
Vol.:(0123456789)1 3

Journal of Endocrinological Investigation (2022) 45:1483–1495 
https://doi.org/10.1007/s40618-022-01764-z

REVIEW

The potential impact of COVID‑19 on male reproductive health

T. T. Nguyen1 · J. Hulme2 · H. D. Tran3,7 · T. K. Vo4,5 · G. V. Vo3,6,7 

Received: 25 October 2021 / Accepted: 26 January 2022 / Published online: 18 February 2022 
© Italian Society of Endocrinology (SIE) 2022

Abstract
The SARS-CoV-2 virus continues to overwhelm health care systems impairing human to human social and economic inter-
actions. Invasion or damage to the male reproductive system is one of the documented outcomes of viral infection. Existing 
studies have reported that SARS-CoV-2 may contribute to this loss in relation to inflammatory responses and the formation 
of cytokine storms in COVID-19 patients. Although direct infection of the testes and entry of SARS-CoV-2 into semen as 
well as subsequent consequences on the male reproductive system need to be studied more systematically, warnings from two 
organising ASRM and SART for prospective parents when infected with SARS-CoV-2 should be considered. In the context 
of an increasingly complex pandemic, this review provides preliminary examples of the potential impact of COVID-19 on 
male reproductive health and guidance for prospective parents currently infected with or recovering from SARS-CoV-2.
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Introduction

Since the first patients were reported [1], the COVID-19 
pandemic caused by the SARS-CoV-2 virus has spread to 
222 countries and territories, with more than 265 million 

people infected and over 5.2 million deaths (accessed: 4 Dec 
2021 https:// coron avirus. jhu. edu/ map. html). In particular, 
the appearance of highly transmissible strains of the SARS-
CoV-2 virus, such as Alpha (B.1.1.7) and Delta (B.1.617) 
[2–4], and a sustained increase in the number of globally 
reported COVID-19 cases, governments and have prioritised 
the detection of new variants in essential (healthcare staff) 
and front-line workers.

As members of the Coronaviridae family, SARS-CoV-2 
and SARS-CoV-1 are 79.6% genetically similar, with the 
latter strain responsible for [3] more than 8000 infections in 
2003. Both of these viruses use transmembrane serine pro-
tease 2 (TMPRSS2) and the angiotensin-converting enzyme 
2 (ACE2) receptor to enter host cells [5]. In addition, ACE2 
is abundantly expressed in testicular tissue, and the pres-
ence of SARS-CoV-2 in semen has been reported [6–8], 
suggesting the male reproductive system may be susceptible 
to infection [9]. Moreover, SARS-CoV-2 can also infect cells 
via the host cell receptor CD147 (basigin, BSG), a trans-
membrane glycoprotein [10] essential to the integrity of the 
blood–testis barrier (BTB) [11].

Recent analysis of RNA-Seq-associated proteins at the 
organ, tissue and cellular levels in both sexes showed ele-
vated ACE-2 expression in thyroid, heart, breast, kidney, 
intestinal and leg muscle cells (https:// www. prote inatl as. 
org/). Damage to these organs has been reported in patients 
with COVID-19 [12–14]. The differing levels of expression 
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of ACE2–mRNA between men and women are highlighted 
in Fig. 1. Of note is ACE-2 expression in the adipose tissues 
(breast and thigh in women) and, to a lesser extent, the testes 
in men suggest that women may be more prone to severe dis-
ease than men. Yet male mortality rates from COVID-19 are 
remarkably higher than their female counterparts [15], sug-
gesting a male-specific vulnerability to the disease. In addi-
tion, recent studies showed that plasma levels of cytokines, 
chemokines and interferon (IL-8 and 18, CCL5, IFNγ) were 
significantly different in male patients compared to female 
patients, with female patients mounting a more robust T cell 
response during the course of an infection [16]. Moreover, 
Cai et al. reported that kynurenic acid (KA) might underlie 
sex-specific immune responses in COVID-19 [17] by nega-
tively regulating metabolite (glutamate) availability in older 
males, thereby impairing their immunological response.

Due to necessary restrictions, almost all fertility centers 
have stopped their activities, resulting in the postponement 
of larger studies [18]. Thus, the impact of the virus on male 
fertility can only be assessed based on limited information 
from patients that have died or recovered from an infection.

In this review, we visit the known and potential modes of 
viral transmission, testicular immunity, male reproductive 
system, followed by allergic-asthma and hypoxia on their 
potential impact on male fertility.

