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Infertility is an important health problem that affects up to 16% of couples worldwide. Male
infertility is responsible for about 50% of the cases, and the various causes of male infertility
may be classified in pre-testicular (for example hypothalamic diseases), testicular, and post-
testicular (for example obstructive pathologies of seminal ducts) causes. Sexually transmitted
infections (STI) are increasingly widely accepted by researchers and clinicians as etiological
factors of male infertility. In particular, several recent reports have documented the presence of
HPV in seminal fluid and observed that sperm infection can also be present in sexually active
asymptomatic male and infertile patients. In this review, we aimed to perform a systematic
review of the whole body of literature exploring the impact of HPV infection in natural and
assisted fertility outcomes, from both an experimental and a clinical point of view. Starting from
in-vitro studies in animals up to in-vivo studies in humans, we aimed to study and evaluate the
weight of this infection as a possible cause of idiopathic infertility in males with any known
cause of conception failure.

Keywords: human papillomavirus, HPV seminal infection, male infertility, anti-sperm antibodies, assisted
reproductive technique, HPV treatment
INTRODUCTION

Human Papillomavirus (HPV) is the etiological agent of the most common sexually transmitted
infection worldwide, with an estimated 6.2 million new cases annually (1). HPV comprises a group
of small non-enveloped epitheliotropic viruses with a double-stranded circular DNA genome made-
up of 8000 bp. Its virion has an icosaedral shape, of 55 nm diameter, constructed of 52 capsomeres,
each containing five molecules of the major capsid protein L1 and a smaller number of the minor
capsid protein L2 (2). HPV consists of more than 200 genotypes, adapted to particular epithelial
tissues, such as anogenital skin and mucosa (3). According to the basis of oncogenic potential, HPV
can be divided in two different groups: high-risk (HR-HPV) and low-risk (LR-HPV). The former
ones, that include the well-known 16 and 18 types, have been classified as oncogenic to humans
according the International Agency for Research on Cancer (4), and may cause neoplastic
transformations in the following epithelial areas: cervix, vagina, vulva, anus, penis and
oropharynx (5). The latter ones, such us 6 and 11 types, are responsible of benign diseases such
as genital warts (6). HPV infections are primarily contracted by direct contact of the skin or
n.org March 2021 | Volume 12 | Article 6435391
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mucoses with an infected lesion. Genital HPV infection is largely
transmitted through sexual intercourse, mostly insertive
intercourses, although non-penetrative types of contact, such
us genital-genital, oral-genital and manual-genital are also
possible routes of transmission (7). Concerning the
epidemiology of HPV infection, an evident difference occurs in
the prevalence of the infection between females and males: while
in the formers the prevalence is high in the first years after the sex
debut and thereafter it decreases, in males the prevalence
remains high during the whole life (8). Despite HPV-related
diseases have been historically almost exclusively studied in
females, recently, a growing interest is developing towards
HPV infection in males. Recently it has been definitely
demonstrated that, in addition to the well-known external
genital areas, HPV virions may also be detected inside the
male reproductive tract. In particular, it has been detected in
male accessory glands were it can represent a possible cause of
MAGI (male accessory gland infection), a condition which may
play an important role in the impairment of seminal fluid and
thus of fertility (9, 10). Finally, it was found in semen, both in
exfoliated cells and even bound to spermatozoa (1, 11). Since the
first studies which focused about this topic, it was clear that HPV
does not enter the sperm cells, differently from the infection of
epithelial cells and the exact localization of HPV in sperm was
clarified by some important in vitro studies. Through
immunofluorescence techniques, some authors clarified both
the mechanism of sperm-HPV binding and its exact
localization (12, 13). They reported that HPV-L1 capsid
protein is able to bind the glycosamino-glycan Syndecan-I on
the sperm surface and located in the equatorial region of the
head. On this basis, different authors investigated the possible
role of HPV semen infection in male infertility and recent
metanalyses showed that this condition can impair couples
fertility through different mechanisms (11, 14–16).
AIMS OF THIS REVIEW

