

  medicina-54-00050




medicina-54-00050







Medicina 2018, 54(4), 50; doi:10.3390/medicina54040050




Review



Human Papilloma Virus (HPV) and Fertilization: A Mini Review



Konstantinos Zacharis 1[image: Orcid], Christina I. Messini 1[image: Orcid], George Anifandis 1,2,*, George Koukoulis 2, Maria Satra 3 and Alexandros Daponte 1





1



School of Health Sciences, Faculty of Medicine, Department of Obstetrics and Gynaecology, University of Thessaly, Biopolis, T.K., 42200 Larissa, Greece






2



School of Health Sciences, Faculty of Medicine, Department of Morphology, University of Thessaly, Biopolis, T.K., 42200 Larissa, Greece






3



School of Health Sciences, Faculty of Medicine, Department of Biology, University of Thessaly, Biopolis, T.K., 42200 Larissa, Greece









*



Correspondence: ganif@med.uth.gr; Tel.: +00302413501192







Received: 29 May 2018 / Accepted: 24 July 2018 / Published: 27 July 2018



Abstract

:

Human papilloma virus (HPV) is one of the most prevalent viral sexually transmitted diseases. The ability of HPV to induce malignancy in the anogenital tract and stomato-pharyngeal cavity is well documented. Moreover, HPV infection may also affect reproductive health and fertility. Although, the impact of HPV on female fertility has not been thoroughly studied it has been found also to have an impact on semen parameters. Relative information can be obtained from studies investigating the relationship between HPV and pregnancy success. Furthermore, there is an ongoing debate whether HPV alters the efficacy of assisted reproductive technologies. An association between HPV and assisted reproductive technologies (ART) programs has been reported. Nevertheless, due to conflicting data and the small number of existing studies further research is required. It remains to be clarified whether HPV detection and genotyping could be included in the diagnostic procedures in couples undergoing in vitro fertilization (IVF)/intrauterine insemination (IUI) treatments. Vaccination of both genders against HPV can reduce the prevalence of HPV infection and eliminate its implications on human fertility. The aim of the present mini-review is to reiterate the association between HPV and human fertility through a systematic literature review.
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1. Introduction


Human papillomavirus (HPV) is a common sexually transmitted virus. HPV is a DNA virus infecting the squamous epithelium of the reproductive system, the anal transformation zone, the mucosal epithelium of the larynx, the tonsils, and the oropharynx [1,2,3]. It is transmitted through sexual contact by all contact points and its incidence is relatively high in both genders regardless of the socioeconomic status and geographic location. HPV, according to the type, is responsible for the formation of benign lesions (warts or papillomas) and intraepithelial neoplasia, which in combination with specific and close-related risk factors, similar to those of cervical cancer, such as life style factors, multiple sexual partners, and infectious agents may lead to carcinogenesis [4,5]. HPV 16, 18, and 31 genotypes were the most prevalent high risk (HR) HPV types, while HPV 6 and 62 were the most prevalent low risk (LR) types in a group of 152 women who participated in a study investigating the relationship between HPV and cervical cancer in Egypt [6]. The HPV 52 and HPV 16, 58, 39, and 51 demonstrated the HP-HPV infections, while LR-HPV was HPV 81 followed by HPVs 6, 11, and 44 in a study investigating the correlation between HPV genotypes and cervical carcinoma [7]. HPV genotyping is of great importance in fertility/infertility diagnosis [8]. Recent studies propose a relationship between HPV and reduced fertility as well as a change in the outcome of the assisted reproductive technology [8,9]. The purpose of this work is to review the facts on HPV and its correlation with fertilization and it may be a useful tool for clinicians managing HPV in reproduction health care.




