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Abstract

Objective: In Mexico cervical cancer (CC) is the most common cause of death from neoplasia in women. Study aimed to
analyze the current distribution of Human papillomavirus (HPV) types in women from Nayarit, Mexico, with Squamous
intraepithelial lesions (SIL) and Cervical cancer (CC).

Methodology: Between January 2011 and July 2013, cervical samples were collected from female residents of the Mexican
state of Nayarit and were analyzed by means of a LINEAR ARRAY® HPV genotyping test. Data analyses were performed using
Stata ver. 8.0 statistical software.

Results: Of the samples analyzed, 91.2%, HPV DNA was detected. Of these positive samples, 82% were High-risk (HR) viral
types. The most prevalent HPV genotypes identified were 16, 58, 31, 18, and 70. Forty two percent of participants had a single
infection, while 23 and 26% of participants were infected with two or more HPV genotypes, respectively. HPV 16 was the most
prevalent genotype identified and was frequently present as a co-infection with HPV types 18, 51, 52, 59, 66, or 70.

Conclusion: Women <20 years of age were most often infected with HPV, and the HPV Quadrivalent vaccine (types 16, 18, 6,
and 11), currently available in Mexico, no confers protection against a subset of the HPV genotypes identified in the present
study (58, 31, 70, and 35). Thus, it is important evaluate the geographical distribution of specific HPV genotypes in all health of
center across Mexico in order to implement a successful vaccination program and to diagnose CC in its early stages.
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Introduction

Cervical cancer (CC) is the third most
common cancer in women and an estimated
530,000 new cases were diagnosed in 2008. @
More than 80 % of deaths due to CC occur in
developing countries, especially in the poorest
regions of Southern Asia, sub-Saharan Africa,
and Latin America. @ In Mexico, the risk of
dying from CC has remained higher in low
income populations; and this is particularly
evident in states with a high level of
marginalization, including Chiapas, Durango,
Guerrero, Nayarit, Oaxaca, Puebla, and
Veracruz. © Mortality rates for CC in 2008
were as follows: Chiapas, 21.8; Durango, 13.5;
Guerrero, 21.2; Nayarit, 13.4; Oaxaca, 21.6;
Puebla, 16.1, and Veracruz, 21.6. In addition to
sociodemographic and cultural characteristics,
others risk factors for CC include first sexual
intercourse at an early age, use of oral
contraceptives, cervical trauma, certain
nutritional factors, and infection with some
types of Human Papilloma Virus (HPV). ¥

Molecular evidence indicates that HPV is
the main etiologic factor for CC, with HPV
detected in 99.7 % of CC cases. & 8 Of the
almost 200 different HPV types identified to
date, 40 have been commonly found in
anogenital lesions. ) On the basis of their
oncogenic potential, most of these genital HPV
types have been classified according to their
risk for causing CC. The high-risk types of HPV
are 16, 18, 31, 33, 35, 45, and 58, and these
have been implicated in most invasive cancers.
5. 8.9 The low-risk types of HPV are 6, 11, 40,
42, 43, 44, 54, 61, 70, 72, 81, and CP6108,
and these have been found to cause genital
warts, and under certain conditions, mild
cervical dysplasia. *©

The prevalence of cervical infection with
HPV varies greatly worldwide and different
populations may harbor various HPV
genotypes in the genital tract. @19 The
distribution of HPV types in relation to CC
cases has been studied in other countries.
However, epidemiological data for specific
HPV types in the states of Mexico are limited.
In studies that have been published, the
following HPV types have been identified: HPV
16; 31; 35; 52, and 33 in San Luis Potosi,
Guanajuato, Durango, Guerrero, and the
Mexico City Federal District, Veracruz, the
State of Mexico, and Morelos. 62V |t is

hypothesized that determining the prevalence
of specific HPV types in a region is an
important step towards preventing CC. In
2005, among all the states of Mexico, Nayarit
had the highest mortality rate for CC, 13.4 %.
22 Since three of the 20 municipalities of
Nayarit are registered as having urban poverty,
a high, or very high, degree of marginalization,
and a high mortality rate from CC, it is
important to determine the prevalence of
specific HPV types in this state. Therefore, the
purpose of this study was to analyze the
current distribution of HPV types in women
from Nayarit, Mexico with squamous
intraepithelial lesions and cervical cancer (CC).

