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Abstract

To determine the prevalence of human papillomavirus (HPV) among women with atypical squamous cells
of undetermined significance (ASC-US) referred to colposcopy and the implications for clinical management in
low- and middle-income countries (LMIC), the present study was conducted. We included 200 women living in
Maringa/Brazil referred to colposcopy service between August 2012 and March 2013 due to an abnormal cytology
from ASC-US until high-grade intraepithelial lesion (HSIL). HPV was detected and genotyped by polymerase
chain reaction (PCR). The mean age was 36.8+10.5 years, and women with and without ASC-US had similar
mean ages (37.4+11.5 and 36.4+9.96 years, respectively). The highest prevalence of ASC-US occurred at 20-24
years (40%). HPV-DNA was positive in 164 (82.0%) women.Of the 57 women with ASC-US, 30 (52.6%) were
HPV-DNA-positive and 21 (70%) were high-risk HPV-positive (HR-HPV); the latter was similar to women
without ASC-US (76.9%) but with other abnormal cytological findings present. Our data demonstrated that
performing tests for HR-HPV can be used for management of women with ASC-US to support the decision of
which women should be referred for an immediate or later colposcopy. The same conclusions can be applied to

other LMICs for which HPV testing for primary screening has not been adopted.
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Introduction

At present, cervical cancer (CC) is the fourth leading
cause of cancer among women worldwide despite the
existence of highly effective prevention and screening
methods (Koh et al., 2015; INCA, 2016). Its incidence
varies between different regions, but over 85% of the
disease burden occurs in developing countries as a result
of the weakness of screening programs (Ferlay et al.,
2010; Sudenga et al., 2014). In Brazil, CC is the third most
common type of cancer in the female population, preceded
by breast and colorectal cancers, and CC is the fourth most
common cause of death from cancer in females. In 2016,
an estimated 16.340 new cases of CC were determined in
the country, with approximately 5.430 deaths (Globocan,
2015; INCA, 2016).

Implementation of screening examinations by cervical
cytology can reduce the incidence of CC and its associated
mortality, but such reductions are dependent on the age of
the patients, the quality of the service and the coverage
of programs (Solomon et al., 2002; Davey et al., 2004;

Solomon et al., 2007). An atypical squamous cells of
undetermined significance (ASC-US) result is the most
common non-normal cytology finding in cytological
screening, affecting 2% to 5% of women screened or
well over 1 million women annually in the United States
(Davey et al., 2004; Solomon et al., 2007). An ASC-
US result is not a true biological entity that progresses
or regresses, but it represents indeterminate cellular
changes that do not meet the morphological criteria for
classification of normal or premalignant lesion (Solomon
etal.,2002; Ferlay et al.,2010). As such, the interpretation
by its nature is highly variable across readers (Stoler et
al., 2001; Wright et al., 2014).

Women with a cytology result of atypical squamous
cells cannot exclude HSIL (ASC-H) or worse and should
be immediately referred for colposcopy because of a
sufficient risk of having a HSIL (Massad et al., 2013).
However, the clinical management of women with
ASC-US results is particularly problematic and may be
variable in different institutions or regions ranging from
follow-up cytology to referral for colposcopy, which is
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particularly preferred in the areas with high CC incidence
(Kietpeerakool et al., 2014). A cytologic follow-up is
a triage strategy for ASC-US, but this could result in a
delayed diagnosis in some patients (Arbyn et al., 2013).
As human Papillomavirus (HPV) infection is a necessary
cause of almost all CC, testing for high-risk (HR) HPV-
DNA can be used for triage and management of women
with ASC-US to decide who should be referred for
immediate versus delayed colposcopy (Tota et al., 2011;
Arbyn et al., 2013; Massad et al., 2013).

Although Brazil is considered a low- and middle-
income country (LMIC), and it is on the cusp of
becoming a high-income country, it is a country with great
socioeconomic disparities. Still, HPV testing for primary
screening has not been adopted in Brazil. Therefore, Brazil
is the ideal setting to evaluate the impact of HPV tests in
the clinical management of women with ASC-US; Brazil
serves as a model of LMICs and low-resource settings.
Thus, our study aims to assess the HPV prevalence and
genotype distribution in women with ASC-US results
referred forcolposcopy in a region with high CC incidence.

