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Recent evidence also suggests that HPV infection may affect male 
fertility,8 however, whether HPV infection represents a significant risk 
factor for male fertility abnormality remains uncertain. Therefore, we 
conducted this meta‑analysis, and summarized the relevant published 
literature, to evaluate the implication of HPV infection in semen on 
male fertility abnormality.

MATERIALS AND METHODS
This meta‑analysis was conducted in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta‑Analyses (PRISMA) 
statement.19

Literature search
A systematic literature search was performed in PubMed, Medline, 
Embase, Web of Science, and the Cochrane Library database for 
articles published from the earliest date available up to May 6, 2017. 
Searches were restricted to human studies and there was no language 
restriction. The following search terms were used in combination 
for search strategies: “human papillomavirus,” “HPV,” “sterility,” 
“infertility,” “sperm,” and “semen.” We also conducted manual searches 
of the reference lists of the review articles identified by our searches 
for additional reference material.

Inclusion and exclusion criteria
Studies were eligible for screening if they met the following criteria: 
(1) they reported the risk of HPV infection in semen for male infertility 
or fertility abnormality when compared to fertile males or reported 
sufficient data for calculation;  (2) they represented a cohort study, 
case-control study, or cross‑sectional study with a control group; 

INTRODUCTION
Infertility is a global problem, affecting approximately one‑fifth 
of couples trying to conceive.1,2 Various factors may contribute 
to the infertility of males and females, including several types of 
microorganism, e.g., bacteria, fungi, viruses, and parasites.3 Human 
papillomavirus (HPV), one of the most prevalent sexually transmitted 
infections among humans,4 represents a well‑established cause of 
cervical cancer in females. Besides the etiological role in cancer, the 
association between HPV infection in females and adverse pregnancy 
outcomes, such as spontaneous abortion and spontaneous preterm 
birth, has been extensively reported.5–8 However, the impact of HPV 
infection upon male fertility abnormality has received far less attention.

Previous studies have reported the detection of HPV DNA in 
semen/sperm cells and in different sites within the male reproductive 
tract, such as the penile shaft, glans penis, and scrotum.9–12 Earlier 
studies also showed that HPV DNA can be detected in the semen 
of 2%–31% of the general male population and in 10%–35% of 
men undergoing assisted reproductive technology  (ART) for 
infertility.13,14 In 2014, Laprise et al.15 conducted a systematic review 
and meta‑analysis to evaluate the prevalence of HPV in semen 
and revealed that the pooled prevalence of HPV DNA in semen 
was 16% (95% confidence interval [CI]: 10%–23%) in the infertile 
population and 10% (95% CI: 7%–14%) in the general population. 
The prevalence of HPV in the semen of infertile males therefore 
appeared to be higher than that in the general population. In addition, 
it has been reported that HPV infections in semen can reduce sperm 
motility, increase sperm DNA fragmentation, and induce changes in 
semen pH.16–18
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and (3) HPV infection was defined as HPV DNA detected in semen 
samples by polymerase chain reaction (PCR) or other methods. Studies 
were excluded if they were (1) case reports, editorials, review articles, 
or opinions or (2) were without effective control groups to calculate 
effect estimates.

Data selection and extraction
Two authors independently evaluated all retrieved articles by title, 
abstract, and full text according to the above inclusion criteria. Any 
disagreement was resolved by consensus. Data were independently 
extracted from each eligible study, including first author, publication 
year, country of origin, study design, HPV detection method, HPV 
genotype, number of HPV‑infected participants in the infertile or fertile 
male group, corresponding relative risks (RRs) or odds ratios (ORs), 
and 95% CI values. When data were reported from overlapping study 
samples (e.g., multiple publications from the same study), the most 
recent and comprehensive report was considered.

Quality assessment
The quality of case-control studies was assessed using the 
Newcastle–Ottawa Scale  (NOS).20,21 In this scale, studies were 
scored across three categories: selection of subjects, comparability of 
study groups, and the assessment of outcome/exposure. This rating 
system was used to indicate the quality of a study, with a maximum 
score of nine. Studies were graded on an ordinal scoring scale, with 
higher scores representing studies of higher quality. The quality of 
cross‑sectional studies was assessed using the Agency for Healthcare 
Research and Quality (AHRQ) statement.22

