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STUDY QUESTION: Is the presence of human papillomavirus (HPV) in semen associated with impairment of semen quality?

SUMMARY ANSWER: In a large cohort of males seeking fertility evaluation, no associations were observed between seminal HPV presence
and semen parameters.

WHAT IS KNOWN ALREADY: HPV is commonly detected in semen samples. Whether the presence of HPV is related to impairment of
semen quality, remains unclear.

STUDY DESIGN, SIZE, DURATION: This cross-sectional study included a cohort of 430 males.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Male partners in couples seeking fertility evaluation provided one semen
sample per person. Semen samples were tested for HPV-DNA using GP5+-/6-+-PCR. Sperm concentration was counted and motility was
assessed in a Makler counting chamber at a magnification of x 200. The presence of antisperm antibodies was assessed by a mixed agglutination
reaction (MAR)-test.

MAIN RESULTS AND THE ROLE OF CHANCE: Overall HPV was detected in 14.9% (64/430) of semen samples, including 2. 1% (9/430)
that contained both high-risk (hr) HPV and low-risk (Ir) HPV types, 8.8% (38/430) with exclusively hrHPV types and 4.0% (17/430) with exclu-
sively IrHPV types. The presence of HPV in semen was not associated with the age of the participants, seminal pH, semen volume, total sperm
count, sperm concentration, progressive motility or the presence of antisperm antibodies.

LIMITATIONS, REASONS FOR CAUTION: This study did not observe an association between HPV presence in semen and impairment of
semen quality. However, we cannot exclude an effect of seminal HPV on early embryo development and clinical reproductive outcomes.

WIDER IMPLICATIONS OF THE FINDINGS: As HPV is frequently present in semen, screening of donor semen for HPV should be con-
sidered to prevent iatrogenic cervical HPV infections in the recipient. However our findings do not support standardized HPV testing of semen in
the diagnostic work-up of subfertile couples.
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Introduction

Human papillomavirus (HPV) infection is one of the most common
sexually transmitted infections worldwide (Bruni et al., 2010). In both
men and women, persistent infection with high-risk types of HPV
(hrHPV) is associated with anogenital and oropharyngeal cancers,
whereas low-risk HPV (IrHPV) types can cause genital warts (Forman
et al., 2012). The prevalence of genital HPV infections in men ranges
widely (1.3-72.9%) (Dunne et al., 2006; Smith et al., 201 I) depending
on the population and sampled anatomical site (Giuliano et al., 2007).
A recent meta-analysis has revealed that HPV is commonly present in
semen samples, with an estimated prevalence of 16% in infertile popu-
lations and 10% in men from the general population (Laprise et dl.,
2014). Data on the underlying source of the presence of HPV in
semen are very limited. We have recently found an association
between HPV infection of the penile epithelium and the presence of
HPV in semen, suggesting that HPV presence in semen might result
from exfoliation of HPV-infected penile keratinocytes (Luttmer
et al., 2015). A remaining question to be answered is whether the
presence of HPV in semen is associated with impairment of male fer-
tility. This knowledge could be valuable for guidelines on the possible
necessity of HPV testing in the diagnostic work-up for subfertile
couples and in procedures of assisted reproduction. So far, conflicting
results have been reported (Lai et al., 1997; Rintala et al., 2004; Foresta
et al., 2010a,b, 2015; Garolla et al., 2012; Schillaci et al., 2013; Yang
et al, 2013; Gizzo et al., 2014; Golob et al., 2014). Most previous
studies on this topic have been performed on relatively small cohorts
(Gizzo et al., 2014; Foresta et al., 2015). In the current study, we inves-
tigated the association between seminal HPV presence and semen
parameters in a large cohort of 430 male partners of couples seeking
fertility evaluation.

Materials and Methods

Study population

Study participants were recruited among male attendants of the fertility clinic
of VU University Medical Centerin Amsterdam, the Netherlands. According
to national Dutch guidelines, couples who seek fertility evaluation because of
aninability to conceive after more than one year of regular sexual intercourse
are offered a diagnostic work-up which includes a basic semen analysis.
Between September 2012 and January 2014, all male attendants providing
a semen sample at VU University Medical Center for such primary fertility
evaluation were asked to provide written consent for anonymous additional
testing of their semen sample. Men with a history of vasectomy or testicular
cancer were excluded from participation.