Materials and Methods

Study population

The study included a series of 200 women living in
Maringa, Parana State, Brazil referred to the reference
service for colposcopy (Zona Sul Clinic) between August
2012 and March 2013 due to an abnormal Papanicolaou
findings (ASC-US, ASC-H, low-grade SIL-LSIL and
HSIL). Women were excluded from the study if (a) they
had a previous history of cervical intraepithelial neoplasia
(CIN) or cervical, vaginal, or vulvar cancer; (b) they
were referred because of a cervical cancer cytological
finding; (c) they had immunosuppression; or (d) they were
pregnant. All participants voluntarily agreed to provide a
sample for HPV-DNA detection and signed an informed
consent form before enrollment. All study procedures
were approved, and the project was monitored by the
Committee for Ethics in Research Involving Humans/
COPERP at the State University of Maringa/UEM/Brazil.
The study was recorded in the National Commission for
Research Ethics (CONEP)/Health Ministry of Brazil (n°
489/2010 and n° 083/2011).

Study procedures and sampling

In all patients, colposcopy was performed after
application of 3% acetic acid. Colposcopically targeted
biopsies were taken from the most abnormal area of the
cervix. An endocervical curettage was performed if the
transformation zone was not entirely visible. Women
with a suspicious image penetrating the cervical canal
and those in whom colposcopy was unsatisfactory were
submitted to cervical conization. The material was fixed
in formaldehyde.

At colposcopy, HPV-DNA samples were obtained with
a cervical cytobrush then immediately suspended in 1 ml
of sterile 0.9% NaCl solution and frozen at -80°C until
they were analyzed for HPV-DNA.
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Histopathology

Histopathology results were determined by a panel of
3 pathologists blinded to all participants in accordance
with the World Health Organization criteria (Scully
et al., 2004), and were classified as CIN 1, CIN 2,
CIN 3, invasive squamous cell carcinoma or invasive
adenocarcinoma. According to the Health Ministry of
Brazil, all cases with cytological findings of ASC-H, HSIL
and CC should be analyzed by colposcopy and histology
and properly treated and/or have a follow-up.

HPYV detection and genotyping

An AxyPrepTm Body Fluid Viral DNA/RNA Miniprep
Kit (Axygen, CA, USA) was used for DNA extraction
according to the manufacturer’s instructions. The
quality and quantity of purified DNA were measured by
spectrophotometry (NanoDrop 2000 Spectrophotometer,
Thermo Scientific, Wilmington, USA).

A single-target PCR (sPCR) method has been in use
in our laboratory for several years for HPV detection and
consists of HPV-PCR amplification carried out using
primers MY09 (5’CGTCCMAARGGAWACTGATC-3")
and MY11 (5’-GCMCAGGGWCATAAYAATGG-3").
The reaction consisted of 2.5 mM of each dNTP, 1 U of Taq
DNA polymerase (Invitrogen, Carlsbad, CA), 0.6 mM of
MgClI2,25 mM of each primer and 50 ng of extracted DNA
for a final volume of 15 pL.. Co-amplification of the human
[-globin gene was performed as an internal control using
primers GH20 (5’-GAAGAGCCAAGGACAGGTAC-3’)
and PC04 (5’-CAACTTCATCCACGTTCACC-3") under
the same conditions as the HPV-PCR. Two types of
controls were also included in each reaction: ‘no-DNA’
(negative control) and ‘HPV-positive DNA’ (positive
control). PCR products were electrophoresed in 1.0%
agarose gel, stained with 1.0 pg/mL ethidium bromide,
and photodocumented under UV light (De Abreu et al.,
2012a; De Abreu et al., 2012b; Gimenes et al., 2014;
Rocha et al., 2014).

