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Abstract

:

We wanted to determine the sperm DNA fragmentation index (DFI) cutoff for clinical pregnancies in women receiving intra-uterine insemination (IUI) with this sperm and to assess the contribution of Human Papillomavirus (HPV) infection on sperm DNA damage and its impact on clinical pregnancies. Prospective non-interventional multi-center study with 161 infertile couples going through 209 cycles of IUI in hospital fertility centers in Flanders, Belgium. Measurement of DFI and HPV DNA with type specific quantitative PCRs (HPV 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66 and 68) in sperm before its use in IUI. Clinical pregnancy (CP) rate was used as the outcome to analyze the impact on fertility outcome and to calculated the clinical cutoff value for DFI. A DFI criterion value of 26% was obtained by receiver operating characteristic (ROC) curve analysis. Couples with a male DFI > 26% had significantly less CPs than couples with DFI below 26% (OR 0.0326; 95% CI 0.0019 to 0.5400; p = 0.017). In sperm, HPV prevalence was 14.8%/IUI cycle. Sperm samples containing HPV had a significantly higher DFI compared to HPV negative sperm samples (29.8% vs. 20.9%; p = 0.011). When HPV-virions were present in sperm, no clinical pregnancies were observed. More than 1 in 5 of samples with normal semen parameters (17/78; 21.8%) had an elevated DFI or was HPV positive. Sperm DFI is a robust predictor of clinical pregnancies in women receiving IUI with this sperm. When DFI exceeds 26%, clinical pregnancies are less likely and in vitro fertilization techniques should be considered.
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1. Introduction


Diagnosis of male infertility has mainly been based on the traditional semen parameters concentration, motility and morphology. It has, however, become increasingly clear that these standard sperm parameters recommended by the World Health Organization [1] are insufficient for the prognostic assessment of male fertility and for the evaluation of the fertility potential of a couple [2]. Among couples unable to conceive, infertility is to some extent attributable to a male factor in approximately 50% of cases [1,3,4]. While occupation, environmental and genetic factors are recognized as important causes of male infertility for some time [3], virologic threats by human papillomavirus (HPV) infections have only recently been described [5,6,7]. Indeed, although HPV infection is one of the most common viral infections worldwide, it is almost exclusively linked with pathogenesis of cancer. More recent studies have shown that male and couple subfertility may results from a HPV virion producing infection in one or both of the partners [6,7,8]. Also, the average lifetime probability of acquiring HPV among those with at least 1 opposite sex partner is more than 84.6% for women and 91.3% for men and more than 80% of women and men acquire HPV by age 45 years [9]. Therefore, we wonder whether HPV infection of sperm could be linked to the so-called ‘unexplained male infertility’, with normal semen parameters.



The pathogenesis of HPV infection in the cervix can be divided in two pathways, a non-infectious, cell transforming, cancer-inducing pathway [10,11] and an infectious, virion-producing pathway [12]. In sperm, the HPV DNA always originates from infectious virions only and is limited in time [8]. This is because HPV virions can only be produced in non-dividing cells which have a limited life span of 4 weeks, so virion production and shedding from desquamated cells once they reach the top of the epithelium are typically limited in time [8]. HPV virions can bind the syndecan-1 receptor at two distinct sites along the equator of the spermatozoon’s head [13,14,15]. This can cause detrimental effects on sperm parameters [14,16,17,18], damage to the sperm DNA [19] and impact on gamete interaction causing temporal subfertility [20]. In a previous prospective non-interventional multicenter study, we showed that when more than 66 HPV virions are present per 100 spermatozoa in the original sperm sample (the HPV virion per spermatozoon ratio cut off) no pregnancies occurred with intra-uterine insemination (IUI) [8].



The association between DNA damage and diminished reproductive outcomes has led to the introduction of sperm DNA integrity testing into the clinical assessment of male infertility [21]. Although a lot of people have been working with sperm DNA fragmentation, the field has been considered controversial, and implementation of the techniques in the clinic has been very slow [22]. The sperm chromatin structure assay (SCSA) is a flow cytometric technique that was first described by Evenson et al. [23] more than forty years ago, measuring the proportion of spermatozoa with impaired DNA integrity, expressed numerically as DNA fragmentation index (DFI) [24]. Studies have shown that the SCSA is an independent marker of fertility in vivo [25,26,27] or for success after intrauterine insemination (IUI) [28,29]. Although the SCSA test has been found to have the most stable clinical threshold values in relation to fertility, the clinical cutoff of DFI in semen that results in reduced clinical pregnancy rates varies from 25% to 30% [30].



In this prospective multi-center study, we measured both the DNA fragmentation index (DFI) with the sperm chromatin structure assay (SCSA) and HPV DNA with type specific quantitative PCRs in sperm before its use in IUI. Biochemical and clinical pregnancy rates were used as outcome parameters to analyze the impact of these parameters on fertility outcome and to determine the clinical cutoff value for DFI.




2. Materials and Methods


2.1. Study Population


The study was based on a cohort of 161 consecutive subfertile couples of a prospective non-interventional multi-center study between November 2017 and November 2018. All patients were treated with IUI at the Genk Institute for Fertility Technology, ZOL Hospitals, Genk, Belgium and in the Algemeen Medisch Laboratorium (AML) Intermediate structure for human body material for inpatient obstetrics and gynecology centers, Sonic Healthcare, Antwerp, Belgium. From the 161 subfertile couples (209 cycles), 152 women were inseminated with partner sperm (190 cycles) and 9 women with donor sperm (19 cycles). Consent was obtained to use the sperm rest fractions for DNA fragmentation and HPV testing. The study protocol was reviewed by the Institutional Review Board of the University hospital of Antwerp (Belgian registration number: B300201733597, approved on 9 October 2017). All participants signed consent that their rest material could be used for research purposes.




2.2. Patient Selection


Included couples failed to conceive for at least 12 months. All patients underwent an infertility work-up prior to IUI treatment, as previously described [8]. For each male partner, at least two sperm samples were examined using the WHO guidelines [31]. Human immunodeficiency virus (HIV), hepatitis B/C virus and Treponema pallidum (syphilis) were measured in all couples as prescribed by Belgian law before receiving any treatment. As part of the infertility workup, we also always tested for the presence of Trichomonas vaginalis, Chlamydia trachomatis and Neisseria gonorrhea by PCR [32]. Only couples who were negative for all tested infectious diseases were included. Couples suffering from unexplained infertility, such as moderate male factor infertility, mild endometriosis and oligo-/anovulation, with at least one patent fallopian tube and a post-wash inseminating motile count (IMC) of >1 million were eligible for IUI, as previously described [33].