Ethical approval

As semen samples were collected in routine diagnostics, handled anonym-
ously and additional tests were performed on residual material only, no Insti-
tutional Review Board approval was required for this study, in concordance
with Dutch legislation and the Dutch code of conduct on responsible use of
human tissue for research (201 I) (Federa, 201 1).

Semen collection and analysis

Men were advised to have sexual abstinence three days prior to semen do-
nation. The actual duration of sexual abstinence was self-reported by the par-
ticipants. Following masturbation, semen samples were collected directly
into a 100-ml polystyrene container (Sterilin, UK). Semen samples were ana-
lyzed within one hour after ejaculation. The basic semen analysis was based
on WHO guidelines (World Health Organization, 2010) with the exceptions
that semen volume was measured in a graded pipette with a 0. |-ml accuracy
(after liquefaction), sperm concentration was counted and motility was
assessed in a Makler counting chamber at a magnification of x 200. The pres-
ence of antisperm antibodies was assessed by a mixed agglutination reaction
(MAR)-test using IgG coated red blood cells (Checkcell, Immucor, USA) and
N antiserum for human IgG (Siemens Healthcare Diagnostics, Germany). All
assessments were performed by trained laboratory technicians who were
blinded for the HPV test results.

HPV DNA detection and genotyping

After performance of basic semen analysis, the remaining semen sample was
suspended in 10 ml PreservCyt medium (Hologic, USA) and stored at room
temperature until further processing. Aliquots of 3 ml resuspended semen
samples were used for DNA isolation. After automated DNA isolation
using Macherey-Nagel magnetic beads and a Hamilton Star liquid handler
(Hamilton Robotics, USA), DNA was subjected to GP5+/6+-PCR with
enzyme immunoassay (EIA) read-out using cocktail probes for IrHPV and
hrHPV types, respectively (Diassay, the Netherlands) (Jacobs et al., 1997)
and subsequent microsphere bead-based genotyping (Schmitt et al., 2006).
For DNA quality control, beta-globin PCR was performed on all samples.
Specimens testing negative in both HPV and beta-globin PCR assays were
considered invalid and therefore excluded from analyses. Samples were con-
sidered overall HPV-positive when they tested positive for either hrHPV or
IrHPV type(s), and HPV-negative when they tested negative for both
hrHPV and IrHPV types. The following |4 genotypes were classified as
hrHPV types: HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68.
Tested IrHPV types included: HPV 6, 11, 26, 30, 32, 34, 40, 42, 43, 44, 53,
54, 55,57, 61, 64, 67, 69,70, 71,72,73, 81, 82 (variants mm4 and is39),
83, 84, 85, 86, 89 (formerly cp6108), and 90 (formerly jc9710). Samples
that were EIA-positive but in which no genotypes could be detected were
considered to contain uncharacterized types, referred to as HPV type X.

Statistical analysis

Estimating the HPV prevalence in semen in a cohort of men attending a fer-
tility clinic to be around 16% (Laprise et al., 2014), we calculated that we
would be able to detect a difference in progressive sperm motility between
HPV-positive and HPV-negative semen samples of at least 8% with a
power of 80% by including a minimum of 354 men (two-sided o = 0.05).
HPV positivity rates were calculated with 95% confidence intervals (Cl)
using the Wilson score method. In HPV-positive semen samples, the preva-
lence of separate HPV genotypes was determined (indicating frequencies in
both single and multiple infections).The parameters seminal volume, total
sperm count and concentration were log-transformed. First, an overall com-
parison of all mutually exclusive HPV-subgroups (both hrHPV and
IrHPV-positive, exclusively hrHPV-positive, exclusively IrHPV-positive and
HPV-negative samples respectively) was performed by one-way ANOVA
with post hoc Fisher’s least significant difference (LSD) testing. Secondly,
HPV-positive subgroups (both hrHPV and IrHPV-positive, exclusively
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hrHPV-positive and exclusively IrHPV-positive, respectively) were each com-
pared with the HPV-negative group using a post hoc Dunnett’s test. Linear
regression was used for adjustment of the relation between HPV-positivity
and semen volume for the duration of sexual abstinence. Semen parameters
were compared between the overall HPV-positive and HPV-negative group
usingindependent samples’ t-tests. The percentages of semen samples with a
positive MAR-test were compared between the groups using Fisher’s exact
test or Dunnett’s test when appropriate. Two-sided P-values <0.05 were
considered statistically significant.