HPV-positive samples were genotyped by PCR-RFLP
(Restriction Fragment Length Polymorphism) as described
previously (Santiago et al., 2006; Chen et al., 2013). For
initial RFLP, 10 #L of each sample were digested in a final
volume of 15 uL with the restriction enzyme HpyCH4V
(New England Biolabs, Ipswich, MA, USA) according
to the manufacturer’s instructions (Santiago et al., 2006).
To better distinguish some HPV genotypes, such as HPV
11/30, 18/68, 44/55, and 61/83/84, which present similar
RFLP patterns, the same protocol was used with a second
enzyme Nlalll (New England Biolabs, Ipswich, MA,
USA) (Chen et al., 2013).Restriction fragments were
resolved in 8% polyacrylamide gels. HPV genotypes
were determined by analyzing each band with LabImage
1D software (Loccus Biotechnology, Sdo Paulo, Brazil),
and the molecular weights were compared for HPV
genotype determination. A total of 39 individual HPV-
DNA genotypes (17 genotypes considered to be either
high-risk or potentially high-risk, 22 low-risk genotypes
not associated with carcinogenesis, and 1 genotype with
undetermined-risk for carcinogenesis) was determined
by the PCR-RFLP method as follows: high-risk (HR)
(genotypes 16, 18, 31,33, 35, 39, 45, 51, 52, 53, 56, 58,
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59, 66, 68, 73 and 82); low-risk (LR) (6, 11, 30, 34, 40,
42,43,44,54,55,61,62,64, 67,69, 70,72,74, 81, 83,
84 and 91); and undetermined-risk (UR) (26) (Santiago
et al., 2006; Monsonego et al., 2015).

Statistical analysis

All data were analyzed using the GraphPad Prism
software version 6 (Graph-Pad Software Inc., San Diego,
CA). Data were compared by Fisher’s exact test as
appropriate. The significance level for the tests (P) was
set at 0.05.

Results

The mean age of the 200 women included in the study
was 36.7+10.4 years. Women with and without ASC-US
had a similar mean age (37.4+11.4 and 36.3+9.9 years,
respectively) (P>0.05). Overall, 12 (6.0%) women were
aged <20 years, 25 (12.5%) were 20-24 years, 64 (32.0%)
were 25-34 years, 48 (24.0%) were 35-44 years, 40 (20%)
were 45-60 years and 11 (5.5%) >60 years. ASC-US was
recorded in 57 (28.5%) women. The highest prevalence of

Table 1. Prevalence of ASC-US by Age*

ASC-US was recorded among women aged 20-24 years
(40%) but the association between age and ASC-US was
not significant (P>0.05). Among the 143 women without
ASC-US, 4 (2.8%) had AGC, 26 (18.2%) had ASC-H, 41
(28.7%) had LSIL and 72 (50.3%) had HSIL.

The HPV-DNA test showed that 164 (82.0%) women
had HPV infection. Among 57 women with ASC-US,
30 (52.6%) were HPV-DNA-positive. However, the
association between HPV positivity and ASC-US was
not significant (P>0.05). Among 143 women without
ASC-US, 134 (93.7%) were HPV-DNA-positive (Table
2). The association between HPV positivity and women
without ASC-US was significant (P=0.0012). Considering
the different cytological findings of women without
ASC-US, only HSIL was associated with HPV positivity
(P=0.0008).

Molecular analysis showed that 117 (58.5%) of
the 164 women with positive HPV samples had single
infections, and 47 (23.5%) had multiple genotype
infections. Among the 30 HPV-DNA-positive women
with ASC-US, 10 (33.3%) had multiple infections. There
was no significant association of ASC-US with single
or multiple HPV infections (P>0.05). Women with and
without ASC-US had similar prevalence of single (66.7%
and 72.4%, respectively) and multiple (33.3% and 27.6%,

