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SUMMARY

Purpose: The aim of this study was to investigate the frequency of HPV infection and the types 16 and 18 in cervical samples
from patients attended at two public health services of the city of Belo Horizonte, MG. Methods: Cervical samples from 174
patients were collected for cytopathological and molecular tests. HPV infection was searched by PCR utilizing MY09 and MY11
primers or HPV 16 and HPV 18 specific primers. Results: Amongst the 174 samples analyzed, 20.7% presented squamous
intraepithelial and/or invasive lesions detected on cytopathological analysis and of those, 94.4% were infected by HPV. HPV 16
was found in 20% of the cases of low-grade squamous intraepithelial lesions and in 40% and 50% of high-grade squamous
intraepithelial lesion and squamous invasive carcinoma, respectively. HPV 18 was detected in 6.7% of the low-grade lesion
samples and in two HPV16 co-infected samples. In 50% of the cases of high-grade lesion, the HPV type was not determined.
Conclusion: The HPV 16 was the virus type more frequently detected. However, more than 50% of the positive samples at the
cytopathological analysis were negative for HPV 16 and 18, indicating that possibly other virus types are present in relative high
frequencies in the studied population.
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INTRODUCTION

Cervical cancer is one of the most frequent diseases in women and
a considerable cause of morbidity and mortality among them. It is the
second more frequent type of cancer in women worldwide, preceded
only by breast cancer11,28. In Brazil, it is estimated that cervical cancer
is the third more common type of malignant neoplasia and the fourth
cause of death by cancer among women. It was estimated the occurrence
of 19260 new cases of cervical cancer in 2006 in Brazil4.

Cervical cancer is closely related to persistent infection by high-
risk Human Papillomaviruses (HPV)28. In a study performed on cervical
biopsy samples from patients of 22 countries, HPV DNA was detected
by polymerase chain reaction (PCR) in 99.7% of the cases of cervical
cancer, indicating that HPV is in fact the main cause of this type of
cancer18. On the other hand, the HPV detection rate in patients with no
cervical epithelial abnormalities varies from 5% to 20%8,15,24.

In Brazil, a prevalence of HPV infection ranging from 15% to 27%
have been detected by hybrid capture (HC) or PCR in studies performed
in health services for screening cervical cancer16,20. However, in patients
with cervical cancer, HPV DNA detection has ranged from 55.2% to
91%, depending on the type of biological material and method
used3,7,10,12,17,21.

The most prevalent types of high-risk HPVs that infect the uterine
cervix are: HPV 16 (53%), HPV 18 (15%), HPV 45 (9%), HPV 31
(6%) and HPV 33 (3%)18. According to studies performed on the
Brazilian population, HPV 16 is the most frequent type found in all
regions of the country, though there is an important variation regarding
the frequency of infection by other types. Accordingly, HPV 18 is the
second most prevalent in North, South and Southeast regions. HPVs
31 and 33 correspond to the second most prevalent type in the Northeast
and Central regions, respectively3,10,17,21,22.

Specific HPV types present different relative risks for the
development of cervical cancer6,14. Thus, HPV typing is important for
the prognosis of epithelial lesions in uterine cervix. Besides, the
identification of HPV types that are more commonly associated to
cervical cancer in different regions may help in strategies for cancer
prevention, including the development and efficacy evaluation of
effective vaccines. In this study, the molecular detection of HPV and
the types 16 and 18 was performed in cervical samples from patients
who attended at two public health services in Belo Horizonte.

MATERIAL AND METHODS

This study was performed prospectively by obtaining cervical
samples from patients attended at secondary public health services in
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Belo Horizonte. The cervical samples collected from 174 patients were
submitted to cytopathological analysis and molecular tests for HPV
detection, searching for HPVs 16 and 18.

The patients selected for this study were refered to secondary public
health services for further investigation, since cytopathological or
colposcopic abnormalities were previously detected during the clinical
or cytopathological analysis at primary public health services. The
results of the cytopathological analysis performed at the primary public
health services were not reviewed by the authors in the present study.

Information concerning the research was provided to all participants
with a simple and clear language. After the explanation, a clinical form
was filled and all the participants signed a free and informed consent
approved by the institutional ethic committee of Universidade Federal
de Minas Gerais.

