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Abstract

Objective. To identify the prevalence of human papillomavirus vaccine genotypes and non-vaccine genotypes implicated in the appearance of
cervical intraepithelial neoplasia (CIN2–3).

Methods. Prospective study of 519 women with abnormal cytology. All the women underwent a second Papanicolaou test, cervicovaginal
sampling for type-specific HPV detection and colposcopy, and women with abnormal colposcopy results were referred to biopsy. Pearson's chi-
square test was used for statistical analysis.

Results. HPV was detected in 340 patients (65.5%), and in 125 (24%) more than one HPV genotype was present. We selected 206 patients with
CIN2 or CIN3 confirmed by biopsy. In 88 (42.7%) of these patients, HPV types 16 and 18 were detected, but only 58 (28.1%) without co-infection
by other high-risk or probable high-risk HPV types. In 115 (55.8%) women diagnosed with CIN2 or CIN3 high-risk or probable high-risk HPV
types other than 16 or 18 were found. High-risk and/or probable high-risk HPV genotypes not included in the vaccine were isolated in this study
more frequently than 16 or 18, and this difference was statistically significant (p=0.047). Of the 206 women diagnosed with CIN2 or CIN3, 19
tested negative for HPV and 14 tested positive for low-risk HPV types.

Conclusion. Only 28.2% of women with CIN2 or CIN3 confirmed by biopsy were infected exclusively by HPV type 16 or 18, a finding that
places in doubt the degree of protection afforded by HPV vaccination.
© 2008 Published by Elsevier Inc.
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Introduction

Some human papillomavirus (HPV) genotypes are implicated
in the appearance of precancerous and cancerous lesions in
various locations in the lower genital tract (vulva, vagina, and
cervix) [1,2]. Because of their worldwide prevalence, cervical
lesions have been the most frequently studied [3], and scientific
evidence pointing to the relationship between HPV infection and
cervical cancer has led to vaccination campaigns in some
countries to prevent this malignancy and its precursor lesions [4].
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To date, 15 HPV genotypes (16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, 59, 68, 73 and 82) have been implicated in the
etiology of cervical cancer, and it is probable that 3 others (26,
53 and 66) are also involved [5].

The two vaccines currently available on the market,
Cervarix® and Gardasil®, contain only the two high-risk HPV
genotypes (16 and 18) identified as the most prevalent. These
vaccines are nearly 100% effective against types 16 and 18,
which together account for 70% of cases of cervical cancer [4].
Differences in the prevalence of HPV infection by other high-
risk genotypes, however, have been found in different
populations studied [3] In addition, cases of cervical cancer
have been found in which it is not possible to detect any HPV
type, or in which patients are infected with low-risk HPV
man papillomavirus genotypes in squamous intraepithelial lesions (CIN2–3).
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Table 1
Cytology and histological results for which women were referred

BiopsyCytologic diagnosis Number of cases % HPV infection a

CIN1 CIN2–CIN3 Cancer HPV neg

High-grade SIL 222 42.5 84.2% 42 151 15 1 8
Low-grade SIL 180 34.7 60.7% 89 36 0 7 20
ASCUS 99 19.1 46.6% 19 16 0 7 12
AGUS 10 1.9 22.2% 1 2 0 2 3
Carcinoma 8 1.5 75% 0 1 6 0 1

a Percentage of women infected with HPV.

Table 2
High-risk or probable high-risk HPV genotypes most frequently isolated in
relation to histological results

HPV genotype CIN1 CIN2–3 Carcinoma

16 27 84 11
18 3 8 1
31 8 29 3
33 6 16 1
35 2 3 2
39 3 5 0
45 0 5 0
51 19 22 0
52 4 9 1
53 23 20 1
56 5 6 0
58 8 13 0
59 1 2 0
66 13 16 0
68 1 2 1
73 0 1 0
82 1 3 0
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genotypes (6, 11, 40, 42, 43, 44, 54, 61, 70, 72 and 81) in a
meta-analysis [3] and in case report [6].

We present below a study in which we studied women with
grade 2 or 3 squamous cervical intraepithelial neoplasia (CIN2 and
CIN3) in order to determine the prevalence of infection with HPV
genotypes not included in the vaccine as well as types 16 and 18.

Material and methods

This is a prospective study including 519 women referred
from primary care because cytology results that were abnormal
according to the Bethesda classification system were found in
routine gynecological exams. These patients, who were referred
between March 8, 2003 and February 28, 2007, were evaluated
by the early diagnosis of cervical cancer department of the
Hospital Sant Joan de Déu in Barcelona, and all were followed
for a minimum of 1 year.

A HPV test, another cytology, and colposcopy were
performed on all the patients. Those with abnormal colposcopy
results also underwent punch biopsy.

Colposcopy

Colposcopy was performed following application of 2%
acetic acid solution. The classification proposed by the
International Federation of Cervical Pathology and Colposcopy
(IFCPC) in Rome in 1990 [7] was used.

Human papillomavirus testing

Samples were obtained using a swab applied to the surface of
the cervix. The sample was then dissolved in 0.5 ml saline
solution (pH 7.2) and HPV typing was performed using the
polymerase chain reaction (PCR)-based “Line Probe” assay
(LIPA; Innogenetics Laboratories®), which permits identifica-
tion of up to 25 different HPV genotypes in a single sample.
After March 24, 2005, HPV genotyping was carried out using a
new microarray-based molecular technique (Genomica®)
specific to the 35 most prevalent HPV genotypes (6, 11, 16,
18, 26, 31, 33, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54, 56, 58,
59, 61, 62, 66, 68, 70, 71, 72, 73, 81, 82, 83, 84, 85, and 89).

