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ABSTRACT
Human papillomavirus (HPV) is one of the most common sexually transmitted infectious viruses among men and women 
of reproductive age throughout the world. Pregnant women are susceptible during pregnancy and most infections of 
them are self-limiting infections, which can be removed by their autoimmunity, while the persistent infections are associ-
ated with precancerous lesions and cancer of the anogenital mucosa in women and men. In addition, HPV infection may 
also affect reproductive health and fertility. The effect of HPV on female fertility requires further study, but HPV influences 
sperm parameters. Furthermore, whether HPV infection alters the effect of assisted reproductive technology and whether 
there is an association between it and assisted reproductive technology (ART) outcomes is unknown. It is considered that 
the relationship between HPV infection and spontaneous abortion (SA), assisted reproductive technology (ART) outcomes 
and spontaneous preterm birth (sPTB) has profound implications for the medical care of pregnant and infertile women. 
This paper reviews the relationship between human papillomavirus infection during pregnancy and SA, sPTB and ART 
in reproduction, and reviews the relationship between human papillomavirus and human fertility by summarizing the 
recent domestic and foreign literature. 
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INTRODUCTION
As a kind of most common sexually transmitted infec-

tious viruses, Human papillomavirus (HPV) had infected 
human of reproductive age throughout the world [1], which 
mainly infects the skin and mucosal scaly epithelium. The 
overall prevalence of HPV infection is estimated to be ap-
proximately 12% among women of childbearing age [2, 3], 
nearly 60% of women carry anti-HPV antibodies in their 
sera [4]. Domestic studies have shown that 5201 pregnant 
women were screened for cervical HPV, resulting in 698 posi-
tive HPV cases and an infection rate of 13.42% [5]. HPV is 
a DNA virus that is mostly self-limiting and can be cleared 
by the infected person’s autoimmunity, but its persistent 
infection can cause carcinogenesis, and is associated with 
precancerous lesions and cancer of the anogenital mucosa 
in women as well as men [6]. HPV included high-risk HPV 
(HR-HPV) and low-risk HPV (LR-HPV) [7]. 

In order to ensure that the fetus is not rejected by the 
mother in utero during pregnancy, a large amount of es-
trogen and progesterone, chorionic gonadotropin and pla-

cental lactogen secreted by the placenta of women can in-
hibit the maternal immune response, leaving the mother 
in a state of natural immune tolerance and suppressed cellu-
lar immune function, so HPV infection is more likely to occur 
during this period. It is well-known that sexually transmitted 
infections are the main cause of infertility, but does HPV 
infection also have an impact on other aspects of human re-
production such as germ cell quality, germ cell binding, 
pregnancy success rate, abortion, preterm delivery, and 
ectopic pregnancy? It has been reported that human papil-
lomavirus (HPV) may influence pregnancy outcome [8, 9]. 
HPV infection increases the risk of spontaneous abortion as 
well as ectopic pregnancy, and different genotypes caused 
by HPV infection may play different roles in adverse preg-
nancy outcomes [10, 11]. 

Considering the relationship between HPV infection 
and spontaneous abortion (SA), assisted reproductive tech-
nology (ART) outcomes and spontaneous preterm birth 
(sPTB) have profound implications for the medical care of 
pregnant and infertile women, we reviewed the relationship 
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between human papillomavirus infection during pregnancy 
and SA, sPTB and ART in reproduction in this paper, which 
is reported as follows: 

HUMAN PAPILLOMAVIRUS AND 
SPONTANEOUS ABORTION 

Spontaneous abortion (SA) was the most common ad-
verse complication during pregnancy [13, 14]. Depending 
on the study population involved, the incidence of SA is 
nearly 12–15% [15] and 80% of SAs occur in the first tri-
mester [16], what’s worse, the risk of SA occurrence directly 
increases with age [17]. 

Previous studies reported that the prevalence of HPV 
in the cervix of women with spontaneous abortion was 
significantly higher than that of normal full-term pregnant 
women (24.5% vs 17.5%); in a previous study, although the 
pregnancy memory rate was lower in HPV-positive women, 
the rate of spontaneous abortion was doubled in 66 women 
with genital HPV infection [18]. This trend suggests a pos-
sible association between spontaneous abortion and HPV 
infection [19]. 

At present, some studies have found by summarizing 
the results of eight cohort and case-control studies [20]: 
HPV infection may increase the rate of spontaneous abor-
tion by 1.40 [95% confidence interval (CI): 0.56–3.50]; but 
the pooled OR of three cohort studies and one case-control 
study (456 subjects in total) was 0.65 (95% CI, 0.21–1.98, 
I2 = 64.7%) when only considered HR-HPV infection. 

