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Abstract

Recent research has revealed that pathogens in the semen and in the genital tract play a significant role in male infertility. 
The infection of viruses like Human Immunodeficiency Virus (HIV), Hepatitis B virus (HBV), Hepatitis C virus (HCV), Human 
Papilloma Virus (HPV), Herpes-Simplex Virus (HSV), and Human Cytomegalovirus (HCMV) may have a significant impact on 
male infertility. These infections may lead to temporary or permanent infertility, hormonal impairment, testicular malfunction, 
or abnormal spermatogenesis. This review is looking into the mechanism of viral infections and their effects on male fertility. 
The current review also focuses on defining the role of ARTs (Assisted Reproductive Techniques) in the occurrence and 
management of viral load of the male reproductive system.
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Introduction 

Healthy reproductive life is one of the most vital aspects 
of human health. Its management is also essential for the 
overall health of society. Multiple bio-social factors affect the 
reproductive performances of both males and females and 
lead to infertility. Infertility and associated problems distress 
one in seven couples, which account for approximately 8-12% 
of couples worldwide [1]. About 40–50% of all infertility 
cases are due to “male factor” infertility [2].

Many studies have supported that different factors 
reversibly or irreversibly influence male fertility [3]. These 

factors include varicocele, testicular failure, endocrine 
dysfunction, genital tract infection, testicular disturbances, 
testicular cancer, hormonal disturbances, retrograde 
ejaculation, prolonged exposure to heat, obesity, older age, 
smoking, alcohol, heavy metals, pesticides, oxidative stress, 
genetic factors, different environmental and nutritional 
factors. Recently, idiopathic cases, hypo-gonadal patients, 
and infertile men with other associated male factor infertility 
causes have significantly increased [4]. Research on male 
infertility has revealed that pathogens in the semen and in 
the genital tract play a significant role in altering fertility 
outcomes [5]. It is reported that genital tract infections 
significantly induce male infertility, and out of total male 
infertility, 15-20% is contributed to such conditions [6]. 
Depending upon the modes of infection, the pathogenesis 
may be in various forms. Infections in the urethra and male 
accessory reproductive glands also adversely affect males’ 
reproductive functions [7]. The infections may also lead to 
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temporary or permanent infertility, hormonal impairment, 
testicular malfunction, or abnormal spermatogenesis [3].

The manifestation of the infections in the male is mostly 
asymptomatic and leads to poor sperm quality. In literature, 
it was reported that viral infection is one of the most common 
causes of chronic male infertility [8, 9]. The common viruses 
are the human immunodeficiency virus (HIV), Hepatitis B 
(HBV), and Hepatitis C (HCV) virus [8]. However, a review by 
Gorolla et al. suggested that apart from HIV, HBV, and HCV, 
other viruses like Human Papilloma Virus (HPV), Herpes-
Simplex Virus (HSV), and Human Cytomegalovirus (HCMV)) 
may have a significant impact on male infertility [9]. Based 
on these facts, we are reviewing evidences for the effects 
of viral load on male infertility. The current review will 
look into the mode of different viral infections and their 
impact on male fertility. We are also reviewing the role of 
assisted reproductive techniques (ARTs) in the occurrence 
and management of the viral load of the male reproductive 
system.

Materials and Methods

A literature review was performed till June 2021 on 
semen infection, viral load and its mechanism of infection, 
and the role of assisted reproductive techniques. Original 
research articles, case reports, and review articles were 
considered for the current review purpose. PubMed, 

Medline, Scopus, Web of Science, Google Scholar, and other 
available online sources were searched using the keywords: 
semen infection and virus, HIV and sperm alteration, sperm 
viral infection and infertility, herpes virus, among infertile 
couples, semen infection, and ART. The titles, contents, and 
abstracts were thoroughly screened to find relevant articles 
which are eligible for this review. Furthermore, the cross-
references cited in the literature were also searched to 
identify further important studies.

Viral Load and Male Fertility

Various pathogens (virus, bacteria, fungi and more) are 
found in human semen and may cause severe infection. The 
empirical evidence showed that reproductive micro biomes 
could significantly affect male’s and females’ reproductive 
function and performance [10]. Previous studies have also 
shown that urogenital infections are mostly asymptomatic. 
Their manifestation is increasingly difficult to detect [11, 12]. 
Most of these infections are sexually transmitted and may play 
a critical role in altering fertility outcomes. To facilitate male 
infertility, viral infections migrate via the urethra or enter the 
reproductive tract through the bloodstream (Figure 1). They 
affect the male reproductive tract cells by causing toxicity 
through immunological or local inflammatory reactions. The 
cells specific manifestation of the infections can occur, where 
HPV likely to infect epithelial cells, HSV to nerve cells and HIV 
and HCMV to WBC’s [13].

