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Abstract

Background: Human papillomavirus (HPV) is one of the most prevalent sexually transmitted viruses. Despite the
increasing evidence of HPV prevalence in semen, the worldwide distribution of HPV types in semen and risk for
male infertility remain inconclusive.

Methods: Four electronic databases were searched for English language studies conducted between January 1990
and December 2016 that reported HPV DNA prevalence in semen. Based on the PRISMA guidelines, HPV prevalence
was estimated among general population and fertility clinic attendees, respectively, and heterogeneity testing was
performed using Cochran’s Q and I2 statistics. The association between HPV positivity and male infertility was
evaluated by a meta-analysis of case-control studies.

Results: A total of 31 eligible studies comprising 5194 males were included. The overall prevalence of HPV DNA in
semen was 11.4% (95% CI = 7.8-15.0%) in general population (n = 2122) and 20.4% (95% CI = 16.2-24.6%) in fertility
clinic attendees (n = 3072). High-risk type prevalence was 10.0% (95% CI = 5.9-14.0%) and 15.5% (95% CI = 11.4-19.
7%), respectively. HPV16 was the most common type, with a prevalence of 4.8% (95% CI = 1.7-7.8%) in general
population and 6.0% (95% CI = 3.8-8.2%) in fertility clinic attendees. A significantly increased risk of infertility was
found for males with HPV positivity in semen (OR = 2.93, 95% CI = 2.03-4.24).

Conclusions: Seminal HPV infection is common worldwide, which may contribute to the risk of male infertility.
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Background
Infertility is defined as the inability of a couple to
conceive after 1 year of unprotected sex. Worldwide,
approximately 10% to 20% of couples at the reproductive
age were affected by infertility. Among them, male factor
infertility contributes to roughly 50% of cases, and the
proportion is increasing rapidly [1]. Several risk factors

have been proposed for male infertility, such as sexual
dysfunction, varicocele, congenital dysplasia, endocrine
disorders, immune factors, and sexually transmitted
infections (STI) [2]. However, in approximately 50% of
infertile men, the etiology remains unknown and it is
termed idiopathic infertility, only showing oligospermia,
asthenospermia, teratozoospermia or other sperm
abnormalities.
Recent evidence suggests that HPV infection can be

present in semen and is implicated in male infertility [3].
HPV is one of the most common sexually transmitted
virus in both males and females worldwide. Over 170
types of HPV have been identified and among those, at
least 40 types could infect the anogenital region [4]. A
subset of high-risk types (HPV16, 18, etc.) have been
proved to cause neoplasms at different sites, such as
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cervical, vulva, vagina and anus, while low-risk types
(HPV6, 11, etc.) mainly result in benign papilloma or no
clinical symptoms [5]. In fact, HPV is an organism with
two phases, the virion and the infected cell. HPV virions,
which are only assembled in non-dividing cells, can
induce the infectious virion producing pathway and the
clonal transforming pathway [6]. Although the clonal
HPV E6/E7 transforming pathway that causes cancers
has been well acknowledged, HPV virion related health
consequences are greatly underestimated. Actually, HPV
DNA measured in semen samples primarily originates
from HPV virions and is infectious [6]. HPV virions can
lie not only in the perianal region and external genitalia,
including the penis foreskin, scrotum and glans penis,
but also in the urethra, ductus deferens, epididymis, and
testis [7].
Biological evidences indicate that HPV virions could

bind two distinct equatorial regions of the sperm head
and affect sperm quality, thereby increasing the risk of
male infertility [8, 9]. A previous systematic review
reported HPV DNA prevalence in semen varying from 0
to 100% [10]. According to a meta-analysis of seven
studies focusing on populations seeking fertility
evaluation or treatment, the pooled prevalence was 16%
(95%CI = 10-23%) [10]. However, the worldwide
distribution of seminal HPV types has not been system-
atically studied, and epidemiologic evidences on the
association between seminal HPV infection and infertil-
ity are inconsistent. Therefore, we conducted a system-
atic review and meta-analysis to determine global
prevalence and distribution of HPV types in semen.
Moreover, we evaluated the association between seminal
HPV infection and male infertility.

