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The impact of human papillomavirus (HPV) infection on pregnancy is a major problem of medicine.The transmission of the virus
from mother to fetus is a process yet unresolved. The immune response and changed hormonal status of pregnant women might
facilitate infection. A research on the prevalence of HPV infection was conducted at the Clinic of Obstetrics, Medical University
of Lublin (Poland). The studied group included 152 randomly selected women. The material was tested for the presence of HPV
DNA by means of polymerase chain reaction (PCR). The aim of the research was to assess the relation between HPV infections
detected in the buccal smears of the neonates and the incidence of such infections in the cervical/buccal smears of their mothers.
In the group of 152 infants HPV was found in 16 (10.53%). Among the cervical/buccal smears, HPV was isolated, respectively, in 24
(15.79%) and in 19 (12.5%) pregnant women. Statistically significant differences in the prevalence of HPV swabs from the newborns
and the cervical/buccal smears of their mothers were found (p < 0.001).The identification of mothers in whose buccal smears HPV
was detected can help develop a group of children who run a relatively significant risk of being infected.

1. Introduction

The influence of human papillomavirus infection on preg-
nancy remains an unresolved matter. HPV infection is com-
monly included in the group of sexually transmitted diseases
(STDs) and is one of the most frequently transmitted among
them [1, 2]. The influence of the high-risk HPV virus on can-
cerous processes is a commonly accepted hypothesis [3]. The
relation between HPV infection and the development of RRP
(Recurrent Respiratory Papillomatosis) in newborns cannot
be omitted. According to the various reports 30% to 50% of
the clinical signs of the infection in mucous membrane of
the upper respiratory tract caused by human papillomavirus
can be associated with mother’s HPV infection [4–6]. The
estimated risk ratio of infection among young women is
80%, although the majority of infections are asymptomatic
and show a tendency to cure spontaneously [7, 8]. It should,
however, be underlined that women aged between 20 and 35
not only are most prone to getting infected with HPV but
also are most sexually active, get pregnant, and have and raise

children. The possibility of HPV transmission from mother
to fetus occurring during pregnancy and perinatal period
has been postulated. It is, however, still undetermined and
sparks heated debate. Therefore, identifying the risk factors
and mechanisms of transmission of the virus, including
the impact of hormonal and immunological changes during
pregnancy, is of vital importance. Taking into consideration
the current epidemiological data it can be concluded that
HPV transmission from mother to newborn is possible
before, during, and after birth [9–11]. It confirms the impor-
tance of the transmission of the virus from mother to her
baby. The presented study aims to compare the frequency
of HPV infection in pregnant women and their newborns
in different places. An attempt to find correlation between
mothers’ and newborns’ infectionswasmade to select a group
of children prone to HPV-related entities. Apart from the
cytological examination of cervix, the smear of oral mucosa
both frommothers and their babies used for the identification
and prophylaxis ofHPV infection could be relevant in clinical
practice.
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2. Materials and Methods

