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Abstract
In the last decade, the inclusion of HPV DNA testing in cervical cancer screening has pro-

vided one of the best strategies for the prevention and timely detection of HPV. We con-

ducted a high-throughput HPV genotyping study based on MALDI-TOF mass spectrometry

to determine the prevalence of 24 HPV genotypes, including oncogenic genotypes, in

Mexican women and correlated the results with cytological findings and clinical variables.

We likewise identified the risk factors in patients with the HPV infection. Our study included

1000 women from Sonora, Mexico, who participated in cervical cancer screening cam-

paigns and who underwent a Pap smear and HPV DNA test. The results showed that the

overall prevalence of HPV was 27.2%, 18.5%with single, and 8.7%multiple infections. The

low-risk HPV genotype 6 (8.5%) and oncogenic genotypes 31 (8.1%) and 53 (4.4%) were

the most prevalent in the study population. The number of lifetime sexual partners, previous

STIs, and age at first intercourse was significantly associated with HPV infection (P� 0.05).

Smoking (OR¼ 1.5609; 95% IC 1.062–2.292) and more than three lifetime sexual partners

(OR¼ 1.609; 95% IC¼ 1.124–2.303) represented risk factors for HPV infection. Cytological

abnormalities were found in 3.4% of the HPV-positive samples. CIN 1–3 occurred in 0.6%

of high-risk HPV cases. In general, the prevalence of the HPV genotypes is high in Mexican women with normal cytological

findings. This issue highlights the importance of HPV research in seemingly healthy women and could help guide screening

strategies for cervical cancer prevention in Mexico.
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Introduction

The HPV infection is the most common sexually transmit-
ted infection (STI) with a global prevalence of around
11.7%,1 and it constitutes a serious health issue extending
throughout the world, due to the correlation with cervical
cancer (CC), which represents the fourth most frequent
neoplasm in women worldwide and the third

leading cause of the most common types of cancer in
Mexican women.2

In the field of papillomavirus, there are 347 annotated
papillomavirus genomes in the 2017 PaVE database3; 200
types of HPV have been thoroughly identified and charac-
terized, although only one-third of such infections predom-
inantly, infect the genital tract.4–7 Approximately 60 HPV
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genotypes have been classified according to carcinogenic
potential, known as high-risk HPV (HR-HPV), such as
genotype numbers 16, 18, 31, and 45, considered the main
etiological agents of cervical cancer due to their key role in
neoplastic transformation,8 and also due to the fact that
they were detected in over 99% of cervical carcinomas.9–11

On the other hand, there are low-risk HPV (LR-HPV),
mostly of the genotypes 6 and 11, which are commonly
present in benign lesions with a minimal risk of malignan-
cy. The HPV natural genetic variation has been widely
reported12–14; nevertheless, high-risk HPVs 16 and 18 are
by far the most prevalent in CC and high-grade squamous
intraepithelial lesions (HSIL) worldwide (86.9%).15,16

There is a common behavior worldwide, of HPV infec-
tion, showing a high incidence of HPV infection in women
under the age of 25, unlike women over the age of 45; how-
ever, the percentage of persistence in this age group is
higher, concerning the increasing risk of pre-neoplastic
lesions.17,18 Hence, many efforts have been the focus on
primary HPV screening for cervical cancer (CC) preven-
tion, for instance, conventional or liquid-based cytology,
which have represented a successful reduction in prevent-
ing even up to 80% of CC.19

Although the Pap smear test has improved the detection
of CC, there are some disadvantages, for example, high
specificity but low sensitivity, therefore it is important to
develop more sensitive and specific techniques to improve
prevention algorithms.20

One of the promising assays is the DNA HPV detection
in cervical exfoliate samples; therefore, high-performance
HPV genotyping in Mexican women will be essential not
only for cervical cancer screening programs but also, for the
development of HPV vaccination programs based on the
type-specific prevalence. The present study aimed to deter-
mine the prevalence of 24 HPV genotypes in Mexican
women by PCR-multiplex and Matrix-Assisted Laser
Desorption/Ionization Time-Of-Flight Mass Spectrometry
(MALDI-TOF MS)-based assay and correlate the results
with cytological findings and epidemiological variables.

