi-
rus-2 (SARS-CoV-2) was first identified in the
fall of 2019. Since then, several reports have
described the novelty of this virus and charac-
terized the respiratory pathogenesis of this
virus. There are few studies however that com-
ment on the virulence in the male genitourinary
(GU) tract, highlighting worsening urgency, fre-
quency, nocturia, and gross hematuria. This
review sets out to combine the currently known
literature in a cohesive manner of the male
genitourinary system. The understanding of
SARS-CoV-2 in the genitourinary tract is of the
utmost importance since the virus has been
identified in urine among other common fluids
such as respiratory droplets, sweat, tears, and
feces.

The male GU system has served as a host for
27 different viruses [1]. Of the 27, 11 viruses
were shown to have viability in the testes includ-
ing Zika, Mumps, and the Ebola virus. Further
these viruses have been shown to exist in the
infected host’s semen. Similarly, to these afore-

mentioned virus’, initial evidence demonstrated
the existence of SARS-CoV-2 in the semen of
6/38 patients [2]. This initial finding has failed
to be demonstrated again in the literature [3-6].

To enter the cell, the SARS-CoV2 spike protein
must bind to the ACE2 receptor on the host cell
[7]. Once bound, human proteases will cleave
the virus allowing for entry into the host cell,
where it is well characterized that ACE2 may act
as target for SARS-CoV-2 invasion [8]. Zou and
colleagues used a threshold of 1% ACE2-
positive cells (based on ACE2 expression in
type 2 alveolar cells) to identify organs at risk
for SARS-CoV-2 invasion [9]. Both the renal
proximal tubules and bladder urothelial cells
expressed ACE2 receptors above the threshold
set at 4% and 2.4% respectively, making them
high risk targets for SARS-CoV-2 invasion in the
setting of viremia [9]. The prostate is uniquely
vulnerable to the SARS-CoV-2 virus because it
demonstrates TMPRSS2 protease activity and
the presence of ACE2 receptors [10]. In addi-
tion to its role in the pathogenesis of SARS-
CoV-2, The TMPRSS2 gene is frequently impli-
cated in primary prostate cancer where it is
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Figure 1. Theorized pathogenesis of COVID-19 infection on male genitouri-
nary organs. ACE2, angiotensin-converting enzyme 2; TMPRSS2, transmem-
brane protease, serine 2; SARS-CoV-2, severe acute respiratory syndrome

coronavirus 2.

constitutively active [11]. Glandular cells of the
prostate, hillock, and club, demonstrate both
ACE2 and TMPRSS2 expression, which may fur-
ther the risk of normal prostatic tissue being
infected [12, 13] (Figure 1).

Due to a paucity of human data investigating
the pathophysiology of SARS-CoV-2 infection,
Madden and colleagues have published a pre-
print manusctipt characterized COVID locations
in Rhesus monkeys following infections of dif-
ferent strains of the virus through the GU tract
[14]. They found viral uptake throughout the
male gential track within a few weeks of infec-
tions. They noted a stronger viral load in the
prostate, testis, penile tissue, and pampiniform
plexus. Further the more advanced the SARS-
CoV-2 virus, the more infectious in the male
gential tract.

Discussion

All studies have been formatted into Table 1 at
the end of the review.

Prostate & LUTS

The underlying pathophysiology of SARS-CoV-2
on prostatic tissue remains controversial. The
pre-print in rhesus monkeys showed that the
virus can be found in the prostatic tissue [14].
Further work supported this where SARS-CoV-2
was found in the club and hillock cells of the
prostate had positive viral titers [12, 13].
However, how long the virus remains in the
prostate following infection remains unknown.
A recent study demonstrated that there was no
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SARS-CoV-2-driven inflamma-
tion of the prostate among
their ten patients who had a
COVID infection after prostate
biopy but before prostatecto-
my [15]. This study is severly
limited due to sample size,
lack of follow-up, and selec-
tion bias; whereas each pa-
tient had prostate cancer and
their cancer may have alter-
ed the prostatic tissue mic-
roenviroment, which may not
be representative of a normal
prostatic gland response to
SARS-CoV-2 infection. SARS-
CoV-2 infection in the pros-
tate will need to be further
studied as findings in a non-human primate
model demonstrated that the viral spike pro-
teins can be found in the prostate. If both
of these findings hold true, the prostate may
act as a safeguard for viral replication and
immune-evasion.