2. HPV and Semen


Several viral infections, such as human immunodeficiency virus or hepatitis B and C viruses may infect directly the male gametes, spermatozoa or indirectly the male reproductive track, causing indirectly male infertility [10,11,12,13,14,15]. Reduced fertility is reflected by altered sperm parameters, in increased sperm DNA fragmentation, and in increased sperm aneuploidy. It is thought that HPV is attached to the spermatozoa in two distinct sites along the equatorial region of the spermatozoon’s head, similarly to other viruses infecting the sperm. The presence of glycosaminoglycans or other soluble substances at the surface of the spermatozoa seems to mediate the interaction and binding of HPV on the spermatozoa. Recent data suggest that L1 capsid protein of the HPV and the glycosaminoglycan syndecan-1 are collocated at the equatorial segment of the spermatozoa head [16,17,18]. What is more, the equatorial segment is the site of the spermatozoon that binds and subsequently fuses with the plasma membrane of the oocyte [19]. Correlating all the above data we can assume that there is probably a negative impact of HPV in fertilization. Moreover, it has been demonstrated that impairment of sperm parameters maybe HPV genotype dependent. Specifically, in a study conducted by Connelly and colleagues (2001), it was found that HPV DNA 16 and 31 caused DNA breakages, proposing that these HPV genotypes may adversely impact on the developmental potential of embryos. Moreover, HPV DNA 18, 33 and 6/11 seemed not to affect the sperm parameters [20]. Additionally, it has been suggested by Lee and colleagues (2002) that exposure of sperm samples to HPV genotypes 6b/11, 16, 18, 31, and 33 preferentially degrade various exons of the involved genes, decreasing therefore the motility and the fertilizing potential of the spermatozoa [21]. In a clinical study conducted by Garolla and colleagues, it was found that the infection of spermatozoa with HPV was associated with the level of antisperm antibodies, suggesting indirectly that sperm samples positive to Mar tests should be considered for HPV infection [22]. In contrast to other viral infections, HPV does not affect the sperm chromosome number [14]. A large number of studies tend to be in line with the previously mentioned data, suggesting that HPV is related to bad sperm quality (reduced sperm motility, reduced total sperm count, reduced sperm count with normal morphology and reduced viability) [23,24,25]. On the other hand, a recent study failed to notice any relation between HPV presence in sperm and alteration of sperm parameters [26], while similar results were also found in different studies in males investigating their semen’s fertilization capability [27,28,29].




3. HPV and Early Stages of Embryogenesis


There is no doubt that spermatozoa can transfer viral DNA to the embryo through the fertilization process [30,31,32]. Studies in rodents have shown successful ovum fertilization from HPV infected spermatozoa [33]. Viral gene expression in the inner cell mass and trophectoderm was noted in the resulting blastocysts [34]. Studies using hamster egg fertilized by human spermatozoa (HEPT test) revealed that the gene expression of E6, E7, and L1 and the subsequent production of the proteins resulted in increased DNA fragmentation of the blastocysts and death of the trophoblasts [34]. In a study by Henneberg and colleagues investigating the relationship between HPV DNA exposure and embryo development, it was demonstrated that both genotypes HPV-16 and HPV-18 have embryo stage-specific effects [35]. Last, Gomez and colleagues found that the apoptosis rate was 3- to 6-fold greater in infected than in non-infected trophoblasts resulting in placental dysfunction and spontaneous preterm delivery [36].




4. HPV, Female Fertility and Spontaneous Abortions


In contrast to studies regarding male fertility and how it is affected by HPV, studies examining the impact of HPV on female fertility are limited. Most studies investigate the effect of the virus on the female reproductive system. A study from which we could acquire relative information is the one that investigates the relation between HPV infection and pregnancy outcome [8]. Some previous studies [36,37,38] have suggested a relation between virus infection and spontaneous abortions or premature rupture of membranes, a finding that was not confirmed by other studies [39,40]. Furthermore, a very recent study investigating 226 infertile couples for the impact of sperm HPV prevalence on spontaneous or assisted pregnancies, live births and miscarriages found a reduction in natural and assisted cumulative pregnancy rate and an increase in miscarriage rate regarding patients with HPV positive sperm cells [41]. Blastocysts that have been derived after insemination with HPV-infected spermatozoa may have lower implantation potential due to the infection of trophoblast cells of the blastocyst, implying indirectly the increased risk of abortion in these couples [42,43,44].




5. HPV and Assisted Reproductive Technology (ART)


It has been reported that HPV presence in sperm during assisted reproductive technology leads to lower rates of fertilization and increased rates of abortion. Researchers assume that during ART, HPV may intervene in the mechanisms of acrosome reaction, in the interplay between spermatozoa and ovum and in sperm-egg fusion. This is due to HPV binding on the spermatozoa head or tail segments, causing a reduction in acrosome functionality and capability [45].



