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There is considerable data to support a central role for human papillomavirus (HPV) in the
etiology of cervical cancer. More than a 100 HPV types have been described, and 40 have been
isolated from benign and malignant genital lesions. Consequently, there is strong motivation to
evaluate HPV testing for cervical cancer screening. Few studies concerning the natural history
of HPV infection have been conducted in the state of Rio de Janeiro. We determined the prevalence
of HPV types in female genital lesions by using Hybrid Capture Assay (HCA) and we retrospectively
analyzed the course of HPV infection. Our sample included 788 women attended at Laboratórios
Sérgio Franco. The average age of the participants was 29.6 years. HPV prevalence and cytological
diagnosis were determined. The overall prevalence of HPV DNA in the study group was 50.1%
(395/788), ranging from 25% (NORMAL) to 100% in high-grade intraepithelial lesions (HSIL).
High risk HPV was found in 12% inflammatory, 58.3% HPV,  63.2% LSIL and 100% HSIL. A
retrospective analysis of 78 patients showed that 22 presented persistent lesions, 2 had progressive
lesions, 4 had regressive lesions, 13 showed latent infections, 18 were transiently infected and 19
were submitted to curative treatment. No cases of cancer were registered in this population,
which can afford private medical care and regular follow-up exams. We suggest that HCA be used
in specific cases involving persistent and recurrent lesions.
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The extensive experimental and epidemiological data
that has been accumulated support the hypothesis that
human papillomavirus (HPV) plays a central role in the
etiology of anogenital cancer, especially cervical
carcinoma [1]. Nearly 100 different types of HPV have
been described, and 40 of these have been isolated
from benign and malignant genital lesions [2]. These
viruses have been classified according to their malignant
potential. High risk types (e. g. HPV 16, 18, 31, 33,
and 35) have been linked to high-grade intraepithelial
lesions (HSIL) and invasive carcinoma, whereas low-

risk types (e.g. HPV 6 and 11) have been associated
with benign or low-grade SIL (LSIL) [3]. Differences
in oncogenic potential of low and high-risk types have
also been demonstrated by transformation experiments
[4].

Early detection of oncogenic HPV types in precursor
lesions would help determine adequate treatment and
subsequent follow-up. Consequently, there is strong
motivation to evaluate HPV testing for cervical cancer
screening, which requires further improvements in and
standardization of testing methods. HPV detection has
generally been conducted by Southern blot and PCR
methods. But neither research assays nor commercial
kits (dot blot or in situ hybridization) have been found
to be adequate for clinical use. An assay for routine
clinical use requires reliable and accurate detection of
the broad range of pathogenic HPV types that infect
the genital tract [5].

Recently developed, the second generation of the
Hybrid Capture System HPV DNA detection test from
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Digene Diagnostics (Silver Spring, Md.) is a non-
radioactive, relatively rapid, liquid hybridization assay
designed to detect 18 HPV types, divided into high-
and low-risk groups. This assay kit detects high-risk
types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59
and 61. The low-risk group that it detects involves the
types more commonly associated with condyloma
acuminatum: HPV types 6, 11, 42, 43 and 44 [6].

Cervical cancer is the second-leading cause of deaths
in women worldwide. In many developing countries, it
is still the main cause of death from cancer in women
[5]. High annual cancer incidences have been reported
in Brazil. Nevertheless, there have been few published
epidemiological studies concerning the prevalence of
HPV DNA in the female genital tract and the natural
history of the infection [7]. Vaccine trials against HPV
are underway, and one of the problems in vaccine
development is to accurately determine which types of
HPV to include, since geographical variations in the
prevalence of high-risk types have been observed [8].

We examined the prevalence of different HPV types
in squamous intraepithelial lesions of the cervix of
Brazilian women, correlating it with cytological data
and, retrospectively, with the clinical course of infection,
in order to provide tools to interpret the natural history
of HPV infection and the related risk of cancer
progression in the female population. These data may
assist the public health authorities in planning
prophylactic and therapeutic strategies to prevent
cervical cancer.