TMPRSS2 in the prostate plays a major role
in the additional symptom burden, including
lower urinary tract symptoms (LUTS), found in
males diagnosed with SARS-CoV-2. There is
research demonstrating that SARS-CoV-2 is
particularly harmful in patients with prostate
cancer. Chakravarty et. al found that patients
with prostate cancer who were also diagnos-
ed with SARS-CoV-2 had higher rates of hospi-
talization and mortality when compared to
patients with other solid tumors. Prostate can-
cer patients diagnosed with SARS-CoV-2 also
had higher rates of hospitalization when com-
pared to patients with other genitourinary can-
cers, such as bladder and kidney cancer [16].
This research highlights the vulnerability of
the prostate to SARS-CoV-2. Patients with pre-
existing prostatic disease are more likely to
require higher levels of medical intervention.
It is necessary to consider the additional risk
prostatic disease presents for patients. Addi-
tionally, even in patients without pre-existing
prostatic pathology, males are more likely to
face additional disease burden and increased
mortaility from SARS-CoV-2, which may corre-
late with TMPRSS2 expression [12].

There is no difference in the rates of diagnosis
of SARS-CoV-2 between males and females.
Males, however, are more likely to require in-
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Table 1. Studies and reported outcomes included in this review
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No. of
Studies [ref.] City and country COVID-19 Reported outcomes
patients
Reproductive organ involvement
Pecoraro et al. [15] Florence, Italy 10 No difference in the inflammatory response in the prostate following SARS-CoV-2
infection
Chakravarty et al. [16] New York, New York 228 Higher rates of hospitalization and mortality in prostate cancer patients with
COVID-19 vs other genitourinary malignancies
Yang et al. [34] Wuhan, China 12 Autopsied testes revealed significantly damaged seminiferous tubules, reduced
Leydig cells and lymphocytic inflammation; one patient with detectable viral load
within testicular tissue
Li et al. [35] Wuhan, China 6 Autopsied testes revealed increased apoptotic cells within the seminiferous
tubules and interstitial T-lymphocytes and macrophages
Ma et al. [36] Wuhan, China 5 Autopsied testes revealed germ cells within the lumen of seminiferous tubules
and detectable SARS-CoV-2 viral particles on electron micrograph in two patients
Achua et al. [37] Miami, Florida 6 Inverse association between ACE-2 receptor levels in the testes and spermato-
genesis, suggesting a potential mechanism for COVID-19 induced infertility
Ediz et al. [40] Istanbul, Turkey 10 New onset scrotal or testicular pain in men with concomitant COVID-19 infection
Chen et al. [41] Wuhan, China 142 Acute orchitis, epididymitis, or epididymo-orchitis in men with confirmed CO-
VID-19 infection
Best et al. [39] Miami, Florida 30 Total sperm in semen decreased from 59.7 million to 12.5 million per ejaculate
Alkhatatbeh et al. [42]  Amman, Jordan 253 No reports of testicular or scrotal pain in men with COVID-19 infection
Yao et al. [43] Chongging, China 3 COVID-19 spike protein was found to be present on endothelial cells of the semi-
nal vesicles and epididymis, suggesting that the novel virus is able to penetrate
the blood-testis barrier
Kresch et al. [46] Miami, Florida 2 Detectable viral particles near penile endothelial cells and decreased corporal
nitric oxide synthase expression in men with a history of COVID-19 infection
undergoing penile prosthesis placement