Materials and methods

Study population and recruitment procedure

The study population was selected from a representative
sample from Sonora, Mexico, during a campaign for early
diagnosis of cervical cancer implemented by the founda-
tion Beltrones A.C. and the government of the state of
Sonora, Mexico, during the period of January–August
2017. We calculated the sample size based on the following
formula

n ¼ ðZ/=2Þ2 pð1� pÞ
E2

where Z/=2 is the 100 (1�a/2) percentile of the standard
normal distribution, p is the estimated HPV prevalence
rate in our sample, E is the allowed margin of error. With
an estimated HPV regional prevalence of 7.0% and an esti-
mated acceptance rate of 50%1 at 95% confidence level,

it needed a sample size of 1000 women to achieve a 5%
margin of error.

This study of the cross-sectional type included 1000
female respondents, apparently healthy, who were given
a Pap smear test and HPV DNA test. The participants
were enrolled according to the following selection criteria:
women aged 18–65 years, sexually active, without a miscar-
riage in the past sixmonths, without considering education
levels, number of pregnancies, drug and alcohol consump-
tion, or infections with other pathogens with known diag-
nosis. Exclusion criteria were: patients treated with vaginal
medicine or pregnancy at the time of recruitment, previous
total hysterectomy, cervical conization, and physical or
mental disability.

The clinical information was obtained by direct inter-
view and included anthropometric, sociocultural, and
sexual behavior data, as well as, a history of previous sex-
ually transmitted infections (STI) (including: trichomonas,
candida, herpes, gonorrhea and HPV), family history of
cancer, use of oral contraceptives, smoking habits, and a
history of HPV vaccination.

Outcome measures

The primary outcome for this study was self-reported cer-
vical cancer screening and the presence of HPV infection,
and its measure was derived from the results of the
Pap Smear test and HPV DNA tests in the population of
the study.

Ethical aspects

The study was registered and approved by the medical
research and ethical committee of the institution. The
goals of the study were communicated to the participants
who were included only after providing written informed
consent for the collection and storage of biological samples
and the anonymous use of their data in clinical research. All
protocols were performed according to the guidelines of
the Declaration of Helsinki and the current health laws in
Mexico.

Clinical specimens and handling

Cervical exfoliative samples for DNA HPV detection were
collected in duplicate by the medical staff of the Beatriz
Beltrones Foundation Mobile Clinic, gently scraping the
cervix with a cervical brush and storing in Universal Viral
Transport System (UTM Copan Diagnostics, USA) at room
temperature until analysis. Also, for each patient, a sample
of exfoliated cells from the ectocervix was collected with
two wooden Ayre spatulas for the preparation of a
Papanicolaou smear. Specimens were analyzed by two dif-
ferent approaches; DNA HPV screening at the molecular
diagnostic lab, Central ADN, in Morelia, Michoacán,
Mexico, and by the conventional cytology (Pap Test)21 at
the laboratory of Beatriz Beltrones Foundation in
Hermosillo, Sonora. Each case was reviewed by one cyto-
technologist and one pathologist. The results were reported
using the Bethesda System.
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DNA extraction

The extraction of the viral and human DNAwas carried out
by using Instagene Matrix (Bio-Rad, USA), following the
manufacturer’s instructions. Briefly, 200 uL of the sample
was transferred to 200 uL tubes. Then, the samples were
centrifuged at 14,000 r/min for 1min. The pellet was
washed twice with PBS-Tween 20. Finally, 50mL of
Instagene Matrix was added to the pellet and incubated
at 56�C for 30min. The sample was boiled to 100�C for
8min. The supernatant was stored at �20�C until they
were used.

Mass spectrometry-based assay

The DNA HPV detection was performed using MALDI-
TOF mass spectrometry (Agena, bioscience, San Diego,
CA). The panel detects 16 HR-HPV subtypes (16, 18, 31,
33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 67, 68, 73, 82) and
8 LR-HPV (6, 11, 34, 42, 70 y 81), mixed in one single reac-
tion. The experiments were carried out using the complete
iPlex Pro Reagent kit Medium (10160, Agena Bioscience,
San Diego, CA) and following the manufacturer’s protocol.
Concisely, human and viral nucleic acids were amplified by
using the multiplex HPV primers in a final reaction volume
of 5 uL as follows: 1� PCR buffer with 2mM of MgCl2,
25mM of dNTPs mix, 0.5 uM of primers mix, 1U of pro-
enzyme (Agena, San Diego, CA, USA), and 2 mL of total
DNA (�10 ng/uL). The amplification conditions were as
follows: first step 1 cycle 95�C for 2min; second step 45
cycles 95�C 30 s, 56 �C 30 s, 72 �C 5min.