The first aim of this review was to summarize the implications of
HPV semen infection on the following topics: i) effect on sperm
parameters, ii) development of anti-sperm antibodies, iii) impact
on both natural and assisted reproductive outcomes, such us
pregnancy rate and miscarriage rate. We also discussed in-vitro
studies reporting the possible role of HPV infected spermatozoa
on blastocyst development and trophoblastic invasiveness.
Moreover, we summarized the diagnostic and therapeutic
strategies available in infertile couples aimed to improve the
reproductive outcome.
DATA SOURCES AND METHODS

Literature analysis was performed on the electronic databases
Medline, Embase, ScienceDirect and the Cochrane Library,
considering the time interval from January 1995 to October
2020. Key terms included: “HPV semen infection,” “HPV male
Frontiers in Endocrinology | www.frontiersin.org 2
infection,” “HPV and male infertility,” “HPV and anti-sperm
antibodies,” “HPV and sperm parameters,” “HPV and sperm
DNA fragmentation,” “anti-sperm antibodies and fertility,”
“HPV-infected spermatozoa and fertilization,” “HPV and
fertility outcome,” “HPV and blastocyst,” and “HPV and
trophoblast.” We considered randomized trials, observational
and retrospective studies, original articles having as topic the
relationship between HPV sperm infection and the following
items: altered sperm parameters, anti-sperm antibodies (ASA),
sperm apoptosis, sperm DNA alteration and infertility. In the
included studies, all known causes of male infertility had been
ruled out. We also included experimental in vitro studies focused
on the effects of HPV infection on oocyte fertilization, blastocyst
development, and trophoblastic cell invasiveness. Also, studies
describing the adjuvant administration of the HPV quadrivalent
vaccine Gardasil (Merck Serono S.p.A., Milan, Italy) as a possible
strategy to promote HPV clearance from semen in infected
males, were included. An accurate analysis of the references of
the main works was successively performed. We considered data
from eligible studies separately, according to different topics:
“HPV and impairment of sperm parameters,” “HPV and
development of anti-sperm antibodies,” “HPV and impairment
of natural and assisted fertility outcome.” Manuscripts were
selected according to the use of the following methods: semen
parameters and the related alterations were defined according to
WHO laboratory manual for examination and processing of
human semen (17) and Hamilton Thorn motility analyzer (18);
HPV-DNA detection in spermatozoa, whole semen and fertilized
oocyte, was performed by the use of polymerase chain reaction
(PCR) and fluorescence in situ hybridization (FISH) techniques.
The evaluation of apoptotic events, related to HPV, in
spermatozoa and embryo was detected through a terminal
deoxyribonucleotidyl transferase-mediated dUTP nick-end
labelling assay (TUNEL) test, DNA-Comet assay, DNA Disk
chip assay, and Cell Death Detection ELISA assays or SCSA (flow
cytometric technique). Sperm washing procedures relied on two-
layer isolate colloid wash, test-yolk buffer procedures, swim-up
procedure, modified swim-up with enzymatic treatment
(Hyaluronidase) and discontinuous Ficoll gradients. Foresta et al.
(13) used the hamster egg–human sperm penetration test (HEPT)
to assess the ability of HPV-infected spermatozoa to fertilize and
transfer viral genome into oocytes.
RESULTS

The literature search, based on previously mentioned key terms,
identified a total of 24 papers meeting all the eligibility criteria for
this review. Figure 1 reports the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) flow diagram
which shows the process of study selection. The reported
evidences ranged between 1997 and 2020. Some papers
evaluated more than one topic. Among these manuscripts, 14
papers focused on the clinical impact of HPV detection in semen
related to the alteration of sperm parameters (11, 14, 19–30);
three papers (already included in the previous group) focused on
March 2021 | Volume 12 | Article 643539
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the correlation between HPV semen infection in males,
development of anti-sperm antibodies and their impact on
male fertility (22, 25, 27) and seven papers (of which one
already included in the first group) focused on the HPV semen
infection in males and impairment of natural and assisted
fertility outcomes (29, 31–36).