The cervical samples were collected by gynecologists utilizing
the liquid-based cytology technique (DNA Citoliq® DIGENE). DNA
extraction was carried out in aliquots obtained from the frozen samples
in liquid medium, using the protocol described by VILLA et al.29, with
modifications. DNA extraction was performed from 200 µL of the cell
suspension. Cells were centrifuged at 3,000 rpm for five min. and the
sediment obtained was suspended in 400 µL of a cell lysis solution and
centrifuged at 10,000 rpm for five min. This procedure was repeated
until a white pellet with no traces of hemoglobin has been obtained.
The pellet was then suspended in 300 µL of cell lysis solution containing
SDS 0.5% and proteinase K to a final concentration of 0.05 ng/mL and
incubated at 56 °C, during one hour and afterwardst for 10 min at
95 °C for denaturation. DNA was then precipitated by addition of
ammonium acetate (1.4 mM) and an equal volume of iced isopropanol
and centrifugation at 10,000 rpm for 15 min at 4 °C. The pellet was
washed with iced 95% ethanol and centrifuged at 14,000 rpm for 10 min
at 4 °C. The pellet was dried and suspended in 100 µL of Tris (10 mM)
and EDTA (1 mM).

The smears were stained by Papanicolaou method, examined
randomly, without knowledge of the results of molecular tests and
classified according to the Bethesda System. The samples showing
atypical squamous or glandular cells of undetermined significance
(ASCUS and/or AGUS), squamous intraepithelial lesion (SIL) and/or
invasive carcinoma were considered positive. The samples showing a
normal pattern and inflammatory and/or reactive changes were
considered negative.

All samples were submitted to a PCR reaction with PC03/PC04
primers that amplify a 110 pb fragment of the human β-globin gene,
as an inner control, to verify the integrity and quality of the DNA
extracted25. The PCR reaction consisted of 0.05 mM of each dNTP; 1
UI of Taq polymerase; 1.5 mM of MgCl

2
; 0.5 pmol/µL of each primer

and 1.0 µL of the extracted DNA. PCR conditions comprised thirty-
five amplification cycles, performed in thermal cycles (MJ Research),
of denaturation for 1.0 minute at 94 °C, annealing for 1.0 minute at
55 °C and extension for 1.0 minute at 72 °C.

All samples were then searched for HPV infection by PCR with
the MY09/11 consensus primers. Negative samples at the MY09/11
evaluation and positive (n = 16) or negative (n = 20) in cytological

analysis were submitted to an additional PCR reaction with the GP5+/
GP6+ consensus primers. The MY09/11 primer set amplifies a sequence
of 450 pairs of basis (pb), whereas GP5+/GP6+ amplifies a 150 pb
fragment of the L1 HPV genomic region1,23. PCR conditions for both
primer sets comprised forty cycles of denaturation for 1.0 minute at
94 °C, annealing for 1.0 minute at 56 °C (MY09/11 primers) or at 45
°C (GP5+/GP6+ primers) and extension for 1.0 minute at 72 °C. When
HPV was detected, additional PCR reactions were carried out using
primers that are specific for HPV types 16 and 18 and amplify DNA
fragments of 152 and 216 pb, respectively13. PCR conditions were
similar to those used for MY09/11 or GP5+/GP6+ primers sets, except
that annealing was performed at 57 °C for the HPV-16 specific primers
and at 65 °C for the HPV-18 specific primers. The viral type was
considered not determined (HPV-X) in HPV positive samples when
neither DNA-HPV 16 nor DNA-HPV 18 were amplified, since only
these HPV types were investigated in the present study.

PCR reaction products, along with molecular weight standards,
were submitted to 6% polyacrilamide gel electrophoresis and silver
staining. In all PCR reactions a positive control was included which
consisted of a previously known HPV positive sample. A negative
control was also included which contained all the reagents except DNA.

RESULTS

Among the samples analyzed, 79.3% (138/174) were negative in
the cytopathological analysis; 5.2% (9/174) presented ASCUS/AGUS;
8.6% (15/174) presented low-grade squamous intraepithelial lesion
(LSIL); 5.7% (10/174), high-grade squamous intraepithelial lesion
(HSIL) and 1.1% (2/174), invasive epidermoid carcinoma.

HPV infection was detected in 39.6% (69/174) of the samples by
PCR technique. Initially, it was observed that some samples with
positive results at the cytopathological analysis did not present HPV
DNA in PCR reactions with primers MY09/11. These samples (n =
16) were, then, submitted to new PCR reactions with primers GP5+/
GP6+. Twelve out of these 16 analyzed samples (75%) showed HPV
DNA, allowing the detection of an increased HPV infection rate
(35.1%).

Samples that were simultaneously negative in cytopathological
analysis and PCR using MY09/11 primers (n = 20) were also submitted
to PCR with GP5+/GP6+ primers. Of those, 6 (30%) were DNA-HPV
positive in this later analysis.