Primary mode of transmission

Successful transmission of COV-2 primarily occurs by inhal-
ing aerosols exhaled from infected individuals (vaccinated 
or unvaccinated) by other persons. Although masks offer 
some protection (via particle collapse) at distances exceed-
ing 20 cm from infected individuals, masked persons still 

remain susceptible to infection in unventilated areas [19]. 
In such conditions, the virions remain unperturbed, making 
infection of type II alveolar cells (AT2) more likely [20, 
21]. It could be argued that the progressive damage to AT2 
cells during a symptomatic infection would limit surfactant 
production and aerosolisation; whether this could be said 
for asymptomatic (resting state) individuals requires fur-
ther investigation. As well as alveoli surfactants, Xia et al. 
showed that the virus is transmitted through conjunctival flu-
ids and tears secreted from mucous membranes [22]. Moreo-
ver, studies have shown that the SARS-CoV-2 can persist in 
saliva, implying that salivary glands may act as significant 
reservoirs and that enhanced oral hygiene practices in hos-
pitals and schools should be considered [23]. SARS-CoV-2 
has also been detected in specimens, such as feces, urine and 
blood [24, 25], posing additional risks (contamination) to 
clinical and industrial healthcare professionals.

With the emergence of Alpha, Beta, Delta and Omicron 
variants, the transmissibility of SARS-CoV-2 has increased 
several-fold, with experts suggesting the Omicron strain 
is between 5 and 8 times [26] more transmissible than the 
original. Variant spike proteins bind to the ACE2 receptor as 
previously reported; however [27], the three mutations in the 
receptor-binding domain (RBD) found in the Delta seem to 
improve its ability to bind to ACE2 as well as its internalisa-
tion [28]. In addition, the D614G S protein (NBD) mutation 
may further enhance Delta's transmissibility by preserving 
its functional spike density [29], suggesting a lower dose 
of the variant may be required for infection. For a thorough 
review regarding the emerging SARS-COV-2 variants of 
concern and the impact on viral transmissibility, the article 
by Khateeb et al. is suggested.

The male reproductive system and infertility

The testicles are composed of two distinct anatomical fea-
tures: the seminiferous tubules and the interstitial spaces 
among the tubules. Residing in the interstitial spaces are 
various cell types (minor dendritic cells (DC), T lympho-
cytes (T) and macrophage) and the Leydig cells. Commonly 
known as interstitial cells, the Leydig cells occupy the inter-
stitium of the testes and produce the male sex hormone tes-
tosterone in the presence of luteinising hormone (LH).

Under the influence of testosterone, non-motile spermato-
zoa are released into the seminiferous tubules' lumen before 
entering the epididymis for maturation and storage [30].

The tubules range from 150 to 300 µm in diameter to 
30–80 cm in length, forming several layers of peritubular 
myoid cells (PMC) constituting a tubular wall and Sertoli 
cells comprising the seminiferous epithelium. The epithe-
lium is separated into two compartments basal and adlumi-
nal. Sertoli cells and various junctions form the BTB and 
are located near the basal side. These cells provide physical 

Fig. 1  In addition to thyroid, heart, breast, kidney, intestinal, and leg 
muscle cells, ACE2-rich expression is observed in testis cells with 
SARS-CoV-2 infection
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and nutritional support to develop germ cells and eliminate 
apoptotic components generated during spermatogenesis. 
Timely elimination of these components via phagocyto-
sis (apoptotic germs cells (AGC) & residual bodies (RB)) 
before their necrosis is necessary to prevent the release of 
autoantigens and a non-localised immune response [31].

Male infertility accounts for 50% of all infertility cases 
worldwide [32] and is defined as a “disease of the repro-
ductive system” by the World Health Organization (WHO) 
(accessed on 9 Dec 2021: https:// www. who. int/ repro ducti 
vehea lth/ topics/ infer tility/ persp ective/ en/). Approximately 
half of all male infertility cases result from some form of 
defective sperm production, such as low sperm count, abnor-
mal motility or function and complete blockage of spermato-
genesis [33]. In the male reproductive tract, two iso-forms of 
the angiotensin-converting enzyme can be found, germinal 
isoform (tACE), a marker of male fertility and the somatic 
isoform (sACE). sACE is a soluble form of the enzyme 
found in seminal plasma [34] and on the surface of Ley-
dig cells and epididymal epithelial. Whilst, tACE is exclu-
sively expressed in postmeiotic spermatids and spermatozoa 
[35]. Specifically, sperm motility was recently shown to be 
negatively correlated with both the percentage of tACE-
positive spermatozoa and the number of tACE molecules 
per spermatozoon, which is consistent with ACE inactiva-
tion of bradykinin [33]. Thus, one would expect to see sig-
nificant differences in sperm motility between infected and 
uninfected males and the possibility of angiotensinogen II 
upregulation of microcirculatory environments, a reduction 
in LH-stimulated testosterone synthesis, capillary leakage 
and mitochondrial damage in ACE2-rich regions of the male 
reproductive tract. To the best of our knowledge, no studies 
have been conducted on the impact of COVID-19 on tACE 
levels in semen.