2.3. Semen Analysis and Capacitation


Sperm samples were analyzed using the World Health Organization guidelines for semen analysis within one hour of production [31]. Semen samples were collected by masturbation on the day of insemination. Two to five days of sexual abstinence was asked of patients before sperm samples were collected. One of the previously described capacitation methods was used [8], according to the amount of progressive motile spermatozoa in the ejaculate (PMSC) and the Cytomegalovirus (CMV) status of both partners: swim-up (Sperm Preparation Medium, Origio, Denmark), density gradient (PureSperm® 40/80, Nidacon, Sweden) or capacitation by removing the seminal plasma by washing with sperm preparation medium. Sperm antibodies were detected using the spermMar test kit for IgG and IgA (FertiPro, Beernem, Belgium). All rest sperm fractions of capacitations, instead of being discarded, were stored and transported at 4 °C to the laboratory (AML, Sonic Healthcare, Antwerp, Belgium). Twice a week, a DNA extraction was performed (M2000SP, Abbott Molecular Inc, Des Plaines, IL, USA).




2.4. Detection of HPV DNA by Type-Specific Real-Time Quantitative PCR (qPCR) Analysis in Sperm


HPV DNA testing was performed as described earlier [8]. We choose to measure HPV DNA in all sperm fractions that resulted from the capacitations (seminal plasma, swim-up fraction, pellet fraction, upper and lower gradient fractions and the rest fraction after washing the cell pellet) because this testing strategy gives less underestimation of the HPV prevalence (20%) compared to only measuring in 1/7 diluted sperm (40%) [8]. The extracted DNA was used in a quantitative real-time PCR assay that was clinically validated [34]. The assay can detect 18 HPV types: HPV6 E6, HPV11 E6, HPV16 E7, HPV18 E7, HPV31 E6, HPV33 E6, HPV35 E6, HPV39 E7, HPV45 E7, HPV51 E7, HPV52 E7, HPV53 E6, HPV56 E7, HPV58 E7, HPV59 E7, HPV66 E6, HPV67 L1 and HPV68 E7 [35]. HPV prevalence was defined as the detection of one or more of the above-mentioned HPV types. For high-risk HPV infection, one or more of the following 14 HPV types: HPV16, HPV18, HPV31, HPV33 HPV35, HPV39, HPV45, HPV51, HPV52, HPV56, HPV58, HPV59, HPV66 and HPV68 was detected. A β-globin quantitative real-time PCR was utilized to assess the quality of the extracted DNA and to calculate the number of cells [35]. The analytical sensitivity of the different HPV qPCRs ranges from 1 to 100 HPV copies/qPCR reaction [36]. To calculate the virions to spermatozoon ratio (HPV copies/spermatozoon), the number of HPV copies (virions) per ml sperm was divided by the number of spermatozoa per ml sperm. When in one sperm sample different HPV types were present, the number of HPV copies per ml of sperm for each individual HPV type was added and divided by the number of spermatozoa per ml. If in any one of the sperm fractions HPV DNA was detected, the sperm sample was considered HPV positive.




2.5. Sperm Chromatin Structure Assay (SCSA)


The flow cytometric SCSA, performed following the procedure, described previously [37], measures the percentage of sperm with fragmented DNA (DNA fragmentation index; DFI) as well as the percentage of sperm with high DNA stainability (HDS). The DFI% was calculated from the DFI frequency histogram obtained from the ratio between the red and total (red plus green) fluorescence intensity. DFI is the proportion of cells containing denatured DNA [37]. The HDS% was calculated based on the percentage of sperm with high levels of green fluorescence, which are thought to represent immature spermatozoa with incomplete chromatin condensation [37]. Briefly, on the day of capacitation, 100 µL of the original sperm sample that was used for IUI was immediately frozen and stored at −20 °C until SCSA was performed. On the day the SCSA was performed, the frozen sperm samples were quickly thawed (37 °C) and used immediately. Sperm cells were treated with a low pH detergent solution containing 0.1% Triton X-100, 0.15 M NaCl, and 0.08 N HCl (pH 1.2) for 30 s and then stained with an acridine orange solution (22.6 µM) at pH 6.0. For the flow cytometer setup and calibration, a reference sample was used as internal control sample. Samples were analyzed in batch and the internal control sample was analyzed in duplo at the beginning and end of each batch of samples. The intra-laboratory coefficient of variation (CV) of the internal control sample was 4.68% for DFI and 6.83% for HDS respectively.




2.6. IUI Protocol


We previously described how the patients were prepared for IUI (natural cycle, ovarian stimulation) and how IUI procedures were performed [8]. Out of the 209 IUI cycles, there were 204 natural cycles, and for 5 cycles, women received Clomid 100 mg per day from day 3 to 7, IUI was performed at 24–36 h post-hCG injection. The capacitated motile spermatozoa were inserted up to the uterine fundus and expelled into the uterine cavity. After insemination, women were asked to remain in supine position for 20 min [38,39]. A biochemical pregnancy (BP; early spontaneous abortion and or miscarriage) was diagnosed by the detection of HCG in serum or urine, without development of a clinical pregnancy. A clinical pregnancy (CP) was diagnosed when an unequivocal fetal heartbeat was detected by ultrasonography of at least one fetus [40]. As required by the Belgian Federal Agency for Medicine and Health Products (FAMHP), all pregnancy outcomes of IUI cycles were registered in a pregnancy registry. There was no cost or additional risk for patients and the data of this multi-center study were anonymized. All patients were informed about the aim of the study and were enrolled only if they gave their written informed consent. The gynecologists performing the IUI treatments were blinded from the SCSA and HPV results as to not influence the IUI treatment course. An IUI treatment course comprised between 1 up to 3 consecutive IUI cycles.




2.7. Statistical Analysis


The results were analyzed with MedCalc Statistical Software (MedCalc Software, Ostend, Belgium) [41]. All IUI cycles were dichotomized based on DFI and or HPV positivity in raw semen. DFI% and HPV status results were used to construct receiver operating characteristic (ROC) curves to determine a criterion value for distinguishing couples likely to achieve a clinical pregnancy from those unlikely to achieve a positive result. The area under the curve, confidence intervals of the area, and coordinates of the curve were used to determine the sensitivity and specificity of different threshold values. ROC analysis module was used to determine the clinical DFI% cut-off. Probability (p) values of <0.05 were considered statistically significant.