Statistical methodology

Statistical analysis was carried out using the SPSS program,
version 12.0. Contingency tables were used to assess the degree
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of association between variables, and Pearson's chi-square test
was used to determine the level of statistical significance, in this
study established at pb0.05.

Results

The mean age of 519 women was 36.4 (SD=11.8) years.
HPV testing was positive in 340 patients (65.5%). In 258
women the LIPA assay (Innogenetics Laboratories®) was used
and in 261 women a microarray-based molecular technique
(Genomica®) was used to identify HPV genotypes. The
sensitivity and specificity of both tests is close 100%. In the
group of patients with a cytological diagnosis of high-grade
SIL, the rate of HPV infection was 84.2% (pb0.05),
significantly higher than other cytologic diagnoses (Table 1).

In 125 cases (24%) more than one HPV genotype was
detected. The high-risk or probable high-risk HPV genotypes
most frequently isolated are shown in Table 2. Of these, type 16
was the most common.

A total of 206 women (39.6%) with CIN2 or CIN3
confirmed by biopsy were selected for detail analysis. Of the
206 women with CIN2 or CIN3 biopsy results, in 186 cases the
diagnosis was obtained as a result of conization or LLETZ. In
20 cases the CIN2 or CIN3 biopsy result was obtained by
man papillomavirus genotypes in squamous intraepithelial lesions (CIN2–3).
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Table 3
HPV genotypes isolated in 206 women with CIN2–3 biopsy

HPV infection 16 or/and 18 High-risk HPV genotypes other than 16 and 18 Probable high-risk HPV types Low risk HPV types

Positive 187 88 a 104 b 11 14
Negative 19 118 102 195 192

a 30 cases (34%) had a co-infection with other high-risk or probable high-risk genotypes in addition to types 16 and/or 18.
b 31 cases had co-infection with other high-risk genotypes.
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colposcopy, and following conization no CIN2 or CIN3 lesions
were found in the histological study of the specimens.

Of the 206 women (42.7%) whose biopsy results were
positive for CIN2 or CIN3, a total of 88 women were infected
with HPV types 16 and/or 18: 80 only with HPV type 16; 4 only
with type 18; and 4 co-infected with types 16 and 18. There
were, however, 30 cases (34%) of co-infection with other high-
risk or probable high-risk genotypes in addition to types 16 and/
or 18 (Tables 2 and 3).

Among the remaining 118 women, high-risk HPV genotypes
other than 16 or 18 were detected in 74 cases (35.9% of 206), in
31 of which co-infections were present. In 11 cases, 2 genotypes
(53 and 66) of probable high risk for carcinogenesis were
detected, in 14 cases low-risk HPV types were detected, and 19
women tested negative for HPV infection (Table 3).

What is striking in these results is that of the 187 women with
biopsy results positive for CIN2 or CIN3 and HPV infection, 85
were infected only by high-risk and/or probable high-risk HPV
types other than 16 and/or 18. In 30 cases, type 16 and/or 18
infections were accompanied by other high-risk or probable
high-risk HPV types. In 115 cases (55.8%) cases, then, high-risk
or probable high-risk HPV genotypes other than 16 or 18 were
present, as opposed to 58 cases in which only types 16 and/or 18
were found without co-infection. The difference between these
two groups was statistically significant (p=0.047).

Discussion

HPV infection is the most prevalent sexually transmitted viral
infection in the world [8]. Of the more than 100 HPV genotypes
detected, 40 affect the genital tract [3], and the types most often
associated with cervical cancer are 16 and 18, which, according
to the literature [3,4], are isolated in 70% of cervical cancer cases.

In women with abnormal cytology results, the presence of
HPV infection has been reported in 28.8%–61.3% of cases
[9–11]. In this study, it was present in 65.5% of abnormal
cytology cases. If women with a cytological diagnosis of
high-grade SIL are included, the incidence of HPV infection
rises to 76.1% [12]; in this study, it was 84.2%.

We found a high percentage of HPV infections by high-risk
genotypes other than 16 and 18 (Table 2), a tendency also
observed by other authors [13]. In this connection, we also note
that our study detected a percentage (24%) of HPV-infected
women in whom more than 1 genotype was isolated. In other
studies this percentage varies between 7% and 23% depending
on the cytological diagnosis [14].

In our study, of the women with a diagnosis of CIN2 or CIN3
confirmed by biopsy, 91.2% were infected with HPV; the HPV
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genotype most frequently isolated in this group was 16 (40.7%),
and 32% of the women were infected by more than one HPV
type. In the recent literature, the rate of HPV infection among
women with a diagnosis of CIN2 or CIN3 has been reported as
high as 99% and the rate of infection by genotype 16 at 50%,
while the percentage of women infected bymore than one type is
lower than in our study, 22% [15]. The lower prevalence of HPV
16 and 18 in our study could be explained by the heterogeneity of
HPV distribution among women of different populations [16].

The most significant finding of our study was that only
28.2% of women with CIN2 or CIN3 confirmed by biopsy were
infected exclusively by HPV type 16 or 18, and in the remaining
infected women other high-risk or probable high-risk types
were isolated, whether or not types 16 or 18 were also present.

The high proportion in the study population of women
infected by high-risk HPV genotypes other than types 16 and 18
raises doubts concerning the degree of protection offered by the
HPV vaccine against CIN2, CIN3 and cervical cancer, despite
the cross-protection observed against genotypes 31, 45 and 52,
which are not included in the vaccine. Except in the case of
genotype 45, the effectiveness of the vaccine against these
genotypes is 50% or less [17].
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