Lessiani et al. [48] Citta Sant’Angelo, 1 Acute superficial vein thrombosis of the penis (Mondor’s disease) in a young
Italy male with concomitant COVID-19 infection
Balawender et al. [49] Rzeszow, Poland 1 34-year-old post-SARS-CoV-2 infection with diagnosed Mondor Disease
Eren et al. [50] Instanbul, Turkey 1 33-year-old post-SARS-Cov-2 infection with diagnosed Mondor Disease
Sarkis et al. [51] Beirut, Lebanon 1 58-year-old male with an ischemic penis following SARS-CoV-2 infection
Ozbey et al. [52] Malatya, Turkey 1 71-year-old male with digital and penile necrosis 18 days after his diagnosis of
SARS-CoV-2 infection
Lam et al. [53] Pembrokeshire, 1 67-year-old male with severe SARS-CoV-2 infection developed priapism on his
United Kingdom last day of life. Authors suggest this may have been due to hypercoaguable
nature of the virus
Grimberg et al. [55] Durham, NC 1 45-year-old male with an erection two hours after his emergency room presenta-
tion. The erection was treated and recurred eight hours later
Alsaedi et al. [54] Makkah, Saudi 1 66-year-old male with a 3 day history of ischemic priapism that eventually lead
Arabia to gangrene. He was diagnosed with SARS-CoV-2 5 days prior to his presentation
with priapism
Urinary tract involvement
Kaya et al. [18] Eskisehir, Turkey 19 M Significant difference in storage IPSS scores among three time periods (pre-
27F COVID, during hospitalization and post-hospitalization) in patients with COVID-19
Can et al. [20] Istanbul, Turkey 94 Significant increase in IPSS scores among COVID-19 positive men over the age
of 50
Karabulut et al. [19] Erzurum, Turkey 63 Men with COVID-19 and severe BPH-related LUTS exhibited longer duration of
hospitalization, more frequent intensive care requirements and higher mortality
rates when compared to men with mild to moderate BPH-related LUTS
Lamb et al. [27] Royal Oak, Michigan 8 De novo urinary symptoms and elevated urinary inflammatory cytokines in
COVID-19 patients
Mumm et al. [24] Munich, Germany 7 Increased urinary frequency in men hospitalized with COVID-19 in the absence of
any other causes
Dhar et al. [28] Detroit, Michigan 32M De novo urinary frequency, urgency, urge incontinence and nocturia in COVID-19
7F patients
Luciana et al. [30] Trento, Italy 3 Severe gross hematuria requiring hospital admission and procedural/operative
intervention in men with a history of mild hematuria related to either BPH or
radiation cystitis
Djafari et al. [31] Tehran, Iran 1 Severe gross hematuria requiring hospital admission and operative interven-

tion in a COVID-19 patient with renal amyloidosis and newly diagnosed bladder
amyloidosis
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Mehraban-Far et al. [32] New York, New York 157 Gross hematuria associated with poor renal function, higher intubation rates,
increased mortality and elevated inflammatory biomarkers in COVID-19 patients
when compared to patients with no hematuria or microscopic hematuria

Costa et al. [44]

Belo Horizonte, Brazil 11 SARS-CoV-2 can be found in macrophage and spermatogonial cells where it can

replicate in the endoplasmic reticulum

Davis et al. [45]

International Survey 3,762 A long term study looking at sexual function 7 months following SARS-CoV-2 in-

fection. 15% of patients had sexual dysfunction, 10% had pain in their testicules
and 5% with deceased testicular size

COVID-19, Coronavirus Disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; ACE-2, angiotensin-converting enzyme 2; M, male; F, female; IPSS,
International Prostate Symptom Score; BPH, benign prostatic hyperplasia; LUTS, lower urinary tract symptoms.