Considering the cytopathological positive samples, 94.4% (34/36)
presented HPV DNA. In those samples which HSIL or invasive
carcinoma were detected, 100% were HPV-positive in PCR testing,
whereas among the cytopathological negative samples, 25.4% were
HPV-positive (Table 1). In general, the detection rate for HPV infection
was higher as the severity of the lesions increased.

The results for viral typing are presented in Table 2. HPV 16 was
found in 22.2% of the samples of ASCUS/AGUS, in 20% of samples
of LSIL, in 40% of samples of HSIL and in 50% of the invasive
carcinoma. HPV 18 was found in 6.7% of the samples with LSIL and
in 2.2% of the negative samples. Co-infection was found in two samples.
Since DNA-HPV was detected in all the HSIL and invasive carcinoma
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samples and only HPV 16 and 18 have been investigated in the present
study, it can be assumed that other HPV types were present in 50% of
the samples with these cytopathological diagnostics.

DISCUSSION

HPV detection rates depend on the population studied, the method
of detection, the type of specimen and how it is obtained. In the present
study, the highest HPV detection rate was observed when the primer
set GP5+/GP6+ was used. In 16 previously negative samples using
MY9/MY11 primers and positive cytopathological results, 75% (12/
16) were positive when tested with GP5+/GP6+. In addition, of the 20
samples that were initially negative at both cytopathological and MY9/
MY11 PCR analysis, six were positive, when tested with GP5+/GP6+.
Although the MY9/MY11 primer set has been extensively used for
amplification of HPV genomic regions, the use of more than one
consensus primers set increases the HPV detection rate in cervical
samples5. The primer set GP5+/GP6+ includes a 3’ end sequence
modification of primers GP5/GP6 and was shown to increase HPV
detection rates23. In addition, it is likely that the amplification of a
shorter genomic fragment by the primer set GP5+/GP6+ would be more
efficient as compared to the longer DNA fragment amplified by MY9/
MY11 (150 pb versus 450 pb), improving sensitivity. It is worth noting
that, although the occurrence of false positive PCR results may not be
completely excluded in this analysis, the majority of the MY9/MY11

positive samples were also positive for GP5+/GP6+, HPV16 or HPV18
primer sets.

In this study HPV DNA was detected in 94.4% of the
cytopathological positive samples. Moreover, it was observed that as
the severity of the lesions increased, the detection rate for HPV infection
increased, as well, and this finding is consistent with previous
reports5,18,26. Among the cytopathological negative samples, 25.4%
presented HPV DNA. This frequency was higher than that observed by
NONNENMACHER et al.20 which reported a HPV frequency of 13.8%
among patients with cytopathological negative findings in a study
performed at the city of Porto Alegre, Brazil. However, the HPV
frequencies reported in Brazil may vary from 15% to 27% in studies
conducted in health services for screening cervical cancer16,20.

Among the cases of LSIL, only 20% presented HPV 16 and in
66.7% of the samples neither HPV16 nor HPV18 were detected (HPV-
X). This result was similar to that found in another study performed in
Brazil by LORENZATO et al.17 in which HPV 16 was detected in 19.4%
(12/62) of the samples diagnosed with NIC I in histopathological
analysis. Four HPV 18 positive samples were observed, three were
negative and one presented LSIL. Samples with LSIL diagnosis and
HPV 18 have been reported by CAVALCANTI et al., as well7. On the
other hand, cytopathological negative samples with HPV 18 might
represent a latent infection by this virus.

Table 2
Correlation between cytopathological results and presence of HPVs 16 and 18

Cytology  HPV Negative HPV 16 HPV 18 HPV Xd Co-infection Total
n % n % n % n % n %

Negative 103 74.6 5 3.6 3 2.2 26 18.8 1 0.7 138
ASCUS/AGUSa 1 11.1 2 22.2 - - 6 66.7 - - 9
LSILb 1 6.7 3 20.0 1 6.7 10 66.7 - - 15
HSILc - - 4 40.0 - - 5 50.0 1 10.0 10
Invasive carcinoma - - 1 50.0 - - 1 50.0 - - 2
Total 105 60.3 15 8.6 4 2.3 48 27.6 2  1.1 174

a: ASCUS/AGUS: Atypical squamous or glandular cells of undetermined significance; b: LSIL: Low grade squamous intraepithelial lesion; c: HSIL: High grade
squamous intraepithelial lesion; d: HPV X: Viral type not determined.