This study was conducted between March 2009 and June
2011 and included 152 pregnant women who delivered at the
Clinic of Obstetrics and Pathology of Pregnancy, Medical
University of Lublin (Poland). The studied group included
random obstetric population recruited prior to the delivery.
The routine medical examination was followed by previous
history of HPV-related genital diseases and treatments. The
study had the following inclusion criteria: (1) singleton preg-
nancy, (2) lack of clinical symptoms suggesting the possibility
of HPV infection, (3) normal cervical smear, and (4) term
delivery. The number of women who refused was 17. The
exclusion criteria included (1) history of HPV infection (𝑛 =
7), (2) abnormal cervical smear (𝑛 = 4), and (3) multiple
pregnancy (𝑛 = 6). The subjects gave their written, informed
consent before the start of any procedure. The protocol of
this study was approved by the Local Bioethical Committee
at the Medical University of Lublin. Prior to delivery, smears
were obtained from the cervix and buccal mucosa of each
pregnant woman. The cervical HPV DNA specimen was
collected with a cytobrush inserted into the vagina. The
cervix and ectocervix were swabbed using a circular motion.
The oral specimens were collected during the same time.
Immediately after the birth, the neonatal oral mucosa smears
were obtained in similar proceedings with a cytobrush. All
samples were collected by the same, properly trained person.
Thematerial was placed in sterile tubes for HPVDNA testing
(Eurotubo; Deltalab, Spain), frozen, and stored at 70∘C until
further analyses. The material was tested for the presence
of HPV DNA by means of PCR method. Identification of
HPV types was performed using consensus PCR primers
for L1:MY09: 5-CGTCCMARRGGAWACTGATC-3 and
MY11: 5-GCMCAAGGWCATAAYAATGG-3, where M =
A+C, R=A+G,W=A+T, andY=C+T.This set of primers
amplifies DNA from at least 33 different HPV genotypes.
HPV types 16 and/or 18 were identified using the fol-
lowing type specific PCR primers: HPV16/L1A/HPV16/L1B,
5-GCCTGTGTAGGTGTTGAGGT-3, and 5-TGGATT-
TACTCCAACATTGG-3 product size: 264 bp; HPV18/
L1A/HPV18/L1B, 5-GTGGACCAGCAAATACAGGA-3,
and 5-TGCAACGACCACGTGTTGGA-3, product site:
162 bp; HPV18ME12/HPV18ME50/E6, 5-CACGGCGAC-
CCTACAAGCTACCTG-3, and 5-TGCAGCACGAAT-
TGGCACTGGCCTC-3, product site: 404 bp. The reaction
was performed according to Tucker et al. [12]. The total
volume of 10 𝜇L of PCR mixture contained 1 𝜇M of primers,
200𝜇M of deoxynucleotide triphosphates, 1x PCR buffer
(0.1M Tris-HCl pH 8.8, 0.5M KCl, 0.015MMgCl

2
, 1% Triton

X-100), the investigated DNA (10 ng/𝜇L), and Tag poly-
merase at a final concentration of 40U/mL. After preliminary
denaturation (15min at 94∘C), samples were amplified for
31 cycles in a thermal cycler. Each cycle consisted of the
following steps: denaturation at 94∘C for 30 seconds and
annealing at 59∘C for the same amount of time, followed by
primer extension at 72∘C for 1min. In the last PCR cycle,
the stage of complementary DNA synthesis at 72∘C was
extended to 420 seconds. PCR products were analysed using
agarose gel electrophoresis in the presence of pBluescript

DNA digested with HindI. The presence of HPV DNA was
additionally verified, and HPV genotypes were identified by
direct sequencing from CR reaction tube (without purifi-
cation from MY09 and MY11 oligonucleotides). The results
of sequencing were analysed using the BLAST database
(http://blast.ncbi.nlm.nih.gov/).

2.1. Statistical Analysis. Normal distribution of continuous
variables was verified with the Kolmogorov-Smirnoff test.
Statistical characteristics of these variables were presented as
arithmetic means and standard deviations (SD), and their
intergroup comparisons were performed with Student’s 𝑡-test
for independent variables. All calculations were carried out
with Statistica 10 (Stat Soft, Tulsa, OK, USA) package, with
the level of significance set at 𝑝 ≤ 0.05.

3. Results and Discussion

3.1. Incidence of HPV Infection in the Oral Mucosa of Mother
and Her Child. As the result of the conducted research HPV
DNA was isolated in 12.5% (19/152) of swabs from the oral
mucosa of the mothers and in 10.53% (16/152) of the children.
In the group of nineteen mothers with HPV infection we
found 8 (42.11%) HPV-positive children and 11 (57.89%)
HPV-negative children. In the mothers group without HPV
infection 133/152 (87.5%) we observed 8/133 (6.02%) HPV
(+) newborns and 125/133 (93.98%) HPV (−) newborns. A
statistically significant difference in the prevalence of HPV
DNA in the swabs from the oral mucosa of the newborns
and the swabs from the oral mucosa of their mothers was
found (p< 0.001).There is an eleven times greater relative risk
(OR = 11.363 CI: 3.536–36.509) of discovering HPV DNA in
buccal smears of newborn of a HPV-positive mother than of
the mother with negative results of HPV. The correlation of
the frequency of HPV infections was presented in Table 1.