tensive treatment and have higher likelihood of
death [17]. This link has prompted further
research on the relationship between lower uri-
nary tract symptoms (LUTS) and SARS-CoV-2.
LUTS should be used as an early indicator of
SARS-CoV-2 infection. Kaya et. al studied the
rates of LUTS in patients with SARS-CoV-2.
They selected 46 patients who had recover-
ed from SARS-CoV-2 after hospitalization.
Patients filled out the International Prostate
Symptom Score (IPSS) and Urinary Symptom
Profile based on their symptoms before, during,
and after having SARS-CoV-2. Within the male
patient cohort, there was a significant differ-
ence in storage symptoms between the three
time periods. There was not, however, any sig-
nificant difference between IPSS scores for
total score, voiding score, or quality of life score,
between the three periods. Based on this data,
the authors argue that urinary storage symp-
toms may be an early symptom of SARS-CoV-2
[18].

In addition to the presence or absence of LUTS,
LUTS severity should also be an indicator of
COVID-19 disease severity. Karabulut et al.
found patients who experienced severe LUTS
were more likely to also experience extended
hospital stays, admission to intensive care, and
death, when compared to patients with mild
LUTS [19]. There is data, however, that LUTS
and disease severity do not correlate. Can et al,
using CT lung imaging to determine disease
severity, found that severity of LUTS does not
correlate with disease severity. The use of CT
lung imaging, instead of patient clinical out-
comes, may have failed to capture the true
patient course. Additionally, only patients who
had been in hospitalized for more than three
weeks were selected for the study, limiting the
generalizability of these results [20].

Together these studies show that novel LUTS
or an increase of severity of LUTS, in the con-
text of a possible SARS-CoV2 infection, should
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be considered an early sign of infection and
may have value as a prognostic indicator. More
research needs to be completed to gain a bet-
ter understanding of the relationship between
LUTS and SARS-CoV-2.

Bladder

Several investigators have reported on the iso-
lation of SARS-CoV-2 from the urine. Chan et al
performed a systematic review examining the
detection of SARS-CoV-2 viral RNA in urine.
A total of 21 studies with 3,764 SARS-CoV-2
patients were analyzed and 5.74% of patients
were noted to have positive viral RNA in urine
samples, although the duration of viral shed-
ding in urine was undetermined [21]. Kashi
and colleagues performed a similar systematic
review and investigated urinary samples of
533 SARS-CoV-2 patients [22]. The crude over-
all rate of SARS-CoV-2 detection in urinary sam-
ples was 4.5%, and the estimated viral shed-
ding frequency was 1.18%. Urinary shedding
was most commonly detected in patients with
moderate to severe disease [22].

While there is increasing evidence that SARS-
CoV-2 is found within the urine, the exact me-
chanism behind SARS-CoV-2’s effects on the
urinary system is still unknown, although there
are two leading theories. Given that SARS-
CoV-2 has been isolated in the urine, it can be
hypothesized that direct invasion of the luminal
urothelial cells via the ACE2 receptor can oc-
cur which may lead to lower urinary tract symp-
tomatology. At this time, it is unclear whether
the ACE2 receptor is expressed on the basal
or luminal urothelial cells, although recent re-
search by Lin and colleagues suggests that
ACE2 is expressed amongst all layers of the
bladder urothelium with a higher concentration
located on the bladder umbrella (luminal) cells
when compared to the basal cells [23]. The
exact mechanism by which SARS-CoV-2 can
cause cystitis (hematogenous invasion from
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the basal side or urinary invasion from luminal
side) remains to be further elucidated. The
infrequent detection of urinary viral RNA in
SARS-CoV-2 patients with new onset urinary
symptoms seems to favor propagation of the
virus via the urothelial basal layer to the blad-
der [24]. Another proposed mechanism of ac-
tion is via a cytokine-mediated response syn-
drome leading to systemic inflammation in
patients with SARS-CoV-2. This systemic inflam-
matory response is known to cause intrarenal
inflammation, increased vascular permeability
and volume depletion, and is clinically charac-
terized by fevers, multiorgan dysfunction and
coagulopathy [25]. Interleukin-6 (IL-6) is a key
cytokine that has been linked with SARS-CoV-2
disease severity and may play a role in SARS-
CoV-2 associated cystitis [26]. One group of
researchers found elevated levels of inflam-
matory cytokines, GRO/CXCL-1, IL-6, IP-10, and
CRP in SARS-CoV-2 positive patients with de
novo urinary symptoms when compared to
SARS-CoV-2 negative patients. This group hy-
pothesized that SARS-CoV-2 associated cystitis
may be due to increased inflammatory cyto-
kines that are released into the urine and/or
expressed in the bladder [27].