Methods
Ethical aspects

This study was approved by the institutional
ethical committee (Register no. 283, Hospital
Antonio Gonzalez Guevara of Tepic). The
purpose and procedures of the study were
explained to all of the participants, and a
written informed consent was obtained from
each participant.

Study population

Between January 2011 and July 2013, an
HPV prevalence study was conducted among
the female residents of Nayarit, Mexico who
attended the Hospital Antonio Gonzélez
Guevara of Tepic, Nayarit. This hospital is one
of three health institutions in the state where
women with CC are treated, and they accept
referrals from both public and private health
services.

Samples were collected from women with
cervical high-grade lesions or CC which were
observed by colposcopy. Diagnosis was
confirmed by histopathology. Biopsies were
evaluated by the Pathologist at each clinic,
according to Bethesda Diagnostic Criteria. ®

Cervical samples were collected with a
cytobrush during gynecological examinations.
This was inserted into the endocervical canal
and then placed into the transport medium
(PreservCyt solution; Hologic, Bedford, MA,
USA) and stored at 4°C until DNA extraction.
After receiving informed consent, the
participants received questionnaires to gather
information regarding sociodemographic
characteristics, anthropometric characteristics,
level of education, occupation, lifestyle, family
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history of cancer, and obstetric and

gynecological history.

Clinical specimens

The 55 cervical cytology specimens
collected were analyzed for the presence of
DNA of Human papillomavirus (HPV). At the
time of sample collection for the HPV test
samples, cytological examinations were also
performed in all women. Lesions were
classified as normal cytology, A typical
squamous cells of undetermined significance
(ASCUS), Low-grade squamous intraepithelial
lesion (LSIL), and High-grade squamous
intraepithelial lesion (HSIL). All cervical
brushings were rinsed into vials containing
PreservCyt™ transport medium prior to testing
for HPV genotypes.

Linear Array HPV genotyping test

The Linear Array® (LA) HPV Genotyping
Test is registered for use in the European
Union for detecting 37 high- and low-risk HPV
genotypes. The test is based on four major
processes: 1) DNA extraction by the AmpliLute
Liguid Media Extraction Kit; 2) PCR
amplification of target DNA using HPV primers;
3) hybridization of the amplified products into
oligonucleotide probes (Linear Array HPV
Genotyping Test), and 4) detection of probe-
bound amplified products by colorimetric
determination (Linear Array Detection Kit). %
2 Briefly, using PGMY09/11 primers, a region
approximately 450 base pairs in length within
the L1 gene of the HPV genome was amplified
by PCR. This assay simultaneously amplified a
region within the human (3 globin gene as a
control for cell adequacy, nucleic acid
extraction, and PCR efficiency. PCR assays
were performed in a reaction volume of 100 pl,
using 50 ul of LA HPV master mix (Roche
Molecular Systems) and 50 ul of DNA. The
amplification parameters were: 2 min at 50 °C
and 9 min at 95 °C; 40 cycles of 95 °C for 30 s,
55 °C for 1 min, and 72 °C for 1 min; followed
by a final extension at 72 °C for 5 min or until
samples were collected. Nucleic acid
hybridization using a reverse line blot system
was then performed. Briefly, the PCR
amplicons were denatured with the addition of
100 pl of LA denaturation reagent (Roche

Molecular Systems). After 10 min at room
temperature, the denatured amplicons (100 pl)
were hybridized and detected using the
recommended LA protocol. Thirty-seven
anogenital HPV genotypes were detected
simultaneously, including 6, 11, 16, 18, 26, 31,
33, 35, 39, 40, 42, 45, 51-56, 58, 59, 61, 62,
64, 66—73, 81-84, 1S39, and CP6108. The LA
HPV genotyping strips were visually read using
the HPV reference guide provided.