Statistical analysis
ORs, with their corresponding 95% CIs, were selected to represent 
the effect size to assess the risk of HPV infection for male fertility 
abnormality. Inter‑study heterogeneity was estimated using the 
I2 statistic. Significant heterogeneity was defined when I 2 ≥ 50%. Pooled 
results were calculated with a fixed‑effects model  (the Mantel and 
Haenszel method) when heterogeneity was not significant (I 2 < 50%); 
otherwise, a random‑effects model  (the DerSimonian and Laird 
method) was applied. Sensitivity analysis was also used to evaluate 
whether any single study dominated the results of the meta‑analyses by 
sequentially removing individual eligible studies. Finally, publication 
bias was assessed by visual inspection of funnel plots and Egger’s linear 
regression.23 All statistical analyses were conducted using STATA 
12.0 (Stata Corp LP, College Station, TX, USA).

RESULTS
Description of the studies identified by literature searches
The initial literature search yielded 937 potentially relevant studies. 
Most ineligible studies were excluded based on information in the 
title or abstract and the remaining 50 studies were reviewed in detail, 
which included 49 full‑text journal articles and one conference abstract 
article. Scanning of the reference lists of these articles did not identify 
any additional material. The selection process is shown in Figure 1. 
As a result, eight articles were included in the final meta‑analysis, 
providing data on 1955 participants.24–31 The main characteristics of the 
studies included in our meta‑analysis are described in Table 1. Most of 
these studies were of high quality; only two were of low quality.27,31 In 
five studies, the authors detected both high‑risk HPV (HR‑HPV) and 
low‑risk HPV (LR‑HPV) genotypes in semen.24,26,28,30 In another two 
studies, the authors only investigated HR genotypes.25,27 In four studies, 
the authors excluded males from groups of infertile males because of 
an infertility factor associated with their spouse.24,25,29,30 In one study, 

males were defined as infertile when their sperm concentration 
was <20 × 106 ml−1 or when sperm motility was <50%,26 while in another 
study, all participants in the infertile male groups were additionally 
affected by infection of the male accessory gland.28 Two studies did 
not report a detailed definition of male infertility.27,31

Risk of HPV infection for male fertility abnormality
Due to the lack of a detailed definition of male infertility, two studies27,31 
were removed from the pooled analysis of the risk of HPV infection 
upon male fertility abnormality. The results of six studies,24–26,28–30 with 
a total of 1756 participants, indicated that the infection of semen with 
HPV was a risk factor for male fertility abnormality, with a pooled OR 
of 3.02 (95% CI: 2.11–4.32; I 2 = 6.9%; Figure 2).

In subgroup analysis, involving studies where the authors 
had excluded males with an infertility factor associated with their 
spouse,24,25,27,29–31 the pooled OR was 3.25 (95% CI: 2.22–4.75; I2 = 0.0%).

Sensitivity analysis
In the sensitivity analysis, we observed that no individual study altered 
the overall significance of the ORs in the analyses relating to the impact 
of HPV semen infection on male fertility abnormality  (Figure  3). 
Additionally, we added the two studies which did not define male 
infertility, into the pooled analysis of the risk of HPV infection for male 
fertility.27,31 The pooled OR of a total of eight studies24–31 with a total of 
1969 participants was 2.93 (95% CI: 2.06–4.15; I2 = 0.0%), which still 
suggested that the infection of semen with HPV was a risk factor for 
male fertility abnormality.

Published bias
No significant asymmetry was found in our analyses of the impact of 
HPV semen infection on male fertility abnormality (P = 0.98).

DISCUSSION
To the best of our knowledge, this is the first meta‑analysis to evaluate 
the effect of HPV infection in semen upon male fertility abnormality. 
Our results suggest that the infection of semen by HPV represents 

Figure  1: Flow diagram of the studies identified in the meta‑analysis. 
CI: confidence interval; OR: odds ratio; HPV: Human papillomavirus.
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a risk factor for male fertility abnormality with a pooled OR of 3.02 
(95% CI: 2.11–4.32). No significant inter‑study heterogeneity or 
publication bias was identified in this meta‑analysis. In addition, 
subgroup analyses and sensitivity analysis both indicated that HPV 
semen infection is a risk factor for male fertility abnormality.

