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Abstract

Background: Human papillomavirus (HPV) has been considered as one of the most common sexually transmitted
viruses that may be linked to unexplained infertility in men. The possible mechanisms underlying correlation
between HPV infection and infertility could be related to the altered sperm parameters. Current studies have
investigated the effect of HPV seminal infection on sperm quality in infertile men, but have shown inconsistent
results.

Methods: We systematically searched PubMed, Embase, Web of Science and CNKI for studies that examined the
association between HPV seminal infection and sperm progressive motility. Data were pooled using a random-
effects model. Outcomes were the sperm progressive motility rate. Results are expressed as standardised mean
difference (SMD) with 95% confidence interval (Cl). Heterogeneity was evaluated by the |-square () statistic.

Results: Ten studies were identified, including 616 infertile patients with HPV seminal infection and 2029 infertile
controls without HPV seminal infection. Our meta-analysis results indicated that sperm progressive motility was
significantly reduced in HPV-infected semen samples compared with non-infected groups [SMD:-0.88, 95% Cl:-1.17
~—0.59]. There existed statistical heterogeneity (/* value: 86%) and the subgroup analysis suggested that study
region might be the causes of heterogeneity.

Conclusions: HPV semen infection could significantly reduce sperm progressive motility in infertile individuals.
There were some limitations in the study such as the differences in age, sample sizes and the number of HPV
genotypes detected. Further evidences are needed to better elucidate the relationship between HPV seminal
infection and sperm quality.
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Introduction

Infertility is defined as the inability of a couple to con-
ceive after 1 year of unprotected sexual intercourse,
which affects approximately one-fifth of couples at the
reproductive age [1]. Among them, male infertility con-
tributes to roughly 50% of overall infertility cases [2].
Seminal infections are significant etiologic factors in
male infertility and often associated with impaired
semen quality [3, 4]. Chronic viral infection of the uro-
genital tract, especially human immunodeficiency virus
(HIV) infection, may result in urethral inflammation and
decreased fertility [5, 6]. Hepatitis B virus (HBV) and
hepatitis C virus (HCV) infections in semen can also ad-
versely alter seminal parameters [7, 8]. Human papillo-
mavirus (HPV) is one of the most common sexually
transmitted viruses in both males and females worldwide
[9]. Some studies have reported that HPV can bind to
the head of sperm and result in decreasing male fertility
or even causing infertility [10]. A significant association
between seminal HPV infection and male fertility abnor-
mality has been reported [11, 12]. Also, recent re-
searches suggested that HPV infection of semen
represented a significant risk factor for infertility in men
(13, 14].

The possible mechanisms underlying correlation be-
tween HPV seminal infection and infertility remain
unclear [15] and one possibility is that HPV infection
significantly lowered the key sperm parameters [14].
Sperm progressive motility has conventionally been
considered as a good indicator of motility and a key
functional parameter essential for fertilization. The
effects of HPV infection on sperm progressive motil-
ity in infertile men have been investigated, but the
results are controversial [16]. Several researches indi-
cated that HPV infection was closely related to male
infertility with decreased sperm progressive motility
[17-25], while Zheng et al. revealed that there was no
significant difference of sperm progressive motility
rate between infected and non-infected infertile sub-
jects [26]. In this research, we performed a systematic
review and meta-analysis to investigate the possible
impact of HPV infection in semen on sperm progres-
sive motility in infertile individuals.

Methods

Literature search

Two independent reviewers searched the PubMed, Embase,
Web of Science and CNKI from inception until September
2019. The study type was not restricted. The following search
terms were used in combination for search strategies: “hu-
man papillomavirus”, “HPV”, “infertility”, “semen”, “sperm
quality”, “sperm parameter” and “progressive motility”. We
also conducted manual searches of relevant additional refer-
ences cited in review articles.
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Eligibility criteria
Studies were included if sperm progressive motility
could be directly extracted from the original article. Data
should be expressed as mean * standard deviation (SD).
Studies were excluded if they were: 1) reports not focus-
ing on infertile patients or participants with male
accessory gland infection; 2) without SD value; 3) case
reports or reviews.

The inclusion criteria of infertile patients were at least
1 year of unprotected sexual intercourse without contra-
ception, and healthy female partners (their tubal, uterine,
cervical abnormalities, and ovarian disorders were ex-
cluded). Exclusion criteria were presence of antisperm
antibodies, azoospermia, undescended testis, chromo-
some abnormalities and history of orchitis, epididymitis,
epididymo-orchitis, varicocele and/or sexually transmit-
ted infections in couples [27]. Study populations were
separated into two groups: infertile patients with HPV
seminal infection and infertile patients without HPV
seminal infection. Diagnosed with HPV seminal infec-
tion in general population and fertile men were also
excluded.