After review of the current literature, involve-
ment of the lower urinary tract was reported in
9 different studies. Urinary symptoms were
described as either de novo or deterioration
from baseline and consisted of urinary urgen-
cy, frequency, incontinence, nocturia or gross
hematuria. Mumm et al reported on an increase
in urinary frequency in seven SARS-CoV-2 posi-
tive male patients in the absence of any other
causes and suspected cystitis to be due to
active SARS-CoV-2 infection [24]. Interestingly,
none of these patients exhibited positive urine
PCR tests [24]. Dhar and colleagues reported
similar findings and found de novo urinary
symptoms in 39 SARS-CoV-2 positive patients
(32 males). These researchers utilized a vali-
dated bladder health questionnaire (Overac-
tive Bladder (OAB) Assessment Tool) and found
the average OAB symptom score in both men
and women was 18. Patients described new
onset urinary urgency, frequency, urge inconti-
nence and nocturia with urinary frequency and
nocturia being the most bothersome symptoms
[28]. As previously described, this same group
of investigators later analyzed 53 patients with
SARS-CoV-2 in a follow up study and found
significantly higher OAB symptom scores and
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increased levels of urinary inflammatory cyto-
kines when compared to SARS-CoV-2 negative
patients [27]. In a larger series, Kaya et al ana-
lyzed the urinary symptoms of 46 SARS-CoV-2
patients (19 males) during three time periods:
pre-SARS-CoV-2, during hospitalization and
post-hospitalization [29]. The validated Inter-
national Prostate Symptom Score (IPSS) and
Urinary Symptom Score (UPS) questionnaires
were utilized. This group found that storage-
IPSS scores for males and overactive bladder
scores for females were significantly different
between the three different time periods and
concluded that lower urinary tract symptoms,
especially storage symptoms, may be an early
symptom of SARS-CoV-2 infection [29]. Finally,
Can et al reported the most recent study ana-
lyzing the association between SARS-CoV-2
and lower urinary tract symptoms [20]. In this
prospective study, 94 hospitalized male pa-
tients with SARS-CoV-2 were assessed for
lower urinary tract symptoms via the validated
IPSS questionnaire. Patients were divided into
two groups based on over or under the age of
50. These investigators found that IPSS scores
were significantly increased in men over the
age of 50 when compared to their IPSS scores
prior to SARS-CoV-2 infection [20].

It is also important to note that there have be-
en case reports linking SARS-CoV-2 infection
with symptomatic gross hematuria. Luciani et
al described three cases of severe gross hema-
turia after SARS-CoV-2 infection which required
hospital admission and operative/procedural
intervention [30]. One case involved a patient
with a history of non-severe hematuria related
to radiation cystitis for prostate cancer who
then experienced severe gross hematuria fol-
lowing SARS-CoV-2 infection which required
multiple transfusions and cystoscopy with blad-
der fulguration. Two other patients with a his-
tory of mild hematuria related to benign pros-
tatic hyperplasia were noted to have severe
gross hematuria after the onset of symptomat-
ic SARS-CoV-2 infection and required prolonged
continuous bladder irrigation with subsequent
hypogastric artery embolization [30]. Recently,
Djafari and colleagues described a case report
of a patient with secondary bladder amyloido-
sis due to rheumatoid arthritis who then de-
veloped acute onset severe gross hematuria
after symptomatic SARS-CoV-2 infection [31].
Finally, a more recently analysis from an AUA-
accepted abstract examined 157 patients with
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SARS-CoV-2 infection and found that gross
hematuria was significantly associated with
poor renal function, higher intubation rates and
increased mortality when compared to patients
with no hematuria or microscopic hematuria.
Gross hematuria was also significantly asso-
ciated with elevated biomarkers linked to
SARS-CoV-2 disease severity, such as CRP and
D-dimer [32].

