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Abstract

Background: Multi-organ damage is a common feature of severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2) infection, going beyond the initially observed

severe pneumonia. Evidence that the testis is also compromised is growing.

Objective:Todescribe thepathological findings in testes from fatal casesofCOVID-19,

including the detection of viral particles and antigens, and inflammatory cell subsets.

Materials and methods: Postmortem testicular samples were obtained by percu-

taneous puncture from 11 deceased men and examined by reverse-transcription

polymerase chain reaction (RT-PCR) for RNA detection and by light and electron

microscopy (EM) for SARS-CoV-2. Immunohistochemistry (IHC) for the SARS-CoV-2

N-protein and lymphocytic and histiocytic markers was also performed.

Results: Eight patients had mild interstitial orchitis, composed mainly of CD68+ and

TCD8+ cells. Fibrin thrombi were detected in five cases. All cases presented conges-

tion, interstitial edema, thickening of the tubular basal membrane, decreased Leydig

and Sertoli cells with reduced spermatogenesis, and strong expression of vascular cell

adhesion molecule (VCAM) in vessels. IHC detected SARS-Cov-2 antigen in Leydig

cells, Sertoli cells, spermatogonia, and fibroblasts in all cases. EM detected viral par-

ticles in the cytoplasm of fibroblasts, endothelium, Sertoli and Leydig cells, spermatids,

and epithelial cells of the rete testis in four cases, while RT-PCR detected SARS-CoV-2

RNA in three cases.

Discussion and conclusion: The COVID-19-associated testicular lesion revealed a

combination of orchitis, vascular changes, basal membrane thickening, Leydig and

Sertoli cell scarcity, and reduced spermatogenesis associated with SARS-CoV-2 local

infection that may impair hormonal function and fertility in men.
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1 INTRODUCTION

The severe acute respiratory syndrome-coronavirus 2 (SARS-CoV-2) is

a recently-emerged coronavirus that was first reported in late 2019 at

the Chinese city of Wuhan and is the causative agent of the new and

mostly unknown pandemic disease, COVID-19, with a wide variety of

implications in human health.1,2 Compared to the previously described

beta coronavirus, this new entity spreads strategically in silence for

more extended periods before patients become clinically symptomatic

and the virus is eventually identified.3 By April 15th, 2021, the pan-

demic had affected almost 140 million cases and caused close to three

milliondeaths,with theUSA, India, Brazil, France, andRussia, as the five

countries with the highest number of cases.4

COVID-19 manifests mainly by respiratory symptoms.1,2 However,

as the pandemic progresses, this paradigm has changed as cumulative

evidence has shown that COVID-19 is a systemic condition.5 There-

fore, understanding multiple organ involvement is crucial to fully com-

prehend COVID-19 pathophysiology.3,6 It is believed that systemic

involvement occurs because of the presence of angiotensin-converting

enzyme 2 (ACE2), the cell surface receptor for SARS-CoV-2, and trans-

membrane serine protease 2 (TMPRSS2), responsible for priming the

viral S protein to facilitate viral entry, in several organs and tissues. Rec-

ognizing the expression of these proteins throughout the human body

is essential tounderstand theclinicalmanifestations andpredict poten-

tial lesions in organs that are often overlooked.7

SARS-CoV-2 infection of the male reproductive tract (MRT) has

gained interest as the male gender has the highest number of cases

and the highest risk of severe COVID-19, including hospitalization

rates in intensive care units and a high proportion of cases with unfa-

vorable outcomes.8,9 The testes have the highest ACE2 expression in

the human body, according to data from the Genotype-Tissue Expres-

sion Project,10 and this receptor is primarily found in spermatogo-

nia, Leydig, and Sertoli cells.11 Theoretically, this fact renders testicles

highly susceptible to SARS-CoV-2 infection and damage, and, there-

fore, male COVID-19 patients are prone to develop testicular morpho-

functional changes.12 It remains unclearwhether these potential alter-

ations can translate into prolonged or even permanent damage, nega-

tively impacting the fertility status or establishing an early-onset hor-

monal imbalance.12–15

TheCOVID-19pandemic inBrazil beganonFebruary26th, 2020.By

April 15th, 2021,more than 13.5million confirmed cases had been reg-

istered, with more than 350 thousand deaths. The male/female ratios

of SARS cases and deaths from COVID-19 in Brazil are 1.27 and 1.35,

respectively.4 Since the start of the pandemic, our institution was des-

ignated by the São Paulo state health department as the public referral

hospital to treat severe cases. FromMarch 30th to October 3rd, 2020,

over 4000 confirmed cases of COVID-19 were admitted to the hospi-

tal, with 1400 deaths (fatality rate, 34.9%).

