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Summary: Our study aimed to examine the relationship between the presence of human papillomavirus (HPV) in the oral cavity of

children and their mode of delivery. We investigated the presence of HPV infection in oral biopsies from 190 children (mean age:

7 years, range: 2–14 years) using the polymerase chain reaction (PCR) technique. Sixteen of 190 children (8.4%) were HPV-positive,

with no significant difference between those delivered vaginally and by Caesarean section (C-section). The majority of the HPV-

positive children were infected with type 16, whereas in the younger age group HPV type 11 was detected more frequently in children

delivered by normal vaginal delivery (NVD) than by C-section. Our findings demonstrate the presence of HPV in the oral cavity of

children delivered by both C-section as well as NVD. Further research on the possible modes of transmission of oral HPV infection will

enable us to understand the natural history of HPV infection in childhood.
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INTRODUCTION

Oral cavity mucosa seems to be a unique reservoir of mucosal
human papillomavirus (HPV) infection in childhood. The pres-
ence of HPV DNA in oral swabs or washings from healthy
asymptomatic children has been demonstrated in several
studies.1 – 7 HPV, including ‘high-risk’ mucosal HPV types
16 and 18, have also been detected in tonsillar and adenoid
samples from children with normal mucosa, tonsillar
hyperplasia, chronic tonsillitis or adenoid hyperplasia.8 – 12

Recently, we evaluated the presence of HPV in adenoid and
tonsillar tissues of 109 Greek children using polymerase chain
reaction (PCR).13 The presence of HPV in the oral cavity of
both girls and boys has raised the possibility of early exposure
to HPV.

Several researchers have proposed that HPV-positive
mothers transmit HPV to their children vertically.14 – 16

The highest detection rate of HPV DNA in the oral mucosa of
children has been found in oral swabs of newborn babies,
varying from 4% to 87%.1,16 HPV infection appears to be
acquired at birth; however, the possible modes of perinatal
HPV transmission remain to be elucidated. Our study aimed
to assess the potential vertical mode of HPV transmission
in the oral cavity of children by investigating the maternal,
antenatal and birth history of children with HPV-positive oral
mucosa.

METHODS

During the period 1996–2006, 190 biopsy specimens of oral
mucosa were obtained from 190 children treated in the Aglaia
Kyriakou Children’s Hospital, Athens, Greece.

The present study was approved by the Ethics Committee of
the University of Crete and parents of all children participating
in the study gave written informed consent. Genomic and viral
DNA was extracted from paraffin-embedded tissues and stored
at 2208C. DNA purity was assessed by an ultraviolet
(UV)-visible spectrophotometer estimating the A260/A280 ratio
and titrated to 200 mg/mL. HPV DNA detection was performed
by a PCR-based technique using the general primers GP5þ and
GP6þ, as previously described.13 The extracted DNA (1 mL) of
each sample was amplified in a total volume of 30 mL contain-
ing 5 mmol/L of 10� PCR reaction buffer (200 mmol/L
Tris-HCl, pH 8.4, 500 mmol/L KCl), 1.5 mmol/L MgCl2,
200 mmol/L of each dNTP, 0.5 mmol/L of each primer and
0.6 U of recombinant Taq DNA polymerase (Invitrogen Ltd,
Paisley, UK). The presence of amplifiable DNA was verified
by performing PCR using primers specific for
b2-microglobulin.13

For distinguishing HPV types we used separate specific pairs
of primers for HPV types 16, 18, 33 and 11, giving a different
length of amplified DNA, as previously described.17 The
extracted DNA (1 mL) of each sample was amplified in a total
volume of 20 mL containing 10� PCR reaction buffer,
1.5 mmol/L MgCl2, 200 mmol/L of each dNTP, 0.5 mmol/L of
each primer (sense and antisense) and 0.8 U of recombinant
Taq DNA polymerase (Invitrogen). PCR products were ana-
lysed on 2% agarose gel and photographed on a UV light tran-
silluminator. PCR assay was carried out in a PTC-200
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programmable thermal controller (MJ Research Inc,
San Francisco, CA, USA). All PCR reactions included appropri-
ate negative controls of DNA extracted from HPV-negative cer-
vical samples collected from women who performed the HPV
test at the Department of Virology of the University of Crete.
DNA extracted from HeLa cells and the plasmid DNA of
HPV types 16, 18, 33 and 11 were used as positive controls.