3. Results


3.1. Semen Parameters, IUI and Pregnancy


One hundred and sixty-one consecutive infertile couples undergoing 209 IUI cycles were enrolled. Couples characteristics and data concerning capacitated sperm parameters are summarized in Table 1. A total of 29 pregnancies was observed, 2 biochemical pregnancies (2/209; 1.0%) and 27 clinical pregnancies (27/209; 12.9%). Altogether, out of sperm samples from 169 different men, 31 tested positive for HPV, resulting in an HPV prevalence of 14.8% per IUI cycle and a high-risk HPV prevalence of 9.6% per IUI cycle (20/209). In more than one third of IUI cycles, the semen sample had normal WHO parameters (concentration, progressive motility and morphology) (78/209; 37.3%). Almost one in five of these semen samples with normal semen parameters had an DFI% above 26% and 7.7% (6/78) was HPV positive. More than 1 in 5 of samples with normal semen parameters (17/78; 21.8%) had an elevated DFI or was HPV positive.




3.2. ROC Analysis and Clinical DFI% Cutoff


Comparing DFI of sperm resulting in clinical pregnancies with that of sperm used in IUI cycles not resulting in a clinical pregnancy showed that no pregnancies resulted when DFI was above 26% (100.0% sensitivity and 36.3% specificity, ROC analysis area under the curve 0.73, (95% confidence interval (CI) 0.66 to 0.79; p < 0.0001). So a DFI cutoff of 26% was used to determine whether achieving a pregnancy would be very unlikely after IUI treatment (Figure 1).



The data of the different sperm parameters according to low (≤26%) or high (>26%) DFI are summarized in Table 1. A high DFI was found in 31.1% of IUI cycles, leading to a significantly lower chance to obtain a clinical pregnancy compared to the group with low DFI (OR 0.0326; 95% CI 0.0019 to 0.5400; p = 0.017). In the latter group, the mean DFI was 13.3%, compared to 41.9% in the former (p < 0.0001).



The mean age of men with a low DFI was lower than of men with a high DFI (34.1 vs. 36.5 years; p = 0.026). Percentage of progressive sperm (43.5% vs. 34.2%; p = 0.0007) and normal sperm morphology (4.1% vs. 3.2%; p = 0.0069) was also significantly higher in the group with low DFI.



There was no difference between the two DFI groups for female age, sperm concentration, progressive sperm concentration, IMC and HDS.




3.3. DFI vs. HPV Positivity in Sperm


The data of the different sperm parameters according to HPV positivity are summarized in Table 1. There was no difference in the age of men with HPV positive and HPV negative sperm. Compared to HPV negative men, HPV positive men had a significantly lower percentage progressive sperm count (p = 0.0058), lower IMC (p = 0.0086) and higher DFI (p = 0.0111) and HDS (p = 0.0025).



None of the 31 inseminations in which the sperm tested positive for HPV led to pregnancy, (100.0% sensitivity and 17.0% specificity, ROC analysis area under the curve 0.59, (95% CI 0.52 to 0.65 p > 0.05), even when DFI% was below 26% (Figure 1).



An overview of the detected HPV types is given in Table 2. The HPV types most frequently detected were HPV 6 (7/31; 22.6%), followed by HPV 67 (4/31; 17.6%) and HPV 16, 31, 53 and 66 each with 9.7% (3/31). To assess the impact of the different HPV types on sperm DNA damage, we classified single HPV type infections based on low (≤26%) or high (>26%) DFI and looked at the frequencies of occurrence of each HPV type in both groups (Table 2). HPV types 16, 45, 56 and 67 were almost exclusively detected in the group with DFI levels above 26%, whereas HPV 6, 39 and 52 were mainly detected in the group with DFI levels below 26%. The DFI% was not significantly higher in HR HPV positive sperm samples (31.4%) compared to sperm samples with LR HPV types (27.6%; p > 0.05).



To further assess the impact of the different HPV types on IUI outcome, we plotted the HPV virion per spermatozoon ratio in function of DFI (Figure 2.) The median HPV virion per spermatozoon ratio in HPV positive sperm was 0.46 (95% CI 0.08 to 1.28 HPV virions/spermatozoon). More than half of the HPV positive sperm samples (17/31; 54.8%) were below the 0.66 HPV virion per spermatozoon ratio cutoff (8), and 15/31 (48.4%) of sperm samples had a DFI below 26% cutoff. The majority of HPV positive sperm samples were above at least one or both cutoffs (26/31; 83.9%). Less than one fifth of HPV positive samples used for IUI (5/31; 16.1%) had a HPV virion per spermatozoon ratio below the 0.66 cutoff and a DFI below the 26% cutoff (quadrant with low DNA damage and more spermatozoa than HPV virions). In the quadrant with the double positives i.e., high DNA damage and more HPV virions than spermatozoa (above both cutoffs), the highest percentage of HR HPV types (3/4; 75%) was observed (Figure 2).





4. Discussion


With routine WHO sperm assessment, the precise etiology of male factor infertility remains undefined in 30–50% of patients [42,43]. Unlike unexplained male infertility with its normal semen parameters, idiopathic male infertility is diagnosed in the presence of altered semen characteristics without an identifiable cause and the absence of a female infertility cause [44]. In this study, we address two understudied tests that could explain part of the so called ‘unexplained’ male infertility: presence of HPV virions in sperm and DNA fragmentation test of spermatozoa.



In this prospective study, we determined the sperm DFI cutoff for clinical pregnancies to be 26%. The significantly lower success rates after using sperm with high DNA fragmentation are in agreement with Bungum et al. (2007) who reported a 10 times increased chance in achieving a clinical pregnancy when DFI was lower than 30% [29]. Additionally, Yang et al. (2011) using the SCSA, reported better pregnancy outcome after IUI when sperm with DFI lower than 25% was used [28]. In a prospective cohort study, Duran et al. (2002) showed that by using the TUNEL (terminal deoxynucleotidyl transferase-mediated dUDP nick-end labeling) technique a cut-off value of 12% was found above which no pregnancies occurred after IUI [45]. Not only measuring DNA fragmentation in raw and washed samples as related to other sperm preparations, but also the method used to measure DNA fragmentation (SCSA, TUNEL) will probably result in different cut-off values and a clinical validation of the method used predicting IUI outcome might be warranted [30].



We previously reported a four times lower clinical pregnancy rate per IUI cycle (2.9%) in women inseminated with HPV positive sperm compared to women who were inseminated with sperm that tested negative for HPV (11.1%/cycle; p = 0.0016) [8].