We have previously described the autopsy findings on our first ten

fatal cases of COVID-19 (including five male patients), in which we

found signs of orchitis in the two testicle samples obtained through

a percutaneous puncture.16 The present study aims to detail the his-

tological description of SARS-CoV-2-related testicular damage and

investigate viral particles and antigens in the lesions by immunohis-

tochemistry (IHC), reverse-transcription polymerase chain reaction

(RT-PCR), and electron microscopy (EM), in a greater number of tes-

ticular samples from fatal cases of COVID-19.

2 MATERIALS AND METHODS

The HC-FMUSP Ethical Committee approved this research (protocol

no. 3951.904), which was performed according to the Declaration of

Helsinki. Confirmed cases of COVID-19 were defined according to the

World Health Organization (WHO) as those with laboratory confirma-

tion of SARS-CoV-2 infection, regardless of clinical signs and symptoms

(Table 1).

From March 18th to May 15th, we autopsied 41 COVID-19

deceased patients, of whom22weremale. Eleven testes’ sampleswere

obtained, mainly from the tubular parenchyma, with two cases includ-

ing the rete testis. In eight cases, we did not collect testicular sam-

ples, and in three cases, the sample did not represent the testicular

parenchyma.

The autopsy was performed after written consent from the next-

of-kin as previously described.16 Ultrasound-guided minimally inva-

sive autopsy (MIA-US) was employed to examine and guide tissue sam-

pling, using Tru-Cut semi-automatic coaxial needles (14G). The testic-

ular samples (at least two fragments from each patient, one for each

side)were obtainedby a transcutaneous puncture.Tissue sampleswere

routinely processed, and paraffin sections (3–5 μm) were stained with

hematoxylin-eosin and Masson’s trichrome. All cases were analyzed

under a light microscope by pathologists with extensive autopsy expe-

rience (Amaro N. Duarte-Neto, Marisa Dolhnikoff, Paulo H. N. Saldiva,

Thais Mauad, Luiz F. F. da Silva) and by a uropathologist (Katia R. M.

Leite). The following histological parameterswere analyzed: interstitial

edema, inflammatory infiltrate, vascular changes (congestion, endothe-

lial tumefaction, thrombi, vasculitis, ischemic infarction), basal mem-

brane thickness and peritubular fibrosis (total or partial), tubular atro-

phy (focal in isolated microscopic fields or diffuse throughout the sam-

ple), germ cell aspect, spermatogenesis (normal or decreased, when

full spermatogenesis was not observed within tubules), and Leydig

cell aspect (number and disarray). The Leydig cell number was consid-

ered diminished when groups of less than five interstitial cells were

observed in several fields (200x amplification).

IHC of testicular tissue was performed in all cases to detect the

SARS-COV-2 nucleocapsid antigen using a mouse monoclonal anti-

body [6H3] (GeneTex Inc., Irvine, CA, USA; 1:2000 dilution), and

the expression of ACE2 (ABCAM, ab65863, Cambridge, UK, Rab-

bit; 1:2500 dilution), TMPRSS2 (ABCAM, EPR3862; 1:3000 dilution),

D68 (DAKO, Via Real Carpinteria, CA, USA, PG-M1; 1:2500 dilution),

CD57 (DAKO, TB01; 1:200 dilution), CD4 (Leica-Novocastra, Buffalo

Grove, IL, USA, 4B12; 1:150 dilution), CD8 (DAKO, C8144B; 1:400

dilution), CD20 (DAKO, L26; 1:2500 dilution), TGF-β-1 (Santa Cruz,

Dallas, TX, USA, TB21; 1:150 dilution), and VCAM (Santa Cruz, E-10;