The need for the development of a protocol to purify HPV infected sperm before its usage in ART has already been proposed by some researchers [46]. In serum-positive couples undergoing ART, a protocol involving enzymatic clearance has been used, which purifies sperm for a safe conception. A modified swim-up with added Heparinase III is used to remove HPV-DNA from infected semen samples [47].



5.1. Intrauterine Insemination


Studies have investigated the impact of HPV infection during IUI in infertile couples [41,48]. In a recent study by Depuydt and colleagues [48] found that HPV positive women undergoing IUI treatments have lower chances to achieve pregnancy. More specifically, among 590 women undergoing 1529 intrauterine insemination cycles, those suffering from an HPV infection had a six time less chance to become pregnant (1.87%) compared to women not infected by HPV (11.4%). It is worth mentioning from the above study that there was an 11% prevalence of the virus in each cycle [48]. In a more recent study by Garolla and colleagues, investigating 226 infertile couples, it was demonstrated that couples with infertility problems were allocated into two groups, depending on HPV presence in spermatozoa detected by fluorescence in situ hybridization (FISH). Among couples undergoing intrauterine insemination, a clinical pregnancy occurred in 12 out of 60 (20%) couples belonging to the non-infected group and in 2 out of 21 (9.5%) couples of the HPV-positive group [41].




5.2. In vitro Fertilization


It is known that women with infertility problems, with an indication for IVF treatment, exhibit twice more often HPV-related abnormal cervical cytology or high grade cervical lesions compared to the general population [5]. There are studies whose results have shown that there is no relation between HPV-16 and IVF outcomes [49] and no statistically significant differences in pregnancy rates between HPV-positive and healthy couples undergoing IVF/ET [50]. In one of the first studies evaluating the effect of HPV on IVF outcome by Spandorfer and colleagues [9], it was shown that HPV infection was detected in 16% of all patients. Pregnancy rate in women undergoing IVF treatment was two-fold higher compared to HPV-positive women (57% vs. 23.5%). It is worth mentioning that in that study [9] the number of oocytes retrieved as well as the embryo quality was not affected by the HPV infection. The spontaneous abortion rate did not differ significantly between the two groups [9]. In addition to the above-mentioned data, Garolla and colleagues [41] in a recent study allocated couples into two groups, depending on the presence of the virus in the sperm, and they underwent intracytoplasmic sperm injection (ICSI). Among the healthy couples, clinical pregnancy was achieved in 40 out of 98 (40.8%) of them, while among couples with HPV-positive sperm only 6 of 33 (18.2%) couples achieved clinical pregnancy, although fertilization rates following ICSI were similar in the two groups. It has been also shown that the proportion of blastocyst formation was significantly lower in the HPV infected group compared to the healthy group (27.3% vs. 54.1%, respectively). The HPV-negative group had a spontaneous pregnancy rate of 8.1%, in contrast to the HPV-positive couples, where the percent of spontaneous pregnancies was zero [41].



A recent novel meta-analysis performed by Siristatidis and colleagues [51] is the first one that complexes the HPV infection and ART outcome. Including all the relative publications concerning HPV and ART outcome, it was found that there is no enough evidence to draw solid conclusions regarding the impact of HPV infection in women on assisted reproductive outcomes. Further to the above founding, it was also reported that when HPV infection is present in the male partner, it appears that there is a negative effect on live birth/ongoing pregnancy rate and an increase in the miscarriage rate [51]. Lastly, following the previous novel meta-analysis, Xiong and colleagues [52], performed another meta-analysis relating the HPV risk with spontaneous abortion and spontaneous preterm birth (sPTB). It was found that HR-HPV infection was a risk for sPTB. Moreover, HPV infection was found to be independent of the clinical pregnancy rate and spontaneous abortion [52], results similar to those of Siristatidis and colleagues. These two meta-analyses revealed that there is no evidence to blame HPV for ART outcome, apart from the preterm delivery.