The overall (14.8%) and high-risk HPV (9.6%) prevalence in partner sperm per IUI cycle of the current study is comparable to the high-risk HPV prevalence rate in a previously reported study of women receiving IUI treatment [8]. This prevalence is also comparable to the 16% (confidence interval (CI): 10–23%) HPV prevalence in semen of seven studies focusing on infertile men that was reported in a recent meta-analysis and systematic review [46]. Because HPV prevalence varies from population to population, and in HPV positive men from ejaculate to ejaculate [47], it is important that HPV analysis is performed on the ejaculate used for IUI as was done in the current study. The explanations of these huge fluctuations in HPV on the sperm, probably is that HPV virions are not present on the sperm during passage through the genital tract but are catched upon release from the mucosa during ejaculation [48].



HPV infections exert their deleterious effects on fertility through its virions. In previous work, we calculated that the presence of any HPV infection with 0.66 HPV virions or more per spermatozoon did not lead to clinical pregnancy in women undergoing IUI [8,49], but that some sperm samples with a virion per spermatozoon ratio below the 0.66 cutoff could still result in clinical pregnancy. In the present study, we were able to demonstrate a strong association of the presence of HPV virions with increased DNA fragmentation of spermatozoa, leading to strongly reduced pregnancy rates after IUI cycles. However, in addition, in the current study, some of the HPV positive sperm samples used in IUI had low DFI rates and should have better odds. Plotting the DFI against the HPV/spermatozoon ratio reveals 2 different ways in which HPV virions exert their detrimental effect on fertility [20]. In the direct way, the virions bind the spermatozoa through the syndecan-1 [13,14,15] via their L1 protein, which in turn inhibits Aquaporin-8 functionality [50] and make spermatozoa more sensitive to oxidative stress, damaging the sperms DNA which results in elevated DFI and this both for HR and LR HPV types. As confirmed in our study, this could be HPV type specific since not all HPV types cause the same amount of DNA damage [51,52]. If HPV virions are catched up by spermatozoa during ejaculation [48], it could explain why some studies do not find a relationship between seminal HPV and DFI [53,54]. In our series, when HR HPV was present, there was a non-significant trend of higher DNA damage in spermatozoa compared to LR types. However, for fertility pathogenesis, the classification into HR and LR HPV types will probably not hold because some HR types are associated with higher DNA fragmentation (HPV 16, 18, 45) than others (HPV 52), whereas some LR HPV types such as HPV 6 and 67 were also found to cause high DNA damage. Because in the current study there is an underestimation of the HPV prevalence measured in the 18 different HPV types due to inhibitors present in sperm samples [8], and because other LR HPV types can be present in sperm we did not test for might also influence fertility, the reported HPV prevalence probably reflects an underestimation of the impact of HPV infections on fertility. Anyway, the link between HPV genotype and HPV risk type and DFI should be further explored in a larger study including more HPV isolations of each type in order to reach sufficient statistical power to draw valid conclusions on this matter.



A second explanation by which virions exert a negative effect on fertility is that infected spermatozoa can cause arrest in dividing embryonic cells by transferring HPV virions into blastocysts and oocytes [55]. Here, no DNA fragmentation of spermatozoa is involved, but direct effects of the invaded virions on the dividing embryonic cells. Once the HPV virions are present in the embryo, some HPV types may be more keen to damage the embryo. For strong carcinogenic types such as HPV 16, arrest of embryo division could be almost instantly [56].



Finally, since HPV virions can also be produced locally in the infected cervical cells of the partner, these can also bind to spermatozoa on their way to the oocyte. So, as long as active virions are produced by either partner, the odds to get pregnant are jeopardized, and as a consequence, it is only when the infectious HPV lifecycle with production of virions ends in both partners, that the chances for pregnancy normalize. As HPV virion production in non-dividing cells is limited in time [8], and the life cycle of spermatozoa is around 72 days, the estimated HPV virion induced damage to sperm DNA is probably shorter than the 7.5 months median duration HPV infections in men lasts [57]. We hypothesize that this can partly explain why infertile couples sometimes go through enduring, extensive infertility treatments such as IUI, in vitro fertilization (IVF) and intracytoplasmic sperm injection (ICSI) without success, and still spontaneously get pregnant months after having stopped all treatment efforts.



In 81 of the 209 IUI cycles (38.8%) with either the DFI > 26% and or HPV present, the pregnancy rate can be expected to be very low or even zero according to our results. In those cases, IUI should be avoided considering the price and burden associated with IUI which will differ substantially between countries. Studies to examine IVF and ICSI results in this specific DFI and/or HPV positive population are urgently needed to perform a good economic analysis considering the impact of DFI and HPV in artificial reproductive techniques (ART) programs. By including sperm DNA fragmentation analysis as a parameter in the routine diagnosis of male fertility patients in combination with HPV detection, it would be possible to avoid or to postpone unnecessary and unsuccessful IUI treatments, which would prevent a large burden of physical, financial and psychological stress caused by unsuccessful IUI trials. Although detection of infectious HPV virions could explain a substantial part of subfertility in our cohort, the elevated DFI is multifactorial and not exclusive to HPV infection, and can also be caused by other factors like oxidative stress [58]. Importantly, HPV infection in sperm is temporal, leading to DFI normalization after 3–6 months, and higher success rates can be achieved by postponing IUI until HPV negativation. Additionally, it can be advocated to screen female partners for HPV infections and try to achieve HPV clearance (e.g., by removal of the infected cervical tissues, vaccination, antiviral therapy, etc.), since pregnancy rates are higher in treated HPV positive women than in untreated women [59]. Our data support promoting prophylactic HPV vaccination to male subjects, as a recent study confirmed this ameliorates reproductive outcome of infertile couples with HPV semen infection beside lowering the risk for cancer [60]. Finally, we advocate not only to test male partners or sperm donors of women starting assisted reproductive techniques for HPV [8], but also to perform DFI [61].







Author Contributions


Conceptualization, C.D. and E.B.; methodology, C.D., E.B. and W.O.; software, L.V.; validation, C.D., E.B., and G.D.; formal analysis, C.D.; investigation, C.K., G.D., J.B., N.D. and W.O.; resources, G.S. and W.O.; data curation, C.D. and L.V.; writing—original draft preparation, C.D.; writing—review and editing, E.B., G.D., J.B. and W.O.; visualization, C.D.; supervision, E.B.; project administration, C.D.; funding acquisition, G.D., G.S. and W.O. All authors have read and agreed to the published version of the manuscript.