Ace eroups With ASC-US X]Sltch_%l; Total respectively) HPV infections (Table 3).
g(Yegars)p (n=57) (n=143) (n=200) HR-HPYV genotypes were recorded in 21 (70%) of the
n % T % n % 30 HPV-positive women with ASC-US and 103 (76.9%)
<20 (n=12) 04 (33.3) 08 (66.7) 12 (6) in the 134 without ASC-US. LR-HPV genotypes were
20-24 (n =25) 10 (40.0) 15 (60.0) 25 (12.5)
25-34 (n=64) 12 (18.7) 52(81.3) 64 (32) Table 4. Prevalence of HPV Genotypes in Cervical
35-44 (n = 48) 14 (29.2) 34 (70.8) 48 (24) Samples®
45-60 (n =40) 13 (32.5) 27 (67.5) 40 (20)
>60 (n=11) 04 (36.4) 07 (63.6) 11 (55) . } Without ASC-
Total 57(28.5) 143 (71.5) 200 (100) G With ASC-US Us Total
enotype
ASC-US, atypical squamous cells of undetermined significance; *Values (n =30) (n=134) (n=164)
are given as number (percentage). n % n % n_ %
High-Risk
Table 2. Frequency of HPV-DNA in Cervical Samples }g 23(??-3) 24(2(325) 8) ;5( 2(343) )
from Women with and without ASC-US a1 1.3 13 () 14.6.7)
upv.pna  With ASC-US - Without ASC-US  Total 33 0009 11(52) 11(4.3)
B (n=57) (n=143) (n=200) 45 0(0.0) 3(1.5) 3(1.2)
n % n % n % 51 0(0.0) 1(0.7) 1(0.6)
Positive 30 (52.6) 134 (93.7) 164 (82) 52 0(0.0) 3(0.7) 3(0.6)
Negative 27 (47.4) 9 (6.3) 36 (18) 56 0(0.0) 2(0.7) 2(0.6)
*HPV, human Papillomavirus; ASC-US, atypical squamous cells of 58 4(67) 15(52) 19(5.5)
undetermined significance; *Values are given as number (percentage). 59 0(0.0) 307 3(0.6)
66 3(3.3) 11 (4.5) 14 (4.3)
Table 3. Frequency of Single, Multiple and Oncogenic 8 2(6.7) 3(0.7) 4 (1.8)
Risk Infections in HPV Positive Women with and ~ Low-Risk
without ASC-US? 6 2(3.3) 2(0.7) 4(1.2)
11 2(3.3) 3(0.0) 5(0.6)
. Without ASC- 13 1(3.3) 3(1.5) 4(1.8)
HPV infection V. ASC-US US Total 53 2(6.7) 2(0.0) 4(12)
(n = 30) (n=134) (n=164) 54 0(0.0) 4(0.7) 4(0.6)
n % n % n % 70 1(3.3) 4(0.0) 5(0.6)
Single 20 (66.7) 97(724) 117 (58.5) 72 0(0.0) 5(0.7) 5(0.6)
Multiple 10 (33.3) 37 (27.6) 47 (23.5) 81 1(0.0) 3(0.7) 4(0.6)
Low only 06 (20) 08 (5.9) 14 (8.5) None 27 9 36 (21.9)
High only 21 (70) 103 (76.8) 124 (75.6) Multiple- 20 6 26 (15.8)
Low and high 03(10) 23 (13.1) 26 (15.8) Infections

HPYV, human Papillomavirus; ASC-US, atypical squamous cells of
undetermined significance; “Values are given as number (percentage).

HPYV, human Papillomavirus; ASC-US, atypical squamous cells of
undetermined significance.
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found in 6 (20%) of HPV-DNA-positive women with
ASC-US and in 8 (5.9%) of those without ASC-US (Table
3). ASC-US was not associated with HR or LR-HPV
genotypes (P>0.05).

Thirty-six different HPV genotypes were detected
in the samples using PCR-RFLP (Table 4). The most
prevalent HPV genotypes in women with and without
ASC-US were HPV 16 (33.5%), HPV 31 (6.7%), and
HPV 58 (5.5%).

Discussion

In the current study, we evaluated the HPV prevalence
and genotype distribution in women with ASC-US results
referred for colposcopy in a region with high CC incidence
and in which HPV testing for primary screening has not
been adopted. Despite the fact that the association between
HPV positivity and ASC-US was not significant, these
women had a high prevalence of HPV-DNA (52.6%). Still,
HR-HPV positivity in women with ASC-US (70%) was
also high, which was similar to women without ASC-US
(76.9%) but who had other abnormal cytology (AGC,
ASC-H, LSIL or HSIL). Thus, we demonstrated that
performinga HPV molecular test in women with ASC-
USwill helptheir clinical management, similar to what is
already well established for women with cervical lesions.