Material and Methods

Study population and collection of specimens

The study population included 788 women attended
at Laboratórios Sérgio Franco, Rio de Janeiro, from
1998 to 2000. Laboratórios Sérgio Franco is a private
service that works cooperatively with the Fluminense
Federal University in Rio de Janeiro. Women were
referred for routine exam. The cervical smears were
collected by using a cervical cytobrush; they were
transported in Digene Specimen Transport Medium

(Digene Diag, Md). A structured questionnaire was
applied after informed consent was obtained. Tests
were conducted at the Sérgio Franco laboratory by an
expert and accompanied by a master’s student from
the Pathology Service at the Universidade Federal
Fluminense (UFF). This study (part of a master’s thesis)
was approved by the Ethics Comitee of the UFF .

Cytological testing

The Papanicolaou test was applied, and smears were
classified as NORMAL for normal epithelium,
inflammatory for minor alterations of cervical cells,
HPV for viral presence with no lesion, LSIL for low-
grade squamous intraepithelial  lesions, HSIL for high-
grade squamous intraepithelial  lesions, in situ carcinoma,
and invasive cancer.

HPV testing

Following the kit protocol, specimens were treated
with sodium hydroxide to hydrolyze specimen RNA
and denature the DNA. The liberated single-strand
DNA was hybridized in a solution containing an RNA-
probe mix, consisting of the high-risk or the low-risk
HPV types. Each reaction mixture, containing any
RNA-DNA hybrids that formed, was transferred to a
capture tube coated with antibodies specific to the
hybrids, immobilizing them. Bound RNA-DNA hybrids
were then bound with an alkaline phosphatase-
conjugated antibody directed against the hybrids. Non-
reacting material was removed by washing, and a
dioxetane-based chemiluminescent compound, Lumi-
Phos 530, was added as a substrate for alkaline
phosphatase. The light produced by the ensuing
reaction was measured with a Luminometer. Light
measurements were expressed as relative light units
(RLU). Sonicated herring sperm DNA in Digene
transporting medium (100g/mL) was used as a negative
control. Triplicate specimens of HPV 16 or HPV 11
DNA at 10pg/ served as the positive controls for high-
risk and low-risk probes, respectively.

All RLU measurements for specimens were divided
by the mean RLU of the three appropriate positive
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controls (PCs) to give a ratio of specimen RLU/PC. A
ratio of 1.0 or greater was regarded as positive for
HPV DNA, and a ratio of less than 1.0 was regarded
as negative.

Statistical analysis

The statistical significance of the results was analyzed
by using the x2 test for heterogeneity with the Yates
continuity correction. Analyses were made using Epi
Info 6.02 (CDC).

Results

Seven hundred and eighty-eight female cervical
samples were investigated to detect the presence of
HPV DNA. The average age of participants was 29.6
years. Three hundred and eighty one out of the 788
(48.4%) women were from 21 to 30 years old. A similar
profile was observed for infected patients (199/395)
(50.4%) confirming this age interval as the most affected
by HPV infection  (p<0.0001, Tables 1 and 2).

The HPV DNA prevalence was compared with the
cytological diagnosis (PAP test, Table III); the overall
prevalence of HPV DNA in the study group was 50.1%
(395/788), ranging from 25% (NORMAL) to 100%
(HSIL). Statistically significant differences were detected
between the percentages of individuals with HPV infection
of the cervix in NORMAL versus HSIL (p<0.0001).

The prevalence of the different HPV types in the
different kinds of lesions was compared (Table 3). Low-
risk types (Group A) were detected in 11.0% of the
inflammatory cytology samples, while in HSIL, no low-
risk HPV was found alone. High-risk HPV (Group B)
was found in 12% of the inflammatory, 58.3% of the
HPV,  63.2% of the LSIL and 100% of the HSIL.
Multiple infections (group A + B) were detected in
33.2% (131/395) of the positive samples.