Methods
Literature search
Four electronic databases, including Medline, Embase,
ScienceDirect and Cochrane library, were searched sys-
tematically for studies on HPV prevalence in semen,
with the following MeSH terms: “Papillomaviridae”,
“Semen”, “Spermatozoa”, and “Infertility, Male”, pub-
lished in English during the period from January 1990 to
December 2016. Relevant additional references cited in
retrieved articles were also evaluated. MOOSE guidelines
and the PRISMA statement were followed to conduct
the search [11, 12]. The strategy used for searching
PubMed is shown in the Additional file 1: Figure S1.

Eligibility criteria
Studies were included if HPV DNA prevalence in sperm-
atozoa or whole semen of participants could be directly
extracted or calculated from the original article. If data
subsets were published in more than one article, only
the report with the largest sample size or more detailed

information was included. Studies were excluded if they
were: 1) reports focusing on participants who never had
intercourse, fertility clinic attendees not seeking fertility
evaluation, or those with penile warts or testicular
cancer; 2) case reports or reviews. The work flow is
shown in the Fig. 1.
Male infertility is defined based on the following

criteria: at least 1 year of unprotected sexual intercourse
without conception, and/or abnormal results of semen
analysis referring to the standards in the guidelines of
the WHO Laboratory Manual for the Examination and
Processing of Human Semen (5th edition) [13].
Study populations were separated into two groups:

general population that comprised fertile men and
healthy male volunteers, and fertility clinic attendees
who were either confirmed infertile men or seeking
ertility evaluation and assisted reproductive techniques
(ART). Participants diagnosed with infertility in general
population and fertile men identified in fertility clinic
attendees were excluded. These two groups were created
to represent low-risk and high-risk infertility popula-
tions, respectively. Only case-control studies including
infertile men as cases and confirmed fertile men as
controls were utilized for the meta-analysis of associ-
ation between HPV positivity and male infertility.

Data extraction
The data of included articles were extracted independ-
ently by two reviewers (ZL and XF). Discrepancies were
discussed and resolved by consensus (NL, DH and MD).
For each study included, key extracted information
included: first author, publication year, study design,
population characteristics (country of region, age, sam-
ple size, general population or fertility clinic attendees),
method of semen preservation (fresh or frozen), HPV
detection method [polymerase chain reaction (PCR)
based or not], types of primers, HPV overall and type-
specific prevalence, and matching criteria if controls
were present. Detailed information on all included
studies is presented in Additional file 2: Table S1.

Statistical analysis
HPV prevalence was computed by dividing the number
of HPV DNA positive cases by the total number of cases
tested. We calculated overall and type-specific preva-
lence in semen, as well as corresponding two-sided 95%
confidence intervals (CIs). HPV16, 18, 31, 33, 35, 39, 45,
51, 52, 56, 58, 59 and 68 were grouped as high-risk
types, and HPV6, 11, 40, 42, 43, 53, 54, 56, 61, 62, 66
and 70 were grouped as low-risk types. Stratified
analyses were performed with respect to potential influ-
ential parameters, and the difference in prevalence
between the strata was assessed by χ2 tests. Furthermore,
the association between seminal HPV infection and male
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infertility risk was estimated by odds ratio (OR) with
95% CIs in logistic regression models.
Inter-study heterogeneity was assessed with Cochran’s

χ2-based Q test, and the percentage of total variation
across studies was evaluated with the I2 measure. When
inter-study heterogeneity was non-significant, a fixed-
effects model based on the Mantel-Haenszel method
was used to pool the data; otherwise, a random-effects
model based on the DerSimonian and Laird method was
chosen. Sensitivity analysis was conducted to assess the
influence of individual study on the strength and stabil-
ity of the meta-analytic results through omitting one
study at a time. Publication bias was evaluated using
Egger’s linear regression test [14] and Begg’s rank correl-
ation test [15]. All statistical tests were two-sided and
statistical significance was defined as P value less than
0.05. Statistical analyses were performed using STATA
(version 12.0) and SAS (version 9.4).