The idea of HPV transmission from mother to child was
first introduced by Sedlacek et al. [13] in 1989. Depending
on the population tested, the place where the tested material
is obtained, and methods used to identify HPV DNA the
frequency of HPV transmission varies from 4% to 80% [14,
15]. According to Bandyopadhyay et al. such a wide range of
gathered results is also a proof of temporary contamination
with the infected material [16]. Cason et al. suggested that
buccal smears provide better material for analysis of HPV
DNA incidence than respiratory discharge samples [17].
However, in contrast to our data, Eppel et al. presented
approximately two times higher results in their PCR study.
The prevalence of HPV DNA in specimens from cervical
smears of asymptomatic pregnant women was found in 24,
6% (44/179) [18]. Such a confusing difference may be due
to several confounders, including study design, choice of
detection methods, and differences in risk factors for HPV
infection. Another researchwas conducted in 2005 in Finland
when the first prospective tests of HPV infection incidence
were ordered among family members. This study analysed
the relationship between the presences of HPV infection in
family environment. The team of researchers led by Rintala
focused on a group of 76 families and recognized HPV
infection in 8% of buccal smears of mothers and 10% of
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Table 1: The correlation of the frequency of HPV infections between buccal smears (𝑛 = 152).

Newborn buccal smears Total number (%)1
HPV DNA (+) HPV DNA (−)

Mother buccal smears HPV DNA (+) 8∗ 11 19 (12.5%)
Mother buccal smears HPV DNA (−) 8 125 133 (87.5%)
Total number (%)2 16 (10.53%) 136 (89.47%) 152 (100%)
1Mother buccal smears.
2Newborn buccal smears.
∗

𝑝 < 0.001.

Table 2: The correlation between HPV DNA incidence in oral mucosa of newborn and the cervix of mother (𝑛 = 152).

Newborn buccal smears Total number (%)1
HPV DNA (+) HPV DNA (−)

Mother cervical smears HPV DNA (+) 11∗ 13 24 (15.79%)
Mother cervical smears HPV DNA (−) 5 123 128 (84.21%)
Total number (%)2 16 (10.53%) 136 (89.47%) 152 (100%)
1Mother cervical smears.
2Newborn buccal smears.
∗

𝑝 < 0.001.

buccal smears of their neonates. The results of our research
conducted on a study group twice the size show similarities
[19].

3.2. Incidence of HPV Infection in the Oral Mucosa of Child
and the Cervical Smears of Mother. In the studied group
(𝑛 = 152) HPV DNA was isolated in 24 (15.79%) swabs
from the mothers’ cervix, and in 16 (10.52%) from oral
mucosa of newborns. Out of 24 HPV-positive mothers,
HPV DNA was isolated in 11 (45.83%) of their children. In
group of 24 HPV-positive mothers we found 13 (54.17%)
HPV-negative children. In the mothers group without HPV
infection 128/152 (84.21%) we observed 5/128 (3.91%) HPV
(+) newborns and 123/128 (96.09%) HPV (−) newborns. A
statistically significant difference in the prevalence of HPV
DNA in the swabs from the oral mucosa of the newborns
and the swabs from the cervix of their mothers was found
(p < 0.001). Based on the analysis of the results the relative
risk of HPV DNA existing in swabs from the oral mucosa
of the children whose mothers were tested positive for HPV
in cervical smears is almost 21 times greater than in children
whose mothers were diagnosed as healthy (OR = 20.815, CI:
6.197–69.914).The correlation between HPV infection in oral
mucosa of children and the cervix of mother was presented
in Table 2.

Similar results were obtained by Rice et al. [20] as HPV
DNA was found in 30% of the children whose mothers
were infected. They concluded that mothers with high HPV-
16 viral loads in their genital tracts are usually the source
of newborns infections. How many newborns are infected
remains a vital question. It was suggested by the authors
that there is a correlation between the type of virus and
its transmissive abilities. They recognized that not enough
attention was paid to show that at least 20% of healthy
children present HPV infection connected with perinatal

time. The same observation was supported by Puranen
et al. [15]. They concluded that perinatal acquired HPV
infectionmight persist in the oral cavity for years without any
significant clinical lesions and infected mother can transmit
human papillomavirus to her child. In this study HPV DNA
was found in 31 of the 98 (31.6%) mothers’ oral scrapings.
Our study revealed 45.83% neonatal prevalence of HPV,
in children whose mothers were tested HPV positive in
cervical smears at delivery. Very similar data was presented
by Sedlacek et al. [13]. They demonstrated HPV DNA in
the oral cavity of 47.8% (11/23) of the neonates delivered
vaginally from mothers in whose cervical cells HPV DNA
was detected. These results are also consistent with those
reported in Puranen et al. study [15]. It has been suggested
that neonates could acquire HPV infection as they pass
through an infected birth canal [13, 15, 20].