Funding


Supported in part by in part by AML (R19-017; R16-018) and the Walking Egg non-profit Organization.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the Institutional Review Board of the University hospital of Antwerp (Belgian registration number: B300201733597, approved on 9 October 2017).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available due to privacy.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




References


	



WHO. WHO Laboratory Manual for the Examination and Processing of Human Semen, 5th ed.; World Health Organization: Geneva, Switzerland, 2010. [Google Scholar]

	



Bungum, M.; Bungum, L.; Giwercman, A. Sperm chromatin structure assay (SCSA): A tool in diagnosis and treatment of infertility. Asian J. 2011, 13, 69–75. [Google Scholar] [CrossRef]

	



Irvine, D.S. Epidemiology and aetiology of male infertility. Hum. Reprod. 1998, 13, 33–44. [Google Scholar] [CrossRef]

	



Agarwal, A.; Mulgund, A.; Hamada, A.; Chyatte, M.R. A unique view on male infertility around the globe. Reprod. Biol. Endocrinol. 2015, 13, 37. [Google Scholar] [CrossRef]

	



Gizzo, S.; Ferrari, B.; Noventa, M.; Ferrari, E.; Patrelli, T.S.; Gangemi, M.; Nardelli, G.B. Male and couple fertility impairment due to HPV-DNA sperm infection: Update on molecular mechanism and clinical impact—Systematic review. BioMed Res. Int. 2014, 2014, 230263. [Google Scholar] [CrossRef]

	



Xiong, Y.Q.; Chen, Y.X.; Cheng, M.J.; He, W.Q.; Chen, Q. The risk of human papillomavirus infection for male fertility abnormality: A meta-analysis. Asian J. 2018, 20, 493–497. [Google Scholar] [CrossRef]

	



Garolla, A.; Engl, B.; Pizzol, D.; Ghezzi, M.; Bertoldo, A.; Bottacin, A.; Noventa, M.; Foresta, C. Spontaneous fertility and in vitro fertilization outcome: New evidence of human papillomavirus sperm infection. Fertil. Steril. 2016, 105, 65–72. [Google Scholar] [CrossRef]

	



Depuydt, C.E.; Donders, G.G.G.; Verstraete, L.; Vanden Broeck, D.; Beert, J.F.A.; Salembier, G.; Bosmans, E.; Ombelet, W. Infectious human papillomavirus virions in semen reduce clinical pregnancy rates in women undergoing intrauterine insemination. Fertil. Steril. 2019, 111, 1135–1144. [Google Scholar] [CrossRef] [PubMed]

	



Chesson, H.W.; Dunne, E.F.; Hariri, S.; Markowitz, L.E. The estimated lifetime probability of acquiring human papillomavirus in the United States. Sex. Transm. Dis. 2014, 41, 660–664. [Google Scholar] [CrossRef]

	



Depuydt, C.E.; Criel, A.M.; Benoy, I.H.; Arbyn, M.; Vereecken, A.J.; Bogers, J.J. Changes in type-specific human papillomavirus load predict progression to cervical cancer. J. Cell. Mol. Med. 2012, 16, 3096–3104. [Google Scholar] [CrossRef] [PubMed]

	



Depuydt, C.E.; Thys, S.; Beert, J.; Jonckheere, J.; Salembier, G.; Bogers, J.J. Linear viral load increase of a single HPV-type in women with multiple HPV infections predicts progression to cervical cancer. Int. J. Cancer 2016, 139, 2021–2032. [Google Scholar] [CrossRef] [PubMed]

	



Depuydt, C.E.; Jonckheere, J.; Berth, M.; Salembier, G.M.; Vereecken, A.J.; Bogers, J.J. Serial type-specific human papillomavirus (HPV) load measurement allows differentiation between regressing cervical lesions and serial virion productive transient infections. Cancer Med. 2015, 4, 1294–1302. [Google Scholar] [CrossRef] [PubMed]

	



Perez-Andino, J.; Buck, C.B.; Ribbeck, K. Adsorption of human papillomavirus 16 to live human sperm. PLoS ONE 2009, 4, e5847. [Google Scholar] [CrossRef] [PubMed]

	



Garolla, A.; Lenzi, A.; Palu, G.; Pizzol, D.; Bertoldo, A.; De, T.L.; Foresta, C. Human papillomavirus sperm infection and assisted reproduction: A dangerous hazard with a possible safe solution. Hum. Reprod. 2012, 27, 967–973. [Google Scholar] [CrossRef] [PubMed]

	



Foresta, C.; Patassini, C.; Bertoldo, A.; Menegazzo, M.; Francavilla, F.; Barzon, L.; Ferlin, A. Mechanism of human papillomavirus binding to human spermatozoa and fertilizing ability of infected spermatozoa. PLoS ONE 2011, 6, e15036. [Google Scholar] [CrossRef]

	



Rintala, M.A.; Grénman, S.E.; Pöllänen, P.P.; Suominen, J.J.; Syrjänen, S.M. Detection of high-risk HPV DNA in semen and its association with the quality of semen. Int. J. STD AIDS 2004, 15, 740–743. [Google Scholar] [CrossRef] [PubMed]

	



Foresta, C.; Garolla, A.; Zuccarello, D.; Pizzol, D.; Moretti, A.; Barzon, L.; Palù, G. Human papillomavirus found in sperm head of young adult males affects the progressive motility. Fertil. Steril. 2010, 93, 802–806. [Google Scholar] [CrossRef]

	



Lai, Y.M.; Lee, J.F.; Huang, H.Y.; Soong, Y.K.; Yang, F.P.; Pao, C.C. The effect of human papillomavirus infection on sperm cell motility. Fertil. Steril. 1997, 67, 1152–1155. [Google Scholar] [CrossRef]

	



Boeri, L.; Capogrosso, P.; Ventimiglia, E.; Pederzoli, F.; Cazzaniga, W.; Chierigo, F.; Pozzi, E.; Clementi, M.; Vigano, P.; Montanari, E.; et al. High-risk human papillomavirus in semen is associated with poor sperm progressive motility and a high sperm DNA fragmentation index in infertile men. Hum. Reprod. 2019, 34, 209–217. [Google Scholar] [CrossRef]

	



Depuydt, C.E.; Beert, J.; Bosmans, E.; Salembier, G. Human Papillomavirus (HPV) virion induced cancer and subfertility, two sides of the same coin. Facts Views Vis. ObGyn 2016, 8, 211–222. [Google Scholar]

	



Practice Committee of the American Society for Reproductive Medicine. The clinical utility of sperm DNA integrity testing: A guideline. Fertil. Steril. 2013, 99, 673–677. [Google Scholar] [CrossRef] [PubMed]

	



Rex, A.S.; Aagaard, J.; Fedder, J. DNA fragmentation in spermatozoa: A historical review. Andrology 2017, 5, 622–630. [Google Scholar] [CrossRef]

	