SA is closely associated with histological chorioamnio-
nitis (HCA) and HPV infection [21]. It has been considered 
that HPV can be transmitted through the blood and cross 
the placental barrier when it infects the mother, thereby 
inducing SA [22]. Thus, in order to further verify the reliability 
of this hypothesis, some studies examined the HPV infec-
tion rate in the chorionic villi of the main septate surface 
between mother and embryo/fetus and found that the HPV 
infection rate in the chorionic villi was low (4–7%) [23–25]. 
In addition, in vitro studies have shown that HPV can repli-
cate in trophoblast cells, suggesting that the virus may not 
be strictly keratinocyte-specific [26, 27], indicating that HPV 
has a low propensity for chorionic villi. There is a great varia-
bility in the detection rate of HPV-DNA in amniotic fluid, cord 
blood, cervical tissue as well as fetal membranes, ranging 
from 4–75% [28, 29]. Many studies on cord blood, amniotic 
fluid, and fetal membranes also do not support this idea 
[30, 31]. Therefore, the hypothesis that HPV-infected preg-
nant women possibly cause SA by virus crossing the placen-
tal barrier has been greatly questioned. The reported results 
on the relationship between human papillomavirus (HPV) 
and SA are conflicting, and this may be due to the interfer-
ence of confounding factors, such as HPV detection meth-
ods and risk factors or other sexually transmitted infections. 

Another statement is that the gene expression of HPV 
can increase embryonic DNA fragments, leading to abnor-
mal embryonic development. In addition, HPV-DNA infec-
tion can increase the apoptosis rate of trophoblast cells, 
change placental viability and adhesiveness, reduce im-
plantation of the placenta into the uterine wall, interfere 
with hematogenous descending route, and affect embryo 
implantation, which causes the occurrence of early abor-
tion [32]. However, this statement is also controversial. 
In a case-control study carried out by Italian scholars, the 
effect of HPV infection on recurrent spontaneous abor-
tion was explored. This study showed that women without 
a historic recurrence had a higher rate of HPV infection and 
a longer clearance cycle process of HPV infection. It was 
speculated that the possible reason was that women with 
recurrent abortion had a more sensitive immune response 
and a stronger clearance of foreign bodies, which could 
timely remove HPV and played a protective role [33]. 

A META study [20] in 2018 negated the association be-
tween HPV and pregnancy/SA rate by searching the relevant 
literature up to December 16, 2016, indicating that HPV did 
not affect the pregnancy outcome after MAR. Some other 
studies, including those reporting a high incidence of HPV 
in women experienced SA also negated the effect of 
HPV in pregnancy outcomes [34]. Thus, there was probably 
no association between SA and HPV infection. However, the 
gestational age of aborted fetuses was positively correlated 
with the viral load of fetuses as well as the matrix metallo-
proteinase 2 (MMP-2) gene expression rate, indicating that 
the abortion timing was correlated with HPV viral load [35]. 

Overall, HPV probably infect the placenta but does not 
have an impact on embryonic outcome. Therefore, the asso-
ciation between SA and HPV infection, and the relationship 
between HPV and SA needs further study. 

HUMAN PAPILLOMAVIRUS AND ASSISTED 
REPRODUCTIVE TECHNOLOGY 

Assisted reproductive technology is the abbrevia-
tion of Assisted Reproductive Technology, which refers to 
techniques that use medical aids to make infertile couples 
pregnancy, including Artificial Insemination (AI), In Vitro 
Fertilization and Embryo Transfer (IVF-ET ), and two major 
categories of their derivative techniques. The World Health 
Organization (WHO) assessed that about one of every seven 
couples had reproductive disorders. Recent surveys in China 
suggested that domestic infertility accounted for 10% of 
married couples, increased by more than double the 4.8% 
surveyed in 1984, and the incidence was on the rise. This is 
because China is more affected by the concept of succession, 
and most families are eager to have children, leaving infertile 
couples under great psychological pressure, even leading 
to divorce, extramarital relationships and other family and 

https://baike.baidu.com/item/%E5%A6%8A%E5%A8%A0/65942
https://baike.baidu.com/item/IVF-ET
https://baike.baidu.com/item/%E4%B8%96%E7%95%8C%E5%8D%AB%E7%94%9F%E7%BB%84%E7%BB%87
https://baike.baidu.com/item/%E4%B8%96%E7%95%8C%E5%8D%AB%E7%94%9F%E7%BB%84%E7%BB%87
https://baike.baidu.com/item/%E4%B8%8D%E5%AD%95%E7%97%87/1119122
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social problems. The direct effect of ART is to make sterility 
couples fulfill their desire to conceive and have children, so 
that the related problems caused by infertility can be solved. 

ART requires both husband and wife to have healthy 
gametes. Some studies [36] have found that the positive 
rate of HR-HPV in oocyte donors was higher than that 
in infertile women receiving IVF treatment by studying 
the HPV infection of female partners and oocyte donors 
in infertile patients. These results indicate that there is no 
correlation between HR-HPV infection and pregnancy rate 
or miscarriage rate in female patients treated with IVF and 
normal subjects. The outcomes of female partners with 
HPV-positive does not seem to affect the success of assisted 
reproductive technology (ART), and treatment for HPV prior 
to IVF is not recommended, as longer treatment times and 
increasing age can instead reduce ovarian function, leading 
to poor IVF outcomes [37]. 