3.3. HPV Infection Incidence in Women Giving Birth. HPV
DNA was identified in 29 women giving birth which was
19.08% of the total population (𝑛 = 152). Among the swabs
of the cervical smears HPV DNA was isolated in 24/152
(15.79%) women and among the swabs from the oral mucosa
HPVDNAwas observed in 19/152 (12.5%). Both variables are
separable and analysed as such. Simultaneous HPV infection
in both swabs from the oral mucosa and the cervix was
found in 14/152 (9.21%) of the total population. NoHPVDNA
was found in any of the assessed swabs taken from 123/152
(80.92%) women giving birth. As a result of the research a
statistically significant difference in HPV DNA incidence in
cervical smears in relation toHPVDNAoccurrence in buccal
smears of women was found (p < 0.001). Out of 19 women in
whose swabs from the oral mucosa HPV DNAwas identified
the virus was also found in 14 swabs from cervix. There is
a 34 times greater relative risk (OR = 34.446; CI: 10.194–
116.353) of HPVDNA incidence in swabs from cervix if HPV
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Table 3: The correlation between HPV DNA incidence in the cervical/buccal smears of mothers (𝑛 = 152).

Mother cervical smears Total number (%)1
HPV DNA (+) HPV DNA (−)

Mother buccal smears HPV DNA (+) 14∗ 5 19 (12.5%)
Mother buccal smears HPV DNA (−) 10 123 133 (87.5%)
Total number (%)2 24 (15.57%) 128 (84.43%) 152 (100%)
1Mother buccal smears.
2Mother cervical smears.
∗

𝑝 < 0.001.

DNA is found in oral mucosa smears of the patient. The
correlation between HPV infections in the cervical/buccal
smears of woman giving birth was presented in Table 3.

A well-documented relation between the frequency of
HPV infections, young age, contraceptives intake, smoking,
number of sexual partners, marital status, and level of
education obtained exists [15, 21, 22]. A research team led by
Takakuwa analysed a study group of 1183 pregnant patients
among whom HPV infection was detected in 12.5% of cases
[23]. It is worth noticing that young patients are statistically
more prone to HPV infections, as HPV DNA was detected
in 22.6% of the patients under the age of 25 and 11.3% of
older patients (p < 0.0005). Place of residence of the patients
might be another factor that determines the frequency of
HPV infections. In pregnant and nonpregnant women in
Uganda HPV DNA is detected in not less than 60% of cases,
whereas it is estimated that 6.5% of pregnant women in Spain
are infected [24, 25]. A research conducted in a group of 291
pregnant women in South Korea determined the frequency
of HPV infection to be 18.9%. Additional stress was put
on more frequent HPV infections in women with abnormal
cytology with no record of pregnancies and under the age
of 30 at the time of the tests [26]. Furthermore, a division
between pregnantwomenwithout symptoms of infection and
pregnant patients with visible changes to the skin andmucosa
was made. In a group of pregnant patients suffering from an
asymptomaticHPV infectionWatts assessed the transmission
of virus to newborns to be 1% [27]. Similar results can
be found in research conducted by Kashima and coauthors
who focused on a group of 231 newborns in whose swabs
from mucosa and genital region HPV DNA was observed
[28]. What is more, Smith and coauthors in their research
on the incidence of HPV infection in children of infected
mothers concluded that HPV DNA was found in 18% of
swabs taken from 6-week-old children [29]. Presented data
prove the existence of vertical HPV transmission, although
the risk is considered low [18, 23, 30, 31]. However, the virus
transmission incidence in cases of mothers who developed
symptoms of infection is estimated to be 5% to 72% [32,
33]. Higher relative risk of HPV infection in child whose
mother is HPV (+) seems to be logical and valid [16, 18, 27].
The dissimilarities between results obtained during medical
research might be dependent on the number of copies of
the virus in the assessed study group, and the employment
of a variety of methods for HPV DNA detection [33–
35]. One of the many factors of such correlation between
the occurrences of HPV infection in the two analysed