Evenson, D.P.; Darzynkiewicz, Z.; Melamed, M.R. Relation of mammalian sperm chromatin heterogeneity to fertility. Science 1980, 210, 1131–1133. [Google Scholar] [CrossRef] [PubMed]

	



Evenson, D.P. The Sperm Chromatin Structure Assay (SCSA®) and other sperm DNA fragmentation tests for evaluation of sperm nuclear DNA integrity as related to fertility. Anim. Reprod. Sci. 2016, 169, 56–75. [Google Scholar] [CrossRef]

	



Giwercman, A.; Lindstedt, L.; Larsson, M.; Bungum, M.; Spano, M.; Levine, R.J.; Rylander, L. Sperm chromatin structure assay as an independent predictor of fertility in vivo: A case-control study. Int. J. Androl. 2010, 33, e221–e227. [Google Scholar] [CrossRef]

	



Spano, M.; Bonde, J.P.; Hjollund, H.I.; Kolstad, H.A.; Cordelli, E.; Leter, G. Sperm chromatin damage impairs human fertility. The Danish First Pregnancy Planner Study Team. Fertil. Steril. 2000, 73, 43–50. [Google Scholar] [CrossRef]

	



Evenson, D.P.; Jost, L.K.; Marshall, D.; Zinaman, M.J.; Clegg, E.; Purvis, K.; de Angelis, P.; Claussen, O.P. Utility of the sperm chromatin structure assay as a diagnostic and prognostic tool in the human fertility clinic. Hum. Reprod. 1999, 14, 1039–1049. [Google Scholar] [CrossRef]

	



Yang, X.Y.; Zhang, Y.; Sun, X.P.; Cui, Y.G.; Qian, X.Q.; Mao, Y.D.; Liu, J.Y. Sperm chromatin structure assay predicts the outcome of intrauterine insemination. Zhonghua Nan Ke Xue 2011, 17, 977–983. [Google Scholar] [PubMed]

	



Bungum, M.; Humaidan, P.; Axmon, A.; Spano, M.; Bungum, L.; Erenpreiss, J.; Giwercman, A. Sperm DNA integrity assessment in prediction of assisted reproduction technology outcome. Hum. Reprod. 2007, 22, 174–179. [Google Scholar] [CrossRef] [PubMed]

	



Sugihara, A.; Van Avermaete, A.F.; Roelant, E.; Punjabi, U.; De Neubourg, N.D. The role of sperm DNA fragmentation testing in predicting intra-uterine insemination outcome: A systematic review and meta-analysis. Eur. J. Obs. Gynecol. Reprod. Biol. 2020, 244, 8–15. [Google Scholar] [CrossRef] [PubMed]

	



Cooper, T.G.; Noonan, E.; von Eckardstein, E.S.; Auger, J.; Baker, H.W.; Behre, H.M.; Haugen, T.B.; Kruger, T.; Wang, C.; Mbizvo, M.T.; et al. World Health Organization reference values for human semen characteristics. Hum. Reprod. Update 2010, 16, 231–245. [Google Scholar] [CrossRef] [PubMed]

	



Depuydt, C.E.; Verstraete, L.; Berth, M.; Beert, J.; Bogers, J.P.; Salembier, G.; Vereecken, A.J.; Bosmans, E. Human Papillomavirus Positivity in Women Undergoing Intrauterine Insemination Has a Negative Effect on Pregnancy Rates. Gynecol. Obs. Invest. 2016, 81, 41–46. [Google Scholar] [CrossRef] [PubMed]

	



Ombelet, W.; Vandeput, H.; Van de Putte, G.; Cox, A.; Janssen, M.; Jacobs, P.; Bosmans, E.; Steeno, O.; Kruger, T. Intrauterine insemination after ovarian stimulation with clomiphene citrate: Predictive potential of inseminating motile count and sperm morphology. Hum. Reprod. 1997, 12, 1458–1463. [Google Scholar] [CrossRef] [PubMed]

	



Depuydt, C.E.; Benoy, I.H.; Beert, J.F.A.; Criel, A.M.; Bogers, J.J.; Arbyn, M. Clinical Validation of a Type-Specific Real-Time Quantitative Human Papillomavirus PCR against the Performance of Hybrid Capture 2 for the Purpose of Cervical Cancer Screening. J. Clin. Microbiol. 2012, 50, 4073–4077. [Google Scholar] [CrossRef] [PubMed]

	



Micalessi, I.M.; Boulet, G.A.; Bogers, J.J.; Benoy, I.H.; Depuydt, C.E. High-throughput detection, genotyping and quantification of the human papillomavirus using real-time PCR. Clin. Chem. Lab. Med. 2011, 50, 655–661. [Google Scholar] [CrossRef] [PubMed]

	



Depuydt, C.E.; Boulet, G.A.; Horvath, C.A.; Benoy, I.H.; Vereecken, A.J.; Bogers, J.J. Comparison of MY09/11 consensus PCR and type-specific PCRs in the detection of oncogenic HPV types. J. Cell. Mol. Med. 2007, 11, 881–891. [Google Scholar] [CrossRef]

	



Evenson, D.P.; Larson, K.L.; Jost, L.K. Sperm chromatin structure assay: Its clinical use for detecting sperm DNA fragmentation in male infertility and comparisons with other techniques. J. Androl. 2002, 23, 25–43. [Google Scholar] [CrossRef]

	



Thijssen, A.; Creemers, A.; Van der Elst, W.; Creemers, E.; Vandormael, E.; Dhont, N.; Ombelet, W. Predictive value of different covariates influencing pregnancy rate following intrauterine insemination with homologous semen: A prospective cohort study. Reprod. Biomed. Online 2017, 34, 463–472. [Google Scholar] [CrossRef]

	



Thijssen, A.; Creemers, A.; Van der Elst, W.; Creemers, E.; Vandormael, E.; Dhont, N.; Ombelet, W. Predictive factors influencing pregnancy rates after intrauterine insemination with frozen donor semen: A prospective cohort study. Reprod. Biomed. Online 2017, 34, 590–597. [Google Scholar] [CrossRef]

	



Zegers-Hochschild, F.; Adamson, G.D.; Dyer, S.; Racowsky, C.; de Mouzon, M.J.; Sokol, R.; Rienzi, L.; Sunde, A.; Schmidt, L.; Cooke, I.D.; et al. The International Glossary on Infertility and Fertility Care, 2017. Hum. Reprod. 2017, 32, 1786–1801. [Google Scholar] [CrossRef] [PubMed]

	