Results
Study characteristics
To estimate worldwide distribution of seminal HPV infec-
tion, a total of 31 eligible studies were identified, including
11 studies [8, 16–25] reporting HPV prevalence in general
population, 16 studies [26–41] in fertility clinic attendees,
and 4 studies [42–45] in both populations. In most stud-
ies, the HPV detection was based on PCR method with
consensus or type-specific primers. Finally, 738 HPV

DNA positive men among 5194 participants from 16
countries were pooled into the meta-analysis.
In 15 studies on the HPV prevalence of general popu-

lation, 6 studies included a total of 815 confirmed fertile
males and the other 9 studies included 1307 healthy
male volunteers. In 20 studies on the HPV prevalence of
fertility clinic attendees, 5 studies included 1002
confirmed infertile men and the other 15 studies
included 2070 male partners of infertile couples who
sought fertility evaluation or ART.

HPV prevalence in semen
The reported HPV DNA prevalence in semen ranged
from 0.0% to 46.2% (Additional file 2: Table S1) and
yielded an average of 17.1% (95% CI = 14.1-20.1%). The
pooled prevalence in fertility clinic attendees (20.4%,
95% CI = 16.2-24.6%) was significantly higher than that
in general population (11.4%, 95% CI = 7.8-15.0%) (P <
0.001). High-risk HPV prevalence (10.0%, 95% CI = 5.9-
14.0%) was similar to that of low-risk types (8.3%, 95%
CI = 4.1-12.5%) in general population (P = 0.072). How-
ever, in fertility clinic attendees, the prevalence of high-
risk HPV (15.5%, 95% CI = 11.4-19.7%) was significantly
higher than that of low-risk types (10.3%, 95% CI = 6.8-
13.9%) (P < 0.001).
A total of 24 HPV types (HPV6, 11, 16, 18, 31, 33, 35, 39,

40, 42, 45, 51, 52, 53, 54, 56, 58, 59, 61, 62, 66, 68, 70 and
81) were detected in semen samples across studies (Table 1).
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Titles and abstracts screened
(n = 1691 )

Records excluded (n =  1582 )

• Did not relate to the topics (n= 1573)
• Related reviews (n= 9 )

Full-text articles assessed for 
eligibility

(n =  109 )
Full-text articles excluded, with reasons (n = 78 )

• No sufficient data on HPV seminal
infection  (n= 63 )

• Data published in multiple article (n=5)
• Case reports (n= 3 )
• Publications not in English (n= 3 )
• Studies on participants selected

specifically for their (or their partner’s)
HPV-related condition  (n= 2 )

• Studies on participants with testicular
cancer (n= 2 )

A: Studies included in
pooling HPV seminal prevalence

(meta-analysis) (n =  31 )

B: Studies included in estimating
ORs of HPV seminal infection on

male infertility
(meta-analysis) (n = 4 )

Studies without eligible controls were excluded. 
(n=27)

Duplicates removed. (n=713)

Fig. 1 Flow Diagram of the Search Strategy and Exclusion Criteria
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Table 1 Seminal HPV prevalence by types according to population

General Population Fertility Clinic Attendees

No. of studies No. of HPV positive HPV DNA prevalence
(%) (95%CIa)

No. of studies No. of HPV positive HPV DNA prevalence
(%) (95%CIa)

Total 15 221 11.4 (7.8-15.0) 20 517 20.4 (16.2-24.6)

High-risk 10 123 10.0 (5.9-14.0) 15 314 15.5 (11.4-19.7)

Low-risk 7 97 8.3 (4.1-12.5) 10 166 10.3 (6.8-13.9)

Individual Type

Clade 9 7 67 7.4 (3.3-11.6) 14 197 10.6 (7.3-13.9)