We investigated in detail the maternal, antenatal and birth
history of the children included in the study by reviewing their
case-notes retrospectively. A questionnaire was created to
assess the maternal history at childbirth, at the time of sampling
and five years after sample collection. The mothers were
contacted and asked to complete the questionnaire.
Clinico-pathological data (age, gender, ethnic origin, residence
and medical history) were available for the patients included
in the study. Statistical analyses were performed using SPSS soft-
ware (version 11.5 SPSS Inc., Chicago, IL, USA). Pearson’s
chi-square test was performed in order to compare the rates of
HPV detection in different groups of samples according to the
mode of delivery. The t-test was used to compare the mean
age between HPV-positive and HPV-negative children included
in our study. Statistical significance was set at P , 0.05.

RESULTS

The clinical and epidemiological characteristics of the children
included in our study are presented in Table 1. Sixty-two chil-
dren, 28 boys and 34 girls, were delivered vaginally, while
128 children, 60 boys and 68 girls, by Caesarean section
(C-section). The mean age of children delivered vaginally was
6.8 years (standard deviation [SD] 3.5), ranging between two
and 13 years. The mean age of children delivered by
C-section was 7.0 years (SD 4.1), ranging between two and 14
years. There was no statistically significant difference in the
mode of delivery according to maternal age, ethnicity or place
of residence (P , 0.05).

The histological morphology of the samples showed normal
oral mucosa, with no features of HPV infection (koilocytes, dys-
keratotic cells or parakeratosis). None of the children had any
wart lesions in his or her oral cavity. There was no clinical evi-
dence of child sexual abuse in any child. HPV DNA was
detected in 16 (8.4%) of the 190 collected specimens. The most
frequently detected type was HPV16 (10/16), while HPV11
was detected in four (4/16) children and HPV33 in one (1/16)
child. HPV18 and six were not detected at all, while in one
sample the HPV type remained undetermined. No multiple
HPV infections were detected in any specimen. Children aged
less than five years old showed a higher prevalence of HPV
DNA than children aged five years or more (P , 0.05).

The mean maternal age during delivery was 28 years (SD 4.8)
in the HPV-positive children and 32 years (SD 8.2) in the
HPV-negative children (P , 0.05). Ten out of 16 HPV-positive
children were delivered by C-section and six by normal
vaginal delivery (NVD) (Table 1). Interestingly, among children
aged less than five years HPV11 was detected more frequently
in children delivered by NVD than by C-section (P , 0.05). No
statistical correlation was observed between the mode of deliv-
ery and the presence of HPV DNA infection.

The participation rate of mothers who completed the ques-
tionnaire was 175/190 (92.1%). There was no benign or malig-
nant cervical lesion reported by the mothers when the
samples were collected (Table 2). Two mothers were diagnosed

with high-grade squamous intraepithelial lesions two and five
years after the sample was obtained from the children, respect-
ively (Table 2). Interestingly, oral HPV16 was detected in the
child of the first mother; this child was delivered by NVD.
The child of the second mother was also delivered by NVD,
but was HPV-negative.

DISCUSSION

We demonstrate the presence of HPV DNA in the oral cavity of
infants delivered by C-section as well as NVD. This finding is of
great importance since C-section does not appear to be protec-
tive against HPV oral transmission.

Acquisition of HPV infection in the oral mucosa by infants at
birth has been proposed by several researchers.1 – 7 Neonatal
HPV infections may occur transplacentally via amniotic fluid
during gestation and delivery and through direct exposure to
cervical and genital lesions during birth.14 – 16 They are predo-
minantly caused by types 16 and 18 and persist for at least
six months in both the genital area and oral cavity.7 The concor-
dance of HPV types detected in newborn babies and their
mothers is in the range of 57–69%.16 In the study of Cason
et al.,7 the transmission rate of HPV from HPV-positive
mothers to their infants at 24 hours after delivery was approxi-
mately 73% while, at six months of age, persistent HPV16 DNA
was detected in 83.3% of cases. HPV18 DNA persistence at this
time was only 20%. In a study of oral scrapings from 324 infants
during their first three years of life, HPV infection was still
detectable in 10% of infants, indicating a decreasing rate of car-
riage of HPV DNA during the first three years of life.1 It is still
unclear how frequently perinatal HPV infection progresses to
clinical lesions, whether genital, laryngeal or oral.