Although the results of our study suggest that HPV semen infection 
is a risk factor for male fertility abnormality, the specific mechanisms 

Table  1: Basic characteristics of the eligible studies included in the present meta‑analysis

Study Country Study design Included participants HPV genotype Center Sample size (n) Study 
quality

Yang et al. 201324 China Case–control study Infertile males and males with 
significant spouse factor infertility 
were excluded

At least 20 HPV 
genotypes, 
including 6, 11, 
16, 18, 31, 33, 
39, 40, 42, 43, 
45, 51, 52, 53, 
54, 59, 66, 68, 
70, 81

Single 1138 High quality

Foresta et al. 201025 Italy Cross‑sectional study Infertile males and males with 
significant spouse factor infertility 
were excluded

HPV‑16 Single 198 High quality

Kumar et al. 201226 Korea Cross‑sectional study Infertile males were defined as 
when sperm concentration 
<20×106 ml−1 or sperm motility 
<50%

At least 40 HPV 
genotypes, 
including 6, 
11, 16, 18, 30, 
31, 33, 35, 39, 
40, 42, 43, 45, 
51, 52, 53, 54, 
55, 57, 58, 59 
and at least 20 
unidentified 
genotypes

Single 29 High quality

Rohde et al. 199927 Germany Cross‑sectional study Infertile males HPV‑16 and HPV‑18 Single 38 Moderate 
quality

La Vignera et al. 201528 Italy Prospective case-
control study

Infertile males with male accessory 
gland infection

29 HPV genotypes, 
including 6, 11, 
40, 42, 43, 44, 
54, 61, 70, 72, 
81,16, 18, 26, 
31, 33, 35, 39, 
45, 51, 52, 53, 
56, 58, 59, 66, 
68, 73, 82

Single 120 High quality

Garolla et al. 201629 Italy Cross‑sectional study Infertile males undergoing ART NA Single 226 High quality

Cortés‑Gutiérrez et al. 201730 Mexico Cross‑sectional study Infertile males and males with 
significant spouse factor infertility 
were excluded

28 HPV genotypes, 
including 16, 18, 
26, 31, 33, 35, 
39, 45, 51, 52, 
53, 56,58, 59, 
66, 68, 73, 82, 
6, 11, 40, 43, 
44, 54, 70,69, 
71, 74

Single 31 High quality

Caliskan et al. 2008a,31 Turkey Cross‑sectional study Infertile males NA Single 175 Moderate 
quality

aThis study is presented as an abstract. ART: assisted reproductive technology; HPV: human papillomavirus; NA: not available

Figure 2: The risk of human papillomavirus semen infection for male fertility 
abnormality. CI: confidence interval; OR: odds ratio.

Figure  3: Sensitivity analysis of the risk of human papillomavirus semen 
infection for male infertility. CI: confidence interval.
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underlying this association still remain unclear. One possibility is that 
HPV infection causes changes in key sperm parameters. Several studies 
have investigated sperm parameters in semen from HPV‑positive 
and HPV‑negative patients in the infertile and fertile population; 
the majority of these studies concluded that HPV infection might 
cause the impairment of critical sperm parameters, for example, by 
reducing progressive sperm motility or causing changes in sperm 
morphology.24,25,28,32–34

HPV is the most common sexually transmitted virus worldwide 
and more than 180 HPV genotypes have been reported.35 According 
to its association with different neoplasms, HPV can be divided into 
two different groups: HR‑HPV and LR‑HPV.13 Yang et al.24 investigated 
HPV semen infection in 615 infertile and 523 fertile males. These 
authors showed that HPV‑45, HPV‑16, HPV‑52, HPV‑18/59, and 
HPV‑33, in decreasing order, were the most common genotypes in 
the infertile group and that the most common genotypes in the fertile 
group were HPV‑68/81, HPV‑33, and HPV‑39. In addition, only five 
HR‑HPV genotypes in the infertile group (HPV‑16, HPV‑18, HPV‑45, 
HPV‑52, and HPV‑59) were significantly higher than those in the fertile 
group with ORs of 6.5, 11.3, 13.9, 12.2, and 11.3, respectively. Similarly, 
Foresta et al.25 showed that the HPV‑16 semen infection rate was 10.2% 
in 108 infertile males and just 2.2% in 90 fertile males, with an OR 
of 5.0. HR‑HPV and LR‑HPV genotypes may need to be recognized 
separately to determine the relative risk for male fertility abnormality. 
Whether the impact of male fertility abnormality with HR‑HPV and 
LR‑HPV infection can be distinguished, or whether only HR‑HPV 
infection has an impact upon infertility, requires further investigation.