Figure 1: Affected sites and impact of viral load on male reproductive system.

Hepatitis B Virus (HBV)

Hepatitis B, a circular, double-stranded DNA virus 
enclosed in an envelope consisting of three proteins known 

as L (large), M (Medium), and S (Small), all together results in 
the formation of HBsAg surface antigen (Australia antigen) 
[12]. HBV infection is found in both the somatic and germ 
cells [14]. As a result of semen infection, HBV passes through 
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the blood-testis barrier and integrates itself into the male 
genome. HBV virus transmission occurs vertically and 
horizontally through parenteral, perinatal and sexual routes 
[15]. A link found between the pre-S1 domain in envelop 
protein L of HBV and the target cell identification suggests 
a possible HBV infection mechanism [16]. The impact of 
HBV on human sperm is adverse. HBV damage spermatozoa 
and weakens sperm concentration, viability, motility, and 
morphology [17]. A study in 151 male patients chronically 
infected with HBV reported that the combination of serum 
HBV DNA and HBeAg are useful predictors of HBV DNA’s 
presence in semen in HBV chronically infected men from 
infertile couples [18]. The probable cause of the reduction in 
sperm motility is the co-incubation of HBV and human sperm 
that induces a loss of sperm mitochondrial membrane [19]. 
All these causes may induce male infertility by damaging 
sperm quality and quantity.

Hepatitis C Virus (HCV)

HCV is a single-stranded positive-sense RNA virus of 
the Flaviviridae family and enveloped with a capsid [20]. 
Its transmission occurs mainly through blood and plasma 
derivatives by the parenteral route and sexual contact [21]. 
The HCV infection mechanism involves E1 and E2 HCV 
envelops glycoproteins that interact with their respective 
receptors and integrate into the sperm cell [22]. CD81 has 
been the most common out of many HCV receptors, which 
binds with the HCV E2 glycoprotein, and the hyper variable 
regions of the virus modulate this binding process. Many 
other receptors include LDL-R (low-density lipoprotein 
receptors), DC-SIGN, glycosaminoglycans (GAG), human 
scavenger receptors etc., have been reported [23]. This virus 
also has adversely affected sperm quality and quantity. A 
study observed substantial decreases in semen volume, 
sperm count, sperm motility, and a significant increase in 
abnormal sperm morphology compared to the non-infected 
[24]. Another study reported HCV-RNA in the semen of 
infectious males having high blood viral load [25].

Moretti, et al. reported the presence of HCV in semen 
affecting sperm morphology and motility. Moreover, the 
HCV semen infection increases sperm diploidy and reduces 
fertility index [26]. Still, there are fewer studies that give 
significantly concrete evidence about the HCV semen 
infection mechanism. However, the presence of HCV in 
semen is confirmed so that further studies may reveal more 
information.

Human Immunodeficiency Virus (HIV)

HIV is a double-stranded RNA virus of the Retroviridae 
family [27]. It can be transmitted from infected individuals 
through blood, sexual intercourse and perinatal transmission 

[28,29]. HIV got two main strains; HIV-1 (common type) 
and HIV-2 (uncommon and less infectious type). HIV-1 
proviral DNA has been detected in monocyte, lymphocyte, 
and macrophages cells of semen [5]. A study by Ceballos, et 
al. reported that leukocytes are the primary source of HIV-
1 infection [30]. There are multiple reproductive diseases 
associated with HIV-1 infection. During HIV-1 infection, 
chronic orchitis with progressive hypogonadism arises [31]. 
Low sperm concentration is associated with a high percentage 
of abnormal sperm morphologies, impaired spermatogenesis 
and DNA damage [32]. Pavili, et al. has also reported sperm 
abnormality and leukocytospermia among AIDS patients 
[33]. Cardona-Maya et al. and Ceballos, et al. suggested 
that human spermatozoa may integrate with various HIV 
receptors such as glycoprotein ( gp120), mannose receptors, 
DC-SIGN, Gal-AAG, and heparan sulfate [8,30]. Furthermore, 
Zea-Mazo, et al. reported that spermatozoon carrying HPV 
DNA has little chance of conception [12].