HPV Semen Infection and Sperm Parameters
Because HPV infection is usually considered to be transient in
males and without detrimental clinical consequences, its
presence in semen has not been adequately investigated in the
past. However, recently, an increasing number of studies have
suggested the possible role of HPV in male infertility. In fact,
several authors have confirmed the presence of the virus in the
seminal fluid of men suffering from idiopathic infertility (15, 28,
37, 38). This data, combined with the higher prevalence of sperm
HPV-infection in infertile subjects compared to general
population (10%–35.7% vs. 2%–31%) (39) suggested that HPV
may an important role in the impairment of sperm quality and,
consequently, of male fertility.

Table 1 reports the main studies which investigated the
consequences of HPV seminal infections towards sperm
quality seminal parameters and, consequently sperm quality.
Among the 14 included studies reported, five reported a
relation between HPV seminal infection and a reduced sperm
motility (11, 14, 22, 24, 27). In addition, Piroozmand showed also
a significant reduction of the sperm count. Boeri et al.,
documented an increased Sperm DNA fragmentation index
when semen infections involved high-risk HPV genotypes (19)
while Yang et al., reported that HPV seminal infection may cause
an alteration of sperm normal morphology (30). In 2017, Damke
et al. observed a correlation between HPV seminal infection and
Frontiers in Endocrinology | www.frontiersin.org 3
prostatic function, in terms reduced volume and increased pH
and viscosity (20), while Rintala et al. demonstrated a seminal pH
alteration in male patients with high-risk HPV seminal infection
(28). Ultimately, Moghimi et al., observed a significantly higher
prevalence of high-risk HPV in infertile men, compared to
fertiles, associated with an impairment of sperm morphology
and motility (26). Only four out of the 14 studies did not report
any significant relationship between HPV seminal infection and
sperm parameters (21, 23, 25, 29).

HPV Semen Infection and Anti-Sperm
Antibodies
In addition to the possible impairment of sperm parameters,
different kind of semen infections have been associated with the
development of anti-sperm antibodies (ASAs). Also HPV semen
infection, has been recognized as a risk factor for the ASAs (40,
41). In fact, the prevalence of ASAs seems to be higher in infected
infertile patients compared to non-infected infertiles and general
population. Moreover, in infected infertile subjects, presence of
antibodies is associated with a further reduction of sperm
motility (42). Although the role of ASAs is controversial in
reproduction, various mechanisms have been proposed as to how
they affect male fertility, including sperm agglutination, impaired
cervical mucus penetration, complement-mediated sperm injury
through the female genital tract and interference with sperm-egg
interaction (43). Different authors evaluated the role of HPV as
an antigenic stimulus for the development of ASAs.

Table 2 reports the main studies which investigated the
relationship between HPV seminal infection, the development
of ASAs and their implication in the worsening of fertility. In the
study by Garolla et al., the authors studied the association
between HPV infection and ASAs and their clearance time
FIGURE 1 | Preffered Reporting Items for Systematic Reviews and Meta Analyses (PRISMA) flow diagram of the review study on literature analysis for HPV semen
infection and sperm parameters, ASAs development and reproductive outcome. Some of the studies evaluated more than a topic. HPV, Human Papillomavirus;
ASAs, antisperm antibodies.
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semen samples from infected and non-infected infertile subjects.
They pointed out that more than 40% of HPV infected infertile
patients had ASAs on the sperm surface. In contrast, this
condition was significantly lower in non-infected infertile men
and in fertile control subjects. Moreover, infected patients had a
higher mean percentage of ASAs compared with non-infected
ones. These findings suggested that sperm autoimmunity could
probably be HPV-dependent. In order to confirm this finding,
they documented the presence of both viral proteins and
immunoglobulins in the same sperm cells of samples with
positive sperm-mixed antiglobulin reaction (Mar) test results.
Notably, when immunofluorescence for HPV 16-L1 was present
on the sperm surface, they observed co-staining for IgA and IgG.
This observation, according to the authors, suggested that semen
infection could represent a new clinical condition associated with
the presence of ASAs. Finally, they also reported that, in infected
males, a significant viral clearance (approximately 85.3%) was
obtained after 24 months of follow-up. Interestingly, the
reduction in sperm infection paralleled the disappearance of
ASAs and was significantly related to a progressive improvement
of sperm motility (22). Likewise, Piroozmand et al. demonstrated
that, compared with non-infected ones, patients with HPV
semen infection had a higher rate of ASAs and a worse sperm
quality, suggesting that young infertile couples should be tested
for HPV and ASAs along with other causes of infertility (27). On
the contrary, Luttmer et al. stated that the presence of HPV in
semen was not associated with impaired semen parameters and
presence of sperm ASAs (25).
HPV Semen Infection
and Reproductive Outcomes
Due to its ability to affect seminal parameters and to induce
ASAs development, HPV semen infection seems to be a
significant risk factor for male infertility. In this regard, many
original studies, reviews and meta-analyses reported that HPV
semen infection is related to reduced fertility both in natural
and assisted conceptions. However, the exact mechanisms
responsible for this condition have been never definitely
assessed (16, 19, 31, 33, 39, 44, 45).