While patients with SARS-CoV-2 infection typi-
cally present with fevers and upper respiratory
symptomatology, there are increasing reports
of new onset urinary symptoms such as urgen-
cy, frequency, incontinence and nocturia, re-
ferred to as COVID-19 associated cystitis (CAC)
[25]. Clinicians should recognize these symp-
toms as possible early signs of SARS-CoV-2
infection. There is a paucity of data concern-
ing the long-term effects of SARS-CoV-2 on the
lower urinary tract, and clinicians must coun-
sel patients on the uncertainty of urinary sym-
ptom duration. Although there are currently no
guidelines or specific recommendations on the
management of CAC, standard OAB treatment
strategies such as behavioral modifications
and pharmacological therapies (anti-muscari-
nics/B-3 agonists) may be utilized. Clinicians
may consider procedural interventions (sacral
neuromodulation, tibial nerve stimulation, in-
travesical botulinum toxin) if patients have uri-
nary symptoms refractory to first and second
line OAB treatments. It is also crucial for clini-
cians to recognize the association between
SARS-CoV-2 infection and gross hematuria.
This is especially important for patients hospi-
talized with moderate to severe infection as the
risk of symptomatic gross hematuria appears
to be associated with severity of SARS-CoV-2
infection. These patients can be managed con-
servatively with large bore urinary catheters,
continuous bladder irrigation and supportive
care, but may require more invasive measures
such as cystoscopy with fulguration, angioem-
bolization or urinary diversion if hematuria
persists.

Testes

SARS-CoV-2 has a high affinity for the TMPRSS2
Receptor leading to speculation that the virus
can enter into testicular tissue. Currently, 333
patients from 14 studies are found in the litera-
ture [33]. Autopsy of 12 SARS-CoV-2 positive
patients revealed dramatic damage to the tes-
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ticular architecture; however, only one patient
had a detectable virus load in the testicular tis-
sue itself [34]. This patient additionally has
multiple organs with detectable virus, indica-
tive a high viral load. Another autopsy study of
six individuals showed increased apoptotic
cells within the seminiferous tubules with
T-lymphocytes and macrophages present in
the interstitium [35]. An additional autopsy
study of five SARS-CoV-2 men revealed germ
cells in the lumen of seminiferous tubules [36].
Electron micrograph of testicular tissue show-
ed SARS-CoV-2 was present in one living biopsy
and one deceased biopsy. This studied totaled
three out of six SARS-CoV-2 patients having tes-
ticular involvement. Consistent with previous
studies by Li et al, interstitial macrophages and
leukocyte infiltration were present in the testis
tissue [37].

In addition to SARS-CoV-2 existence in the
testis, impairment of gametes has been exam-
ined. Achua et al concluded that the levels of
ACE-2 receptor in a patient were associated
with the impairment of spermatogenesis [37].
Supporting evidence was shown in a 44-year-
old man who had testicular atrophy at the time
of SARS-CoV-2 induced death; however, it sh-
ould be noted that this patient suffered from
myotonic muscular dystrophy and testicular
atrophy may be unrelated [38]. Sperm parame-
ters have been found to be impaired in SARS-
CoV-2 patients. Best et al reported decreased
total sperm numbers within the ejaculate. They
reported close to an 80% reduction of total
sperm in infected individuals 12.5 million com-
pared to 59.2 million in healthy controls [39].