HPV16 7 43 4.8 (1.7-7.8) 14 122 6.0 (3.8-8.2)

HPV31 3 9 1.1 (0.0-2.5) 5 17 1.0 (0.5-1.5)

HPV33 2 5 0.8 (0.1-1.5) 4 12 0.6 (0.0-1.2)

HPV35 1 2 1.1 (0.4-2.5) 2 3 0.4 (0.0-0.8)

HPV52 2 6 1.2 (0.0-3.5) 7 27 1.2 (0.6-1.7)

HPV58 2 2 0.6 (0.0-1.6) 4 16 0.8 (0.0-2.1)

Clade 7 6 31 2.3(1.3-3.3) 8 93 4.1 (1.7-6.5)

HPV18 6 11 0.8 (0.1-1.6) 8 33 1.1 (0.1-2.1)

HPV39 1 3 0.6 (0.0-1.2) 3 9 0.5 (0.0-1.0)

HPV45 1 1 0.2 (0.0-0.6) 4 22 1.2 (0.1-2.3)

HPV59 3 7 0.9 (0.0-2.1) 4 19 1.1 (0.3-1.9)

HPV68 1 7 1.3 (0.4-2.3) 2 6 0.5 (0.1-1.0)

HPV70 1 2 0.2 (0.0-4.7) 4 4 0.2 (0.0-0.5)

Clade 10 5 18 2.6 (0.6-4.6) 10 60 2.4 (1.0-3.7)

HPV6 5 15 2.4 (0.3-4.5) 6 26 1.3 (0.3-2.3)

HPV11 2 3 0.4 (0.0-0.9) 4 29 1.9 (0.0-3.8)

HPV44 0 – – 4 5 0.8 (0.0-1.6)

Clade 3 3 14 1.6 (0.7-2.4) 6 15 0.5 (0.1-1.0)

HPV61 2 3 1.0 (0.0-2.2) 2 2 0.3 (0.0-0.8)

HPV62 2 3 1.0 (0.0-2.2) 3 8 1.7 (0.5-2.9)

HPV81 2 8 1.0 (0.2-1.7) 3 5 0.4 (0.0-0.7)

Clade 6 6 29 2.9 (0.6-5.2) 9 61 2.8 (1.4-4.2)

HPV53 4 6 0.4 (0.0-1.0) 5 17 1.0 (0.2-1.7)

HPV56 1 8 3.8 (1.2-6.3) 4 18 1.9 (0.0-3.9)

HPV66 5 15 1.8 (0.2-3.4) 9 26 0.9 (0.5-1.4)

Clade 8 1 1 0.2 (0.0-0.6) 5 15 1.0 (0.1-1.8)

HPV40 1 1 0.2 (0.0-0.6) 3 5 0.5 (0.0-1.4)

HPV43 0 – – 3 10 0.7 (0.0-1.9)

Clade 1

HPV42 3 15 3.1 (0.0-7.7) 4 20 1.2 (0.5-1.9)

Clade 5

HPV51 3 16 2.7 (0.7-4.6) 7 16 0.7 (0.2-1.3)

Clade 13

HPV54 2 3 0.4 (0.0-0.9) 6 14 0.7 (0.1-1.3)
aAbbreviations: CI confidence interval
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Two most common high-risk types in general population
and fertility clinic attendees were HPV16 (4.8%, 95% CI =
1.7-7.8%; 6.0%, 95% CI = 3.8-8.2%, respectively) and HPV56
(3.8%, 95% CI = 1.2-6.3%; 1.9%, 95% CI = 0.0-3.9%, respect-
ively). The most common low-risk type was HPV6, with
the prevalence of 2.4% (95% CI = 0.3-4.5%) in general popu-
lation and 1.3% (95% CI = 0.3-2.3%) in fertility clinic
attendees (Table 1).