Table 3 reports the main studies which investigated howHPV
seminal infection in males may impair reproductive outcome in
natural and/or assisted fertility. Depuydt et al., studying the HPV
infection in semen samples (samples of sperm donors used for
assisted reproductive techniques) coming from three different
cryo-banks, observed that no pregnancies were obtained when
using HPV-infected semen samples coming from sperm donors
(31). The following year, in the context of the intra-uterine
insemination technique (IUI), the detection of HPV virions in
sperm from partners was associated with a negative IUI outcome
(32). On this basis, they suggested to introduce in the counselling
of infertile couples the examination of HPV in semen. In Italy,
Garolla et al., reported that the presence of HPV in seminal fluid
was associated with a reduction of both natural and assisted
cumulative pregnancy rate and an increase in miscarriage
rate (33). In another study, the same group reported that
the administration of HPV quadrivalent vaccine Gardasil
T
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(Merck Serono S.p.A., Milan, Italy) as an adjuvant tool to
counteract seminal infection was associated with enhanced
clearance of HPV from semen and, in parallel, with an
increased rate of natural pregnancies and live births in
idiopathic infertile couples (34). Even Perino et al. observed a
significant correlation between pregnancy rate and seminal HPV
DNA in males of infertile couples compared to HPV- negative
(66.7% vs. 15%) (35). On the contrary, neither Tanaka et al., nor
Tangal et al. reported any significant correlation between HPV
semen infection and adverse natural or assisted fertility outcomes
(29, 36). However, their results can be explained as follows: the
first study evaluated only HPV 16 infection, while all HPV types
seems to have a role in infertility; the second, did not test the
presence of HPV in the day of failed Intra-cytoplasmic sperm
injection (ICSI) procedure, but only in a following moment.

Effect of HPV Semen Infection on Embryo-
Development (In-Vitro Studies)
Many in-vitro studies have shown a negative influence of HPV
infection upon several aspects of human fertility. For example,
Gomez et al., in 2008, reported that HPV transfected blastocyst
and trophoblastic cells were affected by a reduction in decidua
invasion capacity, potentially responsible for a failure of
maternal uterine wall invasion by trophoblastic cell,
subsequent placental dysfunction and adverse pregnancy
outcome (46). Furthermore, several experimental studies have
demonstrated the role of HPV in causing pregnancy loss by
transmission of viral genes to oocytes and determining DNA
fragmentation and apoptosis of embryonic cells (47, 48).
However, there is little evidence regarding the possibility that
HPV infected sperm are able to interfere with embryo
development when injected into the oocyte cytoplasm (such as
during the procedure of in-vitro fertilization). To better
understand this process, Foresta et al. performed an in-vitro
study evaluating the ability of the virus- infected sperm to
transfer HPV DNA and capsid proteins to oocyte during
fertilization. After transfecting a human sperm with a
plasmidic episome containing HPV E6 and E7 proteins, they
used the hamster egg-human sperm penetration test to show the
ability of infected sperm to transfer the capsid protein L1 to
oocyte and the expression of E6 and E7 viral protein in the
fertilized oocyte (13). Their findings demonstrated that both
spermatozoa transfected with E6 and E7 genes and exposed to
HPV L1 capsid protein were able to penetrate the oocyte. These
laboratory data, combined with the observation that HPV DNA
Frontiers in Endocrinology | www.frontiersin.org 5
is found in a larger proportion of abortions rather than voluntary
termination of pregnancy (35), may suggest an active role for
HPV (which is carried to the egg by the spermatozoa) in the
etiology of premature term gestation. This phenomenon could
lead to an increase in the fragmentation of embryonic DNA
resulting in alteration and apoptosis of the embryo (13). It should
be remembered, however, that the situations described above
refer to in vitro models that may not reflect the in vivo situation,
where the entry of viral DNA into the egg has never been proven
(22). In fact, the actual state of literature is insufficient to draw
definite conclusion regarding the effect of HPV infection on the
most important reproductive outcomes following natural and
assisted fertility in women.
POSSIBLE CLINICAL MANAGEMENT OF
INFERTILE INFECTED PATIENTS