Results

After written consent, a total of 43| participants provided one semen
sample per person. One semen sample was of inadequate sample
quality for HPV testing and was therefore excluded from analyses.

The mean age of the remaining430 men was 36.2 years (Cl 35.6—36.8).
HPV positivity rates in semen are summarized in Table |. Overall HPV
positivity in the total study population was 14.9% (64/430; Cl |1.8—
18.6%). In 2.1% (9/430; ClI 1.1-3.9%) of samples, both hrHPV and
I'HPV types were detected. In 8.8% (38/430; Cl 6.5—-11.9%) of
samples, exclusively hrHPV types were present, and 4.0% (17/430;
2.5-6.2%) of samples contained exclusively IrHPV types. The presence
of overall HPV in semen was not related with the age of the participants;
nor was the presence of hrHPV or IrHPV (separately or in combination).

In the majority of HPV-positive semen samples, a single HPV-type was
detected (47/64; 73.4%; Cl 61.5—-82.7%). The genotype distribution
is shown in Table Il. HPVI6 was the most prevalent type (15/64;
23.4%; Cl 14.7-35.1%), followed by HPV3 |, HPV5| and HPV56 (each
type detected in 7/64; 10.9%; Cl 5.4-20.9%), and HPV42 (6/64;
9.4%; Cl 4.4—19.0%).

Table Il shows participant characteristics and semen parameters in
the total study population and in strata of seminal HPV presence, in-
cluding an overall comparison between all HPV-subgroups. Compari-
sons of different HPV-positive subgroups with HPV-negative samples
(as a control group) are shown in Table IV. The duration of sexual abstin-
ence differed significantly between all HPV-subgroups (P = 0.025;
Table lll) and between the overall HPV-positive group and HPV-negative
group (P < 0.001; Table [V). Men with exclusively hrHPV-positive semen
had kept a mean period of 3.0 days (Cl 2.8—-3.2) of sexual abstinence,
whereas men with HPV-negative semen had a mean abstinence period
of 4.0 days (Cl 3.8—4.3; post hoc LSD P = 0.007; post hoc Dunnett
P =0.022, Table IV). Secondly, the semen volume differed significantly
between all HPV-subgroups (P = 0.039; Table lll). Semen samples that
tested exclusively hrHPV-positive had a mean volume of 2.9 ml, which
was significantly lower than that of HPV-negative samples (3.4 ml; post

Table I Presence of HPV in semen samples.

HPYV presence in semen n Percentage
(95% CI)

Overall HPV 64/430 14.9% (11.8—18.6%)
High-risk HPV and low-risk HPV type(s)  9/430  2.1% (1.1-3.9%)
Exclusively high-risk HPV type(s) 38/430 8.8% (6.5-11.9%)
Exclusively low-risk HPV type(s) 17/430  4.0% (2.5-6.2%)

Percentages do not sum to total due to rounding.

hoc LSD P = 0.033). However, after adjustment for multiple testing
(posthoc Dunnett P = 0.096) oradjustment for duration of sexual abstin-
ence (volume 8 —0.152,CI —0.323-0.019, P = 0.081), the association
between volume and HPV-status lost statistical significance. No statistic-
ally significant associations were found between the presence of overall
HPV in semen and seminal parameters (i.e. pH, volume, total sperm
count, sperm concentration, progressive motility, or the presence of
antisperm antibodies; Table IV).

Discussion

In this large cohort, comprising male partners of couples seeking fertility
evaluation, we confirmed that HPV-DNA is commonly present in
semen. We could not demonstrate any association between the
presence of HPV in semen and semen parameters.

