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High-risk human papilloma viruses (HPVs) were not detected in the benign
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Abstract
Aim: Human papilloma virus (HPV) can be transmitted via sexual as well as nonsexual routes.

Recently, ‘high-risk’ HPVs were detected in the oral mucosa of children in whose cases there was no

suspicion of sexual abuse. This implies that HPV 16 and 18 have additional nonsexual modes of

transmission in childhood, such as vertical transmission and autoinoculation.

Methods: Using polymerase chain reaction (PCR) assays, we examined the skin tissues of

12 children with benign skin lesions, aged between 6 and 13 years, for the presence of HPV.

Results: Among 12 biopsy skin specimens, no ‘high-risk’ HPV DNA was detected. Specific PCRs for

HPV DNA 16 and 18 were also negative.

Conclusion: This preliminary case-control study indicates the absence of mucosal ‘high-risk’ HPV types in the

benign skin lesions of children.

INTRODUCTION
Vaccines against human papilloma virus (HPV) have re-
cently been introduced to the national vaccination pro-
grammes of several countries (1). HPV is considered to
be the principal cause of cervical cancer in adulthood (2–
4). In childhood, it causes a wide range of epithelial in-
fections including different types of skin warts, anogenital
warts and recurrent respiratory papillomatosis, which is a
life-threatening condition in children (2–4). To date, over
130 different types of HPV have been identified, each type
having less than 90% of its nucleotide sequence in common
with the others (5).

HPVs can be classified into cutaneous and mucosal types.
Cutaneous types infect the squamous epithelium of the skin
and produce common warts, plantar warts and flat warts,
which commonly occur on the hands, face and feet. Specific
cutaneous types are also detected in epidermodysplasia ver-
ruciformis (EV) (6), a rare familial disorder related to the
development of large cutaneous warts that can progress to
skin cancer.

Mucosal HPVs infect the mucous membranes and can
cause cervical neoplasia in adults as well as anogenital warts
in both children and adults. ‘High-risk’ mucosal types HPV
16 and 18 are detected in over 70% of women with cer-
vical carcinoma and represent the ‘high-risk’ types most
frequently detected in the female anogenital system
(7).‘High-risk’ and ‘low-risk’ mucosal HPVs have also been
involved in the development of squamous intraepithelial le-
sions (SILs) (4).

In the anogenital warts of children, both cutaneous and
mucosal HPVs can be present; of the mucosal type, HPVs
11 and 6 are the most frequently detected (2,8–10). Among
nonsexually abused children with anogenital warts, cuta-
neous types are more common in older children above the

age of 4 years, in children with a relative affected by skin
warts and in children with skin warts elsewhere (9). In con-
trast, mucosal types are more common in girls, in children
under 3 years of age, in children with relatives with geni-
tal warts and in children without warts elsewhere. Mucosal
types 11 and 6 have also been implicated in the pathogene-
sis of recurrent respiratory papillomatosis (RRP) in children
(11,12). Patients with RRP infected with HPV 11 are prone
to developing more aggressive disease, and more frequently
require surgical intervention.

The aim of this study was to evaluate the presence of mu-
cosal HPVs in the skin lesions of children. To date, data on
the presence of HPV in the healthy skin or skin with benign
lesions of children are limited. In this study, we sought to
provide further confirmation of possible nonsexual modes
of mucosal HPV transmission by examining the presence of
mucosal types of HPV in the skin lesions of children.

SUBJECTS AND METHODS
Paraffin-embedded skin biopsy tissues from 12 children with
benign skin lesions treated at the ‘Aglaia Kyriakou’ Chil-
dren’s Hospital in Athens, Greece, between 1995 and 2002
were examined. Histological analysis of the material was
performed at the Department of Pathology of the same
hospital.

DNA was extracted and stored at −20◦C (13). DNA purity
was assessed by a UV/VIS spectrophotometer estimating
the A260/A280 ratio and titrated to 200 μg/mL. The pres-
ence of amplifiable DNA was verified by polymerase chain
reaction (PCR) using primers specific for b2-microglobulin.
HPV DNA was detected using PCR with the general primers
GP5+ and GP6+ (14). The extracted DNA (1 μL) of each
sample was amplified in a total volume of 30 μL containing
5 μM of 10× PCR reaction buffer (200 Mm Tris-HCl pH
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8.4, 500 Mm KCl), 1.5 mM MgCl2, 200 μM of each dNTP,
0.5 μM of each primer and 0.6 U of recombinant Taq DNA
polymerase (Invitrogen Ltd., Carlsbad, CA, USA). As a pos-
itive control, we used DNA extracted from a human biopsy
HPV-positive sample from a patient with cervical cancer.

In order to distinguish the different HPV types, we used
separate specific pairs of primers for HPV virus types 16 and
18, resulting in different lengths of amplified DNA. The ex-
tracted DNA (1 μL) of each sample was amplified in a total
volume of 20 μL containing 10× PCR reaction buffer, 1.5
mM MgCl2, 200 μM of each dNTP, 0.5 μM of each primer
(sense and antisense) and 0.8 U of recombinant Taq DNA
polymerase (Invitrogen Ltd.). All PCR products were anal-
ysed on 2% agarose gel and photographed on a UV light
transilluminator. PCR assay was carried out using a PTC-
200 programmable thermal controller (MJ Research Inc.,
Waltham, MA, USA). All PCR reactions included appro-
priate negative controls. DNA extracted from HeLa cells
and the plasmid DNA of HPV 16 and 18 were used as posi-
tive controls. The amplification conditions and primers used
have been previously described (14).

