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Abstract 

Background The interest in the HPV status of the male has risen after the discovery of HPV shedding in the semen. 
To date, there is no consensus on the true prevalence of male HPV infection, yet there is a rising body of evidence 
suggesting that male HPV infection might negatively affect the sperm parameters.

Main body The concern that HPV can lead to a couple’s infertility and affect reproductive outcomes had increased 
after the multiple publications of semen criteria perturbations specifically the asthenospermia associated with HPV 
infection. An extensive literature review was performed to define the actual frequency of male HPV infection as well 
as the true extent of sperm analysis perturbations related to the HPV illness. We also intended to define the impact of 
these infections on reproductive outcomes and to highlight any treatment plans for affected couples.

Conclusion HPV is a prevalent disease with a rising concern among the male populations given the suggested 
impact on sperm motility as well as the pregnancy and miscarriage rates post-ART treatment. Vaccines are being stud-
ied now as a possible infertility adjunct treatment for males who are already infected.
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Introduction
Human papillomavirus (HPV) is a small non-enveloped 
icosahedral virus with a double-stranded circular DNA, 
which multiplies in the basal layer of the stratified epi-
thelium [1, 2]. More than 150 types of HPV have been 
identified, sequenced, and divided into high and low-risk 

types depending on their association with cancerous or 
benign lesions [3]. Although studies have shown a 40% 
prevalence worldwide in males and females, the true 
prevalence awaits to be determined since the gold stand-
ard diagnostic test for detecting subclinical infections is 
lacking [4, 5].

Extensive research revealed the presence of HPV DNA 
in the male genital tract as well as in the seminal fluid and 
sperm cells [6, 7]. Although the influence of viral shed-
ding on sperm parameters remains poorly understood, 
there is a growing body of evidence suggesting a negative 
effect on sperm motility and male fertility overall [8, 9]. 
Also, based on assisted reproductive technique (ART) 
studies, it is speculated that when HPV-infected sperm 
is used in intracytoplasmic sperm injection (ICSI), ferti-
lization, implantation, and embryo development is nega-
tively affected [8, 10]. Hence, suspected semen infection 
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may lead to female partner inoculation, unexplained male 
infertility, fertilization failure, post-implantation failure, 
and increased miscarriage rates. Given the rising interest 
in male HPV infection and the growing concern about 
the potential negative impact on the reproductive out-
comes of the affected couple, this review of the literature 
was performed. The aims of this review were to define 
the actual prevalence of male HPV infection, highlight 
the possible implications of the infection on the sperm 
parameters, and characterize the effect of that infection 
on reproductive outcomes whether through natural con-
ception or through ART. We also aimed at drawing atten-
tion to the possible safety measures as well as treatments 
that can be implemented in case of male HPV infection 
to optimize treatment results.

Prevalence
HPV infects both males and females. Even though the 
bulk of the research done earlier focused on the female 
population, the interest in the male HPV status has risen 
after the discovery of HPV shedding in the semen. HPV 
DNA is believed to be generally bound to the equato-
rial region of the sperm head surface with approximately 
25% of the sperm population can be found infected in 
one semen sample [7, 11]. There is no consensus on the 
true prevalence of male HPV infection as different stud-
ies used different HPV DNA detection techniques as well 
as sampled different male populations. One meta-analy-
sis has shown that the method used to detect HPV DNA 
does affect the rate of positive results significantly espe-
cially in the infertile male population. It has been found 
that using type-specific primers in conjunction with the 
PCR techniques provided a higher detection rate when 
compared with the consensus type primers [12]. The 
numbers vary widely between the high-risk population 
with unsafe sexual practices where the average prevalence 
was found to be almost 31% and the general population 
with an average frequency of 7.8–12.4% [13, 14]. Other 
reports demonstrated that the infertile male population 
has a higher prevalence of HPV infection when com-
pared to the general fertile population with a frequency 
of approximately 10.2–16% versus 2.2–10%, respectively 
[8, 15, 16]. It was noted that in the general male popu-
lation, the frequency of high- and low-risk HPV infec-
tions was almost the same, contrary to the infertile male 
population where high-risk HPV infections were more 
prevalent. The highest prevalence of HPV infection in 
the general population was noted among European males 
(15.2%), while in the infertile male population, the high-
est frequency was noted among Latin American males 
(38.2%) [12] The prevalence of such infections has been 
found to be independent of the age of the male as the 
incidence of HPV infection remained stable above the 

age of 24  years [17]. Table  1 summarizes the articles 
included in this review.