Data extraction and risk of bias

The data of all included articles were extracted independ-
ently by two investigators. Disagreements were discussed
and resolved by consensus. Key variables of interest from
each study included: first author, publication year, popula-
tion characteristics (country of region, age, sample size),
HPV genotype, sperm progressive motility in infertile pa-
tients with or without HPV semen infection.

The Cochrane Handbook for Systematic Reviews was
used to assess the risk of bias in each study. The inclu-
sion criteria, risk of bias at the study level and data ex-
traction were evaluated (Supplemental Figure S1 and
Supplemental Figure S2). The primary outcome was the
rate of sperm progressive motility.

Statistical analysis

The inputted data included sample sizes and outcome
measures with mean and standard deviations. Outcome
measures were converted into the SMD with 95% CL
Heterogeneity was evaluated by I statistic to quantify
the percentage of total variation across studies. If I
value was greater than 50%, the summary estimate was
analyzed in a random effect model. Otherwise, a fixed ef-
fect model was used. Sensitivity analysis was conducted
to estimate whether any single study influenced the sta-
bility of the meta-analytic results by sequentially remov-
ing individual included study. Publication bias was
assessed by Egger’s test and statistical analyses were per-
formed using RevMan 5.3 and STATA 16.0.
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Fig. 1 Flow diagram of the studies identified in the systematic review and meta-analysis

Results

Study characteristics

The initial literature search yielded 291 potentially
relevant studies. Most ineligible studies were excluded
based on information in the title or abstract and the
remaining 32 eligible studies were reviewed in detail.
The selection process was shown in Fig. 1. As a result,
ten articles were included in the final meta-analysis, pro-
viding data on 616 HPV DNA positive men among 2645

participants from 3 countries. The main characteristics
of the studies included in our meta-analysis were
described in Table 1.

Meta analysis

To assess the effect of HPV seminal infection on sperm
progressive motility, ten eligible studies including 616
infertile patients with HPV-infected in semen and 2029
non-infected infertile subjects were analyzed. According

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

Study Country  Age /Sample size (n) HPV genotype Study Design
HPV+patients HPV—patients
Moghimi 2019 [20]  Iran NA (n=28) NA (n=62) 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 Case-control
Yang 2016 [24] China NA (n =64) NA (n = 289) 18 HPV genotypes including 16,45,52,59,18,33,68,31 Cross-sectional
Garolla 2016 [21] [taly NA (n =54) NA (n=172) NA Cross-sectional
Foresta 2015 [22] [taly 371+£74(n=179) 382+81(n=440) 6, 11,16, 18, 26, 31, 33, 35, 39, 4042, 43, 44, 45, 51, Cohort
52, 53, 54, 56, 58, 59, 66, 68, 69, 71, 70, 73, 74,
Yang 2015 [25] China NA (n = 86) NA (n=41) 6,11,16,1831,33,45,52,56,58 Cross-sectional
Zheng 2014 [26] China NA (n =30) NA (n =300) 6,16,18,31,33,52,58 Cross-sectional
Foresta 2013 [23] [taly 388+98 (n=16) 375+59 (n=16) HPV-16 Cross-sectional
Yang 2013 [19] China NA (n=107) NA (n = 508) At least 20 HPV genotypes, including 6, 11,16, 18, Cross-sectional
31, 33,39, 40, 42, 4345, 51, 52, 53,54, 59, €6, 68,70, 81
Garolla 2013 [17] [taly 353+4.7 (n=61) 342+38 (n=104) 6, 11,16, 18, 26, 31, 33, 35, 39, 40, 42, 43, 44, 45, 51, Cross-sectional

Foresta 2010 [18]

[taly

NA (n=97)

52,53, 54, 56, 58, 59, 66, 68, 69/71, 70, 73, 74, 82.
6,16,18,52,53,56,61,66,70,84,90

Cross-sectional
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to the results of the heterogeneity test, the random effect
model was chosen to estimate the SMD. A significant re-
duction of sperm progressive motility was found in
semen samples of HPV-infected infertile patients com-
pared with non-infected groups (SMD:-0.88, 95% CI:-
1.17 ~ - 0.59) (Fig. 2).

A subgroup analysis was performed to differentiate the
effect size based on study region. The pooled SMD was
highest in China (-0.59, 95% CL -0.73 ~-0.45),
followed by Italy (-1.10, 95% CIL: —1.54 ~-0.67) and
Iran (- 1.26, 95% CI: - 2.02 ~ — 0.49) (Fig. 3). There was
no statistical heterogeneity in the subgroup of China.