The impact of microbial and viral infections 
on the male reproductive tract

The testis is an immunoprivileged protected site. The major-
ity of that protection is afforded to germ cells via orches-
trated active processes associated with Sertoli cells, peri-
tubular cells, Leydig cells, tolerogenic antigen-presenting 
cells(APCs), T cells and the production of immune-regu-
latory factors, such as IL10, activin and TGFβ, [36]. Thus, 
ACE2-rich Sertoli cells may be prone to SAR-COV-2, poten-
tially prolonging fertility problems (impaired phagocyto-
sis, autoimmunity) post infection. In addition, many RNA 
viruses, such as Mumps (MuV) and HIV, via blood circu-
lation predominantly affect Leydig and Sertoli cells in the 
testis [37]. Various microorganisms, including bacteria (E. 
coli), viruses (Human papillomavirus) and protozoa (Tricho-
monas vaginalis), can also infect the male reproductive tract 
and impair fertility [38].

Traditionally murine models have been used to study 
the adverse impact of microbes reducing the risk of patient 
infection. For example, murine models of experimental 
autoimmune orchitis (EAO) and Experimental autoimmune 
epididymo-orchitis (EAEO) induced by immunisation with 
testis homogenate and adjuvants have been employed in 
the study of acute and chronic testicular inflammation [39]. 
Whereas, for bacteria that preferentially infect the accessory 
glands and epididymis, a pathogen-induced (E. coli) inflam-
mation (epididymo-orchitis) or an acute LPS stimulation 
may be used [40–42]. Biopsies from infertile patients, and 
murine models (EAO), show an increase in the number of 
mast cells(MC) within the walls of the seminiferous tubules 
and cells that express tryptase [43]. Furthermore, consistent 
with multiple EAO data sets [44, 45], focal inflammatory 
lesions in testes of infertile men show activated CD4+ and 
CD8+ T immune cells and non-resident MC and CD68+ 
macrophage elevations.

However, animal model phenotypes can differ signifi-
cantly from what is reported in humans(Zika) [46]. Accord-
ing to Fijak et al. [47], Amongst all animal models related 
to inflammatory and/or infectious diseases of the epididymis 
and testis, the acute bacterial epididymitis model is the clos-
est to the clinical situation. The lessons learnt from the dif-
ferent animal models of testicular and epididymal infection, 
and inflammation are summarised in Fig. 2.

Perhaps one of the reasons for the discrepancies between 
animal models and humans is LPS–viral interaction. Human 
circulatory LPS values are connected with HIV and her-
pesvirus one (HSV-1) and two (HSV-2) infection severity 
[48, 49]. For example, LPS was reported to enhance human 
HSV-1 replication and IL-6 release in epithelial cells in vitro 
[50]. In addition, LPS also interacts with toll-like receptors 
(TLR4) and myeloid differentiation protein 2 (MD2), both 
necessary for HSV-2 infection of genital cells in vitro [51]. 
Furthermore, SARS-COV-2 S protein directly binds with 
LPS, increasing pro-inflammatory nuclear factor kappa B 
(NF-kB) and monocytic cell activation in vitro [52]. In addi-
tion, the combination of ultra-low levels of LPS and SARS-
CoV-2 S protein also yields significant boosting of TNF-α 
and IL-6 leading to aggravated inflammation. Table 1 shows 
a compilation of viruses detected in the male genital tract, 
including SARS-CoV-2, and the effects on male reproduc-
tive health.

The blood–testis barrier and testicular immunity

The BTB is an ultrafine integral structure whose integrity 
is ensured by testosterone, nitric oxide (NO), cytokines and 
growth factors. BTB responds to the movement of prelep-
totene/leptotene spermatocytes to the adluminal compart-
ment. Integrity can be compromised during a viral infection, 

https://www.who.int/reproductivehealth/topics/infertility/perspective/en/
https://www.who.int/reproductivehealth/topics/infertility/perspective/en/
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leading to the infiltration of macrophages (Mϕ) and elevated 
secretion of pro-inflammatory TNFα, IL6, and NO.

Just like many other viruses, SARS-CoV-2 infections 
are associated with elevated cytokines, such as IL-6, TNF-
α, and IL-12, also interferons, leading to impaired sper-
matogenesis and a reduced sperm count. High levels of 
IL-6 are observed in severe cases of COVID-19, and its 
receptors are highly expressed in testicular cells, which 
could result in testicular inflammation and the pathogen-
esis of autoimmune orchitis [53]. Indeed, Li et al. reported 
abnormal seminal leucocytes, decreased sperm concentra-
tion and increased concentration of CD68+ and CD3+ in 

the interstitial cells of testicular tissue in infected patients, 
which is consistent with experimental autoimmune orchitis 
reports [44, 45].