Schoonjans, F.; Zalata, A.; Depuydt, C.E.; Comhaire, F.H. MedCalc: A new computer program for medical statistics. Comput. Methods Programs Biomed. 1995, 48, 257–262. [Google Scholar] [CrossRef]

	



De Kretser, D.M. Male infertility. Lancet 1997, 349, 787–790. [Google Scholar] [CrossRef]

	



Jungwirth, A.; Giwercman, A.; Tournaye, H.; Diemer, T.; Kopa, Z.; Dohle, G.; Krausz, C. European Association of Urology guidelines on Male Infertility: The 2012 update. Eur. Urol. 2012, 62, 324–332. [Google Scholar] [CrossRef]

	



Hamada, A.; Esteves, S.C.; Nizza, M.; Agarwal, A. Unexplained male infertility: Diagnosis and management. Int. Braz. J. Urol. 2012, 38, 576–594. [Google Scholar] [CrossRef] [PubMed]

	



Duran, E.H.; Morshedi, M.; Taylor, S.; Oehninger, S. Sperm DNA quality predicts intrauterine insemination outcome: A prospective cohort study. Hum. Reprod. 2002, 17, 3122–3128. [Google Scholar] [CrossRef]

	



Laprise, C.; Trottier, H.; Monnier, P.; Coutlee, F.; Mayrand, M.H. Prevalence of human papillomaviruses in semen: A systematic review and meta-analysis. Hum. Reprod. 2014, 29, 640–651. [Google Scholar] [CrossRef] [PubMed]

	



Kaspersen, M.D.; Larsen, P.B.; Ingerslev, H.J.; Fedder, J.; Petersen, G.B.; Bonde, J.; Höllsberg, P. Identification of multiple HPV types on spermatozoa from human sperm donors. PLoS ONE 2011, 6, e18095. [Google Scholar] [CrossRef]

	



Fedder, J.; Ørnskov, D.; Engvad, B.; Kristensen, T.K.; Lomholt, M.; Marcussen, N.; Waldström, M. Seminal human papillomavirus originates from the body surface and is not a frequent aetiological factor in azoospermia. Andrologia 2019, 51, e13202. [Google Scholar] [CrossRef]

	



Depuydt, C.E.; Donders, G.; Verstraete, L.; Vanden Broeck, D.; Beert, J.; Salembier, G.; Bosmans, E.; Dhont, N.; Van Der Auwera, I.; Vandenborne, K.; et al. Time has come to include Human Papillomavirus (HPV) testing in sperm donor banks. Facts Views Vis. ObGyn 2018, 10, 201–205. [Google Scholar]

	



Pellavio, G.; Todaro, F.; Alberizzi, P.; Scotti, C.; Gastaldi, G.; Lolicato, M.; Omes, C.; Caliogna, L.; Nappi, R.E.; Laforenza, U. HPV Infection Affects Human Sperm Functionality by Inhibition of Aquaporin-8. Cells 2020, 9, 1241. [Google Scholar] [CrossRef] [PubMed]

	



Lee, C.A.; Huang, C.T.; King, A.; Chan, P.J. Differential effects of human papillomavirus DNA types on p53 tumor-suppressor gene apoptosis in sperm. Gynecol. Oncol. 2002, 85, 511–516. [Google Scholar] [CrossRef]

	



Connelly, D.A.; Chan, P.J.; Patton, W.C.; King, A. Human sperm deoxyribonucleic acid fragmentation by specific types of papillomavirus. Am. J. Obs. Gynecol. 2001, 184, 1068–1070. [Google Scholar] [CrossRef]

	



Kaspersen, M.D.; Bungum, M.; Fedder, J.; Bonde, J.; Larsen, P.B.J.; Ingerslev, H.; Höllsberg, P. No increased sperm DNA fragmentation index in semen containing human papillomavirus or herpesvirus. Andrology 2013, 1, 361–364. [Google Scholar] [CrossRef]

	



Cortés-Gutiérrez, E.I.; Dávila-Rodríguez, M.I.; Fernández, J.L.; de la Pérez, L.O.; Garza-Flores, M.E.; Eguren-Garza, R.; Gosálvez, J. The presence of human papillomavirus in semen does not affect the integrity of sperm DNA. Andrologia 2017, 49. [Google Scholar] [CrossRef]

	



Chan, P.J.; Seraj, I.M.; Kalugdan, T.H.; King, A. Evidence for ease of transmission of human papillomavirus DNA from sperm to cells of the uterus and embryo. J. Assist. Reprod. Genet. 1996, 13, 516–519. [Google Scholar] [CrossRef]

	



Henneberg, A.A.; Patton, W.C.; Jacobson, J.D.; Chan, P.J. Human papilloma virus DNA exposure and embryo survival is stage-specific. J. Assist. Reprod. Genet. 2006, 23, 255–259. [Google Scholar] [CrossRef] [PubMed]

	



Giuliano, A.R.; Lee, J.H.; Fulp, W.; Villa, L.L.; Lazcano, E.; Papenfuss, M.R.; Abrahamsen, M.; Salmeron, J.; Anic, G.M.; Rollison, D.E.; et al. Incidence and clearance of genital human papillomavirus infection in men (HIM): A cohort study. Lancet 2011, 377, 932–940. [Google Scholar] [CrossRef]

	



Hamilton, T.R.D.S.; Assumpcao, M.E.O.D. Sperm DNA fragmentation: Causes and identification. Zygote 2020, 28, 1–8. [Google Scholar] [CrossRef]

	



Kyrgiou, M.; Mitra, A.; Arbyn, M.; Stasinou, S.M.; Martin-Hirsch, P.; Bennett, P.; Paraskevaidis, E. Fertility and early pregnancy outcomes after treatment for cervical intraepithelial neoplasia: Systematic review and meta-analysis. BMJ 2014, 349, g6192. [Google Scholar] [CrossRef]

	



Garolla, A.; De Toni, L.; Bottacin, A.; Valente, U.; De Rocco Ponce, M.; Di Nisio, A.; Foresta, C. Human Papillomavirus Prophylactic Vaccination improves reproductive outcome in infertile patients with HPV semen infection: A retrospective study. Sci. Rep. 2018, 8, 912. [Google Scholar] [CrossRef]

	



Rex, A.S.; Wu, C.; Aagaard, J.; Fedder, J. Implementation of an in-house flow cytometric analysis of DNA fragmentation in spermatozoa. Asian J. 2020, 22, 246–251. [Google Scholar] [CrossRef]








[image: Jcm 10 00717 g001 550] 