In our study, the mean age of HPV-positive children was
lower than that of HPV-negative children. This finding agrees
with the results from other reports, including serological
studies, showing that higher HPV positivity rates are related

Table 1 Demographic characteristics and detection of oral
HPV infection in children delivered vaginally (n ¼ 62) and by
Caesarean section (n ¼ 128)

Children’s group

Children delivered

vaginally

Children delivered

by Caesarean

section

62 (100%) 128 (100%)

Gender

Boys 28 (45.2%) 60 (46.9%)

Girls 34 (54.8%) 68 (53.1%)

Age group (years)

Less than five 40 (64.5%) 77 (60.2%)

Five or older 22 (35.5%) 51 (39.8%)

Ethnicity

Hellenic 34 (54.8%) 89 (60.5%)

Albanian 28 (45.2%) 39 (30.5%)

Residence

Urban 49 (79.0%) 108 (84.4%)

Rural 13 (21.0%) 20 (15.6%)

Age (years)

Mean age (SD) 6.8 (3.5) 7.0 (4.1)

Age range 2–13 2–14

HPV

HPV-positive 6 (9.7%) 10 (7.8%)

HPV-negative 56 (90.3%) 118 (92.2%)

SD ¼ standard deviation; HPV ¼ human papillomavirus
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to younger age groups.8,9,13,18 In the study by Smith et al.,8 a
bimodal age distribution was observed, with the highest HPV
prevalence in the youngest group aged less than one year and
in the oldest group aged 16–20 years. In the study by Chen
et al.,9 HPV DNA was detected in 11.5% of preschool children
with a mean age of 4.6 years, while the frequency in school chil-
dren aged 10.4 years was 6.5%. The age-specific prevalence
rates of HPV in children and adolescents demonstrate that
HPV infection is acquired at birth as well as gradually in
childhood.

HPV typing analysis among HPV DNA-positive samples
revealed a clear predominance of oral HPV16 infection. This
finding is in accordance with the results from our recent analy-
sis of 109 tonsillar and adenoid tissues from Greek children,
where the HPV16 rate was 5.9%.13 A similar predominance of
HPV16 has been described in studies of oral swabs, scrapings,
tonsils and adenoids from children;3,4,9 – 12 HPV 11 was detected
less frequently. HPV11 is a common cause of recurrent respirat-
ory papillomatosis (RRP), a potentially life-threatening tumour
in childhood.19,20 Patients with RRP infected with HPV11 are
prone to developing more aggressive papillomatosis and
require more frequent surgical intervention.21 HPV11 infection
is also related to more frequent need for adjuvant therapies, tra-
cheal and pulmonary disease and tracheostomy.22

Researchers have found that RRP rates are higher in children
delivered vaginally than those delivered by C-section.23 It is
believed that HPV11 in RRP is transmitted vertically at
birth.22,23 Interestingly, in our study, among children less than
five years old, HPV 11 was detected more frequently in children
delivered vaginally compared with those delivered by
C-section. However, other researchers have demonstrated no
statistically significant association between the detection of
HPV in the oral cavity and the method of delivery.8,18 Modes
of vertical HPV transmission to oral cavities of children
remain controversial. Further research is required to elucidate
the role of mode of delivery and RRP pathogenesis.

Although vertical transmission is a possible cause of HPV
transmission, other pathways seem to be more likely, including
sexual contact, autoinoculation and heteroinoculation and,
possibly, indirect transmission via fomites.16 Mant et al.24

have suggested that HPV infection in the oral cavity of children
is a transient event and is most probably acquired from their
peers. In their study,24 they re-assessed swabs from oral
mucosa of 20 HPV16-positive and 19 HPV16-negative four- to
eight-year-old children 30 months after the initial evaluation.
This second visit showed that 40% of the HPV16-positive

group had no detectable HPV16 DNA, while 63% of children
who were originally HPV16-negative had acquired the virus.
Our findings do not exclude the possibility of vertical trans-
mission, but propose that other modes of HPV transmission
later in childhood are more likely. Further research on the poss-
ible modes of transmission of HPV infection is required. This
will enable us to understand the role and the natural history
of HPV infection in childhood as well as its possible impli-
cations on the effectiveness of HPV vaccination.
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