Statistical analysis

Descriptive  statistics included mean,
median, Standard deviation (SD) and range.
Skewness/Kurtosis tests were employed for
normal distribution. Frequency, prevalence,
distribution, and comparisons among HPV
genotypes, injury type, and age relatedness
were evaluated by the Mann-Whitney U test.
Differences between age relatedness and the
virus and lesion types were evaluated by the
Kruskal-Wallis test. P values <0.05 were
considered statistically significant. Statistical
analyses were conducted using the Stata ver.
8.0 statistical software program (Stata
Corporation, College Station, TX, USA).

Results

Sociodemographic and gynecologic data

Twenty-six (47.3%) patients with atypical
squamous cells of uncertain significance
(ASCUS), 24 (43.6%) patients with low-grade
squamous intraepithelial lesion (LSIL) and 5
(9.1%) patients with high grade (HSIL) were
enrolled in this study. These patients ranged in
age from 16 to 75 years (geometric mean =
34), and the age group from 26-30 years had
the greatest number of cases (Figure 1).

Demographic and gynecologic data for the
present cohort are summarized in Table 1. The
average body mass index (BMI) value was
26.5 £ 4.3, according to the BMI standards
proposed by the World Health Organization
(WHOQ).® Overall, 52% of the patients were
classified as pre-obese or obese, and only
35% of the patients reported performing some
type of exercise for an average of 5.7 h a week
(range = 1-14).
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Figure 1. Number of patients according to age group. *P = 0.0001, value obtained by Mann-Whitney U

test.

The average age of menarche was 12
years. The mean age at first sexual intercourse
was 16 years (range = 13-27), the mean
number of sexual partners was 2.5 (range = 1-
15), and the average age at first pregnancy
was 18 years (range = 14-29). The use of
hormonal contraceptives was reported by 60%
of the patients. The most commonly used
contraceptive was injections of progesterone,
and these were maintained for more than a
year in some cases. Thirty-three percent of
patients used a condom during intercourse.

While 45 (79%) patients reported having had a
previous Pap smear performed, the frequency
of these screenings was found to be once
every 1.5 years. There were 2 (4.4%) patients
that reported only having a Pap smear test
once in 6 years.

Statistical analysis do not show positive
correlation between type lesion type and
average age at menarche, first sexual
intercourse, number of sexual partners, age at
first pregnancy, and use of hormonal
contraceptives.

Table 1. Demographic and gynecologic characteristics of the study population.

Characteristics n %
Education level
llliterate 8 14
Elementary - Incomplete 3 5
Elementary - Complete 10 18
Middle School 25 43
High School 6 11
University/Professional 5 9
Occupation
Housewife 41 72
Student 2 4
Employed 11 19
Other 3 5
Civil Status
Single 9 16
Married 19 33
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Widow

Divorced

Co-habitating
Alcoholism

Yes

No
Smoker

Yes

No
First menstruation
First intercourse
Body Mass Index
Sexual partners
Pregnancies
Abortions

Yes

No
Papanicolaou test

Yes

No

2 4
3 5
24 42
19 33
38 67
13 23
44 77
12.9+1.43y
16.8+ 25y
265+ 4.3y
25+23y
4+3
19 33
38 67
48 79
12 21

HPV Genotyping

In 92.73% of the samples analyzed, HPV
DNA was detected. Moreover, 72.73% of these
HPV-positive samples included High-risk (HR)
viral types (Figure 2). Women aged 26-30
years had the highest percentage of viral
infection, followed by women aged 36—40

years and women 21-25 years of age. As
depicted in Figure 2, the most prevalent HPV
genotypes identified were 16, 58, 31, 18, and
70. HPV 16 was present in 43.6% of the
samples analyzed, while 16, 35, 58, and 52
were present in all lesion types (Figure 3).
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Figure 2. Viral Human papillomavirus (HPV) types in samples from patients with cervical lesion.
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LSIL
HSIL

Figure 3. Human papillomavirus (HPV) genotypes present according to cytologic results. ASCUS:
Atypical squamous cells of undetermined significance; LSIL: Low-grade squamous intraepithelial
lesion; HSIL: High-grade squamous intraepithelial lesion.