Figure 1. DFI% versus pregnancy outcome and HPV status. The dashed line represents the calculated DFI cutoff of 26% above which no clinical pregnancies could be achieved (sensitivity of 100% and specificity of 36.3%). Real time qPCR was used to quantify following HPV types: HPV 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 67 and 68. 
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Figure 2. DNA fragmentation index (DFI%) versus HPV virions/spermatozoon ratio in neat sperm used for IUI. Dotted line = DFI cutoff (26%) above which no CP were observed with IUI (current study); Dashed line = the HPV virion per spermatozoon ratio cutoff (0.66) above which no CP were achieved with IUI (8); Green circles = low risk HPV types, Red circles = high risk HPV types. The number in the circle denotes the HPV type. 18* = multiple infection with HPV types 18, 6 and 59; 52* = multiple infection with HPV types 52, 53, 56 and 66. HPV types 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 67 and 68 were quantified with real-time qPCRs. 
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Table 1. Couple characteristics and demographic data on 209 intra-uterine insemination (IUI) cycles divided according to low DNA fragmentation index (DFI) (≤26%) and high DFI (>26%) and Human Papillomavirus (HPV) status.
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All

	

	
DFI ≤ 26%

	
DFI > 26%

	
p-Value

	
HPV-Negative

	
HPV-Positive

	
p-Value






	
IUI Cycles Included (n; %)

	
209

	
100

	
144

	
68.9

	
65

	
31.1

	

	
178

	
85.2

	
31

	
14.8

	




	
Female Age (mean; 95% CI)(Years)

	
32.3

	
31.5 to 33.1

	
32.3

	
31.3 to 33.2

	
32.3

	
30.9 to 33.7

	
NS

	
32.2

	
31.3 to 33.1

	
32.7

	
30.7 to 34.7

	
NS




	
Male Age (mean; 95% CI)(Years)

	
34.9

	
34.0 to 35.9

	
34.1

	
33.1 to 35.2

	
36.5

	
34.5 to 38.4

	
0.0259

	
34.8

	
33.8 to 35.8

	
35.6

	
32.7 to 38.6

	
NS




	
Sperm Concentration (Mean; 95% CI) (106/mL)

	
47.3

	
40.3 to 54.4

	
49.4

	
40.6 to 58.3

	
43.1

	
31.3 to 54.9

	
NS

	
49.4

	
41.9 to 56.8

	
35.9

	
14.9 to 56.9

	
NS




	
Progressive Sperm Concentration (Mean; 95% CI) (106/mL)

	
58.3

	
48.1 to 68.4

	
61.8

	
49.2 to 74.4

	
51.0

	
33.4 to 68.5

	
NS

	
61.1

	
49.9 to 72.3

	
42.2

	
18.8 to 66.7

	
NS




	
Percentage Progressive Sperm (Mean; 95% CI) (%)

	
40.5

	
38.0 to 43.0

	
43.5

	
40.6 to 46.4

	
34.2

	
29.7 to 38.7

	
0.0007

	
42.2

	
39.6 to 44.7

	
30.9

	
23.4 to 38.3

	
0.0058




	
Sperm Morphology (Mean; 95% CI) (%)

	
3.8

	
3.5 to 4.2

	
4.1

	
3.7 to 4.6

	
3.2

	
2.6 to 3.7

	
0.0069

	
3.9

	
3.5 to 4.3

	
3.3

	
2.3 to 4.3

	
NS




	
IMC (mean; 95% CI)(106/mL)

	
9.5

	
7.7 to 11.4

	
10.4

	
8.0 to 12.9

	
8.1

	
5.6 to 10.6

	
NS

	
10.6

	
8.6 to 12.7

	
2.8

	
1.1 to 4.3

	
0.0086




	
DFI (mean; 95% CI) (%)

	
22.2

	
20.0 to 24.4

	
13.3

	
12.1 to 14.6

	
41.9

	
38.7 to 45.1

	
<0.0001

	
20.9

	
18.6 to 23.2

	
29.8

	
23.4 to 36.2

	
0.0111




	
HDS (mean; 95% CI) (%)

	
3.6

	
3.2 to 4.0

	
3.4

	
2.9 to 3.9

	
3.8

	
3.2 to 4.4

	
NS

	
3.3

	
2.9 to 3.7

	
5.0

	
3.5 to 6.5

	
0.0025




	
Normal Semen Parameters (WHO 2010) (n) (%/IUI cycle)

	
78

	
37.3

	
64

	
82.1

	
17

	
17.9

	
<0.0001

	
72

	
92.3

	
6

	
7.7

	
<0.0001




	
Biochemical Pregnancies (n) (%/IUI cycle)

	
2

	
1.0

	
1

	
0.7

	
1

	
1.5

	
NS

	
2

	
1.1

	
0

	
0

	
NS




	
Clinical Pregnancies (n) (%/IUI cycle)

	
27

	
12.9

	
27

	
18.8

	
0

	
0

	
0.0004

	
27

	
15.2

	
0

	
0

	
0.0417








IUI: intra-uterine insemination; DFI: DNA fragmentation index; HDS: High DNA stainability; IMC: inseminating motile count; NS: not significant p > 0.05.
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Table 2. Overview of the detected HPV types.
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	HPV Type
	Single
	Multiple
	Total
	
	DFI ≤ 26
	
	DFI > 26
	





	
	n
	n
	n
	%
	n
	%
	n
	%



	6
	5
	2
	7
	22.6
	4
	80
	1
	20



	11
	-
	-
	-
	
	-
	-
	-
	-



	16
	1
	2
	3
	9.7
	0
	0
	3
	100



	18
	-
	1
	1
	3.2
	1
	100
	0
	0



	31
	3
	-
	3
	9.7
	1
	33
	2
	67



	33
	-
	-
	-
	-
	-
	-
	-
	-



	35
	-
	-
	-
	-
	-
	-
	-
	-



	39
	1
	-
	1
	3.2
	1
	100
	0
	0



	45
	1
	-
	1
	3.2
	0
	0
	1
	100



	51
	2
	-
	2
	6.5
	1
	50
	1
	50



	52
	1
	1
	2
	6.5
	2
	100
	0
	0



	53
	2
	1
	3
	9.7
	1
	50
	1
	50



	56
	1
	1
	2
	6.5
	0
	0
	1
	100



	58
	2
	-
	2
	6.5
	1
	50
	1
	50



	59
	-
	2
	2
	6.5
	-
	-
	-
	-



	66
	2
	1
	3
	9.7
	1
	50
	1
	50



	67
	4
	-
	4
	12.9
	1
	25
	3
	75



	68
	2
	-
	2
	6.5
	1
	50
	1
	50







HPV positive = detection of one of the following HPV types: HPV 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 67 or 68.
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