Human Papilloma Virus (HPV)

HPV, a double-stranded non-enveloped DNA virus, 
is one of the most commonly found sexually transmitted 
infections globally [34]. The transmission is primarily through 
a sexual route, i.e., vaginal, anal, or oral sex with an infected 
person. This infection is asymptomatic. However, HPV can 
be detected in semen and a urethral swab of asymptomatic 
men [35]. Foresta, et al. reported the presence of HPV in the 
sperm head, which can be visualized after carrying out FISH 
(Fluorescence in situ hybridization) for infected males [36]. It 
can also be localized in exfoliated cells of sperm. Patients with 
HPV infection have a higher risk of infertility [37]. Jeršovienė, 
et al. reported that HPV infection was more frequent in men 
with abnormal sperm parameters [38]. Till now, more than 
200 types of HPV have been reported, of which at least 12 are 
known as high-risk types [34]. Among couples undergoing IVF 
treatment, high-risk HPV-52 was the most common genotype. 
Previous studies have reported an association between HPV 
semen infection and decreased sperm motility [9,39]. With the 
help of immunofluorescence and flow cytometry analyses of 
the sperm exposed to HPV16 capsid and the infected localized 
sperm, Foresta, et al. showed that syndecan-1 protein is 
expressed at the central part of the sperm head [40]. Foresta 
et al. also observed a significant reduction in sperm motility 
among HPV-infected patients [41].

Herpes-Simplex Virus (HSV)

HSV, a double-stranded DNA virus, is one of the most 
commonly found viruses coexisting with the human 
population for ages [42]. It is transmitted through the skin 
and mucosal contact during sexual intercourse [43]. In 
the HSV group, the two closely related variants HSV-1 and 
HSV-2, primarily located in the genitals, may significantly 
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affect male fertility. The infection of these two HSV variants 
diminishes sperm count. It is reported that HSV DNA reduces 
sperm concentration and affects sperm motility [44]. Spear 
describes that HSV binds with Nectin-1 immunoglobulin 
and found various cell lines such as epithelial, endothelial, 
neurons, fibroblasts. This study also revealed the expression 
of Nectin-1 on spermatid [43]. A study found a significant 
association of HSV-2 with hematospermia and a lower mean 
seminal volume. They also reported that HSV-1 infection 
is associated with a lower mean sperm count [45]. This 
study has also revealed that HSV infection causes a change 
in spermatozoa and seminal fluid in the male partner, 
influencing fertility.

Human Cytomegalovirus (HCMV)

HCMV is a linear double-stranded DNA virus of 
the herpesvirus family, with a high prevalence rate. Its 
transmission occurs mainly through oral, respiratory, and 
sexual routes [9]. It stays lifelong inside the host’s body. 
Isaacson et al. found that, in adhesion and genetic expression 
of HCMV in the host cell, the role of epidermal growth factor 
receptor (EGFR) is critical [46]. Further, various cell integrins 
such as α2β1, αVβ3, and α6β1 bind with the N- terminal 
region of the HCMV fusion protein (gB) and facilitates entry 
of virus in the host cell [47]. Moreover, β2–microglobulin has 
also been described as a common receptor of HCMV, which 
helps cell adhesion and entry (Table 1). 

Type HIV HBV HCV HPV HCMV HSV
Genetic 

material ds-RNA ds-DNA ss-RNA ds-DNA ds-DNA ds-DNA

Mode of
Transmission

Vertical and 
horizontal

Vertical and
horizontal

Vertical and
horizontal Vertical Vertical and

horizontal horizontal

Mechanism of 
infection

1. It is detected 
in monocyte, 

lymphocyte, and 
macrophages cells of 

semen.

1. It passes 
through the 
blood-testis 
barrier and 

integrates itself 
into the male 

genome.

1. E1 and E2 
HCV envelop 
glycoproteins 

interact 
with their 
respective 

receptors and 
integrate into 
the sperm cell

1. HPV16 capsid 
affects sperm head 
and exfoliated cells 

of sperm.

1. β2 
-microglobulin 
has also been 
described as a 

common receptor 
of HCMV, which 

helps cell 
adhesion and 

entry.

1. HSV binds 
with Nectin-1 

immunoglobulin 
and is also found 
in the various cell 
such as epithelial, 

endothelial, 
neurons, 

fibroblasts.

2. Leucocytes are 
considered the 

primary source of 
infection.

Impact

1. Orchitis 1.Damage 
spermatozoa

1. Reduces 
semen volume, 
sperm count, 

sperm motility

1. Affects sperm 
morphology and 

vitality.

1. Negatively 
influences sperm 

parameters.

1. Low sperm 
count.

2. Leukospermia 2.Reduces 
sperm motility

2. Sperm 
diploidy 

and reduces 
fertility index

2. Genital warts 
(penile and anal).

2. Viral DNA 
integrates into 
spermatozoa

2. Reduces sperm 
motility.

3. Low testosterone 
level.

3.Increases 
sperm 

apoptosis and 
necrosis

3. It is affecting 
sperm motility 

and causing 
Asthenozoospermia.