Sensitivity analysis

None of an individual study significantly altered the
overall significance of the combined SMD in the ana-
lyses relating to the impact of HPV seminal infection on
sperm progressive motility in infertile individuals
(Fig. 4).

Publication bias

Egger’s test of publication bias of the seminal HPV infec-
tion on sperm progressive motility in infertile patients
indicated a lack of publication bias (P = 0.84).

Discussion

HPV has been considered as an infectious factor that
might be linked to unexplained infertility in men. Previ-
ous meta analyses have reported the prevalence of HPV
in semen [28] and the risk for male infertility [13, 14].
Laprise et al. [28] exhibited that the pooled HPV preva-
lence in semen was estimated at 16% for men seeking
fertility evaluation/treatment and at 10% in general pop-
ulations. Xiong et al. [14] and Lyu et al. [13] demon-
strated that HPV semen infection was a risk factor for
male fertility abnormality with an OR of 3.02 (95% CIL:
2.11-4.32) and 2.93 (95% CI: 2.03-4.24) respectively.
The issue whether HPV seminal infection has signifi-
cance and consequence for sperm progressive motility in
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infertile men is controversial. The current study con-
ducted a meta-analysis to evaluate the impact of HPV
semen infection on sperm progressive motility in infer-
tile subjects. The results showed that the prevalence of
HPV detection in semen in infertile men ranged from
9.1% by Zheng et al. [26] to 67.7% by Yang et al. [25].
Sperm progressive motility reduced significantly in sem-
inal HPV infected patients compared with non-infected
groups. In the aspect of HPV genotypes distribution, the
results showed that HPV-16, HPV-18/52, HPV-33, in
decreasing order, were the most prevalent genotypes in
semen of infertile group. Previous studies have shown
that in semen the HPV were detected both in exfoliated
cells [29] and in sperm surface, especially in the sperm
head [17]. In an in vitro study, Carlo et al. [30] reported
that HPV could infect human sperm and it localized at
the equatorial region of sperm head through interaction
between the HPV capsid protein L1 and syndecan-1.
Moreover, HPV binding to sperm was tenacious [10, 31]
and conventional methods of sperm washing could not
clear HPV DNA from sperm surface [32].

The pathogenic mechanism explicating the reduction
of sperm progressive motility related to seminal HPV in-
fection might be associated with anti-sperm antibodies
(ASAs), glandular dysfunction and sperm DNA fragmen-
tation. Firstly, several studies have shown that infertile
patients with HPV semen infection had a high percent-
age of ASAs on sperm surface and the presence of HPV
in semen was frequently related with ASAs of IgA and
IgG classes, which suggested that the presence of HPV
DNA on the sperm surface might represent an antigenic
stimulus for ASA formation [17, 33]. Although the role
of ASAs is controversial, some mechanisms have been
proposed affecting sperm quality: sperm agglutination
and complement mediated sperm cytotoxicity occurring
within the male genital tract [34]. Secondly, HPV sem-
inal infection in infertility men may have altered propor-
tions of secretory products mainly from prostate and
seminal vesicles, which could have a negative impact on

Heterogeneity: Tau? = 0.17; Chi? = 63.76, df = 9 (P < 0.00001); I* = 86%
Test for overall effect: Z = 5.98 (P < 0.00001)

Fig. 2 Primary outcome in overall analysis
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_Study or Subgroup _Mean _ SD Total Mean SD Total Weight IV, Random,95% CI
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HPV positive HPV negative Std. Mean Difference Std. Mean Difference
_Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% ClI
China
Yang 2013 20.55 1044 107 29.11 1366 508 12.0% -0.65 [-0.86, -0.44) -
Zheng 2014 43 20 30 52 12 300 10.5% -0.70 [-1.07, -0.32] = =
Yang 2015 29.13 987 86 33.26 10.05 41 10.5% -0.41[-0.79, -0.04) =
Yang 2016 2249 12.84 64 2996 1471 289 11.5% -0.52 [-0.79, -0.24) -
Subtotal (95% Cl) 287 1138 44.5% -0.59 [-0.73, -0.45] ’
Heterogeneity: Tau? = 0.00; Chi? = 1.72, df = 3 (P = 0.63); I = 0%
Test for overall effect: Z = 8.11 (P < 0.00001)
Italy
Foresta 2010 339 159 11 517 16.2 97 7.8% -1.09 [-1.73, -0.45) -
Foresta 2013 283 143 16 404 168 16 71% -0.76 [-1.48, -0.04] .
Garolla 2013 227 134 179 393 121 440 121% -1.33[-1.52, -1.14) =
Foresta 2015 29 114 61 478 11 104 10.6% -1.68 [-2.04, -1.31] -
Garolla 2016 259 16.2 54 343 149 172 11.2% -0.55 [-0.86, -0.24] -
Subtotal (95% CI) 321 829 48.8% -1.10 [-1.54, -0.67] ‘
Heterogeneity: Tau? = 0.19; Chi? = 26.75, df = 4 (P < 0.0001); I* = 85%
Test for overall effect: Z = 5.01 (P < 0.00001)
Iran
Moghimi 2019 063 1.77 8 6.79 5.08 62 6.7% -1.26 [-2.02, -0.49] -
Subtotal (95% Cl) 8 62  6.7%  -1.26[-2.02, -0.49] ———
Heterogeneity: Not applicable
Test for overall effect: Z = 3.21 (P = 0.001)
Total (95% Cl) 616 2029 100.0%  -0.88 [-1.17, -0.59] -
Heterogeneity: Tau? = 0.17; Chi? = 63.76, df = 9 (P < 0.00001); I = 86% 2 1 . 1 2