environments might be local defensive mechanisms. Accord-
ing to Smith et al. infections in swabs from cervical smears
were 10 times more frequent than in swabs from buccal
smears [14]. Similar trends have been noted in publications
concerning pregnant women [36, 37]. Smaller number of
detected HPV infections in buccal smears might be caused
by different defensive mechanisms active in that particular
environment. The microbiological protection of oral cavity
and, more so, the saliva might be crucial to the defence
against infection risk factors [38–40]. There were other study
limitations. The studied group could be more numerous, due
to little prevalence of infected participants. It is difficult to
reliably verify the history of infections, because some might
be unidentified. However, the results of the research work
could be relevant in clinical practice. The analysis of the
incidence of infection of human papillomavirus HPV in fam-
ily environment showed an important and often overlooked
significance of other test methods used for the identification
of HPV infection. It seems that the introduction of a readily
available and comfortable oral mucosa swab test should be
much more promoted and encouraged. The identification of
mothers in whose swabs of the oral mucosa HPV DNA was
detected can help develop a group of children who run a
relatively significant risk of being infected. Further studies
may be needed to monitor the development of newborns
infections.

4. Conclusions

A connection between buccal HPV incidence in mothers
and newborns was proved in the research. A statistically
significant difference in HPV DNA incidence in cervical
smears in relation to HPV DNA occurrence in mothers’
buccal smears was found. A thorough examination and
follow-up of HPV (+)mothers’ newbornsmay be vital for the
selection of a group of children prone toHPV-related entities.
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Skoczyński for his assistance in editing the paper.

References

[1] M. Merckx, W. Van Wouwe Liesbeth, M. Arbyn et al., “Trans-
mission of carcinogenic human papillomavirus types from
mother to child: ameta-analysis of published studies,” European
Journal of Cancer Prevention, vol. 22, no. 3, pp. 277–285, 2013.

[2] H. Zur Hausen, “Papillomavirus infections—a major cause of
human cancers,” Biochimica et Biophysica Acta—Reviews on
Cancer, vol. 1288, no. 2, pp. F55–F78, 1996.

[3] IARC, Human Papillomaviruses, vol. 90 of IARC Monographs,
International Agency for Research on Cancer (IARC), Lyon,
France, 2007.

[4] C. S. Derkay and B. Wiatrak, “Recurrent respiratory papillo-
matosis: a review,” Laryngoscope, vol. 118, no. 7, pp. 1236–1247,
2008.

[5] T. Q. Gallagher and C. S. Derkay, “Pharmacotherapy of recur-
rent respiratory papillomatosis: an expert opinion,” Expert
Opinion on Pharmacotherapy, vol. 10, no. 4, pp. 645–655, 2009.

[6] V. Gerein, S. Schmandt, N. Babkina, N. Barysik, W. Coerdt, and
H. Pfister, “Human papilloma virus (HPV)-associated gyne-
cological alteration in mothers of children with recurrent res-
piratory papillomatosis during long-term observation,” Cancer
Detection and Prevention, vol. 31, no. 4, pp. 276–281, 2007.

[7] M. H. Einstein, J. T. Schiller, R. P. Viscidi et al., “Clinician’s
guide to human papillomavirus immunology: knowns and
unknowns,”TheLancet Infectious Diseases, vol. 9, no. 6, pp. 347–
356, 2009.

[8] I. H. Frazer, “Interaction of human papillomaviruses with the
host immune system: a well evolved relationship,” Virology, vol.
384, no. 2, pp. 410–414, 2009.

[9] X. Wang, J. Zhuang, K. Wu, R. Xu, M. Li, and Y. Lu, “Human
semen: the biological basis of sexual behaviour to promote
human papillomavirus infection and cervical cancer,” Medical
Hypotheses, vol. 74, no. 6, pp. 1015–1016, 2010.