To our knowledge, this is the second largest study assessing seminal
HPV presence in relation to semen parameters (Gizzo et al., 2014;
Foresta et al, 2015). We detected an overall HPV prevalence of
14.9%, which is in accordance with a recent meta-analysis (Laprise
etal.,2014) describing a pooled prevalence of | 6% in fertility clinic atten-
dees. We recently showed that healthy Dutch volunteers had a markedly
higher seminal HPV prevalence of 27%, which might be explained by the
age difference between populations (36 years in the present cohort in
contrast to 22 years in the healthy volunteers). Other studies in asymp-
tomatic men (students, fathers-to-be) have reported prevalences of
HPV in semen ranging from 2 to 31% (Rintala et al., 2004; Foresta
et al, 2010a; Yang et al., 2013), and estimates in semen donors were
16 to 26% (Olatunbosun et al., 2001; Kaspersen et al., 201 ).

Tablell Detected HPV genotypesinsemen (both single
and multiple infections).

HPYV genotypes n Percentage (95% CI)

High-risk 16 15 23.4% (14.7-35.1%)
18 3 4.7% (1.6—12.9%)
31 7 10.9% (5.4-20.9%)
33 I 1.6% (0.3—8.3%)
35 2 3.1% (0.9-10.7%)
45 3 4.7% (1.6—12.9%)
51 7 10.9% (5.4-20.9%)
52 3 4.7% (1.6—12.9%)
56 7 10.9% (5.4-20.9%)
58 I 1.6% (0.3—8.3%)
59 2 3.1% (0.9-10.7%)
66 5 7.8% (3.4—17.0%)

Low-risk 6 5 7.8% (3.4—17.0%)
26 I 1.6% (0.3—8.3%)
32 I 1.6% (0.3—8.3%)
42 6 9.4% (4.4-19.0%)
43 4 6.3% (2.5-15.0%)
67 2 3.1% (0.9-10.7%)
70 I 1.6% (0.3-8.3%)
8l I 1.6% (0.3—8.3%)
83 I 1.6% (0.3—8.3%)
90 5 7.8% (3.4—17.0%)
HPV type X 3 4.7% (1.6—12.9%)

Total HPV-positive n = 64; indicated frequencies include presence of types both in
single infections (n = 47) and multiple infections (n = 17).
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Table Il Participant characteristics and semen parameters in the total study population and in strata of HPV presence.

Total group Overall HPV positive Both hrHPV and Exclusively hrHPV Exclusively IrHPV HPYV negative p®

(n = 430) (hrHPV and/or IrHPV)  IrHPV positive positive (n = 38; 9%) positive (n = 17;4%)  (n = 366; 85%)
(n = 64; 15%) (n =9;2%)
Age of participant (years) 36.2 (35.6-36.7) 36.1 (34.5-37.6) 35.6 (32.6-38.6) 35.3 (33.1-37.5) 37.9 (35.0-40.8) 36.2 (35.6-36.8) 0.524
Duration of sexual abstinence (days) 393.7-4.1) 32(29-34) 4.1 (2.8-5.4) 3.0(2.8-3.2) 3.1 (29-34) 4.0 (3.8-4.3) 0.025
pH of semen 8.1 (8.1-8.1) 8.1 (8.0-8.1) 8.1 (7.9-8.2) 8.1 (8.0-8.2) 8.1 (8.0-8.2) 8.1 (8.1-8.1) 0.776
Volume of semen (ml/ejaculate) 3.4(3.2-3.5) 3.1 (2.7-3.5) 2.5(1.9-3.1) 2.9 (24-3.4) 4.0 (3.0-4.9) 3.4(3.2-3.6) 0.039
Sperm count (x 10°/ejaculate) 184.6 (169.9-199.2) 157.5 (126.1-188.8) 142.3 (72.4-212.2) 130.4 (95.0-165.7) 226.0 (153.5-298.6) 189.3 (173.0-205.6) 0.073
Sperm concentration (x |06/ml) 56.7 (52.9-60.5) 52.1 (42.8-61.5) 54.7 (29.4-80.0) 46.8 (35.0-58.6) 62.8 (43.8-81.8) 57.5(53.4-61.7) 0.280
Progressive sperm motility (PR, %) 58.2 (56.4-60.5) 60.2 (55.5-64.9) 65.3 (50.0-80.7) 56.8 (50.2-63.4) 65.0 (60.2-69.8) 57.9 (55.8-59.9) 0.320
Positive MAR-test result® (n) 119/408 (29.2%) 15/61 (24.6%) 1/7 (14.2%) 8/37 (21.6%) 6/17 (35.3%) 104/347 (30.0%) 0.578°

Presented data are means (95% confidence intervals).

n = 408; samples in which MAR-test was not performed or not to determine were excluded, presented data are positive n/total n (percentage).