Stratified analysis
In the stratified analysis by study region, overall preva-
lence of HPV DNA in semen among general population
was the highest in Europe (15.2%, 95% CI = 8.3-22.1%),
followed by Asia (9.2%, 95% CI = 0.3-18.0%) (P < 0.001)
and North America (4.5%, 95% CI = 2.9-6.0%) (P < 0.001).
For fertility clinic attendees, the overall prevalence was the
highest in Latin America (38.2%, 95% CI = 27.2-49.1%),
followed by Ocean (29.4%, 95% CI = 7.8-51.1%) (P =
0.498), Africa (28.6%, 95% CI = 17.4-39.7%) (P = 0.234),
Asia (22.0%, 95% CI = 11.4-32.5%) (P < 0.001), North
America (19.3%, 95% CI = 0.0-49.8%) (P < 0.001) and
Europe (17.9%, 95% CI = 13.0-22.7%) (P = 0.001).
Semen specimens were either used directly or centri-

fuged to collect sperms for subsequent HPV analysis.
Among general population, HPV prevalence in non-
centrifuged semen (12.4%, 95% CI = 6.7-18.0%) was simi-
lar to that in centrifuged semen (10.9%, 95% CI = 5.4-
16.3%, P = 0.346). For fertility clinic attendees, HPV
prevalence was also comparable in non-centrifuged

semen (20.8%, 95% CI = 13.1-28.5%) and centrifuged
semen (18.0%, 95% CI = 12.8-23.3%; P = 0.201).
As to HPV detection techniques, PCR-based methods

with consensus spectrum primers or type-specific
primers, and non-PCR methods including in-situ
hybridization (ISH) were commonly employed. In gen-
eral population, HPV prevalence was 19.0% (95% CI =
5.2-32.8%) when type-specific PCR primers were used,
and it was 11.0% (95% CI = 7.3-14.7%) when consensus
primers were used (P = 0.128). The analysis in fertility
clinic attendees also showed relatively higher prevalence
when using type-specific primers than using consensus
primers (27.4%, 95% CI = 8.5-46.2%; 18.7%, 95% CI =
14.2-23.1%, respectively; P = 0.002) (Table 2).

Association between HPV positivity in semen and male
infertility
To assess the association between seminal HPV infec-
tion and male infertility risk, four eligible case-control
studies including 853 infertile patients and 641 fertile
controls were analyzed [42–45]. According to the results
of the heterogeneity test (Q = 1.63, P = 0.653, I2 = 0.00%),
the fixed-effects model was chosen to estimate the
pooled OR. We found that HPV positivity was signifi-
cantly associated with an increased risk of infertility
(OR = 2.93, 95% CI = 2.03-4.24) (Fig. 2).
The sensitivity analysis showed that OR estimates

ranged from 2.82 (95% CI: 1.93-4.12) to 3.05 (95% CI:
2.10-4.45), suggesting that no single study influenced the

Table 2 Seminal HPV prevalence by region, specimen type, and detection method

General Population Fertility Clinic Attendees

No. of studies No. of HPV positive HPV DNA prevalence
(%) (95%CIa)

No. of studies No. of HPV positive HPV DNA prevalence
(%) (95%CIa)

Region

Europe 10 149 15.2 (8.3-22.1) 10 285 17.9 (13.0-22.7)

Asia 2 39 9.2 (0.3-18.0) 5 157 22.0 (11.4-32.5)

North America 3 33 4.5 (2.9-6.0) 2 23 19.3 (0.0-49.8)

Africa 0 – – 1 18 28.6 (17.4-39.7)

Ocean 0 – – 1 5 29.4 (7.8-51.1)

Latin America 0 – – 1 29 38.2 (27.2-49.1)

Specimen type

Non-centrifuged semen 9 133 12.4 (6.7-18.0) 7 205 20.8 (13.1-28.5)

Centrifuged semen 6 88 10.9 (5.4-16.3) 11 278 18.0 (12.8-23.3)

Unclear 0 – – 2 34 36.4 (26.6-46.1)

Detection method

Consensus primers 13 215 11.0 (7.3-14.7) 14 397 18.7 (14.2-23.1)

Type-specific primers 2 6 19.0 (5.2-32.8) 5 78 27.4 (8.5-46.2)

Others 0 – – 1 42 18.6 (13.5-23.7)
aAbbreviations: CI confidence interval
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stability of the association (Additional file 3: Figure S2).
Egger’s and Begg’s tests indicated no significant publica-
tion bias (P = 0.808 and 0.734, respectively).