In the overall samples, HPV-DNA was detected in 82%
of women that were referred for colposcopy, highlighting
the importance of Papanicolaou screening in cervical
cancer prevention. The HPV-DNA prevalence was higher
but at the same time consistent with previous studies
performed in different countries around the world, which
found HPV prevalence ranging from 35% to 80% among
women with some cervical abnormalities (Gargiulo et al.,
2007; Abreu et al., 2012b; Alameda et al., 2012; Balbi et
al., 2012).

Our study showed that approximately 16% of women
with ASC-US were 20-60 years old, which is higher than
the 10% of women aged 20-60 years with ACS-US found
in another Brazilian study (Paesi et al., 2009).

Women with ASC-US findings usually don’t receive
further diagnostic tests and treatments, which show and
confirm that most cases can be LSIL or HSIL (Fernandes
et al., 2009). The first cytological exam that identifies
ASC-US is important because it segregates the normal
patients from those patients needing to undergo more
investigation (Lee et al., 2013). It is well known that
sometimes, cytological conditions found in ASC-US
women may not be sufficient to diagnose high or low
lesions, however, they are enough to support the fact that
patients should no longer be treated as normal (Meloni et
al.,2014). In our study, HPV-DNA prevalence was 52.6%
in women with ASC-US and 93.7% among those without
ASC-US. These data may explain at least in part the small
number of ASC-US cases who progress to cervical lesion
as described by other authors (Lee et al.,2013; Hou et al.,
2012; Kasamatsu et al., 2012). In this study, 23.5% of
women with positive HPV-DNA had multiple infections.
Other researchers had reported similar frequency of HPV-
DNA multiple infections,including 21% in Europe, 24%
in Africa and 14% in a different area of Brazil. However,
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these studies did not include only women referred for
colposcopy, which was different from our study (Hou
et al., 2012; Kasamatsu et al., 2012; Lee et al., 2013).
Another Brazilian study reported a rate of 80.8% of HPV
multiple infections (Paesi et al., 2009), which highlights
the fact that data differences can be due to epidemiologic
characteristics of each population studied. Serious and
adequate analysis of HPV-DNA multiple infection has
its importance in the clinic because it has been found
that women with multiple viral genotypes have a greater
chance to progress to low and or high lesions (Meloni et
al., 2014).

In this study, 36 different HR and LR-HPV genotypes
were identified, with HPV 16, HPV 58 and HPV 31 being
the most prevalent. It is well known that HPV 16 is the
commonest genotype in the world, including in Brazil
(Klug et al., 2008; De Abreu et al., 2012a; De Abreu et
al., 2012b; Rocha-Brischiliari et al., 2014; Discassiati
et al., 2015). Regarding the association between HPV
genotypes and cytological findings, HR-HPV genotypes
were recorded in 21 (66.7%) of the 30 HPV-DNA-positive
women with ASC-US and in 103 (76.9%) of the 134
without ASC-US, representing 75.61% of HPV-DNA-
positive women. Thus, the rate of HR-HPV positivity
was high in women referred for colposcopy but not
significantly associated with ASC-US. Hou et al. (2012)
found a much lower incidence of HR-HPV (26.4%) in
Chinese women with ASC-US.

In conclusions, We observed that women with ASC-US
had a high prevalence of HPV-DNA. Additionally, these
women had high HR-HPV positivity, which is similar
to women without ASC-US but that had other abnormal
cytology (AGC, ASC-H, LSIL or HSIL). Taken together,
our data demonstrated that performing tests for HR-HPV
can be used to triage and manage women with ASC-US
to support the decision of who should be referred for an
immediate or late colposcopy. Considering that Brazil is
the ideal setting to evaluate the impact of HPV tests in the
clinical management of women with ASC-US and serves
as a model of LMICs and low-resource settings due its
great socioeconomic disparities, our data can be important
to other LMICs as well.
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