®P-value obtained by one-way ANOVA, comparing the four mutually exclusive groups (both hrHPV and IrHPV positive; exclusively hrHPV positive; exclusively I'HPV positive; HPV negative) unless otherwise specified.
P-value obtained by Fisher's exact test, comparing the four mutually exclusive groups (both hrHPV and IrHPV positive; exclusively hrHPV positive; exclusively IFHPV positive; HPV negative).

Table IV Comparison of semen parameters in different subgroups of HPV-positive versus HPV-negative semen samples.

Overall HPV positive (hrHPV and/or
IrHPV; n = 64)

Both hrHPV and IrHPYV positive (n = 9) Exclusively hrHPV positive (n = 38)

Mean difference? or ratio® of double pf Mean difference® or ratio® of pf Mean difference® or ratio® of pf
overall HPV-positive to hrHPV- and IrHPV-positive to exclusively hrHPV-positive to exclusively IrHPV-positive to

HPV-negative samples (95% CI) HPV-negative samples (95% CI) HPV-negative samples (95% CI) HPV-negative samples (95% CI)

Mean difference® or ratio® of pd

Aenb uswss pue AgH [BUILRS

Age of participant® (years) —0.15 (— .76 to 1.46) 0853 —0.62 (—457t03.32) 0.986 —0.87 (—2.91to I.16) 0780 1.7 (—1.20 to 4.63) 0.584
Duration of sexual abstinence (days) 0.84 (049 to 1.19) 0.000 —0.08 (—1.66 to 1.50) 0999  1.03(0.68to 1.38) 0022 —0.9(0.57 to 1.25) 0276
pH of semen? ~0.03 (—0.10t0 0.04) 0445 —0.04(—022t00.13) 0.947 —0.04 (—0.13 t0 0.05) 0738 0.0 (—0.12t00.14) 0.997
Volume of semen® (ml/ejaculate) 091 (0.79 to 1.04) 0.I55  0.79(0.57to 1.10) 0429  0.83(0.70t0 0.99) 0.09 1.18(0.92to 1.51) 0.460
Sperm count® (x 10%/ejaculate) 0.77 (0.51 to 1.17) 0226  0.59(0.21 to 1.68) 0692 0.58(0.34 t0 0.99) 0.127 1.66 (0.79 to 3.52) 0.474
Sperm concentration® (x 10%/ml) 0.84 (0.58 to 1.23) 0364  0.74(0.29 to 1.90) 0900  0.69 (0430 I.11) 0323 1.40 (0.71 to 2.74) 0712
Progressive sperm motility (PR, %) 232 (~291 t07.56) 0384  7.47 (—5.70t0 20.64) 0595 —1.05(~7.70t0 5.61) 0.985 7.1 (1.64to 12.64) 0372
Positive MAR-test result™ (n) 0.76 (0.4] to 1.43) 0.447°  0.39 (0.50 t0 3.28) 0746  0.65(0.29 to |.46) 0.641 1274 (0.46 t0 3.54) 0.952

?Presented data are mean differences of parameter in HPV-positive and HPV-negative samples.
®Presented data are mean ratios of parameter in HPV-positive to HPV-negative samples.

“n = 408; samples in which MAR-test was not performed or not to determine were excluded, presented data are positive n/total n (percentage)

9dP-value obtained by independent samples’ t-test unless otherwise specified.

P-value obtained by Fisher’s exact test.

fP-value obtained by Dunnet's test using the HPV-negative group as a control.

€87
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As recently outlined in two systematic reviews (Gizzo et al., 2014;
Foresta et al., 2015), previous studies on semen parameters in relation
to seminal HPV presence have shown conflicting results. The majority
of published studies (which were performed in different types of popula-
tions and had a total sample size of 1944 participants (Foresta et al.,
2015)) described a reduced sperm motility in HPV-positive samples.
This association could however not be confirmed in three studies
(of which one was performed in fathers-to-be, and two in men seeking
fertility evaluation) (Rintala et al., 2004; Schillaci et al., 2013; Golob
et al., 2014) and in the present study, all together representing | [43
participants.