Discussion
The current study provides an important overview on
HPV DNA prevalence in semen and its relationship with
male infertility. The results showed that the pooled HPV
prevalence was significantly higher in fertility clinic
attendees (20.4%, 95% CI = 16.2-24.6%) than in general
population (11.4%, 95% CI = 7.8-15.0%). Moreover, a
meta-analysis of case-control studies revealed a signifi-
cant association between seminal HPV infection and
male infertility (OR = 2.93, 95% CI = 2.03-4.24).
According to the meta-analysis by Laprise et al. in

2014, the pooled prevalence of seven studies focusing on
populations seeking fertility evaluation or treatment was
16% (95% CI = 10-23%) [10],lower than 20.4% (95% CI =
16.2-24.6%) in our present study. We included six
additional studies published after 2014 for fertility clinic
attendees, of which four studies with relatively large
sample size reported HPV prevalence higher than 16%
[27, 28, 30, 42]. In addition, Laprise et al. excluded the
studies that targeted less than 20 HPV types, but we
made no such exclusion and analyzed type-specific HPV
prevalence in semen.
In terms of HPV type distribution, mounting evidence

have shown that high-risk HPV16 was predominant in
male anogenital sites, prostate, bladder, and oropharynx
[46, 47]. Our study indicated that HPV16 was the most
common type in semen, accounting for approximately
one fifth of HPV-positive samples from both general
population and fertility clinic attendees. We also found
that the prevalence of high-risk HPV56, which is less
commonly detected in HPV-related cancers, ranked
second after HPV16 in semen. In fact, clonal HPV (not
infectious) is mainly responsible for cancer initiation,

and infectious HPV virions could contribute to subferti-
lity [6]. HPV virions are only assembled in non-dividing
cells, and sperm and seminal plasma does not normally
contain dividing cells. Thus, HPV DNA measured in
semen mostly originates from virions [6]. Considering
that HPV virions are mainly transmitted through sexual
behaviors and HPV56 belongs to non-vaccine types, its
presence in semen should be given more attention.
To the best of our knowledge, the current study was

the first to examine the geographical variation of seminal
HPV prevalence, showing a relatively high prevalence in
fertility clinic attendees in Latin America and Africa. A
previous meta-analysis of cervical HPV infection in
women with normal cytology has reported a relatively
high prevalence in Africa and Latin America [48]. Since
HPV virions can be sexually transmitted, it is reasonable
that seminal HPV prevalence exhibits a similar geo-
graphical variation to cervical HPV infection.
Type-specific PCR method was commonly used to

detect HPV DNA before consensus PCR which has been
widely applied since 2000. However, evidence shows that
the sensitivity and specificity of consensus PCR were
lower than those of type-specific PCR [49]. In addition,
type-specific PCR targeting a specific region in the HPV
genome (e.g. E6/E7) seems more suitable in cervical
screening [50]. The present study found that seminal
HPV prevalence was higher in studies using type-
specific primers than in those using consensus primers.
Thus, type-specific PCR may represent a better choice
to detect HPV in semen, especially when HPV DNA
copy number is low in semen samples.
Studies without proper control group are unable to

determine the effect of HPV infection on male infertility
[6]. So far, only a limited number of case-control studies
have been conducted and their results are inconsistent.
For example, a case-control study conducted in China
showed that infertile males had significantly higher HPV

NOTE: Weights are from random effects analysis

Overall  (I-squared = 0.0%, p = 0.653)

Yang et al. (2013)

Rohde et al. (1999)

Foresta et al. (2010a)

La Vignera et al. (2015)