1:100 dilution). All the antigen retrievals were performed with citrate

at pH 6.0, except for CD68 antigen detection, which was done using
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F IGURE 1 Pathological findings in testes from fatal cases of COVID-19. (A) Interstitial orchitis, with mononuclear inflammatory cells (arrow),
interstitial edema and disarrangement of Leydig cells (arrowhead), and decreased spermatogenesis in a patient with 45 years old and 20 days of
disease duration. (B) Atrophic tubules (asterisks), fibrin thrombus within the small artery (arrow), and Leydig cell disarrangement (arrowhead) in
the same patient fromA. (C) Endothelial swelling and fibrin within a testicular vein. (D) Recent thrombi in a testicular artery. (E) Organized
thrombus in a testicular vein. (F) Interstitial inflammation in rete testis in a patient 41 years old. (G–J) The expression of angiotensin-converting
enzyme 2 (ACE-2) is seen in Sertoli cells, spermatogonia, fibroblasts, and Leydig cells in young adults with (G) preserved tubules (G) and (H)
atrophic tubules. The expressions of (I) ACE-2 and (J) transmembrane serine protease 2 (TMPRSS2) are coincident in rete testis, as well as in testes

TRIS-EDTA at pH 9.0. The reactions followed standard protocols vali-

dated in our laboratories, using positive (paraffin-embedded lung sam-

ples from COVID-19 fatal cases) and negative controls (testes from

patients with cardiovascular diseases, diabetes, mumps, measles, yel-

low fever, dengue, and HIV infection).

We performed a semi-quantitative analysis of the tissue content of

immune cells as follows: (0) absence, (+) occasional cells in distant high-

power fields (HPFs) (separated by at least two HPFs), (++) occasional

cells in adjacent HPFs, and (+++) various cells in adjacent HPFs.

Fresh testicular tissue samples from six cases were stored at -

80◦C for SARS-CoV-2 molecular detection by real-time RT-PCR (rRT-

PCR) using the SuperScriptTM III PlatinumTMOne-Step qRT-PCR Kit

(Invitrogen, Waltham, MA, USA) and primers and probes that amplify

the region of the nucleocapsid N (CDC protocol) and E genes.17,18

The human RNAse P gene (RP) was also amplified as a nucleic acid

extraction control. The reactions were carried out in a 7500 Fast

Real-Time PCR System (Applied Biosystems,Waltham,MA, USA) using

the following thermal conditions: incubation at 50◦C for 15 min for

the reverse transcription, followed by incubation at 95◦C for 2 min,

and 45 cycles of temperature varying from 95◦C for 15 s to 55◦C

for 30 s.

In four cases (cases 4, 5, 6, and 11), paraffin-embedded tissue sam-

ples were examined under a transmission electron microscope (EM)

(JEM 1010; JEOL, Tokyo, Japan, 80 kV) by a specialist (Elia G. Cal-

dini). We reprocessed the paraffin-embedded biological tissue for EM,

selecting a specific area from the block with positive IHC labeling for

the SARS-CoV-2 N-protein (see Figure 2). The target areas were dug

out using a razor blade, and then the fragments were deparaffinized

in xylol, rehydrated in a graded alcohol series, and re-fixed with glu-

taraldehyde in 0.15 M phosphate buffer, followed by post-fixation in

1% OsO4, and staining in 1% aqueous uranyl acetate overnight. Next,

the specimens were embedded in epoxy resin. Ultrathin sections were

obtained with a Reichert ultratome and double-stained with uranyl

acetate and lead citrate.
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F IGURE 2 Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) N-antigen detection in testes from fatal cases of COVID-19. (A)
Tubule with partial fibrotic thickening of the basal membrane (arrow) and area of thinner basal membrane (asterisk) (Masson’s trichrome). (B) The
same tubule is shown in (A), with positive detection of SARS-CoV-2N-protein by immunohistochemistry [IHC] in fibroblasts in the basal membrane
(long arrow), Sertoli cells (small arrows), and spermatogonia (arrowhead). The insets, from top to bottom, show immunostaining in the cytoplasm of
a Leydig cell, fibroblast, Sertoli cell, and spermatogonia. (C, D) An atrophic tubule (C,Masson’s trichrome) with positive immunostaining for
SARS-CoV-2 N-protein in the cytoplasm of fibroblast from the basal membrane (D, IHC). (E) Positive detection of SARS-CoV-2 N-protein in the
cytoplasm of epithelial cell from the rete testis (E, IHC)

3 RESULTS

3.1 Subjects, clinical findings, and overview of
autopsy results

The 11 patients had the following characteristics (Table 1): median age

of 64 (range, 32–88) years, bodymass index (BMI) of 24.2 (range, 20.4–

29.4) kg/m2, disease duration of 16 (range, 7–32) days, and hospital

stay length of 12 (range, 3–26) days. The most prevalent comorbidi-

ties were systemic arterial hypertension (six cases), diabetes mellitus

(four cases), and cardiopathy (four cases). Fourpatients informedabout

tobacco use. The main clinical symptoms were fever (nine cases), dys-

pnea (eight cases), cough (seven cases), and diarrhea (five cases). No

patient reported testicular pain or scrotum enlargement.