On the other hand, the cytokine IL4 is an anti-inflam-
matory polypeptide that weighs 15 KD with multiple 
effects on different cells and plays a role in normalising 
spermatogenesis and regulating testicular immunity [44]. 
Secreted by T helper type 2 (Th2) cells, the polypeptide, 
when administered early, increases the number of Th2 
cells reducing symptoms in a few autoimmune diseases 
[54]. In addition, interleukin-4 (IL-4) and IL-13 can also 
regulate eosinophilic infiltration in allergic reactions. 

Fig. 2  Lessons learned from 
animal models of testicular 
and epididymal infection and 
inflammation. BC basal cell, 
BM basement membrane, 
BTB blood–testis barrier, DC 
dendritic cell, ECM extracel-
lular matrix, GC germ cell, IL 
interleukin, LC Leydig cell, 
M macrophage, MC mast cell, 
MCP monocyte chemotactic 
protein, N neutrophils, NC 
narrow and clear cell, NO nitric 
oxide, PC principal cell, PTC 
peritubular cell, SC Sertoli cell, 
SMC smooth muscle cell, TC T 
cell, TM testicular macrophage, 
TNF tumor necrosis factor, Treg 
regulatory T cell. Copyright © 
The Author(s) 2018. Published 
by Oxford University Press on 
behalf of the European Society 
of Human Reproduction and 
Embryology [47]
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In COVID-19, T helper type 2 cells activate the IL-4 
(through IgE and IgG) and decrease the level of ACE-2 
[55].

The potential factors in the body influencing the entry 
mechanism of SARS-CoV-2 into the male reproductive 
system are outlined in the schematic (Fig. 3) by Tian et al. 
[56]. The proposed infection routes are summarised as 
follows: (1) direct entry of the virus into germ cells and 
sexual transmission of the virus; (2) the virus affects the 
function of the male reproductive endocrine system; (3) 
an inflammatory reaction caused by a secondary infection 
that severely affects the testicles; and (4) fevers caused 
by viral infections that interfere with normal reproductive 
physiology. It should be noted, the sequence of the pro-
posed routes may differ for individuals with underlying 
asymptomatic urinary tract infections.

Potential for sexual and vertical 
transmission

ACE-2 is expressed in the kidneys, testicular cells, blad-
der, and prostate; thus, the transmission of the virus in 
urine or semen seems likely. Indeed, in 2020 Giau et al. 
suggested analysing and diagnosing the presence of 
SARS-CoV-2 in semen and applying appropriate con-
trols and prevention measures [6, 8]. However, studies 
regarding the presence of SARS-COV-2 in semen remain 
contradictory. For example, Song et al. found no detect-
able levels of viral RNA in semen samples from 12 male 
patients aged 22–38 years (11 mildly symptomatic, one 
asymptomatic) in the initial and convalescent stages of 
infection. The authors also examined the testicular tissue 

Table 1  Viruses that are capable of causing on male reproductive health

Virus Family Genus Genome Clinical presentation Effect on male reproductive 
health

Ebola virus Filoviridae Ebolavirus ssRNA ( −) Hemorrhagic fever Testis as an anatomic reser-
voir for persistence

Hepatitis B virus Hepadnaviridae Orthohepadnavirus dsDNA (RT) Hepatitis, cirrhosis, and 
hepatocellular carcinoma

Sperm parameter alteration 
and infertility

Hepatitis C virus Flaviviridae Hepacivirus ssRNA ( +) Hepatitis, cirrhosis, and 
hepatocellular carcinoma

Sperm parameter alteration 
and infertility

Herpes simplex virus 
type 1

Herpesviridae Simplexvirus dsDNA Herpes labialis and genital 
herpe

Prostatitis, epididymitis, 
infertility, and sperm 
parameter alteration

Herpes simplex virus 
type 2

Herpesviridae Simplexvirus dsDNA Genital herpes Prostatitis, epididymitis, 
infertility, and sperm 
parameter alteration

Human immunodeficiency 
virus

Retroviridae Lentivirus ssRNA (RT) AIDS Orchitis, “Sertoli cell only” 
syndrome, and infertility

Human papillomavirus Papillomaviridae Alpha-, beta-, 
gamma-papillo-
mavirus

dsDNA Warts and preneoplastic 
lesions related to oro-
pharyngeal genital and 
anal cancers

Subfertility and infertility

Influenza virus Orthomyxoviridae Influenzavirus ssRNA ( −) Systemic and respiratory 
symptoms