One study [38] reported that there was a 15.9% over-
all miscarriage rate in HPV-negative couples (p < 0.001). 
Therefore, was a highly statistically significant correlation 
between pregnancy loss rate and positive HPV DNA testing 
in the male partner of infertile couples. 

A growing number of evidence concurred to identify 
that HPV-infected male partners play a non-negligible role 
in infertility. The presence of HPV in the DNA of infertile 
men has been found to correlate with sperm motility, 
sperm count and semen pH in their semen [38, 39]. HPV 
infection in male partners appears to be a predictor of 
negative pregnancy outcomes in ART procedures [40, 41]. 
In fact, in a study of infertile couples, the miscarriage rate 
in couples underwent ART was 2:1 when comparing the 
seminal HPV infection group to couples without infection, 
and HPV DNA was detected in semen samples of a signifi-
cant proportion of these infertile couples underwent ART 
[40]. After HPV vaccination, the sperm motility of HPV-pos-
itive male partners can be improved, and the pregnancy 
rate also can be significantly increased [42]. Besides, sperm 
washing techniques maybe improved pregnancy rates 
in ART procedures [43, 44]. 

The equatorial plate region of the sperm head is the 
site of sperm binding to oocytes, and in vitro studies have 
found that the equatorial plate is the binding site for sperm 
HPV L1 capsid protein and sperm surface glycosamino-
glycan synthase 1 [45]. Therefore, sperm perhaps play 
a role as a vector in the process of HPV transfection into 
oocytes during fertilization, and sperm infected with the 
HPV E6/E7 gene can penetrate oocytes and transfect viral 
DNA into oocytes, followed by HPV viral gene activation 
and transcription in oocytes [46]. Infected spermatozoa 
possibly would function as a carrier of HPV DNA within the 
reproductive tract and oocyte and could have deleterious 
effects during fertilization. 

HUMAN PAPILLOMAVIRUS AND 
SPONTANEOUS PRETERM BIRTH

Spontaneous preterm birth (sPTB) is defined as delivery 
between 28 and less than 37 weeks of gestation. Neonates 
delivered at this time are called preterm infants and weigh 
1000 to 2499 g. Preterm birth accounts for 5% to 15% of 
total deliveries in China, and about 15% of preterm infants 
die in the neonatal period. In the past two decades, sPTB is 
increasing worldwide, and late preterm births, which com-
prise more than 70% of all preterm births, account for much 
of the increase. Preterm infants have imperfect develop-
ment of various body systems and are prone to multisystem 
serious diseases, which are characterized by high mortality 
and morbidity [47]. Risk factors for sPTB include advanced 
maternal age, advanced spouse age, multiparous women, 
placenta previa, placental abruption, fetal membranes, ges-
tational diabetes, and hypertensive disorder complicating 
pregnancy [48]. 

The placental barrier is one of the three major barriers 
in the human body that protects against many microor-
ganisms, thereby allowing the fetus in the utero to be well 
protected. However, several studies have shown that viral 
infection maybe lead to pregnancy loss [49, 50] and conse-
quently to preterm birth. In addition, HPV infection in the 
upper genital tract was found to be an important cause of 
sPTB [51]. By reviewing the clinical data of 2480 patients with 
abnormal placenta during the past 11 years, it was found 
that reactive, infectious, atypical and dysplastic cytological 
changes during pregnancy were significantly associated 
with placental abnormalities. In addition, all other changes 
were significantly associated with sPTB except dysplastic 
cytological changes. The presence of HR-HPV DNA was sig-
nificantly associated with premature delivery and abnormal 
placentation. These findings indicated that HPV infection 
in cervix was a risk factor for premature delivery [52]. It has 
also been found that women with HR-HPV infection had 
a higher incidence of premature rupture of the membranes 
(PROM) than those without HR-HPV. HR-HPV infection was 
associated with an increased risk of PROM (OR, 2.380; 95% 
CI, 1.103–5.134) [53]. There are also several reports [54, 55] 
showing that HPV infection during pregnancy increased the 
risk of spontaneous preterm delivery or placental abnormali-
ties. The overall prevalence of HPV in normal pregnancies 
was 17.5% (95% CI, 17.3–17.7) for cervix, which was signifi-
cantly lower than sPTB (47%, p < 0.0001). In all cases, normal 
pregnancies have lower rate of HPV positive than placental 
tissues of sPTB (8.3% vs 24.9%). Another META analysis in-
cluded 1719 participants showed that HR-HPV infection 
was a risk factor for sPTB, with a pooled OR of 2.84 (95% CI, 
1.95–4.14; I2 = 23.5%). 

In summary, HR-HPV infection is a risk factor for sPTB. 
In the process of fertilization binding, sperm possibly will 

https://baike.baidu.com/item/%E4%B8%8D%E8%82%B2
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play a role as a carrier in the process of HPV transfection 
into oocytes, and have a harmful effect during fertilization, 
thus affecting the outcome of ART. In addition, HPV perhaps 
infect the placenta, but will not influence embryo outcome. 
The association between SA and HPV infections still need 
further research.
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