2.93 (2.03, 4.24)

2.94 (1.97, 4.39)

1.09 (0.18, 6.56)

4.99 (1.08, 23.14)

3.00 (0.65, 13.85)

Studies OR (95% CI)

100.00

82.18

6.09

5.15

6.57

Weight (%)

0.15 1.00 3.00 30.00

Fig. 2 Forest plots with odds ratios (ORs) of male infertility for HPV seminal infection
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prevalence in semen (17.4%) than fertile controls (6.7%)
[43]; however, another study failed to confirm the associ-
ation [45]. The inconsistency may be partly attributed to
the relatively small sample size of individual studies.
Therefore, we conducted a meta-analysis of published
case-control studies to evaluate the association and its
strength between HPV positivity and male infertility.
Our findings suggested that men with seminal HPV
infection had a two-fold increased risk of infertility com-
pared with those without infection. To assess potential
bias due to the quality of included studies, the sensitivity
analysis was conducted by calculating pooled OR when
omitting each one study, and the results were robust.
Several pathogenic mechanisms have been proposed to

explain the effect of seminal HPV infection on male
infertility. Firstly, HPV virions may lead to a significant
impairment of sperm parameters (e.g. concentration,
morphology, and pH), especially a reduction in sperm
motility, thereby affecting male fertility [51]. Lai et al.
first reported the lower performance of curvilinear
velocity, straight-line velocity and mean amplitude of
lateral head displacement in HPV-infected sperm [38],
and the finding was confirmed in the other studies [18,
25, 43, 44]. Secondly, HPV infection is considered a risk
factor for anti-sperm antibodies (ASAs) which may
reduce male fertility by interfering with sperm motility
and sperm-oocyte binding, and by mediating the release
of cytokines that can impair sperm function. Garolla et al.
demonstrated the presence of HPV DNA at sperm level is
frequently associated with ASAs of IgA and IgG classes in
infertile patients [52]. Thirdly, the ability of sperms to
carry exogenous HPV into oocytes and viral genome into
the blastocysts and its impact on fertility have been dem-
onstrated. Lai et al. first suggested that spermatozoa can
act like a vector for HPV transmission to sexual partners
and to fetus through fertilized eggs [53]. The role of HPV
infection in adverse pregnancy outcomes (e.g. miscarriage)
has been validated by subsequent studies [3]. Finally, HPV
infection might affect the integrity of sperm DNA.
Connelly et al. reported that sperm cells transfected with
exogenous HPV E6/E7 DNA had higher percentages of
breakages characteristic of apoptosis compared to the
uninfected controls [54]. However, in vivo study by Cortes
et al. failed to observe the increased DNA fragmentation
in semen containing HPV [55]. Future studies with large
sample size and rigorous design are necessary to confirm
whether HPV-positive spermatozoa are more susceptible
to DNA damage.
Several limitations of the present study should be con-

sidered when interpreting the results. Firstly, though we
conducted a comprehensive literature research, potential
selection bias could not be completely excluded because
only articles published in English were included.
Secondly, it is possible that the analysis of our low-risk

infertility population overestimated HPV prevalence for
fertile males, and the high-risk infertility population
underestimated the prevalence for infertile males, intro-
ducing a bias toward null assumption. However, the
pooled prevalence in the high-risk population was still
significantly higher than that in the low-risk population,
supporting the role of HPV infection in male infertility.
Thirdly, there was potential heterogeneity between
studies different in study design, sample size, ethnicity,
and number of HPV types detected. Examining possible
causes of heterogeneity by the stratified analysis yielded
little additional insight into sources of heterogeneity.
Lastly, only four case-control studies were included to
evaluate the association between seminal HPV positivity
and male infertility. Additional studies with large sample
size are needed to verify our current findings.

Conclusions
The current study suggests that seminal HPV infection
is prevalent worldwide, which may affect male fertility.
Prospective cohort studies and functional experiments
are needed to increase our knowledge on the implication
of HPV infection in reproductive health.
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