6. HPV and Cryopreservation


A significantly higher percentage of HPV-infected sperm cells compared to controls were found in a study that compared the percentage of presence of HPV in sperm cells from cryovials between oncology patients and healthy controls [53]. It was suggested in that study that it is not known whether the infected sperm are able to cross-contaminate cryovials and impair the outcome of assisted reproduction techniques, but indirectly implies that HPV can retain its DNA integrity in ultra-cooling conditions [53]. It is recommended that HPV examination should be performed in all semen samples before sperm banking, since HPV is very common worldwide and the actual incidence of infection has not been accurately calculated [53]. Moreover, it is suggested that HPV-positive sperm samples should be cryopreserved in different tanks from that of healthy samples, since cross-contamination is a possibility although it has been not yet proved.




7. Conclusions


HPV infection seems to be significantly related to negative effects on both the female and male reproductive system and consequently on the normal reproductive function. Based upon the existing studies, viral infection in men may lead to bad sperm quality (mainly asthenozoospermia) and increased rates of antisperm antibodies. On the other hand, more research is needed on the viral effect on female fertility. Although data are conflicting, it seems that spontaneous abortion rate and premature rupture of membranes during pregnancy are higher in cases of a coexisting HPV infection. The role of HPV in assisted reproductive technology is not clearly defined. We can certainly support that viral infection has no positive effects on IVF outcomes, as the existing studies suggest either a negative impact (reduced pregnancy rates) or no effect at all. More studies and in vitro research on human blastocysts are needed in order to evaluate the effect of HPV on early stages of embryonic development, because most of the currently available data are derived from research in mice.



HPV detection and genotype determination can be helpful, especially in cases of unexplained infertility in order to select the proper therapeutic protocol. For that reason, further research is required regarding the need for sperm clearance and sperm free-HPV before its usage in assisted reproductive technology. Nowadays, vaccination of both males and females is an urgent need. Immunization against the virus will act as the starting point to reduce the viral prevalence and subsequently its effects on the general health and fertility of both genders. It is certain that in the near future more data will emerge regarding the role of HPV in reproductive medicine and its effects on assisted reproduction. These data may change the way clinicians manage HPV infection in the context of assisted reproduction.







Author Contributions


A.D. conceived the idea. K.Z. wrote the first draft. C.I.M., G.A., G.K. and M.S. critically reviewed and amended the draft. All authors approved of the final draft.




Funding


This research received no external funding.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Stier, E.A.; Sebring, M.C.; Mendez, A.E.; Ba, F.S.; Trimble, D.D.; Chiao, E.Y. Prevalence of anal human papillomavirus infection and anal HPV-related disorders in women: A systematic review. Am. J. Obstet. Gynecol. 2015, 213, 278–309. [Google Scholar] [CrossRef] [PubMed]

	



Chernock, R.D.; Wang, X.; Gao, G.; Lewis, J.S., Jr.; Zhang, Q.; Thorstad, W.L.; El-Mofty, S.K. Detection and significance of human papillomavirus, CDKN2A(p16) and CDKN1A(p21) expression in squamous cell carcinoma of the larynx. Mol. Pathol. 2013, 26, 223–231. [Google Scholar] [CrossRef] [PubMed]

	



Woods, R.Sr.; O’Regan, E.M.; Kennedy, S.; Martin, C.; O’Leary, J.J.; Timon, C. Role of human papillomavirus in oropharyngeal squamous cell carcinoma: A review. World. J. Clin. Cases. 2014, 2, 172–193. [Google Scholar] [CrossRef] [PubMed]

	



Alba, A.; Carach, M.; Rodríguez-Cerdeira, C. The human papillomavirus (HPV) in human pathology: Description, pathogenesis, oncogenic role, epidemiology and detection techniques. The Open Dermatol. J. 2009, 3, 90–102. [Google Scholar] [CrossRef]

	



Pereira, N.; Kucharczyk, K.M.; Estes, J.L.; Gerber, R.S.; Lekovich, J.P.; Elias, R.T.; Spandorfer, S.D. Human papillomavirus infection, infertility, and assisted reproductive outcomes. J. Pathol. 2015, 2015, 578423. [Google Scholar] [CrossRef] [PubMed]

	