The multipanel detection contains an internal control,
known as a housekeeping gene (hGAPDH), to ensure the
reliability of the DNA extraction process. The positive con-
trols were the twomajor oncogenic types, HPV16 (pHPV-16
purified plasmid DNA, ATCC 45113D) and HPV18 (pHPV-
16 purified plasmid DNA (ATCC 45113D) (103 copies/mL),
as well as positive samples to the other genotypes, all of
them, proficiently detected in every batch of samples.

To remove unbound nucleotides, the reaction was
treated with a shrimp-alkaline-phosphatase (SAP) mix
and incubated at 37�C for 40min followed by 85�C for
5min. To amplify DNA strands at the target nucleotide
position, an extension reaction was performed with 2 uL
of the extend reaction mix (17902, Agena Bioscience, San
Diego, CA) and run with the following cycle program: 30 s
at 94�C for enzyme activation, 5 s at 94�C for strands dena-
turation, then strands were annealed at 52�C for 5 s and
extended at 80�C for 5 s. The denaturing step and the five
cycles of the annealing-extension step were repeated
40 times and followed by a final extension step at 72�C
for 3min. For every polymerase chain reaction (PCR) and
incubation steps, the used thermal cycler was Veriti
(Applied Biosystems, Foster City, CA).

Finally, a desalting step by adding 6mg of
SpectroCLEAN resin (Agena, San Diego, CA, USA) and
30 mL of water to each sample was carried out for 20min
at room temperature, approximately 15 nLwas spotted on a
matrix-precoated Spectro-CHIP (Nanodispenser RS1000,
Agena Bioscience, San Diego, CA). The samples were ana-
lyzed by mass separation in assay-defined profiles on the

MALDI-TOF mass spectrometer. The genotyping was auto-
matically generated using Typer 4.0.22 Software (Agena,
San Diego, CA, USA). The samples were clustered in pos-
itive and negative ones according to the software algorithm
and to the relative intensity of each expected mass.

Statistical analysis

We used means and standard deviation (continuous
variables), and weighted percentages and frequencies
(categorical variables) to describe the sociodemographic,
clinical, and behavioral data. The distribution of HPV gen-
otypes was summarized using frequency distributions.
Associations between HPV genotypes and epidemiological
data were evaluated using v2 or Fisher’s exact tests as
appropriate. The risk was estimated by calculating the
odds ratio (OR) as an approximation of relative risk (RR)
with a 95% confidence interval (CI 95%). The analysis of
different predictors was performed with logistic regression
multivariate according to HPV infection status. Data were
analyzed with IBM SPSS 24.0 software (IBM, Armonk, NY,
USA). A P-value <0.05 was considered significant.

Results

HPV genotype distribution and prevalence

A total of 1000 women were evaluated in this study. The
overall prevalence of HPV was 27.2% (272/1000). A total of
24 HPV genotypes were analyzed, of which 199 (19.9%)
women showed HR-HPV genotypes (16, 18, 31, 33, 35, 39,
45, 51, 52, 53, 56, 58, 59, 66, 67, 68, 73, 82) and 73 women

Table 1. Type-specific HPV prevalence.

IARC classification Genotype N Prevalencea (%)

HR-HPV 16 37 3.70

18 16 1.60

31 81 8.10

33 37 3.70

35 12 1.20

39 9 0.90

45 15 1.50

51 33 3.30

52 22 2.20

53 44 4.40

56 37 3.70

58 19 1.90

59 13 1.30

66 31 3.10

67 10 1.00

68 16 1.60

73 6 0.60

82 1 0.10

LR HPV 6 85 8.50

11 18 1.80

34 2 0.20

42 1 0.10

70 3 0.30

81 24 2.40

aCrude HPV prevalence calculated in 272 HPV-positive patients: 185 single and

87 multiple infections.