Table 1
Results of cytopathological and molecular analyses in 174 cervical samples

Cytology HPV-DNA Negative HPV-DNA Positive Total
n % n %

Negative 103 74.6 35 25.4 138
ASCUS/AGUSa 1 11.1 8 88.9 9
LSILb 1 6.7 14 93.3 15
HSILc - - 10 100 10
Invasive carcinoma - - 2 100 2
Total 105 69 174

a: ASCUS/AGUS: Atypical squamous or glandular cells of undetermined significance; b: LSIL: Low grade squamous intraepithelial lesion; c: HSIL: High grade
squamous intraepithelial lesion.
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The HPV 16 detection rate was higher in the cases of HSIL and
invasive carcinoma when compared to that found in ASCUS/AGUS or
LSIL samples. GRCE et al., using the same HPV 16 and 18 specific
primers sets, also observed that HPV 16 detection was higher in NIC
III samples (50%) in comparison to NIC I samples (12.3%)13. Similarly,
NINDL et al. observed in biopsy samples an increased HPV 16 detection
from NIC I (12.2%) to NIC III (74%)19.

Two other studies were carried out in Belo Horizonte, Minas Gerais,
aiming the identification of HPV infection by molecular methods2,27.
BORGES et al. used the hybrid capture II method for HPV detection
in negative and positive samples for squamous intraepithelial lesions
(n = 110)2. The detection rate for high risk oncogenic HPVs was 85%
in samples with NIC II and NIC III, a detection rate higher than that
observed in the present study (40%). This difference could be partially
explained by the fact that in the present study only two types of high-
risk HPVs (16 and 18) were investigated, whereas the hybrid capture
II method includes a pool of probes for searching 13 types of high risk
oncogenic HPV, not allowing, however, the assessment of HPV types.
Considering that in 50% of the samples with HSIL and invasive
carcinoma the type of HPV was not determined, it is likely that these
cases are associated to other types of high-risk HPVs.

SOUZA et al. searched for the presence of HPVs 6, 11, 16 18, 31,
33 and 35 by PCR with specific primers in ectocervical samples from
HIV-positive patients (n = 49)27. HPV infection was detected in 53%
(26/49) of the samples through histopathological analysis and in 85.7%
(42/49) by PCR technique. High-risk HPVs were present in 15 out of
16 samples diagnosed with NIC I, II and III. This high rate of HPV
detection in high-grade lesions (NIC II and III), as compared to the
one detected in the present study, is probably associated to detection
of other high-risk HPV types as well as to the population studied by
these authors, since a higher prevalence of HPV infection is observed
in HIV-positive patients9.

In this study additional information was presented regarding the
frequency of HPV infection in an increased number of women from
Belo Horizonte city, seen at secondary public health services. As
expected, an increased HPV detection rate was detected as compared
to those observed in previous studies performed in Brazil in samples
obtained from patients seen at primary health services20. Thus, it is
worth to emphasize, the need for assessment and comparison of such
data. This information will certainly be useful to evaluate and to
establish strategies for the prevention of cervical cancer, including the
development, and later, the evaluation of vaccine efficacy.

RESUMO

Detecção molecular de HPV 16 e 18 em amostras cervicais de
pacientes de Belo Horizonte, Minas Gerais, Brasil

Objetivos: O objetivo deste estudo foi investigar a freqüência da
infecção por HPV e dos tipos 16 e 18 em amostras cervicais de pacientes
atendidas em dois serviços públicos da cidade de Belo Horizonte-MG.
Métodos: Amostras cervicais de 174 pacientes foram coletadas para
estudo citopatológico e molecular. A pesquisa da infecção por HPV
foi feita através da PCR utilizando os oligonucleotídeos MY09/MY11.
Os tipos virais 16 e 18 foram pesquisados através da utilização de

oligonucleotídeos específicos. Resultados: Dentre as 174 amostras
analisadas, 20,7% apresentaram lesões escamosas intra-epiteliais e/
ou invasoras detectadas na análise citopatológica, das quais 94,4%
mostraram infecção por HPV. O HPV 16 foi encontrado em torno de
20% dos casos de lesão escamosa intra-epitelial de baixo grau e em
40% e 50% dos casos de lesão escamosa intra-epitelial de alto grau e
carcinoma escamoso invasor, respectivamente. O HPV 18 foi
encontrado em 6,7% das amostras com lesão de baixo grau e em dois
casos de co-infecção com HPV 16. Em 50% dos casos de lesão de alto
grau, o tipo de HPV não foi determinado. Conclusões: O HPV 16 foi
o tipo viral mais freqüentemente detectado. No entanto, mais de 50%
das amostras positivas no exame citopatológico não apresentaram HPV
16 e 18, indicando que possivelmente outros tipos virais estejam
presentes em freqüências relativamente altas na população estudada.
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