Youssef, M.A.; Abdelsalam, L.; Harfoush, R.A.; Talaat, I.M.; Elkattan, E.; Mohey, A.; Abdella, R.M.; Farhan, M.S.; Foad, H.A.; Elsayed, A.M.; et al. Prevalence of human papilloma virus (HPV) and its genotypes in cervical specimens of Egyptian women by linear array HPV genotyping test. Infect. Agent. Cancer 2016, 11, 6. [Google Scholar] [CrossRef] [PubMed]

	



Xiang, F.; Guan, Q.; Liu, X.; Xiao, H.; Xia, Q.; Liu, X.; Sun, H.; Song, X.; Zhong, Y.; Yuan, C.H.; et al. Distribution characteristics of different human papillomavirus genotypes in women in Wuhan, China. J. Clin. Lab. Anal. 2018, e22581. [Google Scholar] [CrossRef] [PubMed]

	



Souho, T.; Benlemlih, M.; Bennani, B. Human Papillomavirus infection and fertility alteration: A systematic review. PloS ONE 2015, 10, e0126936. [Google Scholar] [CrossRef] [PubMed]

	



Spandorfer, S.D. Bongiovanni, A.M.; Fasioulotis, S.; Rosenwaks, Z.; Ledger, W.J.; Witkin, S.S. Prevalence of cervical human papillomavirus in women undergoing in vitro fertilization and association with outcome. Fertil. Steril. 2006, 86, 765–767. [Google Scholar] [CrossRef] [PubMed]

	



Kehl, S.; Weigel, M.; Müller, D.; Gentili, M.; Hornemann, A.; Sütterlin, M. HIV-infection and modern antiretroviral therapy impair sperm quality. Arch. Gynecol. Obstet. 2011, 284, 229–233. [Google Scholar] [CrossRef] [PubMed]

	



Bujan, L. Sergerie, M.; Moinard, N.; Martinet, S.; Porte, L.; Massip, P.; Pasquier, C.; Daudin, M. Decreased semen volume and spermatozoa motility in HIV-1-infected patients under antiretroviral treatment. J. Androl. 2007, 28, 444–452. [Google Scholar] [CrossRef] [PubMed]

	



Safarinejad, M.R.; Kolahi, A.A.; Iravani, S. Evaluation of semen variables, sperm chromosomal abnormalities and reproductive endocrine profile in patients with chronic hepatitis C. BJU Int. 2010, 105, 79–86. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Zhou, X.L.; Sun, P.N.; Huang, T.H.; Xie, Q.D.; Kang, X.J.; Liu, L.M. Effects of hepatitis B virus S protein on human sperm function. Hum. Reprod. 2009, 24, 1575–1583. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Huang, J.M.; Huang, T.H.; Qiu, H.Y.; Fang, X.W.; Zhuang, T.G.; Liu, H.X.; Wang, Y.H.; Deng, L.Z.; Qiu, J.W. Effects of hepatitis B virus infection on human sperm chromosomes. World J. Gastroenterol. 2003, 9, 736–740. [Google Scholar] [CrossRef] [PubMed]

	



Goldberg-Bittman, L.; Kitay-Cohen, Y.; Hadari, R.; Yukla, M.; Fejgin, M.D.; Amiel, A. Random aneuploidy in chronic hepatitis C patients. Cancer Genet. Cytogenet. 2008, 180, 20–23. [Google Scholar] [CrossRef] [PubMed]

	



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

	



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] [PubMed]

	



Garolla, A.; Pizzol, D.; Foresta, C. The role of human papillomavirus on sperm function. Curr. Opin. Obstet. Gynecol. 2011, 23, 232–237. [Google Scholar] [CrossRef] [PubMed]

	



Anifandis, G.; Messini, C.; Dafopoulos, K.; Sotiriou, S.; Messinis, I. Molecular and cellular mechanisms of sperm-oocyte interactions opinions relative to in vitro fertilization (IVF). Int. J. Mol. Sci. 2014, 15, 12972–12997. [Google Scholar] [CrossRef] [PubMed]

	



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

	