Furthermore, 38.2% of participants presented
with a single HPV infection, while 23.6% of the
patients exhibited co-infection with two HPV
genotypes, while 30.9% of patients were
infected with three or more HPV genotypes
(Figure  4).  Furthermore, a marginal
relationship was observed between lesion type
and age (p = 0.08).

Percentages of an HR genotype HPV with
lesion type revealed 30% of women with
ASCUS, 31.6% with LISIL, and 60% of women
with HSIL (Figure 5).

Because HPV 16 was the most prevalent
genotype identified, we analyzed which HPV
genotypes were more frequently present as co-
infections with HPV 16. These genotypes
included 18, 51, 52, 59, 66, and 70 (Figure 6).

HPYV Infection

73%

None
1 genotype
38.2% m 2 genotypes
= 3 genotypes

m More than 3 genctypes

Figure 4. Percentage of samples infected with 1, 2, or 3 or more Human papillomavirus (HPV)

genotypes (n = 55).
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Figure 5. Percentage of High (HR)- and Low-risk (LR) Human papillomavirus (HPV) genotypes
present according to cytologic results. ASCUS: Atypical squamous cells of undetermined significance;
LSIL: Low-grade squamous intraepithelial lesion; HSIL: High-grade squamous intraepithelial lesion. *P

= 0.4366 = value obtained by Mann-Whitney U test.
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Figure 6. Specific Human papillomavirus (HPV) types present in those co-infected with HPV 16 in

samples from patients (n = 28).

Discussion

CC is the second most frequent cancer
affecting women worldwide. Cervical cancer
remains the number one cause of mortality due
to malignant neoplasm among 20 to 40-year-
old women in Latin America, and the third most
common cause of cancer death in females. @7
In Mexico, the incidence and mortality of CC
has grown in recent decades, and CC has
remained the leading cause of death from

neoplasia for women over 25 years of age.
3D CC predominantly affects lower social
classes. Ward et al. reported the incidence of
various cancer types for both men and women,
the 5-year survival rates for those in more
affluent tracts were 10 percentage points
higher than the rates observed for individuals
living in poorer census tracts. 2 In Mexico, the
incidence of CC has been linked to lack of an
effective screening program and to delays in
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the time to diagnosis. Limited access to
screening tests and healthcare services in
general are additional considerations for
women living in rural areas of Mexico. ©2 49

In the present study, 92.8 % of the patients
started having sexual intercourse before the
age of 20 years, and 49 % used hormonal
contraceptives for more than a year. In other
studies, the start of sexual intercourse at an
early age was associated with a high rate of
HPV infection because these individuals have
a longer exposure time to HPV and the
transformation zone of the cervical epithelium
is still immature. The transformation zone has
been found to be more proliferative during
adolescence and to be more susceptible to
infections. @7 333%) |n addition, the use of
hormonal contraceptives for five or more years
has been found to be a cofactor that increases
the risk of CC up to 4-fold among women who
are carriers of HPV infection. ® Epidemiologic
studies have showed that HPV infection is a
major risk factor for CC, with the relationship
between CC and HPV infection being more
evident than that between lung cancer and
smoking. ®749 Based on this relationship, it is
important to identify the specific types of HPV
that are present in various geographical
regions in order to implement effective
programs for CC prevention.

The prevalence of HPV infection in the
present study was 92.73%, and it was highest
among women younger than 20 years of age.
These results are consistent with those of
other studies (%15 2425 and with the natural
history of HPV infection which is characterized
by higher infection rates after sexual initiation.