Sperm parameter alteration

Mumps virus Paramyxoviridae Rubulavirus ssRNA ( −) Swelling of the parotid 
glands, salivary glands, 
and other epithelial 
tissues

Epididymo-orchitis and 
infertility

SARS-CoV Coronaviridae Betacoronavirus ssRNA ( +) Severe acute respiratory 
syndrome

Orchitis

SARS-CoV-2 Coronaviridae Betacoronavirus ssRNA ( +) Severe acute respiratory 
syndrome

Orchitis

ZIKV Flaviviridae Flavivirus ssRNA ( +) Zika fever and congenital 
Zika

Orchitis, epididymo-orchitis, 
and infertility in mouse 
models. Sperm parameter 
alteration in men



1488 Journal of Endocrinological Investigation (2022) 45:1483–1495

1 3

of a 67-year-old deceased patient, finding no viral RNA 
as well [57]. However, the researchers did not provide any 
pathological evidence to verify their conclusions. In addi-
tion, another study involving 34 Chinese male patients also 
confirmed the absence of viral RNA [58].

On the other hand, several studies [7, 59, 60] have 
reported high viral loads in the semen of COVID-19 
patients. For example, semen samples analysed from 38 
male patients with severe changes (12/38 comatose patients 
or about to die, dead and recovering) found six of them were 
positive for SARS-CoV-2 [7]. More recently, Ma et al. [61] 
examination of molecular features and pathophysiology of 
testes obtained from five COVID-19 patients at autopsy 
showed a massive loss in germ cell (GC) attachment to the 
seminiferous tubules in 4 patients. The number of DDX4 
(a germ cell-marker)-positive cells in all specimens was 
reduced. Additional qPCR-based virus nucleic acid sample 
testing showed two out of the five samples were positive for 
SARS-CoV-2. Interestingly, transmission electron micros-
copy (TEM) analyses revealed intact coronavirus-like par-
ticles residing in the interstitial compartment of the testes. 
Unfortunately, the authors did not test the replicative capa-
bilities of the particulates in cell culture or an animal model, 
which is the gold standard for confirming viral transmission 
[19]. Therefore reports that solely rely on PCR in determin-
ing infection potential and viral shedding in mild to severe 
patients are not definitive [62, 63].

As studies related to the sexual transmission of SARS-
COV-2 via bodily fluids, such as blood, urine, and semen, 

are currently inconclusive, the transmissibility of other 
viruses, such as Zika, Ebola, HIV, human herpesvirus-8 
and mumps, which are found in semen, may be considered. 
For example, previous reports showed that semen samples 
from Ebola virus disease survivors remained positive up 
to 272 days after the onset of symptoms [64]. In addition, 
Zika viruses can persist in male hosts, with detectable levels 
found in the semen of cured male patients for up to a year 
[65].

However, high viral loads in semen do not always equate 
to high transmissibility (Zika) [66]. The successful trans-
mission of Ebola, HIV, Herpes and mumps partially rests in 
their abilities to dampen and evade the host's initial immu-
nological response via extracellular vehicles (EVs). EVs are 
known to suppress or enhance the infectivity of sexually 
transmitted viruses in humans [67]. Whether EVs could suf-
ficiently protect SARS-CoV-2 virions from the antimicrobial 
(seminal amyloid) environment of semen and a recipients' 
immuno-response requires investigation. In theory, the car-
riage of COV-2 EVs would allow the virus (RNA or virion) 
to enter multiple cell types with low ACE expression per-
mitting vaccine escape as is the case with hepatitis C [68], 
increasing the likelihood of infection in un/vaccinated 
males. It should be noted that COV-2 can infect the lung, 
bronchus, nasopharynx, oesophagus, liver, and stomach of 
healthy individuals, even when the level of ACE2 expression 
is undetectable [69]. Suggesting the virus may also engage 
alternate receptor(s) such as BSG during the course of an 
infection [70]. The locations of the many viruses in the male 

Fig. 3  Potential pathways of SARS-CoV-2 affecting the male reproductive system. SG spermatogenesis, PS primary spermatocytes, SS second-
ary chimeric cells, RS round-headed sperm, ES sperm elongation. Copyright: © 2021 Society for Reproduction and Fertility 2021 [45]
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reproductive tract utilising EVs to enhance their infectivity 
are shown in Fig. 4.