Test for overall effect: Z = 5.98 (P < 0.00001)
Test for subarouo differences: Chi? = 7.40. df = 2 (P = 0.02). > = 73.0%

Fig. 3 Subgroup analysis by study region
.
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sperm motility [35]. Thirdly, HPV infection might re-
sult in the increased rate of sperm DNA fragmenta-
tion and apoptosis. In vitro study by Connelly et al.
[36] indicated that sperm cells transfected with ex-
ogenous HPV E6/E7 DNA had higher percentages of
breakages characteristic of apoptosis compared to the

uninfected controls. In contrary, in vivo study by Cor-
tes et al. [37] failed to find any association between
HPV positive and sperm DNA fragmentation. Further
evidence gathered through well-designed trials to con-
firm whether HPV-infected sperm is more susceptible
to DNA damage is warranted.

| Lower CI Limit
Foresta 2010

Yang 2013 |-

Yang 2016 (|-

Meta-analysis estimates, given named study is omitted

© Estimate

| Upper CI Limit

125 147

-0.88

059 051

Fig. 4 Sensitivity analysis of the association between human papillomavirus seminal infection and sperm progressive motility
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In fact, HPV-infected sperm maintained their ability to
fertilize the oocyte, interfered with implantation and em-
bryo development, thus affecting the outcome and safety
of assisted reproduction techniques (ARTs) [38]. Henne-
berg et al. [39] demonstrated embryo stage-specific dis-
ruption effects of HPV on early development. Perino
et al. [40] reported the lower pregnancy rate and in-
creased percentage of abortions in ARTs with HPV posi-
tive in semen. In a cross-sectional clinical study [21],
cumulative pregnancy rates recorded in noninfected and
infected couples undergoing ART were, respectively,
38.4 and 14.2%. During the follow-up of these pregnan-
cies, a significantly higher miscarriage rate (62.5% vs.
16.7% of noninfected) was observed in HPV-infected
subjects. In particular, all pregnancy losses of the in-
fected group took place very early (three at 5th and two
at 6th gestational week).

The results showed that /*-value was greater than 50%,
which suggested that there was potential heterogeneity
between studies. The heterogeneity might be attributed
to differences in study region, sample size, the definition
of male infertility and the number of HPV types de-
tected. The inclusion criterion of the infertile group was
at least 1year or 2years of unprotected sexual inter-
course without conception. The study by Foresta et al.
[23] included the infertile patients of case group only af-
fected by HPV-16 semen infection and HPV-genotypes
other than HPV-16 were all excluded. Multiple HPV-
genotypes were detected in most of articles included in
the present study and the genotype was not mentioned
in one study [21]. The results of subgroup analysis
showed that /*-value was equal to zero in the subgroup
of China, which suggested that study region might be
the causes of heterogeneity.

In addition, some limitations of the present meta-
analysis should be considered when interpreting the re-
sults. Firstly, though we performed an extensive litera-
ture search, potential selection bias could not be
completely avoided because only articles published in
Chinese and English were included. Secondly, some im-
portant confounding factors, such as male age and envir-
onmental exposures were not always noted. These
factors might have confounding effects on the correl-
ation between HPV semen infection and reduced sperm
progressive motility. Thirdly, most articles were not pro-
spective study and might therefore decrease the reliabil-
ity of our results.

Conclusions

In summary, the current evidences suggest that HPV
semen infection could significantly reduce sperm pro-
gressive motility in infertile individuals compared with
non-infected infertile group. This information could
make recommendations for reproduction diagnosis and
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treatment and could affect public health. However, this
evidence is far from conclusive because of the small
sample sizes and existing confounding factors of the cur-
rently available studies. Future studies with large sample
size and rigorous design are necessary to elucidate the
impact of HPV semen infection on sperm quality.
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