The median concentration of the D-dimer was 3132.5 (range, 815–

84,864 [Reference value ≤500 ng/ml]) and of C-reactive protein,

271.55 (range, 71.7–351.4 [reference value <5 mg/L]). No patient

received hydroxychloroquine, ivermectin, or prednisone. Two patients

received methylprednisolone and three, hydrocortisone. Six patients

received anticoagulant therapy. Death in all patients was due to refrac-

tory hypoxemia, mixed acidosis, renal failure, and severe cardiac dys-

function.

The lung samples obtained by MIA-US demonstrated typical SARS-

CoV-2pneumonia,with intense cytopathic effectsonpneumocytes and

diffuse alveolar damage in the exudative and fibroproliferative phases.

Thrombi in pulmonary vessels were seen in eight cases (73%). Sec-

ondary pneumonia with associated suppurative infiltrate was seen in

six cases.

3.2 Microscopic and molecular analyses of the
testes

Eight cases (73%) presented orchitis, characterized by a mild-to-

moderate interstitial and mononuclear inflammatory infiltrate, com-

posed mainly of CD68+ cells and a few TCD8+ cells. Few TCD4+

and CD57+ cells were found, and CD20+ cells were rare. No inflam-

matory cells were observed within the tubules, or vasculitis (Table 1

and Figures 1A and B, Figure 4). Interstitial edema was pronounced

in all cases. Vascular changes (congestion, endothelial tumefaction,

fibrin thrombi, or organized thrombi) were also present in all cases

(Table 1 and Figure 1C–E). Leydig cells were reduced and disarranged

in all samples (Figure 1A and B). Focal tubular atrophy was present

in seven cases and partial tubular thickening in three (Figure 1A

and B, Figure 2). Sertoli cells showed detachment from the base-

ment membrane, and spermatogonia were sloughed in the tubular

lumen (Figure 1B). A decrease in spermatogenesis was observed in

six cases. Interstitial apoptotic cells were not found by H&E and EM

analysis.