In a retrospective analysis (24 months) of 78
patients, 22  women (28%) presented persistent lesions
caused by high-risk HPV in 82% of the cases; among
them, 2 showed progressive lesions with high-risk HPV
alone or in mixed infections, 4 had regressive lesions

with 50% oncogenic HPV, 13 presented latent infections
(normal smears), caused by high-risk HPV in 77% of
the cases, 18 (23%) were transiently infected by low
risk (44%) and high risk types (39%) and mixed
infections with both viruses in 17% of the cases. Finally,
19 were submitted to curative treatment, 78% caused
by low risk HPV (Table 4).

Discussion

Hybrid Capture assay has proved to be a reliable,
accurate, and cost-effective method for HPV testing
in routine clinical practice [5]. Hence, we used this
methodology to check for the presence of HPV in 788
cervical smears from female patients resident in the state
of Rio de Janeiro. Our population was attended at a
private laboratory, which cooperates with diverse
medical care institutes. These individuals belong to an
intermediate economic class that can afford private
medical care services.

The overall prevalence of HPV DNA in the study
group was 50.1% (395/788). Among the 395 positive
women, 32 (8.1%) were infected with low-risk HPV
types (Group A), 232 (58.7%) had high-risk HPV
types (Group B) and 131 (33.2%) had both groups.
Hence, 363 (91.8%) women were infected by at least
one oncogenic HPV type. Results are consistent with
the literature, which indicates that about 50% of all
women are infected by HPV, characterizing a worldwide
public health problem [9]. In a previous transverse
prevalence study, with a similar population, we found
similar results [10].

High-risk oncogenic HPV types has been found to
be the main risk factor for cervical neoplasia [9]; it is
also a good predictor of subsequent high-grade lesions
in young women [11,12]. Corroborating this proposal,
HCA II results were strongly associated with the
likelihood of SIL, since we observed that 87% of the
patients presenting SIL were also infected by HPV,
with a positive trend relating high-risk HPV to cervical
transformation (p<0.00001).

We found that 25% (1/4) of normal cervical smears
had high-risk HPV DNA. This would characterize latent
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Table 3. Agreement between the Hybrid Capture Assay and Cytology

Table 1. Age distribution of the human papillomavirus-infected patients

Age intervals 11 - 20 21 - 30 31 - 40 41 - 50 51 - 60 61 - 70
(years)
Number of patients 149 381 173 59 21 5

Table 2. Human papillomavirus positivity according to the age of the patients

Age intervals 11 - 20 21 - 30 31 - 40 41 - 50 51 - 60 61 - 70
(years)
Number of patients 69 199 87 32 6 2

Hybrid Capture Assay

Group A Group B Group A /B Prevalence (%)

Normal 4 - 1 -  1 (25%)
Inflammatory 408 10 49 32 91 (22.3%)
HPV 284 18 130 75 223 (78.5%)

LSIL 88 4 48 24 76 (86.3%)
HSIL 4 - 4 - 4 (100%)

Total 788 32 232 131 395 (50.1%)

N* = number of patients.

Cytology N*

Table 4. Retrospective analysis of the human papillomavirus patients

Hybrid Capture Assay

Group A Group B Group A/B

Regressive lesions 4 1 2 1
Persistent lesions 22 1 18 3
Progressive lesions 2 - 1 1
Latent infection 13 1 10 2
Transient infection 18 8 7 3
Curative treatment 19 15 4 -
Total 78 26 42 10

Retrospective
analysis of the patients

Samples (n)
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infections and, as reported by Rosendaal et al., (1996),
may mean an increased risk of developing SIL for such
infected women [14]. We also found 91 inflammatory
smears (with no apparent lesion) that were HPV
positive, based on HCA II. These cases could be latent
infections or incipient cervical lesions [13],
characterizing a low level of HPV gene replication [10].
However, it also might be due to either DNA testing
errors or errors in the cytological diagnosis [9,11].