Two studies looked at scrotal discomfort (scro-
tal or testicular pain, swelling) across 42 SARS-
CoV-2 acute infection patients. Ediz et al en-
rolled 91 men in a two-month period and found
10/91 (11%) to have scrotal/testicular pain
concomitantly with SARS-CoV-2 hospitalization
[40]. One studied observed an increase in epi-
didymo-orchitis in their severe SARS-CoV-2 pa-
tient cohort. Chen et al conducted a prospec-
tive study with 142 patients enrolled with con-
firmed SARS-CoV-2. Of those 142, 32 (22.5%)
had acute orchitis, epididymitis, or epididymo-
orchitis [41]. Contradictory evidence is also
supported by Alkhatatbeh et al. They reported
that 253 with SARS-CoV-2 infection were fol-
lowed and no patients reported any form of tes-
ticular/scrotal pain (age 1-78) [42]. Therefore,
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more evidence is needed prior to correlating
SARS-CoV-2 infection with testicular pain.

Pathological analysis of 26 patients from Wu-
han, China was conducted, and SARS-CoV-2
infection was stratified into two groups: local-
ized pulmonary infection and systemic infec-
tion [43]. In addition to identifying the number
of cases in their autopsy cohort, comparison to
the original SARS-CoV was done. The SARS-
CoV-2 was present in 3/12 patients where was
it was not detected in the original SARS-CoV
infection (0/11). Consistent with previous find-
ings of macrophages and lymphocytes in the
testes tissue, Yao et al show via immunohisto-
chemistry that the SARS-CoV-2 spike protein is
present in endothelial cells in the seminal vesi-
cles, capillaries around the seminal vesicles,
epididymis, macrophages, and lymphocytes.
Together the authors concluded that the novel
SARS-CoV-2 is able to penetrate the blood-tes-
tis-barrier [43].

Infected inflammatory cells can migrate into
the testicles where SARS-CoV-2 can be taken
up into the local macrophages and spermato-
gonial cells. The virus can then replicate in the
endoplasmic reticulum-golgi intermediate com-
plexes. Therefore the patient can retain viral
loads long after they have recovered from the
acute viral infection [44]. Other studies have
shown that SARS-CoV-2 can lasting impacts on
ones sexual function. A study by Davis et al
found 15% of patients had sexual dysfunction
seven months following their infection where
they did not previously have these complains.
Further they reported that 10% of their patient
cohort had pain in their testicles with 5% of
the cohort reporting decrease in testicular size
[45].

Penis

Currently, there exists only a limited number of
studies that discuss SARS-CoV-2 infection in
relation to penile tissue and erectile dysfunc-
tion. Kresch et al was one of the first that dem-
onstrated the virus within endothelial cells of
penile tissue seven months following SARS-
CoV-2 infection with electron microscopy [46].
These findings were incidental in patients who
underwent penile prosthesis for erectile dys-
function. Histopathologic analysis revealed no
differences in architecture compared to non-
SARS-CoV-2 patients. They hypothesized that
the lower endothelial nitric oxide synthase in
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SARS-CoV-2 patients may be the driver of sub-
sequent infection related erectile dysfunction.
Erectile dysfunction occurred in another patient
with SARS-CoV-2 infection 10 after resolution
of infection. Eighty days following resolution,
the patient presented with a penile plaque and
documentation of the first Peyronie’s disease
was made. Similar to Kresch et al hypothesis,
low endothelial progenitor cells and flow-medi-
ated vasodilation suggest endothelial dysfunc-
tion may be the driver of this patient’s erectile
dysfunction [47].