It is well known that HPV infections frequently affect individuals
for a long time and it has been suggested that certain anatomic
sites could act as viral reservoirs able to sustain the persistence of
the infection (39, 49). Nowadays, there is a lack of an effective
and resolutive treatment for HPV infection and related
problems, including the consequences of HPV infection on
fertility. Therefore, it is mandatory, while waiting for the
development of effective prevention and therapy solutions, to
educate and counsel infected couples through the suggestion of
strategies able to counteract the infection, especially when they
are seeking fertility, both naturally and by assisted reproductive
technologies (ARTs). Firstly, it is important to educate and
provide careful counselling in couples where at least one of the
members is infected with HPV. A 2014 controlled study showed
the effectiveness of this strategy. Couples in which both partners
had HPV infection at genital site, were carefully counselled to
follow some strict advices aimed to clear the virus (like: hygiene
of both of their reproductive tract and their hand; using personal
underwear and personal towels only; avoiding oral and anal sex)
and monitored at 6, 12, 18, and 24 months. Counselled couples
had a significantly higher clearance rate and shorter time of viral
persistence, compared to non-counselled infected controls (50).
Furthermore, recent evidence has suggested that HPV
vaccination is a valid tool even in patients who have already
contracted the infection. In fact, it has been highlighted that
patients with HPV semen infection receiving vaccination, had a
faster rate of seroconversion and greater viral clearance,
TABLE 2 | Association between Human Papillomavirus (HPV) seminal infection and presence of anti-sperm antibodies.

First Author Country Study setting Kind of
infertility

Years of
infertility

Outcomes Conclusions

Garolla et al. (22) Italy Cross-sectional
clinical s.

I. I. 2 years HPV sperm infection, sperm
aneuploidies, and sperm ASAs.

Association with ASAs and long-
lasting persistence

Luttmer et al. (25) Netherlands Cross-sectional s. N. A. N. A. HPV sperm infection and presence of
sperm ASAs

No association with ASAs.

Piroozmand et al. (27) Iran Cross-sectional s. N.A. N. A. HPV sperm infection and presence of
sperm ASAs

Association with ASAs.
March 2
HPV, Human papillomavirus; ASAs, Anti-sperm antibodies; s, study; I. I., Idiopathic infertility; N.A., not applicable.
021 | Volume 12 | Article 643539

https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Muscianisi et al. HPV Infection and Male Infertility