Single-cell transcriptomic analysis by Pique-Regi et al. 
[71] showed that ACE2 and TMPRSS2 were minimally 
expressed in the placenta throughout pregnancy, suggesting 
viral transmission from mother to fetus (vertical transmis-
sion) was unlikely. However, numerous studies [72, 73] have 
found high levels of SARS-CoV-2 viral RNA in the placenta 
and umbilical cord of SARS-CoV-2 from infected pregnant 
women. Of note was the study by Facchetti et al. [74], in 
which evidence of SARS-CoV-2 vertical transmission from 
an infected full-term pregnant woman to her newborn was 
found. Specifically, researchers detected viral RNA in sev-
eral maternal–fetal interface cells, including Syncytiotropho-
blast cells and confirmed the presence of infectious virions 
in fetal intravascular monocytes. For those readers seeking 
up to date opinions regarding the controversies surround-
ing the vertical transmission of SARS-CoV-2 in pregnant 
women, the review by Chaubey et al. is proposed [75].

Allergic‑asthma and hypoxia

The prevalence of allergy among patients seeking infertil-
ity treatment is high compared with the general population 
[76]. Air-bone allergens can cause chronic airway inflam-
mation, constriction and asthma. Allergen inhalation chal-
lenge remains a useful clinical model to examine allergen-
induced airway responses and inflammation mechanisms. 
The bronchoconstrictor response to a challenge partially 
depends on IgE-facilitated allergen presentation mediated 
by the activation of allergen-specific memory TH2 cells and 

antigen-presenting cells [77]. However, significant negative 
correlations between ACE2–mRNA, epithelial IL-13 expres-
sion and immune type 2 (T2) biomarkers were reported by 
Jackson et al. in patients with allergies [78]. The research-
ers concluded that allergen exposures and T2 inflammation 
decreased ACE2 expression in the upper and lower airways. 
In addition, Shi et al. reported a lower rate of comorbid 
allergy in patients with COVID-19 than the prevalence of 
allergic diseases in the general population [79]. The authors 
suggesting significant elevations of T cells made the lym-
phocytes in the observation group less prone to viral attack.

Another hallmark of allergic respiratory inflammation is 
eosinophilia (higher than normal level of eosinophils), a con-
dition most associated with parasitic disease [80]. CCL11/
Eotaxin is an important eosinophil-specific chemokine 
associated with the recruitment of eosinophils into sites of 
inflammation [81]. CCL-11 is critical for allergen-induced 
eosinophilic gastrointestinal inflammation, can rapidly trans-
verse the blood–brain barrier (BBB) and is recognised as 
an established marker for neurodegenerative diseases [81]. 
Elevated CCL-11 [82, 83] plasma levels were significantly 
higher in all COVID infected patient groups than healthy 
donors and have been reported in other studies [84]. A recent 
study [86] suggested eosinophilic (≥ 150 cells/μL of blood) 
asthmatic patients (Th2-phenotype) with elevated IL-13 lev-
els infected with COVID-19 were associated with decreased 
hospital admissions and less severe outcomes. Furthermore, 
IL-13 was reported to reduce ACE2 expression and increase 
TMPRSS2 expression in bronchial epithelial cells ex vivo 
in asthmatic and nonasthmatic atopic groups [85]. Blood 
eosinophils are predominantly mediated by IL-5 and in part 
by IL-13, whereas fractional exhaled nitric oxide (FeNO) is 

Fig. 4  The viruses found in the 
male reproductive system. CMV 
cytomegalovirus, EBV Epstein–
Barr virus, HBV Hepatitis B 
virus, HCV Hepatitis C virus, 
HHV Human herpesvirus 6, 
HIV human immunodeficiency 
virus, HPV Human papillomavi-
rus, HSV Herpes simplex virus 
1 and 2, HTLV human T-lym-
photropic virus type 1, VZV 
Varicella zoster virus, ZIKV 
Zika virus, SARS-CoV severe 
acute respiratory syndrome-
associated-coronavirus, SARS-
CoV-2 severe acute respiratory 
syndrome-associated-coronavi-
rus type 2
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mediated by IL-13. However, the function of elevated NO 
levels in asthma remains ambiguous, with both detrimen-
tal (exacerbation) as well as beneficial (antiviral) effects of 
airway NO being reported [86, 87]. For example, data from 
human eosinophils suggest direct antiviral binding capacity 
may be reduced in asthma and is shown to correlate with 
disease severity [88]. On the other hand, NO’s vasodila-
tory effects improve oxygenation, and its strong antiviral 
properties have been trialled in the treatment of SARS-COV 
and SARS-COV-2 [89]. Conversely, Camiolo et al. identi-
fied T2 low asthmatic phenotypes with reduced peripheral 
blood eosinophil counts (Eosinopenia) and increased ACE2 
expression in the bronchial epithelium was more susceptible 
to an adverse outcome following infection [90]. Whether 
the benefits (shorter hospital stays, reductions in antibiotic 
usage) of NO treatments regarding mild/severe COVID 
outweigh the long-term costs (prolonged impairment of the 
alveolar-capillary membranes) requires further investigation.