RESULTS
We studied skin biopsy specimens from 12 children includ-
ing 3 girls and 9 boys (Table 1). The mean age of our study
population was 8.2 years (SD 2.6 years), ranging between
6 and 13 years. Five of the 12 specimens were diagnosed
as warts, while in 7 the histological analysis proved normal.
Skin specimens originated from the face in 3 children, the
trunk in 2, the hands in 2 and the feet in 5 children. Table 1
presents the clinicopathological characteristics of the sam-
ples as well as the results of HPV detection and typing. No
mucosal HPV DNA was detected in any of the specimens
studied (Fig. 1). Specific PCRs for ‘high-risk’ HPV DNA 16
and 18 were also negative.

DISCUSSION
To our knowledge, this is the first study to evaluate the pres-
ence of ‘high-risk’ mucosal HPVs in biopsies of the skin
lesions of Greek children. Of the 12 skin specimens anal-
ysed, no ‘high-risk’ HPV DNA was detected. Specific PCRs
for HPV DNA 16 and 18 were also negative. Our findings
indicate the absence of mucosal ‘high-risk’ HPV types in the
benign skin lesions of children.

In healthy skin, cutaneous HPV types are frequently found
and can commonly persist over several years (15). Specific
cutaneous EV–HPV types are present in epidermodysplasia
verruciformis, a skin lesion associated with an increased risk
of nonmelanoma skin cancer (16). Though cutaneous HPVs
are predominantly detected in patients with warts, the pres-
ence of mucosal HPVs has also been reported (17,18). Chen
et al. studied 61 specimens of skin warts, detecting cutaneous
HPV1, 2, 3 and 4 most frequently (17). In a study by Porro
et al., cutaneous HPV 2, 27 and 57 were predominately de-
tected in the skin warts of HIV-infected and immunocom-
petent individuals (18). In the same study, mucosal HPV 6
was detected in two of 25 warts from HIV-infected patients,

Table 1 Clinicopathological characteristics of the samples and the results of
HPV detection and typing

A.
Anatomical ‘High-risk’

Patient site Histology Age HPV HPV 16 HPV 18

1 Foot Normal skin 11 0 0 0
2 Hand Wart 8 0 0 0
3 Foot Wart 9 0 0 0
4 Trunk Normal skin 10 0 0 0
5 Face Normal skin 7 0 0 0
6 Face Wart 6 0 0 0
7 Foot Wart 13 0 0 0
8 Trunk Normal skin 11 0 0 0
9 Foot Normal skin 12 0 0 0
10 Foot Normal skin 9 0 0 0
11 Face Wart 12 0 0 0
12 Hand Normal skin 8 0 0 0

B.
Groups Categories Rate (%)

Patients
Boys 9/12 (75)
Girls 3/12 (25)

Age
6–10 years 6/12 (50)
11–14 years 6/12 (50)

Anatomical site
Face 3/12 (25)
Trunk 2/12 (16.7)
Hand 2/12 (16.7)
Foot 5/12 (41.7)

Histology
Normal skin 7/12 (58.3)
Wart 4/12 (33.3)
Other 1/12 (8.3)

HPV status
‘High-risk’ HPV 0/12 (0)
HPV 16 0/12 (0)
HPV 18 0/12 (0)

Figure 1 Representative examples of HPV-negative samples tested by PCR
using general primers (GP5 ± 6 +). +ve = HPV-positive control from cervical
cancer; −ve = HPV-negative control; M = 100 bp DNA ladder.

and in one lesion of 14 obtained from immunocompetent
patients. Interestingly, in the study by Chen et al., ‘high-risk’
mucosal HPVs 16 and 18 were detected in 2% and 8% of
the studied skin warts, while HPV 11 was detected in 5%
(17).

Modes of HPV transmission in childhood remain contro-
versial. Although sexual contact is a possible cause, other
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pathways seem to be more likely, including perinatal trans-
mission, autoinoculation and heteroinoculation, and possi-
bly indirect transmission via fomites (2–4,8). In our study,
there was no evidence of the presence of ‘high-risk’ mucosal
HPVs in the skin lesions examined. This finding is of great
significance, as the presence of ‘high-risk’ mucosal HPVs in
skin samples from children would implicate autoinoculation
or heteroinoculation as possible modes of HPV transmission
in children.

Recent studies have shown that ‘high-risk’ mucosal HPVs
are detected in 4–15% of genital scrape samples and in 12–
21% of oral scrape samples obtained from infants (19). The
rates of carriage decrease during the first year of life, though
HPV DNA is still detectable in 10% of mucosal samples and
in 1.5% of genital samples at 3 years of age. ‘High-risk’ mu-
cosal HPV 16 seroprevalence in children has been found to
range between 0% and 7.6% (20,21). Age over 7 years has
been associated with a significantly higher prevalence of an-
tibodies to HPV 16 (20). Infants born to women positive for
antibodies to HPV 16 were not at a significantly higher risk
of HPV 16 infection than those born to women negative
for the antibodies (21). These findings suggest that expo-
sure to ‘high-risk’ mucosal HPVs increases with increasing
age.

Recently, mucosal HPVs 16 and 11 were detected in the
oral cavities of children who had undergone a tonsillectomy
or adenoidectomy (14,22,23). Detection of mucosal HPV
infection in the buccal cavity of healthy children has raised
further questions concerning modes of HPV transmission in
the oral cavity of children. It has been proposed that the
presence of HPV DNA in the oral cavity of children is a
transitory event, with reinfection occurring via their peers
(22). ‘High-risk’ mucosal HPVs are not detected in chil-
dren’s skin lesions, implicating the mucosa of the oral cavity
as a unique reservoir of ‘high-risk’ mucosal HPV infection
in childhood (14,23). The exact natural history of HPV and
its possible modes of transmission remain to be clarified.
Doing so will help to answer questions that have recently
been raised regarding the age at which HPV vaccination
should be initiated in childhood, as well as the necessity of
vaccinating both boys and girls.
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