The SARS-CoV-2 N-capsid protein was detected in all cases in Ley-

dig cells, Sertoli cells, spermatogonia, and fibroblasts (Figure 2A–E). No

case was positive for the SARS-CoV-2 N-antigen on spermatozoa or

endothelial cells. SARS-CoV-2 RNA was detected by rRT-PCR in 50%

(3/6) of testicular tissue samples. EM (Figure 3) revealed viral parti-

cles (50–100 nm in diameter) in the cytoplasm of interstitial cells (Ley-

dig cells and fibroblasts), Sertoli cells, spermatid, endothelial cells (rare

cells) in all four cases, and within epithelial cells from rete testis in one

case (case 5).
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F IGURE 3 Testicular electronmicroscopy findings in a fatal case of COVID-19. (A) Highmagnification electronmicrograph (EM) of the
seminiferous epithelium showing parts of three spermatids typically united (nu: nucleus). The presence of rough endoplasmic reticulum (asterisk)
denotes the synthetic activity of the cells. Note the cytoplasmic vesiculation and the presence of viral particles in some of them (arrows). The inset
corresponds to a higher magnification of the vesicle in the boxed area with three viral particles. Note the viral envelope (white arrow),
nucleocapsids (white arrowhead), and spikes (black arrow) at the virus particle surface. (B) EMof part of a virus-infected Leydig cell (nu: nucleus; Li:
lipid inclusions). The cytoplasm shows vesiculation, which is typical of coronavirus infection. The boxed area corresponds to an intracytoplasmic
vesicle containing two viral particles circa 100 nm in diameter. Inset shows a higher magnification of the virions with electron-dense dots
resembling nucleocapsids (white arrowhead) particles and spike-like surface projections (black arrow). (C) EM of a representative myofibroblast in
the testis interstitium (nu: nucleus) presenting the typical features, mainly, abundant rough endoplasmic reticulum (arrowheads) and
smooth-muscle actin filaments (asterisk). In the supranuclear position, there is a big membrane-bounded vesicle containing virus particles
(arrows), col: collagen fibrils. (D) EM evidences viral (arrows) particles (circa 100 nm in diameter), near to nucleus (nu) of a Sertoli cell. Note the
presence of threads of extranuclear chromatin (arrowheads) released from a nuclear zone of decondensed chromatin (asterisk). Inset corresponds
to a higher magnification of viral particles showing typical coronavirus characteristics: electron-dense dots resembling nucleocapsids (white
arrowheads) within the virus particle, surface projections (spikes, black arrow), and amembrane envelope (open arrow). (E) EM of a cell in the
interstitial connective tissue of testes showing coronavirus particles present in both intracellular (arrows) and extracellular (open arrows)
locations, col: collagen fibrils. Part of the nucleus (nu) is occupied by themesh-like structure of decondensed chromatin fibers (asterisk). The
arrowheads highlight that these chromatin fibers are continuouswith those of the heterochromatin. Inset corresponds to a highermagnification of
a coronavirus particle showing nucleocapsids (white arrowhead) and surface projections resembling spikes (black arrow). Note that the
SARS-CoV-2 particle is located within amembrane compartment (black arrowhead) typically attached to the inner membrane surface. (F) Rete
testis epithelial cells showing part of the nucleus (nu) and the cytoplasm containing coronavirus particles (arrows) inside vesicular compartments.
Inset corresponds to a higher magnification of a viral-like particle attached to the vesicular membrane (black arrowhead). Note nucleocapsids
(white arrowhead) and spikes at virus surface (black arrow). (G) EM of a virus-infected cell (n: nucleus) inside the lumen of a capillary of the testis
interstitium. The inset image corresponds to a higher magnification of the area surrounded by dotted lines showing some viral particles within a
membrane-bounded vacuole (white arrow). The cytoplasm presents fragmented areas and it is possible to observe a virus particle-free (arrow) in
the capillary lumen. The endothelial cell (en) is detached from the basal membrane and some areas of vascular are wall ruptured (arrowheads). (H)
Lowmagnification EM of a representative blood capillary found in the testis interstitium. The vascular lumen (lu) is filled by cellular debris, bundles
of fibrin fibers (asterisks), and an organizedmicrothrombus (th). (I) Lowmagnification EMof an enlarged capillary of the testis interstitium. The
lumen (lu) was full of aggregated erythrocytes (er). The endothelial layer (en) is damaged or absent, while fibrin deposits (arrows) are found
adjacent to the basementmembrane. These electronmicroscopy results corroborate the immunohistochemical findings (SARS-CoV-2 N-antigen
detection) in the testicular samples.
Magnifications (Bar scales): A, 500 nm; B, 500 nm; C, 500 nm; D, 200 nm; E, 500 nm; F, 200 nm; G,H, and I, 1000 nm; Inset, 100 nm, except B (200
nm); EM, electronmicrograph
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F IGURE 4 Pathological aspects in the COVID-19 related orchitis, from cases with fatal outcome. (A-E) Testicular inflammatory infiltrate is
composed of amoderate number of CD-68+ cells (A), scarce TCD-4+ cells (B), a moderate number of TCD-8+ cells (C), rare CD-20+ cells (D), and
CD-57+ cells (E). (F) Strong expression of vascular cell adhesionmolecule (VCAM) in testicular vessels (arrows). Peroxidase, 400×, scale bars:
20 μm

Expression of TGF-β-1 was not detected in mesenchymal cells or

interstitial inflammatory cells. ACE2 and TMPRSS2 expression was

present in all cases, regardless of age, and these two immune stains

were simultaneously present in the same cells (Leydig cells, Ser-

toli cells, spermatogonia, endothelium, and fibroblasts). Even atrophic

tubules co-expressed ACE2 and TMPRSS2 (Figure 1G–J).

4 DISCUSSION

We previously reported orchitis in two fatal cases of COVID-19 at

the beginning of the epidemic in São Paulo state, Brazil.16 As the epi-

demic progressed and the number of autopsies increased, the testicu-

lar findings in fatal cases of COVID-19 remained frequent, andwe now

present the results of a more significant number of cases.

The present study shows that there are testicular lesions in patients

with fatal COVID-19,which can be attributed to inflammatory changes

associated with SARS-CoV-2 in the testicular parenchyma and to vary-

ing degrees of vascular damagewith secondary ischemia.