SARS-CoV-2 infection has been related a rare
phenomenom regarding the vascular supply to
the penis. Mondor’s disease is thrombophlebi-
tis of the superficial dorsal vein of the penis
where Lessiani et al described the first case of
a 28-year-old male single case report following
SARS-CoV-2 infection [48]. It is speculated that
the SARS-CoV-2 hypercoagulable state result-
ed in Mordor’s disease. Another case reports
recently come out describing the same occur-
rence of Mordor’s in a 34 year old male [49]. In
this case, vasculitis was ruled out for eitology of
superficial vein thrombosis. A third and final
case of the literature discussed a 33-year-old
man who had Mondors disease during the sub-
acute phase of SARS-CoV-2 infection [50]. In
each of these three cases, anti-coagulation
therapy was given and the thrombosis resolv-
ed. It remains unclear where the thrombus orig-
inated and whether SARS-CoV-2 was directly
involved in superficial dorsal vein or if it’s a sys-
temic effect that happened to manifest within
the superficial dorsal vein.

Similarly to thrombophlebitis, there have been
two reports of penile necrosis following SARS-
CoV-2 infection. The first case reported was
published in August of 2021 from a 58-year-
old male with several co-morbidities reported
penile necrosis after infection. The patient also
had necrosis of his fingers, heels, toes [51]. The
second reported case came from a 71-year-old
male who also had Type 2 diabetes and ch-
ronic renal failure who presented 18 days fol-
lowing a positive SARS-CoV-2 infection. On day
18, his glans penis became necrotic along
with multiple digits of his right hand [52]. It
should be stated that both of these pateints
had multiple co-morbidities and other locations
of necrosis, decreasing the chance that penile
necrosis is specific following SARS-CoV-2 infec-
tion but rather general ischemia occurring.
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Nine cases of priapism have been reported in
the literature. This was first reported in the
summer of 2021 where a 67 year old male had
ischemic priapism during his SARS-CoV-2 infec-
tion [53]. Seven more care reports have come
out in 2021 with priapism following COVID. The
most recent case described a patient who test-
ed positive in the emergency room with symp-
toms fo SARS-CoV-2 infection, returning to the
emergency room five days later with a three day
history of priapism [54]. This study also sum-
marized the the previous case reports. They
found all but one case of priapism was isch-
emic, where that case had stuttering ischemic
priapism [54, 55]. Similarly to penile necrosis
previously described, priapism appears to be
more as a secondary consequence to vascular
aspects of SARS-CoV-2 infection rather than a
direct action of the virus on penile tissue.
However, should not completely be discounted
as there is some evidence that the virus can
invade penile tissue [14]. Therefore health care
providers should take any penile concern seri-
ously following a SARS-CoV-2 infection.

Overall, SARS-CoV-2 infection has had effects
on penile tissue. It remains unknown if these
are direct effects from virus invading the local
tissue environment or more of systemic infec-
tions where random manifestations occur in
the penis. There is strong evidence to support
viral prescence in the penile tissue and a multi-
tude of disease processes can occur such as
erectile dysfunction, thrombophlebitis and ne-
crosis, as well as priapisms. Regardless of the
eitology of these disease, men with SARS-
CoV-2 infection should see a health care provi-
dor for any concerns regarding their penis as
SARS-CoV-2 may be playing a role in the diease
pathophysiology.

Conclusion

SARS-CoV-2 is primarily thought about as a
respiratory disease. However, a growing body
of evidence has revealed how SARS-CoV-2 can
affect the male genitourinary system and given
the expression of TMPRSS2, this makes for a
perfect viral reservoir. Since the tissue provides
the necessary proteins for viral entry, the virus
is detectible in the urine, but the not in semen.
The number of patients experiencing LUTS is
also increased relative to the general public.
In addition to urinary symptoms, sexual symp-
toms have also been reported with decreas-
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ed sperm numbers and erectile dysfunction.
Overall, there is a significant burden that SARS-
CoV-2 is placing on the genitourinary system
and healthcare providers should be aware of
how these may present.
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