Viral testing could help to focus on a group of
patients with a high risk of developing lesions in the
near future, especially in Brazil, due to the high frequency
of cervical cancer [15]. A positive HCA, even when
cytological smears are negative, would determine a
closer clinical follow up, with colposcopy being used
to confirm the HPV infection and/or the occurrence of
SIL, in order to avoid the 10% to 20% expected
cytological false negatives and false positives [16].

Environmental and host immunological factors may
play an important role in the development and outcome
of SIL [17]. Several studies have shown that the natural
history of a genital HPV infection, including the types
and viral load of HPV genomes over time, can influence
the risk of SIL, as well as its tendency to regress, persist
or progress [18]. Hence, we conducted a retrospective
study, analyzing the course of female lesions from 1998
to 2000. We made a retrospective analysis, covering
two years, of a limited number of women (78 patients),
with repeated HCA II at 12-month intervals (Table IV).
Many cases had persistent lesions (28%), as also found
by Ho et al. [18], who reported nearly 30%
persistence. Persistence of infection with human
papillomavirus is thought to have a role in the
development of cervical neoplasia [12]. Nevertheless,
what determines which infections become persistent is
not well known, and it may vary in different populations
[12,20]. We did not examine HPV viral persistence,
which is only achieved by doing a clinical follow-up,
including HPV-DNA genotyping. Nevertheless, we
were able to evaluate persistent lesions that were left
untreated by patients that did not return for clinical
follow-up. We also observed that 95.4% of these
patients were positive for high-risk HPV infection,
similar to previous studies in which it was suggested

that persistent processes caused by oncogenic viruses
are required for the development and maintenance of
SIL [21,22]. Absence of follow up by the patients, fear
of treatment, and misinformation, are problems to be
solved by public campaigns that explain the true risks,
the probability of dissemination and the importance of
treatment. These public measures would not only help
control HPV epidemics, but also other sexually-
transmitted diseases. Government health programs for
cervical cancer prevention, which have been in course
for decades, were intensified from 2002 on; preliminary
results indicate a significant decrease in the number of
cancer cases, from 50,000 cases to 18,000 cases in
2003 (www.Inca.gov.br). Various epidemiological
investigations have already shown that periodic
convocation of women is essential to conduct a proper
follow up, and this helps explain the program’s efficiency
[24]. We focused on an intermediate-economic-level
female population that had good access to health care;
in fact, we did not find cancer cases, corroborating the
idea that the victims of cervical cancer are poor women,
with a low level of education and limited access to
medical care [7].

The natural history of HPV infection is characterized
by a very high rate of spontaneous clearance [18,20].
We encountered four patients (5.1%) presenting
regressive lesions, 18 (23%) with transient infection and
19 (24%) had successful curative treatment, using either
electron cauterization or thrichloroacetic acid (TCA)
application. All of the treatments resulted in the elimination
of infection, comprising 53% of the analyzed cases.

High-risk HPV was present in 92% (12/13) of the
latent infections and 56% (10/18) of the transient
processes. Previous studies indicated that 50% of the
HPV transient infections disappear within a few months
in most cases, despite the presence of oncogenic virus,
probably as a result of a competent host immune
response [25,26].

Two patients presented progressive lesions. High-
risk HPV DNA was detected in both cases, reinforcing
the idea that high-risk HPV has an etiological role in
the development of HSIL. Nevertheless, we observed
that there were no cases of cancer in the study
population, which leads to the speculation that perhaps
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cancer control is already functioning, at least for our
middle class population, which can afford private health
care and has good access to information.

Thus, are HCA really necessary to optimize cancer
prevention? Due to high costs, HCA is not available in
routine clinical practice in poor countries, like ours. We
suggest testing only high-risk HPV DNA in cocktail B,
which could be sufficient for clinical practice and would
reduce the costs of the diagnosis [27]. We also suggest
that cervical cancer screening strategies should include
HPV testing for persistent lesions or lesions
unresponsive to treatment, in order to identify the HPV
type and the women with abnormal smears who cannot
be properly followed up by cytological methods.
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