Garolla, A.; Pizzol, D.; Bertoldo, A.; de Toni, L.; Barzon, L.; Foresta, C. Association, prevalence, and clearance of human papillomavirus and antisperm antibodies in infected semen samples from infertile patients. Fertil. Steril. 2013, 99, 125–131. [Google Scholar] [CrossRef] [PubMed]

	



Foresta, C.; Pizzol, D.; Moretti, A.; Barzon, L.; Palù, G.; Garolla, A. Clinical and prognostic significance of human papillomavirus DNA in the sperm or exfoliated cells of infertile patients and subjects with risk factors. Fertil. Steril. 2010, 94, 1723–1727. [Google Scholar] [CrossRef] [PubMed]

	



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]

	



Bezold, G.; Politch, J.A.; Kiviat, N.B.; Kuypers, J.M.; Wolff, H.; Anderson, D.J. Prevalence of sexually transmissible pathogens in semen from asymptomatic male infertility patients with and without leukocytospermia. Fertil. Steril. 2007, 87, 1087–1097. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Luttmer, R.; Dijkstra, M.G.; Snijders, P.J.; Hompes, P.G.; Pronk, D.T.; Hubeek, I.; Berkhof, J.; Heideman, D.A.; Meijer, C.J. Presence of human papillomavirus in semen in relation to semen quality. Hum. Reprod. 2016, 31, 280–286. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



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]

	



Schilaci, R.; Capra, G.; Bellavia, C.; Ruvolo, G.; Scazzone, C.; Venezia, R.; Perino, A. Detection of oncogenic human papillomavirus genotypes on sperimatozoa of male partners of infertile couples. Fertil. Steril. 2013, 100, 1236–1240. [Google Scholar] [CrossRef] [PubMed]

	



Golob, B.; Poljak, M.; Verdenik, I.; Kolbezen Simoniti, M.; Vrtačnik Bokal, E.; Zorn, B. High HPV infection prevalence in men from infertile couples and lack of relationship between seminal HPV infection and sperm quality. BioMed Res. Int. 2014, 2014, 956901. [Google Scholar] [CrossRef] [PubMed]

	



Lai, Y.M.; Yang, F.P.; Pao, C.C. Human papillomavirus deoxyribonucleic acid and ribonucleic acid in seminal plasma and sperm cells. Fertil. Steril. 1996, 65, 1026–1030. [Google Scholar] [CrossRef]

	



Chan, P.J.; Su, B.C.; Kalugdan, T.; Seraj, I.M.; Tredway, D.R.; King, A. Human papillomavirus gene sequences in washed human spermdeoxyribonucleic acid. Fertil. Steril. 1994, 61, 982–985. [Google Scholar] [CrossRef]

	



Chan, P.J.; Kalugdan, T.; Su, B.C.; Whitney, E.A.; Perrott, W.; Tredway, D.R.; King, A. Sperm as a noninvasive gene delivery systemfor preimplantation embryos. Fertil. Steril. 1995, 63, 1121–1124. [Google Scholar] [CrossRef]

	



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] [PubMed]

	



Cabrera, M.; Chan, P.J.; Kalugdan, T.H.; King, A. Transfection of the inner cell mass and lack of a unique DNA sequence affecting the uptake of exogenous DNA by sperm as shown by dideoxy sequencing analogues. J. Assist. Reprod. Genet. 1997, 14, 120–124. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



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][Green Version]

	



Gomez, L.M.; Ma, Y.; Ho, C.; McGrath, C.M.; Nelson, D.B.; Parry, S. Placental infection with human papillomavirus is associated with spontaneous preterm delivery. Hum. Reprod. 2008, 23, 709–715. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Rombaldi, R.L.; Serafini, E.P.; Mandelli, J.; Zimmermann, E.; Losquiavo, K.P. Transplacental transmission of human papillomavirus. Virol. J. 2008, 5, 106. [Google Scholar] [CrossRef] [PubMed]

	



Hermonat, P.L.; Han, L.; Wendel, P.J.; Quirk, J.G.; Stern, S.; Lowery, C.L.; Rechtin, T.M. Human papillomavirus is more prevalent in first trimester spontaneously aborted products of conception compared to elective specimens. Virus Genes 1997, 14, 13–17. [Google Scholar] [PubMed]