Frontiers in Endocrinology | www.frontiersin.org 6
identified as the percentage of HPV DNA detectable in seminal
fluid compared to infected patients who did not undergo
vaccination (51). In the specific context of HPV and fertility
outcome, a more recent study of 2018 analyzed 151 infertile
couples in which the male partner had HPV semen infection.
Among them, 79 males received the quadrivalent vaccination,
while 71 refused it and served as controls. In 1 year of follow-up,
an improvement of sperm parameters and natural fertility outcome
was recorded in vaccinated patients compared to controls. In
particular, vaccinated patients showed a higher viral clearance
that paralleled an improvement of sperm motility and a reduction
in the percentage of anti-sperm antibodies. Furthermore, couples
where the male partner received vaccination recorded higher
pregnancy and delivery rates and a lower miscarriage rate during
the follow-up (34). In addition to counselling and adjuvant
vaccination, different techniques of sperm selection
(centrifugation, discontinuous density gradient and direct Swim-
up) have been tested aimed to removeHPV from the sperm surface.
However, all techniques had very poor or even absent effect in the
complete removal of the virus. Very recently, our group tested a
modified swim-up technique with the addiction of hyaluronidase
enzyme obtaining the complete elimination of HPV from infected
samples (52). The rationale of this treatment was to cleave the
binding of HPV to its putative ligand, Syndecan-I located on the
sperm surface (13). Compared to normal swim-up technique,
the modified swim-up with hyaluronidase was able to abolish
the binding between HPV and sperm in 100% cases of infected
sperm, confirmed by negative fluorescent in-situ hybridization
(FISH) for HPV, without any significant impairment of either
motility or DNA fragmentation in the spermatozoa.

On the basis of these evidences, we recommend testing for
HPV in the male partner of the infertile couples in the following
cases: male affected by unexplained couple infertility (not related
to known male or female factors), asthenozoospermia, presence
of ASA, positive medical history for HPV infection or evidence
of ongoing HPV-related diseases. Figure 2 describes the
management suggested for infertile men candidate to HPV
detection in semen. As a first line diagnosis, we suggest
performing HPV detection and genotyping on semen by
Polymerase-chain reaction (PCR) or by Inno-LiPA Genotyping
Extra assay as previously described (22, 53). In negative cases, the
role of HPV in male infertility can be excluded. In patients tested
positive, a FISH analysis for HPV should be performed to detect
the presence of HPV-DNA bound to sperm. In patients with a
negative FISH analysis, it is possible to search for fertility both
naturally or by ART. In patients showing the presence of HPV on
the spermatozoa, the management is different in cases of younger
or older couples since it should consider other clinical conditions
and include a recommendation not to delay the initiation of
infertility treatment. In younger couples, we suggest the
previously described counselling, adjuvant vaccination and a
new FISH analysis after 6 months of follow-up. If negative,
couples may undergo through natural or assisted fertility
seeking. If still positive, couples have to be redirected towards
the same route or counselled to change strategy. In the latter case
and in older couples we suggest performing ARTs through a
T
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modified technique of sperm selection by a modified swim-up
with hyaluronidase to blunt virions attached to sperm.
CONCLUSIONS

From the above reported literature, we can conclude that HPV
semen infection can impair sperm quality and induce ASAs
development, thus reducing couple fertility, particularly when
viral DNA is present on the sperm surface. The impact of HPV
genital tract infection in females is less clear, however the
presence of the virus in embryos has been related to reduced
pregnancy rate and increased abortion rate.

In the present systematic review, we summarize the state of
the art on the link between HPV infection and couple infertility
and suggest a flow-chart for the management and counselling of
infertile couples in whom the male partner has HPV semen
infection. The aim of this clinical management is to ensure the
best reproductive outcome, both natural and through ARTs,
particularly in those men without any other factor explaining
infertility other than the presence of HPV. In the light of the
large body of literature showing that HPV semen infection has a
negative impact on reproductive outcome, we are strongly
convinced that the time has come to follow this path. Further
studies are required in order to demonstrate that the described
Frontiers in Endocrinology | www.frontiersin.org 7
strategy and, in particular, the clearance of HPV from semen is
able to improve the delivery rate of infertile couples unable to
conceive either naturally or via assisted reproduction.
STRENGTH AND LIMITATIONS

The present review comprehensively summarizes, in a systematic
way, the results of studies analyzing the correlation between
HPV semen infection and male idiopathic infertility and
provides the state of the art on the diagnostic and therapeutic
strategies available in infertile couples aimed to improve the
reproductive outcome. The main limitation of this analysis is that
many of the studies, included in this review, did not consider
important factors such as infertility duration and age of the
female partner. Moreover, not all the studies clearly ruled out all
known causes of infertility.
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