Eosinophils accumulate in the airways of asthma patients 
during virus‐induced NO exacerbations suggesting that 
eosinophils may also be actively involved in the antiviral 
response [91, 92]. Yet influenza-exposed eosinophils have 
been shown to stimulate CD8+ T cell activation and prolif-
eration in vitro, indicating a potential role for eosinophils as 
antigen-presenting cells in influenza infection during asthma 
[88]. Therefore it might be suggested that the protection 
afforded to Th-2 phenotypes against severe outcomes is a 
result of prolonged eosinophilia and partial cell-mediated 
immunity conferred from previous infections, such as Hae-
mophilus influenzae, common cold viruses or SARS, as pro-
posed by Bokatory et al. [93].

The paradoxical role of NO is not unique to asthma and 
COVID-19. NO can modulate sperm capacitation via protein 
S-nitrosylation and activate the cyclic adenosine monophos-
phate/protein kinase A (cAMP/PKA) pathway. Capacitation 
is a term used to define a complex and associated process 
that allows spermatozoa to complete their preparation to 
fertilise oocytes. Early clinical studies showed normozoo-
spermic fertile men exhibited NO concentrations that were 
significantly lower than those of asthenozoospermic infertile 
men [94]. Most of the evidence supports the view that at 
levels exceeding physiologic concentrations, disruption of 
sperm function occurs, but that at low levels, NO is essen-
tial for sperm motility and capacitation [95]. In addition, 
many studies report that a fine regulation of protein phos-
phorylation is required for spermatozoa to achieve fertilising 
ability [96]. More recently, reported changes in the phos-
phorylation levels of sperm proteins further highlighted the 
effect of direct and indirect NO modulation on the type and 
degree of male infertility [97]. Thus sustained NO eleva-
tions, as observed in pathological settings, such as sepsis 
or sepsis-like situations, akin to the inflammatory response 
and severe SARS-CoV-2, could perturb capacitation. To our 

knowledge, the impact of NO elevations on seminal amyloid 
levels has not been reported.

Another feature of COVID-19 is hypoxia [90]. Hypoxia is 
a primary pathophysiologic feature and the leading cause of 
mortality in patients with severe COVID-19 and accompa-
nies all the stages of the disease. In addition, severe hypoxia 
can diminish mitochondrial function (dysregulation, altered 
mitochondrial membrane permeability), leading to ATP 
insufficiency. Moreover, under the condition of hypoxia, 
studies show rise in testicular temperature, morphologi-
cal changes, thinning of the seminiferous epithelium and a 
reduction in the number of spermatozoa [41, 98].

On the other hand, occasional exposure to a moderate 
hypoxic environment (akin to mild seasonal asthma) can 
induce an adaptation known as hypoxic conditioning, pro-
tecting cells and organs against hypoxia-induced damage. 
Moreover, hypoxic conditioning diminishes chronic inflam-
mation and cytokine expression. The roles of hypoxia and 
hypoxia-inducible factor-1 (HIF-1α) in regulating cytokine 
expression have been controversial and depend upon various 
conditions (levels of reactive oxygen species and functional 
mitochondria upon infection) [99]. For example, HIF-1α is 
expressed by Leydig cells and is equally abundant in nor-
moxic and hypoxic murine models [100]. Additionally, LPS-
induced inflammation can increase testicular HIF-1 protein 
via the formation of neutrophil extracellular traps(NET’s), 
suggesting crosstalk between inflammatory and hypoxic 
responses in the testis and possible disruption of neutrophil 
apoptosis.

Additional factors

The ideal temperature for spermatogenesis is 29–36 °C. 
Long fever can increase testicular temperature and GC 
apoptosis. High fever (above 37.8 °C) is often seen in viral 
infections. In one study, a patient recovering from influenza 
produced abnormal sperm for 45 days’ post-fever [101]. 
In another, sperm count, motility, and genetic health were 
decreased for over two months after the patient's fever 
resolved [102]. Considering that one of the primary symp-
toms of COVID-19 is a high fever, it is reasonable to assume 
that men with COVID-19 early in the pandemic will also 
experience reduced fertility.