[10] Q.-J. Wu, M. Guo, Z.-M. Lu, T. Li, H.-Z. Qiao, and Y. Ke,
“Detection of humanpapillomavirus-16 in ovarianmalignancy,”
British Journal of Cancer, vol. 89, no. 4, pp. 672–675, 2003.

[11] M. E. Sarkola, S. E. Grénman, M. A. M. Rintala, K. J. Syrjänen,
and S. M. Syrjänen, “Human papillomavirus in the placenta
and umbilical cord blood,” Acta Obstetricia et Gynecologica
Scandinavica, vol. 87, no. 11, pp. 1181–1188, 2008.

[12] R. A. Tucker, P. R. Johnson, W. C. Reeves, and J. P. Icenogle,
“Using the polymerase chain reaction to genotype human
papillomavirus DNAs in samples containing multiple HPVs
may produce inaccurate results,” Journal of Virological Methods,
vol. 43, no. 3, pp. 321–333, 1993.

[13] T. V. Sedlacek, S. Lindheim, C. Eder et al., “Mechanism for
human papillomavirus transmission at birth,”American Journal
of Obstetrics and Gynecology, vol. 161, no. 1, pp. 55–59, 1989.

[14] E. M. Smith, J. M. Ritchie, J. Yankowitz et al., “Human
papillomavirus prevalence and types in newborns and parents:
concordance and modes of transmission,” Sexually Transmitted
Diseases, vol. 31, no. 1, pp. 57–62, 2004.

[15] M. Puranen, M. Yliskoski, S. Saarikoski, K. Syrjanen, and S.
Syrjanen, “Vertical transmission of human papillomavirus from
infectedmothers to their newborn babies and persistence of the
virus in childhood,”American Journal of Obstetrics andGynecol-
ogy, vol. 174, no. 2, pp. 694–699, 1996.

[16] S. Bandyopadhyay, S. Sen, L. Majumdar, and R. Chatterjee,
“Human papillomavirus infection among indian mothers and
their infants,” Asian Pacific Journal of Cancer Prevention, vol. 4,
no. 3, pp. 179–184, 2003.

[17] J. Cason, J. N. Kaye, R. J. Jewers et al., “Perinatal infection and
persistence of human papillomavirus types 16 and 18 in infants,”
Journal of Medical Virology, vol. 47, no. 3, pp. 209–218, 1995.

[18] W. Eppel, C. Worda, P. Frigo, M. Ulm, E. Kucera, and K. Czer-
wenka, “Human papillomavirus in the cervix and placenta,”
Obstetrics and Gynecology, vol. 96, no. 3, pp. 337–341, 2000.

[19] M. A. M. Rintala, S. E. Grénman, M. H. Puranen et al., “Trans-
mission of high-risk human papillomavirus (HPV) between
parents and infant: a prospective study of HPV in families in
Finland,” Journal of Clinical Microbiology, vol. 43, no. 1, pp. 376–
381, 2005.

[20] P. S. Rice, J. Cason, J. M. Best, and J. E. Banatvala, “High risk
genital papillomavirus infections are spread vertically,” Reviews
in Medical Virology, vol. 9, no. 1, pp. 15–21, 1999.

[21] O.Malhomme, N. Dutheil, M. Rabreau, E. Armbruster-Moraes,
J. R. Schlehofer, and T. Dupressoir, “Human genital tissues
containingDNAof adeno-associated virus lackDNA sequences
of the helper viruses adenovirus, herpes simplex virus or
cytomegalovirus but frequently contain human papillomavirus
DNA,” Journal of General Virology, vol. 78, no. 8, pp. 1957–1962,
1997.

[22] E. M. Smith, M. A. Parker, L. M. Rubenstein, T. H. Haugen, E.
Hamsikova, and L. P. Turek, “Evidence for vertical transmission
of HPV from mothers to infants,” Infectious Diseases in Obstet-
rics and Gynecology, vol. 2010, Article ID 326369, 7 pages, 2010.

[23] K. Takakuwa, T. Mitsui, M. Iwashita et al., “Studies on the
prevalence of human papillomavirus in pregnant women in
Japan,” Journal of Perinatal Medicine, vol. 34, no. 1, pp. 77–79,
2006.
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