HPV‑positive status and semen parameters
Given that HPV was found to be more prevalent in the 
infertile population as already discussed in paragraph 
3, a negative effect on the semen parameters could be 
anticipated. In that sense, a study performed by Schillaci 
et al. found no association between the HPV status of the 
male and the different abnormalities of the semen param-
eters [13]. Luttmer et al. supported the former’s findings 
[16]. On the other hand, Damke et  al. in a more recent 
study reported that HPV infections reflect negatively 
on the parameters of the semen analysis. The authors 
found that HPV-infected samples had a higher inci-
dence of hypospermia and increased seminal viscosity 
(p = 0.01 and 0.0002, respectively); however, the sperm 
motility was found to be unaffected (p = 0.5) [19]. Nev-
ertheless, multiple recent metanalyses did document an 
increased rate of asthenospermia in HPV-infected males 
especially in the infertile male population. Foresta et  al. 
conducted a review on 1920 patients which showed that 
males suffering from idiopathic infertility not only had a 
higher incidence of HPV infection but also a significant 
deterioration of sperm motility [9]. In another meta-
nalysis, Weinberg et  al. recently revealed a significantly 
increased incidence of asthenospermia, supporting the 
findings of Foresta et al. [9, 22]. As per Muscianisi et al. 
in the most recent systematic review, 11 out of the 14 
studies included in the analysis concluded that HPV male 
infection was associated with an impairment in sperm 
parameters whether it is oligospermia, asthenospermia, 
teratozoospermia, or a combination of the three [21]. In 
addition, Boeri et al. found an increased DNA fragmenta-
tion index in HPV-infected semen contradicting the pre-
viously published reports [23–25]. Given the published 
data, there is a growing concern regarding the reproduc-
tive outcomes of ART treatment cycles especially since 
a meta-analysis by Lyu et al. in recent years suggested a 
strong association between a positive male HPV status 
and male infertility (OR = 2.93, 95% CI = 2.03–4.24) [12]. 
HPV infection however was not shown to eliminate the 
fertilization capacity of the sperm, and thus, the risk of 
transmission of HPV virions or DNA into the oocyte 
remains a possible risk [26].

HPV‑positive status and reproduction/ART outcomes
Other than affecting semen parameters and potentially 
causing male infertility, the main concern is whether 
infected sperm can transfect oocytes upon fertiliza-
tion, negatively affecting the reproductive potential of 
embryos and thus jeopardizing pregnancy outcomes. 
Despite that the debate is still ongoing on whether the 
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incorporation of viral DNA takes place early on during 
spermatogenesis or later during the maturation stages 
of the sperm, there is an agreement that HPV-positive 
males can harbor the DNA material in the sperm. Thus, 
the apprehension that infected male gametes might 
transmit viral DNA to oocytes upon penetration at fer-
tilization still exists. The repercussions on the embryos 
resulting from oocyte fertilization with infected sperm 
remain to be elucidated [27, 28]. In an attempt to high-
light the effects of HPV DNA on embryos, scientists 
have cultured murine embryos in HPV DNA-containing 
media. A study published a while ago by Henneberg et al. 
showed that embryonic exposure to HPV DNA during 
the early stages of embryonic development (2 cells stage 
embryos) resulted in embryonic demise. The authors also 
reported that the blastulation rate decreased by a quar-
ter when the embryos were cultured with HPV 16 and/
or 18 DNA fragments [29]. Hong et al. cultured murine 
embryos in HPV-16-rich media. In comparison with 

the control group, the exposed murine embryos were 
found to form less adhesions, affecting the trophoblast 
function thus possibly preventing normal implantation 
without affecting the embryonic development per se 
[30]. The presumed decreased implantation potential is 
thought to be due to the accelerated HPV transfection-
induced apoptosis in infected cells when compared to 
non-infected cells [10, 31]. The question that arises here 
is whether the findings with murine embryos could be 
extended to the human race. In humans, Perino et  al. 
showed that when the male is HPV positive, while preg-
nancy rates were equal with the controls, the chances 
of miscarriage of the IVF-treated couple were higher 
(66.7% vs 15%) [32]. Garolla et  al. demonstrated that 
HPV-positive semen samples were associated with a sig-
nificant decline in the success rates of both intra-uterine 
insemination (IUI) and ICSI cycles which were reduced 
by half. It was also noted that cumulative pregnancy rates 
whether spontaneous or with ART were decreased as 

Table 1 Summary of the articles included in the review

Article Type of article Sample size Groups assessed Incidence of HPV 
infection

HPV effect on 
semen analysis

Reproductive 
outcomes

Foresta et al. (2010) 
[7]

Cross-sectional 290 General population, 
high-risk male popu-
lation, and infertile 
patients

2.2% in the general 
population
10.2% in the infertile 
population

Reduced motility Not available

Schillaci et al. (2013) 
[13]

Cross-sectional 308 Patients undergoing 
IVF treatment

7.8% in the general 
population

No significant impair-
ment noted

Not available

Hebnes et al. (2014) 
[14]

Meta-analysis 8291/31 General and high-risk 
male population

12.4% in the general 
population
30.9% in the high-risk 
population

Not available Not available

Laprise et al. (2014) 
[15]

Meta-analysis 4029/18 General population 
and fertility clinic 
attendees

10% in the general 
population
16% in clinic attend-
ees

Not available Not available

Garolla et al. (2016) 
[18]

Cross-sectional 226 Patients undergoing 
IUI/IVF treatment

23.9% in the infertile 
population

No significant impair-
ment noted

Decreased pregnancy 
rate
Increased miscarriage 
rate

Luttmer et al. (2016) 
[16]