	



Skoczynski, M.; Goździcka-Józefiak, A.; Kwaśniewska, A. Prevalence of human papillomavirus in spontaneously aborted products of conception. Acta Obstet. Gynecol. Scand. 2011, 90, 1402–1405. [Google Scholar] [CrossRef] [PubMed]

	



Conde-Ferráez, L.; Chan May Ade, A.; Carrillo-Martínez, J.R.; Ayora-Talavera, G.; González-Losa Mdel, R. Human papillomavirus infection and spontaneous abortion: A case-control study performed in Mexico. Eur. J. Obstet. Gynecol. Reprod. Biol. 2013, 170, 468–473. [Google Scholar] [CrossRef] [PubMed]

	



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] [PubMed]

	



Eppel, W.; Worda, C.; Frigo, P.; Ulm, M.; Kucera, E.; Czerwenka, K. Human papillomavirus in the cervix and placenta. Obstet. Gynecol. 2000, 96, 337–341. [Google Scholar] [PubMed]

	



Matovina, M.; Husnjak, K.; Milutin, N.; Ciglar, S.; Grce, M. Possible role of bacterial and viral infections in miscarriages. Fertil. Steril. 2004, 81, 662–669. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Noventa, M.; Andrisani, A.; Gizzo, S.; Nardelli, G.B.; Ambrosini, G. Is it time to shift the attention on early stages embryo development to avoid inconclusive evidence on HPV related infertility: Debate and proposal. Reprod. Biol. Endocrinol. 2014, 12, 48. [Google Scholar] [CrossRef] [PubMed]

	



Yang, Y.; Jia, C.W.; Ma, Y.M.; Zhou, L.Y.; Wang, S.Y. Correlation between HPV sperm infection and male infertility. Asian J. Androl. 2013, 15, 529–532. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Foresta, C.; Noventa, M.; de Toni, L.; Gizzo, S.; Garolla, A. HPV-DNA sperm infection and infertility: From a systemic literature to a possible clinical management proposal. Andrology 2015, 3, 163–173. [Google Scholar] [CrossRef] [PubMed]

	



Garolla, A.; Lenzi, A.; Palù, G.; Pizzol, D.; Bertoldo, A.; de Toni, 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]

	



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. Obstet. Invest. 2016, 81, 41–46. [Google Scholar] [CrossRef] [PubMed]

	



Tanaka, H.; Karube, A.; Kodama, H.; Fukuda, J.; Tanaka, T. Mass screening for human papillomavirus type 16 infection in infertile couples. J. Reprod. Med. 2000, 45, 907–911. [Google Scholar] [PubMed]

	



Perino, A.; Giovannelli, L.; Schillaci, R.; Ruvolo, G.; Fiorentino, F.P.; Alimondi, P.; Cefalù, E.; Ammatuna, P. Human papillomavirus infection in couples undergoing in vitro fertilization procedures: Impact on reproductive outcomes. Fertil. Steril. 2011, 95, 1845–1848. [Google Scholar] [CrossRef] [PubMed]

	



Siristatidis, C.; Vaidakis, D.; Sertedaki, E.; Martins, W.P. Effect of human papilloma virus infection on in-vitro fertilization outcome: Systematic review and meta-analysis. Ultrasound Obstet. Gynecol. 2018, 51, 87–93. [Google Scholar] [CrossRef] [PubMed]

	



Xiong, Y.-Q.; Mo, Y.; Luo, Q.-M.; Huo, S.-T.; He, W.-Q.; Chen, Q. The risk of human papillomavirus infection for spontaneous abortion, spontaneous preterm birth, and pregnancy rate of assisted reproductive technologies: A systematic review and meta-analysis. Gynecol. Obstet. Invest. 2018. [Google Scholar] [CrossRef]

	



Foresta, C.; Ferlin, A.; Bertoldo, A.; Patassini, C.; Zuccarello, D.; Garolla, A. Human papilloma virus in the sperm cryobank: An emerging problem? Int. J. Androl. 2011, 34, 242–246. [Google Scholar] [CrossRef] [PubMed]







© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  medicina-54-00050


  
    		
      medicina-54-00050
    


  




  





media/file0.png