In the State of Yucatdn in southeastern
Mexico, HPV 58 is the most frequent type of
HPV detected, followed by HPV types 16, 33,
and 18. Y Similarly, in the states of San Luis
Potosi and Guanajuato, and in the Mexico City
Federal District, HPV 16 is most frequently
detected. @% 4% 42 |nterestingly, HPV 58 was
one of the most common HPV types identified
in the current study, and it has also been
identified in others populations; “3 32 however,
this genotype is uncommon and is not
frequently reported. In addition, the percentage
of cases involving HPV co-infection was 49 %,
and these cases typically involved HPV types
16, 18, 31, 35, 58, and 70. It remains unclear
whether co-infection with multiple types of HPV

increases the risk of progression to cancer. “#+
46)

Epidemiological data related to the
prevalence of specific HPV types in the states
of Mexico currently includes only six types (16,
31, 18, 35, 52, and 33), and these were
detected by universal PCR primers and hybrid
capture. 152D To our knowledge, this is the first
study to investigate the specific type of HPV
infections that are present in women from
Nayarit, Mexico. Linear Array HPV genotyping
was used and this techniqgue has a high
sensitivity and specificity for distinguishing 37
different genotypes of HPV. Thus, Linear Array
HPV genotyping is a valuable technique for
epidemiological studies and clinical trials that
monitor HPV infections in cervical samples. ¢4
Using this diagnostic method, it is also possible
to determine whether multiple HPV infections
are present in a single sample, and whether
recurrence or persistence is associated with a
given genotype. Linear Array HPV genotyping
can also be used to evaluate whether
persistence of high-risk HPV is an important
predictor of CC. 5 47.48)

The present results and those of previous
studies suggest that the current quadrivalent
HPV vaccines (directed against HPV 16, 18, 6,
and 11) that are provided by health service
institutions in Mexico should be equally
applicable to all Mexican women. However,
this vaccine confers no protection against the
other HPV genotypes that were found to have
a high prevalence in women from Nayarit in the
present study (HPV 58, 31, 70, and 35).
Therefore, it is necessary to determine the
geographical distribution of specific HPV types
among all of the states of Mexico in order to
implement a successful vaccination program
and for the effective development of new
vaccines.

Currently, the Pap smear technique is
routinely employed for a diagnosis of CC, with
a colposcopy providing confirmation of the
diagnosis. However, even with the high
prevalence of HPV infection in cases of CC,
both cytology and HPV-DNA tests should be
performed for the screening of HPV-related
lesions. Currently, DNA sequencing is
considered the gold standard for detecting
HPV types, although it does not detect the
presence of multiple infections because only
the dominant genotype is identified. ©& 24 25
Thus, PCR-based techniques need to be
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complemented with more specific routine
molecular tests which will not only detect the
presence of HPV, but will also determine the
type or types of HPV that are present. These
changes have the potential to improve our
ability to provide a diagnosis with direct clinical
and public health implications.

A limitation of the present study is that the
sample population studied may not be entirely
representative of Nayarit's females because
the women who participated in the study were
those that were seen at the Antonio Gonzélez
Guevara Hospital of Tepic, Nayarit. In addition,
another limitation may have been a small
sample size, and this may have affected the
HPV genotyping frequency observed.

In  summary, this preliminary study
concerning HPV types present in a
subpopulation of women residing in Nayarit
needs to be expanded to include a larger
sample size population, and this would be of
great value to the Health Secretary of Mexico.
However, the present results should
encourage the implementation, strengthening,
and promotion of CC screening programs
specifically in Nayarit, where coverage,
particularly in some rural areas, are still lower
than in the rest of the country.

Conclusion

Women <20 years of age were most often
infected with HPV, and the HPV Quadrivalent
vaccine (types 16, 18, 6, and 11), currently
available in Mexico, no confers protection
against a subset of the HPV genotypes
identified in the present study (58, 31, 70, and
35). Thus, it is important evaluate the
geographical distribution of specific HPV
genotypes in all health of center across Mexico
in order to implement a successful vaccination
program and to diagnose CC in its early
stages.
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