Cross-sectional 430 Fertility clinic attend-
ees

14.9% in the infertile 
population

No significant impair-
ment noted

Not available

Damke et al. (2017) 
[19]

Cross-sectional 229 Fertility clinic attend-
ees

16.6% in the infertile 
population

Hypospermia, abnor-
mal seminal viscosity, 
higher mean pH, and 
higher mean num-
bers of leukocytes

Not available

Lyu et al. (2017) [12] Meta-analysis 5194/31 General population 
and fertility clinic 
attendees

11.4% in the general 
population
20.4% in clinic 
attendees

Not available Increased risk of 
infertility

Xiong et al. (2018) 
[20]

Meta-analysis 1955/8 Infertile males Not available Not available Increased risk of 
infertility

Weinberg et al. (2020) 
[21]

Meta-analysis 2750/16 Patients undergoing 
IVF treatment

Not available Motility significantly 
affected

Decreased pregnancy 
rate
Increased miscarriage 
rate
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well. The authors hypothesized that the isolated presence 
of HPV DNA in the semen in the setting of unexplained 
infertility might be the hindering factor [33]. This could 
be explained in part by the anti-sperm antibodies (ASA) 
as multiple reports highlighted a relationship between 
HPV infection and ASA in infected infertile males [21]. 
In the most recent metanalysis published by Weinberg 
et  al., the results also supported the negative impact of 
male HPV infection on fertility treatment outcomes lead-
ing to lower pregnancy rates and higher miscarriage rates 
[22]. The exact mechanism leading to the reduced repro-
ductive potential of human blastocysts resulting from 
HPV-infected sperm remains to be fully understood. It is 
worth mentioning that at this point, the life-long risks of 
fetal exposure to HPV infection whether in utero or upon 
delivery remain to be elucidated.

HPV status and partner/recipient safety
On another level, concern with seminal HPV infection 
is increasing especially in case the female partner of the 
infertile couple is HPV naive or when using donor semen 
for intra-uterine insemination. This poses health risks to 
the recipient patient other than fertility treatment failure 
particularly if the donor carries infectious agents that 
are contagious such as HIV, hepatitis B virus, CMV, and 
possibly HPV. As per the societies’ recommendations, it 
is necessary to screen all donor semen samples for dan-
gerous contagious agents. HPV, which can be harbored 
in the semen of clinically asymptomatic donors, is noto-
rious for inducing a well-known range of medical condi-
tions from benign warts to anogenital cancers. Given the 
presence of such theoretical risks screening for HPV in 
donors of semen might be valid and attempts at its eradi-
cation then should be implemented [15]. The previously 
suggested method that has been found to eradicate the 
viral DNA from the sperm was the modified swim-up 
technique at the expense of the decline of the sample 
quality [34]. Newer approaches with the addition of hya-
luronidase enzyme to the modified swim-up technique 
have been evaluated. This method was shown to elimi-
nate the HPV virions completely from an infected sperm 
without negatively affecting the quality of the sperm [18].

HPV prevention/management
In a trial to decrease the burden of HPV infections, 
Foresta et al. documented that introducing the quadriva-
lent HPV vaccine to males including those who already 
had HPV DNA in their semen had promising results. 
They demonstrated that the prophylactic HPV vaccina-
tion reduced the mean time for viral clearance which 
provides a new therapeutic approach for infertile HPV-
infected males or donors who are already carriers of HPV 
infections [35]. Garolla et al. reported in a retrospective 

study, the improvement of the sperm parameters of HPV-
infected males who received the vaccine in comparison 
with those who did not (79 vs 71). An improvement in the 
reproductive outcomes concerning the pregnancy and 
the miscarriage rates was also noted [36]. It is believed 
that in men, as in women, the active HPV infection is 
cleared from the system where the mean clearance time 
is estimated to be about 6 months; however, the new data 
suggests that HPV vaccine administration accelerated the 
rate of clearance [35]. Muscianisi et al. suggested using it 
as part of HPV-infected males’ treatment to increase the 
chances of natural conception [21].

Limitations and recommendations
One of the main limitations of the findings of this review 
was that the studies that were included lacked standard-
ized HPV detection methods. This might have contrib-
uted to the discrepancies between the different studies 
concerning the sperm parameters as well as the repro-
ductive outcomes. Without standardization, screening 
of asymptomatic males would not be efficient due to the 
lack of sensitivity. The other point to keep in mind was 
the actual impact of these infections on reproductive 
outcomes as there was no consensus among the stud-
ies. Until we have more consistent evidence, we would 
assume that the application of standardized HPV testing 
in males who are at risk might be cost-effective. This cat-
egory would include males with a history of unprotected 
sexual intercourse with multiple partners, males whose 
female partners were diagnosed with HPV, being a part-
ner in a couple suffering from unexplained infertility, or if 
the male were found to have asthenospermia.

Conclusion
HPV is a prevalent disease with a rising concern among 
the male populations given the suggested impact on 
sperm motility as well as the pregnancy and miscarriage 
rates post-ART treatment. Vaccines are being studied 
now as a possible infertility adjunct treatment for males 
who are already infected.
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