In the present study, the semen analysis (which is in part a subjective
analysis, such as the ranking of sperm cell motility) was performed by
technicians who were blinded for HPV-test results.

Limitations of our study include the absence of data on sperm morph-
ology, which was not tested in each primary semen analysis, but per-
formed only on the physician’s request. Secondly, MAR-testing was
performed for IgG only. Although binding sites on sperm for IgG and
IgA have been shown to be highly concordant (Ford et al., 1996), we
might have underestimated the number of samples with antisperm anti-
bodies (both in HPV-positive and HPV-negative samples).

In a previous study, we have found that the presence of HPV in semen
is closely related to HPV infections of the penile epithelium, even on a
genotype-specific level (Luttmeretal., 2015). The current findings, dem-
onstrating that HPV presence in semen is not associated with an impair-
ment of semen function, are in line with the suggestion that HPV presence
in semen does not necessarily affect spermatozoa but is rather a side-
effect of desquamation of HPV-infected penile keratinocytes (Luttmer
etal., 2015).

Current guidelines for assisted reproductive technologies (Associ-
ation of Biomedical Andrologists; Association of Clinical Embryologists;
British Andrology Society; British Fertility Society; Royal College of
Obstetricians and Gynaecologists, 2008; Practice Committee of Ameri-
can Society for Reproductive Medicine, 2013) do notinclude the screen-
ing of semen for presence of HPV-DNA. As proposed previously
(Luttmeretal., 2015), screening of donor semen for HPV may be consid-
ered to prevent unnecessary viral transmission to the female genital tract
(and thereby increasing the risk of ‘jatrogenic’ development of cervical
premalignant lesions). Donors with HPV-positive semen could be
followed-up and re-invited to donate after viral clearance (within ap-
proximately seven months (Giuliano et al., 201 I)).

Recently, researchers have also suggested standardized HPV testing
on semen for diagnostic purposes in unexplained infertility (Foresta
et al., 2015) and prior to procedures of assisted reproduction (Gizzo
et al., 2014; Foresta et al., 2015). However, so far only two studies
have addressed whether men with HPV-positive semen have altered
clinical reproductive outcomes when compared with men with
HPV-negative semen (Perino et al., 201 |; Garolla et al., 2015). Perino
et al. observed that seminal HPV positivity was not associated with preg-
nancy rates but might be related to the occurrence of spontaneous abor-
tions (Perino et al., 2011). Recently, using fluorescence in-situ
hybridization (FISH) for HPV detection, Garolla et al. described a
decreased conception rate and an increased miscarriage rate in
couples with HPV-positive semen (Garolla et al., 2015). The presence
of HPV-DNA was described in products of conception in both spontan-
eous and voluntary abortions (Hermonat et al., 1997; Matovina et dl.,
2004), as well as in placentas at term (Skoczynski et al., 201 I). In-vitro

and animal studies have shown negative effects of semen-transferred
HPV on embryonic development (Calinisan et al., 2002) and hatching
(Henneberg et al., 2006); in vitro, HPV | 6-transfected human spermato-
zoa have been demonstrated to penetrate oocytes, enabling viral gene
transcription (Foresta et al., 201 1). In our opinion, it seems ethical to
introduce HPV-screening in the work-up of subfertile couples only if suf-
ficiently powered studies have demonstrated that seminal HPV-positivity
affects clinical reproductive outcomes and, secondly, if an evidence-
based consensus is reached on the preferred management in case of
seminal HPV-positivity. A specific semen washing technique using a
modified swim-up with enzymatic treatment (Garolla et al., 2012) has
shown promising results for the elimination of HPV from semen, but
should be more extensively studied.

In conclusion, this study confirmed earlier findings that HPV-DNA
is commonly present in semen of men seeking fertility evaluation.
However, no association of seminal HPV presence with semen para-
meters was observed. Therefore, screening for HPV in semen should
currently only be considered for donor semen to prevent unnecessary
viral transmission to the female genital tract, but not for diagnostic
settings in assisted reproduction. Further large studies are needed to
elucidate the clinical relevance of HPV presence in semen by focusing
on conception, early embryo development and clinical reproductive
outcomes.
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