SARS-CoV acts as an archetype for the COVID-19 testicular patho-

physiological hypothesis because it shares exactly the same cell inva-

sion mechanism.19 During the SARS-2005 epidemic in China, Xu et al.

described testicular lesions in six deceased men: orchitis, germ cell

damage, presence of scarce or no spermatozoa in the seminiferous

tubules, basement membrane thickening, peritubular fibrosis, intersti-

tial vascular congestion, leukocyte infiltration, and decrease in Leydig

cells were the main findings.20 We found similar testicular lesions in

our cases, which other authors have also observed.21–24

Orchitis was found in 73% of our cases, but this rate may be higher

since the inflammation is focal and may have been underestimated in

the samples obtained percutaneously, given their small size. Intersti-

tial orchitis was mild, composed mainly of macrophages, with lower

participation of other cell types. This profile was also found by other

authors,21–24 but the presence of CD8 + cells in ten of our cases sug-

gests that cytotoxicity plays a relevant role in SARS-CoV-2 orchitis.

SARS-Cov-2 was detected in testicular tissue by IHC, EM, and

through detection of viral RNA by rRT-PCR. IHCwas positive in Leydig

cells, Sertoli cells, spermatogonia, and fibroblasts in all cases, even in

those withmore than 30 days of disease (see Table 1 and Figure 2A–E).

This result suggests that the clearance of viral antigens in the testis can

take a long time, possibly inducing severe cellular changes (for exam-

ple, loss of Leydig cells due to viral infection). The clinical repercus-

sions of these findings still need to be elucidated. EM confirmed the

detection of viral particles in several cell types, including Leydig cells,

fibroblasts, endothelial cells, spermatid, Sertoli cells, and the epithe-

lium of the rete testis. This finding is corroborated by the works of Ma

et al.22 andAchuaet al.,21 where the authors demonstratedSARS-CoV-

2 particles in interstitial cells. Since we collected samples from paraffin

blocks, guidedby the areaswith the greatest IHC labeling for the SARS-

CoV-2 N-protein, this strategy probably favored the detection of viral

particles in multiple testicular cell types.

Two other pathological changes were relevant in our series: the

thickening of the seminiferous tubule basal membrane and vascular

changes. Basal membrane thickeningwas observed in all cases through

Massont’s trichrome staining in tubules with complete or partial atro-

phy. Interestingly, the areas with basal membrane thickening revealed

fibroblasts positively immunolabeled for the SARS-CoV-2 N protein

and viral particles by EM, suggesting that fibroblast infection may trig-

ger the deposition of extracellular matrix in the seminiferous tubules

(Figures 2A–D, Figure 3C). Further studies are needed to understand

if this alteration can progress to complete atrophy, potentially associ-

ated with infertility, or if it is reversible over time. TGF-β-1 expression

was negative in all samples, suggesting that collagen deposition in the

basal membrane does not seem to bemediated by this pathway.
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Vascular changes in the testicular tissue of patients with COVID-

19 have not been previously described. In our patients, alterations

included congestion and endothelial swelling, present in all cases, and

fibrinous thrombi in five cases, one of which with venous thrombus

organization. The EM detected rare endothelial cells with viral parti-

cles, which explains the non-expression of viral N-antigen in these cells

by IHC. This result suggests that viral-induced endothelial changes

were not the primary mechanism of the thrombotic changes. We

attribute the testicular vascular changes mainly to COVID-19-related

systemic alterations, such as refractory hypoxemia, multi-systemic

thrombosis, and secondary infections. Testicular ischemia due to shock

and thrombosis is likely to be responsible for decreasing spermatoge-

nesis and detachment of tubular cells from the basal membrane25 as

observed in our patients and by others.20–23 We did not find inflam-

matory cell exocytosis into the tubular epithelium, despite viral antigen

labeling of Sertoli cells and spermatogonia.