Previous studies have reported that HPV cervical infection 
in females might reduce pregnancy rate and increase the risk of 
spontaneous abortion in infertile couples undergoing ART.36–40 
Similarly, HPV semen infection might also alter the pregnancy rate 
and risk of spontaneous abortion in infertile couples undergoing 
ART. In a cross‑sectional clinical study, cumulative pregnancy rates 
of 38.4% and 14.2% were observed in infertile couples undergoing 
ART in which semen was either infected or not infected with HPV, 
respectively.29 During the follow‑up of these pregnancies, a higher 
miscarriage rate was observed in those cases involving HPV‑infected 
semen (62.5% versus 16.7%). When considering the high prevalence 
rate of HPV semen infection in the infertile population,15 the potential 
risk of impaired fertility, and the persistently long duration of semen 
infection (approximately 15.3 months),41 it is clear that caution should 
be recommended for couples in which the male has HPV‑infected 
semen.

In addition to HPV, there are many sexually transmitted diseases 
which may result in pregnancy complications and infertility,42–44 such 
as Chlamydia trachomatis, genital mycoplasmas, Neisseria gonorrhoeae, 
Hepatitis, and human immunodeficiency virus. Some sexually 
transmitted diseases, and other infections, may increase the risk 
of pregnancy complications, including miscarriage, spontaneous 
preterm birth, and low birth weight, which have been described 
in detail in previous systematic reviews and meta‑analyses.43,45,46 
Fode et al.42 conducted a systematic review to evaluate the possible 
association between sexually transmitted diseases and male fertility 
abnormality. The authors collated information from existing articles 
involving Chlamydia trachomatis, Neisseria gonorrhoeae, Trichomonas 
vaginalis, genital mycoplasmas, Epstein–Barr virus, Hepatitis virus and 
human immunodeficiency virus. However, limited by contradictory 
results and the limited quality of the original studies involved, these 
authors concluded that they could not be certain that there was an 
association between sexually transmitted diseases and male infertility. 

Consequently, further studies are now needed, involving a larger 
number of subjects.

It has been reported that approximately half of infertile couples are 
associated with a defect in male reproductive function.1,47 A number 
of factors may affect male infertility, including anti‑sperm antibodies, 
azoospermia, chromosome abnormalities, mumps orchitis, and 
sexually transmitted infections.47 In fact, since there are no definitive 
male infertility diagnostic criteria, male infertility is not easy to 
diagnose clinically. In the studies included in our analysis, some of the 
authors defined the infertile male as those subjects with altered sperm 
parameters, at least 1 year (or 2 years) of unprotected sexual intercourse 
without conception, and with a healthy normal female partner (in which 
tubal, uterine, cervical abnormalities, and ovarian disorders were 
excluded).24–26,29,30 Subjects with a history of cryptorchidism, testicular 
trauma, or postmumps orchitis were also excluded. However, two of 
the studies included in our meta‑analysis did not present a detailed 
definition for the infertile males involved in their research.27,31 There 
is a clear need for published articles to include a precise definition of 
male infertility, along with detailed inclusion and exclusion criteria.

At present, three vaccines are available against HPV 
(bivalent, quadrivalent, and 9‑valent). HPV vaccination programs 
have been implemented across many countries worldwide to prevent 
the high mortality arising from cervical cancer and to reduce the 
incidence of dysplasia and genital warts.48 However, the impact 
of HPV vaccination on HPV semen infection and male infertility 
is relatively unexplored. Foresta et  al.32 investigated the impact of 
prophylactic vaccination against HPV on virus clearance in infertile 
male patients with HPV semen infection. These authors concluded that 
prophylactic HPV vaccination in infertile males can improve healing 
from viral semen infection by reducing clearance time.32 However, 
due to insufficient evidence, it is currently unclear whether HPV 
vaccination has any significant benefit in terms of reducing the risk of 
male infertility and therefore requires further investigation.

The present meta‑analysis was associated with some limitations 
which should be considered when interpreting our results. First, 
coinfection with other pathogens (e.g., Chlamydia trachomatis), genetic 
factors, and environmental exposures may have confounding effects 
on the association between HPV semen infection and male fertility 
abnormality. Since most of the original articles included in our present 
study lacked adjustment for such confounding factors, it is possible 
that factors other than HPV semen infection were not considered 
but could also have caused influence on fertility. Second, most of the 
articles included in the present study were not prospectively designed 
and may therefore reduce the reliability of our results.

CONCLUSIONS
The infection of semen with HPV was identified to represent a risk 
factor for male fertility abnormality. Further prospective studies, 
which include adjustment for confounding factors, are now needed 
to confirm the association between HPV semen infection and male 
fertility abnormality.
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