3. Germs cells get 
infected.

3. The occurrence 
of ulcers.

4. Impairment 
of sperm 

morphology and 
spermatogenesis

4.
Mutation due 
to HBV DNA 

integration into 
sperm.

4. Prostatic 
and epididymal 

functions are 
disturbed.

5. Sperm DNA 
damage

6. Hypogonadism
7. Erectile 

dysfunction
Table 1: Mechanism and impact of viruses on fertility parameters.
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This molecule also increases virus infectivity by 
suppressing the expression of class 1 HLA [48]. However, 
sexual transmission of the HCMV virus is not frequent. 
Eggert-Kruse, et al. [49] reported its presence in the genital 
tract of sub fertile males. The appearance of the virus in 
semen suggests genital tract infection. Many studies have 
pointed out the significant role of HCMV in male infertility 
[49]. A high prevalence of HCMV infection was reported 
among infertile men than fertile men [50]. This study also 
pointed out the importance of HCMV infection in male 
infertility. Another survey by Naumenko, et al. reported the 
association of HCMV with chronic urogenital tract infection 
that may lead to permanent sterility in males [51].

Assisted Reproductive Techniques (ART) 
and viral load

In assisted reproductive techniques (ART), sexually trans-
mitted diseases (instigated primarily by viruses) are a sig-
nificant threat. Various preventive measures are necessary 
to minimize or remove the specimens’ viral load. Most of the 
literature reported concern regarding gamete banking and 
donation as it may result in cross-contamination during as-
sisted reproductive techniques among patients [52].

HBV and ART

Berry, et al. suggests that Hepatitis B contamination 
may occur during artificial insemination [53]. The sperm-
mediated HBV genes can replicate and express themselves 
in early embryonic cells [54]. A Chinese study reported that 
HBV infection in men is associated with poor sperm quality 
and worse ICSI and embryo transfer outcomes [55]. In such a 
case, for patients undergoing IVF or ICSI, HBV screening is a 
must. Seronegative partners must be vaccinated against HBV 
in couples that are discordant with HBV infection. Once the 
anti-hepatitis B surface antibody (HBsAb) of the vaccinated 
partner is positive, fertility treatments may be started. Once 
the female partner is vaccinated against HBV, modified sperm 
washing to minimize viral load is unnecessary [56].

HCV and ART

Devaux, et al. suggested that the possibility of HCV 
transmission during IVF cannot be ignored [57]. HCV-RNA 
can be found in non-sperm cells and seminal plasma but not 
in spermatozoa [58]. A study by the same author suggested 
that it is unnecessary to perform nested PCR to detect HCV 
RNA since routine technical means can eliminate the virus 
[59]. However, the possible presence of HCV in semen 
implies a potential risk of nosocomial contamination. Thus 
sperm washing should be performed for each semen sample 
of HCV patients before ART [58]. If any one of the partners is 
infected with HCV (HCV RNA positive), to reduce the infected 

partner’s viral load, treatment with tribavirin (ribavirin) and 
Pegasys (peginterferon alfa 2a) must be considered before 
fertility treatment [60].

HIV and ART

For HIV serodiscordant couples preparing for family 
planning, assisted reproduction techniques may be a better 
option to prevent vertical viral transmission. Nicopoullos, 
et al. demonstrated that the presence of HIV infection 
significantly impairs sperm parameters [61]. Reproductive 
assistance to HIV-discordant couples can make a significant 
impact on the prevention of viral transmission. Here the 
spermatozoa of HIV-positive males can be used for IVF or 
ICSI only after evaluating the semen quality. Before using, 
the semen is washed off through the gradient technique to 
reduce the viral load [62]. Anti-retroviral therapy decreases 
viral load in the semen and improves fertility outcomes [61].

HPV and ART

HPV can be detected in the placenta through ascending 
infection from the cervix and the sperm [63]. Clinical 
analysis by Spandorfer, et al. reported a significant reduction 
in pregnancy outcomes among the HPV-positive females 
undergoing IVF [64]. A retrospective study by Depuydt, 
et al. [65] reported a prevalence of 11% for HPV per IUI 
(Intrauterine Insemination) cycle. This study also reported 
a lower fertility rate among women with HPV infection [65]. 
Modified swim-up and heparinase III methods have been 
proposed to reduce the risk of HPV infection during ART. 
The method helps in removing the HPV DNA from semen 
without degrading quality [66]. Sperm wash may reduce 
the viral load on semen from HPV-infected men, as HPV 
remains suspended on semen and infected epithelial cells 
as a cell-free virus [56]. A recent study has suggested that 
hyaluronidase treatment can remove HPV virions bound to 
spermatozoa [67].