The basal levels of T vary widely in the population; 
therefore, the ratios of T/LH are used to evaluate the impact 
of infection on testicular function. Studies demonstrate 
COVID-19 may at least affect fertility hormones. Prelimi-
nary research revealed that men with novel coronavirus 
infections had elevated levels of luteinising hormone (LH) 
and decreased ratios of testosterone and follicle-stimulating 
hormone (FSH) compared to healthy men [103]. In another 
study, nearly 70% of men admitted to a German ICU with 
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COVID-19 had clinically low testosterone levels [104]. In 
both cases, whether the hormone imbalances were caused by 
the COVID-19 infection or were a pre-existing factor in the 
severity of their illness is unknown. Although these studies 
may indicate that COVID-19 impacts male fertility, there 
have yet to be any follow-up studies to determine if the effect 
is reversible (as it is with influenza). Hence, the long-term 
impact of COVID-19 on male fertility is less clear.

Signs of genital tract pathologies in men are thought to be 
closely related to the severity of COVID-19 disease [105]; as 
such, the effects on male reproductive function post infection 
need more research attention. Unfortunately, to date, studies 
evaluating semen quality in the presence of SARS-CoV-2 
in infected or recovered men include a limited number of 
participants.

Notably, one of the repercussions of COVID-19 is its 
impact on men's sexual health. COVID-19 infection would 
be associated with an increased likelihood of erectile dys-
function (ED) [106]. ED has been often considered a hall-
mark of endothelial dysfunction [107, 108], and as such, a 
potential association between ED and COVID-19 has also 
been postulated [109]. In addition, recent findings raise 
the question of whether erectile tissue in the penis, rich in 
endothelial-lined blood vessels, could result in wide-spread 
endothelial dysfunction due to COVID-19 [110].

Conclusion

The long-term threat to public health posed by COVID-19, 
and the effect of the infectious agent SARS-CoV-2 on male 
reproductive function, need to be systematically investi-
gated. Perhaps most concerning was a 2021 report suggest-
ing sperm and embryo quality [111] among mildly infected 
IVF couples is significantly reduced for several months post 
infection. The high expression of ACE2 and TMPRSS2 in 
the testes theoretically renders the organs of men with repro-
ductive issues more susceptible to infection. In addition, 
the amplified inflammatory and hypoxic effects of LPS and 
SARS-COV-2 could potentially result in diminished testos-
terone output and changes in BTB permeability [112]. So 
far, such changes have only been reported in a small number 
of severe cases.

Although initial clinical study results are inconsistent, 
we cannot deny the potential risk of SARS-CoV-2 penetra-
tion into semen, even though it is a small but unacceptable 
probability in the context of many healthy couples under-
going infertility treatment. As a result, the American Soci-
ety for Reproductive Medicine (ASRM) and the Society 
for Assisted Reproductive Technology (SART) have issued 
warnings to expectant parents, ART patients, gamete 
donors and pregnant women infected with SARS-CoV-2 
must avoid becoming pregnant or not participate in any 

assisted reproductive programs [113]. In addition, based 
on current opinions and ASRM recommendations, recov-
ering and long COVID-19 patients should have their fer-
tility assessed [114]. However, a recent analysis of semen 
parameters in men recovered from COVID-19, 56 days 
after hospital discharge, showed adverse but potentially 
reversible consequence of COVID-19 on sperm quality 
[115]. Regarding Long haulers, emerging studies exam-
ining moderate COVID-19 infection on semen oxidative 
status at two weeks (the acute stage of infection) then three 
months [116] showed an increase in the total antioxidant 
capacity (TAC). On the other hand, persistently elevated 
C-reactive protein in some Long COVID-19 patients sug-
gests there could be a prolonged impairment of testicular 
function for those individuals [117].

Therefore, the early diagnosis and detection of SARS-
CoV-2 in semen have recently been proposed [6, 8], mak-
ing fertility assessment and pre-pregnancy counselling 
essential for convalescent patients. Finally, the possible 
mechanism of SARS-CoV-2-induced orchitis and the 
potential transmission route of the virus is proposed, rais-
ing concerns about male reproductive health in the context 
of a large number of new cases.

While these studies may indicate that COVID-19 
impacts male fertility, there have yet to be any follow-up 
studies to determine if the effect is reversible. Holtmann 
et al. reported changes in semen parameters in moderate 
and mild COVID-19 cases in men up to 54 days post infec-
tion, but a follow-up study would be necessary to under-
stand if these changes persist [118]. In addition, there is 
currently an incomplete picture of whether semen quality 
is affected by SARS-CoV-2 infection as studies are often 
limited by the fact that no pre-infection control samples 
are available for direct comparison or prematurely con-
cluded before long-term effects can be identified. Nev-
ertheless, the few case–control studies published which 
compare semen quality infected with non-infected (con-
trol) individuals suggest that there may be a statistically 
significant alteration in sperm concentration and motility, 
although it is not clear whether this is linked to infec-
tion by the SARS-CoV-2 virus or simply a consequence of 
febrile illness and fever. Any long-term negative impact on 
male reproduction remains unexplored and an important 
future consideration.
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