Some viral types are known to directly infect the testes or induce

a systemic inflammatory response, with indirect effects on testicular

function, impairingmale fertility to different degrees.26

Themumps virus (MuV) is the prototype of an agent that causes tes-

ticular damage. The MuV-related orchitis presents congestion, inter-

stitial edema, lymphocytic infiltration, seminiferous tubule congestion,

tubular hyalinization, germinal epithelium atrophy, and fibrosis.27,28 In

the MuV orchitis, germ cell apoptosis can be induced by the C-X-C

motif chemokine ligand 10 produced by infected Sertoli cells, and sper-

matogenesis impairment is observed due to paracrine dysregulation by

macrophages, Sertoli, and Leydig cells.29

Based on autopsy studies, HIV-1 causes a myriad of testicular dam-

ages, including germ cell loss, perivasculitis, lymphocytic infiltration,

interstitial fibrosis, basement membrane thickening, testicular atro-

phy, and the “Sertoli-cell-only” syndrome, the most common testicular

change found in this infection (43%).30

The testis is a primary target of the Zika virus (ZIKV), acting as

an anatomic reservoir with high viral loads, even over prolonged

periods.31–33 ZIKV can replicate in human germ cells in vivo and

in all testis explant components, such as in macrophages, peritubu-

lar, Sertoli, and Leydig cells.31,34 No significant histological lesion

has been described in the testes of ZIKV-infected patients, although

viral RNA can be found in the epididymis, vas deferens, and seminal

vesicles.31,35,36 The yellow fever virus, another flavivirus, can also pro-

duce orchitis.37

Like ZIKV, the Filoviridae family also uses the testes as an immune-

privileged niche for persistence in male survivors.38,39 The Filoviridae

familymembers, Ebola virus andMarburg virus, can cause fatal hemor-

rhagic fever. Autopsy studies have described necrotic orchitis in Mar-

burg virus infection39,40 and Ebola virus antigens in testicular endothe-

lial cells and seminiferous tubules.41 In chronic hepatitis B infection,

the viral target cells in the testicular tissue are the intertubular stro-

mal fibroblasts and endothelial cells.42 Other viruses may also induce

orchitis, primarily systemically, including dengue, coxsackie, rubella,

echovirus, and influenza viruses.26

As mentioned, testicular changes in COVID-19 are similar to those

observed in SARS20; inflammatory changes that decrease spermato-

genesis and hormonal production due to Leydig cell loss. The works

of Yang et al.,23 Achua et al.,21 and Ma et al.,22 combined, indicate

a decrease in germ cells, decrease in spermatozoa in semen samples,

and IgG deposition in seminiferous tubules in COVID-19, suggesting

the existence of humoral immune-mediated injury, as demonstrated by

Xu et al. in SARS.20 These studies also reported the loss of spermato-

gonia through apoptosis21–23, the presence of SARS-CoV-2 antigen in

interstitial and intratubular cells,22 and viral particles by EM.21,22 In

the present study, we also demonstrate testes’ vascular changes, sug-

gesting ischemia as an alternative mechanism of tissue damage, and

the presence of antigens and viral particles in different cell types in the

testicular parenchyma, including infection of fibroblasts, which can be

associated with tubular fibrosis.

Our study has some limitations. First, we did not present data on

patients’ semen since theywere all in severe clinical condition from the

first dayof hospitalization. Second,wedidnot compareour resultswith

a control group. Our study is descriptive, but our findings agree with

those of other authors. Our conclusions need to be validated with a

more significant numberof cases and comparedwithmatched controls.

Third, the vessels carrying SARS-Cov-2 infected cells could interfere in

theRT-PCRanalysis (Figure 3G), rendering false-positive results. How-

ever, the IHC was positive in all cases. Moreover, the four cases ana-

lyzed under EM showed viral particles in the testicular samples.

The histological study of testicular changes in COVID-19 is essen-

tial at this point of the pandemic, as COVID-19 may have affected the

fertility and hormonal function of a significant number of men. Inter-

estingly, in the cases presented here, no patient had clinical complaints

related to the testicles, suggesting that the lesions are mainly subclini-

cal and thatmanymenmayhaveMRT-relateddisorders in the future.15

Prospective studies evaluating the function of the MRT using non-

invasive methods (e.g., semen analysis, hormonal status, and Doppler-

color ultrasound), with histological correspondence in cases of COVID-

19with different clinical outcomes, may provide helpful answers.

5 CONCLUSION

In conclusion, we present testicular histological changes in 11 COVID-

19 fatal cases including orchitis by mononuclear cells, seminifer-

ous tubule basal membrane thickening, vascular changes (endothelial

edema, thrombosis), Leydig cell scarcity, reduced spermatogenesis, and

the presence of SARS-CoV-2 antigens and viral particles. These find-

ingsmay be associatedwith impaired hormonal function and fertility in

menwith severe SARS-CoV-2 infection.
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