HSV and ART

A negative influence of HSV-infected male gametes is seen at 
the early stages of embryo development and decreases preg-
nancy achievement frequency during assisted reproduction 
techniques (ART) [68]. Studies of in vitro incubation of se-
men with HSV-2 showed no interaction between virus and 
sperm, but the virus remains in the seminal fluid [9]. In acute 
infection, the risk of HSV-2 contamination increases if sperm 
is collected from the testis, where it gets infected from blood 
and interstitial tissues [69]. Though in ART, the exact role of 
HSV is yet to be unveiled, the transmission of herpes simplex 
virus (HSV) may impair the success of assisted reproductive 
techniques.
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HCMV and ART

In ART, the donors’ semen is screened to detect 
primary infection from HCMV because, during pregnancy, 
this infection may exhibit serious complications upon the 
fetus/neonate [70]. In infected males, sperm washing is 
done to reduce the viral load. However, in ICSI, complete 
removal of viral load is impossible [69]. Identification of 
HCMV via rapid antibody testing (a serological method) 
may be helpful in the prevention of HCMV transmission 
during ART [9]. Insemination with semen from a CMV- 
positive man is acceptable when the female partner is also 
CMV seropositive [49]. Despite the risk of superinfection, 
the neonate’s infection rate with CMV is around 1%, and 
such a newborn does not exhibit substantial abnormalities 
or illness [70].

For most of the above viruses, sperm washing is 
considered one of the best tools for eradicating viral 
loads during ARTs in male infertility cases. A study by 
Molina I, et al. [71] concluded that sperm washing and 
intracytoplasmic sperm injection (ICSI) are safe and 
effective options for reducing the risk of viral transmission 
among infertile couples. Another study by Garolla, et al. 
discussed the role of targeted sperm washing for each 
sperm infection. The screening of viral infection is strongly 
recommended to avoid viral transmission and improve 
ARTs or spontaneous fertility outcomes among male 
infertile patients [9]. Another triple gradient semen wash 
technique has been described as a highly reliable technique 
for removing viral load [72]. This study reported that triple 
gradient-based sperm selection, coupled with extensive 
centrifugation, is highly beneficial for HIV removal. This 
technique provides lower than reported post-wash positive 
tests while maintaining high pregnancy rates in assisted 
reproduction cycles. However, this study also suggested 
that despite extensive personnel training and the washing 
protocol’s effectiveness, a post-wash HIV test on semen is 
required to identify residual positive samples. Foresta, et 
al. studied the efficiency of three sperm washing protocols 
in removing human papillomavirus (HPV)-infected cells 
from semen samples of infertile patients. They evaluated 
the sperm parameters and the presence of HPV in semen 
samples before and after procedures of sperm selection. 
This study demonstrated that conventional sperm washing 
before sperm selection rarely eliminates HPV infection in 
sperm [40]. The evidence, as mentioned above, suggests 
that sperm washing is the best method in the present 
scenario; however, it is not effective in removing viral load 
in semen samples.

We still need comprehensive research to find an 
alternative approach to diagnose and treat male infertility 
even before ARTs administration.

Conclusion

The viruses are very ambiguous to physical and 
chemical factors and are mostly asymptomatic. Unlike other 
pathogens, viral infection causes an inflammatory response 
and leads to immune suppression. So, various viruses may 
cause multiple infections at one time [73]. Current literature 
shows that virus-mediated urogenital infections are mostly 
asymptomatic. Moreover, their manifestation is increasingly 
challenging to detect. Most of these infections are sexually 
transmitted and may play a critical role in altering fertility 
outcomes of all infertility cases; approximately 40–50% is 
due to “male factor” infertility. Even sperm washing, the best 
method present in the current scenario in ARTs is ineffective 
in removing viral load in semen samples. We need to find 
effective strategies to detect and remove the viral load from 
semen to endure male fertility.

Further, while dealing with male infertility, viral infections 
are strenuous to manage in the individual and community. 
It may be because of the lack of knowledge and awareness 
for male infertility in healthcare management. More than 
this, people’s social stigma for a male having fertility issues 
is also a severe problem. However, it was recently observed 
that males opt for infertility treatments, which is a very 
constructive sign. Before ARTs administration, to avoid any 
illness or defects in the embryo, viruses’ screening should 
be prioritized. This screening is also a must to prevent 
male infertility and viral transmission among partners. The 
healthcare experts’ recommendation will lead to timely 
diagnosis and intervention to prevent the viral load in semen 
so that the healthy sperm can contribute to the origin of a 
healthy new life.
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