HPV: human papillomavirus; HR-HPV: high-risk HPV genotypes; LR-HPV: low-

risk HPV genotypes; IARC: International Agency for Research on Cancer.
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(7.3%) LR-HPV genotypes (6, 11, 34, 42, 70, 81). In decreas-
ing order, the most frequent genotypes were 6 (8.5%), 31
(8.1%), 53 (4.4%), 16 (3.7%), 56 (3.7%), and 33 (3.7%) (see
Table 1; Figure 1). The most prevalent HPV genotypes were
LR-HPV 6 (n ¼85) and HR-HPV 31 (n¼ 81) (see Table 1).

Multiple infections were described as more than two
different HPV genotypes, either HR-HPV or LR-HPV. The
positive samples showed 185 (18.5%) single and 87 (8.7%)
multiple HPV infections (Figure 2).

Distribution of HPV among different age groups. The
highest prevalence of HPV infection was found among
women ranging from 36 to 50 years of age (n¼ 58; 5.8%),
followed by women age groups 41 to 45 (n¼ 56; 5.6%) and
46 to 50 years (n¼ 56; 5.6%). It was very interesting that a
decreasing rate of HPV infection was observed in women in
the age groups from 51 to 55 (n¼ 34; 3.4%) and 56 to
65 years of age (n¼ 27; 2.7%) (Figures 2 and 3). The multiple
HPV infection was evident in women of the 21 to 30-year
group, as seen globally22,23 with a decline at 50 years and
older (Figure 2). The HR-HPV genotypes were more prev-
alent than LR-HPV genotypes in all age groups and as it is
shown in Figure 3, the highest prevalence of HR-HPV was
noticed in women aged 46–50 years of age (n¼ 41, 4.1%), in
contrast to the age group among 31 to 35 years of age, where
the LR-HPV genotypes declined (n¼ 19; 1.9%) (Figure 3).

Socio-demographics and the correlation with HPV. The
distribution of the characteristics among the population of
the study is presented in Table 2. The mean age of partic-
ipants was 44.42� 8.13 years; 41.8% (418) had middle
education, of which 11.3% were HPV positive. Most of
the participants were married (n¼ 640; 6.4%), showing
the highest prevalence of HPV infection (n¼ 159; 15.9%)
(Table 2). Only 9.4% (n¼ 94) were single. In the multivariate
analysis, the HPV infection was evident from the age group
of 31 to 35 years of age (n¼ 22; 2.2%), considerably
increased in the age group of 36–40 years of age (n¼ 58;
5.8%) and gradually decreased at older ages. We also
observed a significant correlation among the age groups
and positive HPV cases (P< 0.0001) (Table 2).

Furthermore, our results indicated that occupational
activities might play an important role to acquire HPV
infections (P¼ 0.012). In this regard, there was a greater
prevalence of HPV-positive cases in unemployed (15.2%)
than in employed (8.7%) women (Table 2).

HPV prevalence correlated with gynecological
variables. The prevalence of positive and negative HPV
infection correlated with gynecological variables is summa-
rized in supplementary Table A.1. The mean age for first
sexual intercourse was 16� 3.45 years, with a range
between 15 years to 30 years; in this regard, we found the
highest prevalence of HPV infection among the 15 to
20 year age group (13.3%). In our multivariate models, the
onset of sexual life and the number of sexual partners
showed a significant association with HPV infection
(P¼ 0.043 and P¼ 0.009, respectively). Further, 215
women with HPV infection (21.5%) reported one to three
sexual partners and 57 (5.7%) women reported more than
three. The number of pregnancies or deliveries did not
show any correlation with HPV infection (P> 0.05) (supple-
mentary Table A.1).

Risk factors and HPV infection. Risk factors associated
with HPV infection in the univariate analysis are shown

Figure 1. High risk and low risk HPV genotypes distribution among 272 HPV-

positive samples.

Figure 2. Correlation between single and multiple HPV infections and the dis-

tribution of HPV among different age groups.

Figure 3. Correlation between HR-HPV and LR-HPV and the overall distribution

among different age groups.
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in supplementary Table B.2. The results suggest that cur-
rent smoking is associated with an increased prevalence of
HPV (OR¼ 1.5609; 95% CI¼ 1.062–2.292; P¼ 0.023) com-
pared to nonsmokers. The number of sexual partners
played a key role in the HPV infection, due to the fact
that women with more sexual partners had a higher risk
of HPV infection (OR¼ 1.609; 95% CI¼ 1.124–2.303;
P¼ 0.009). History of previous STI/STD had a significant
association with HPV infection (P¼ 0.042) but it did not
represent a risk factor (OR¼ 0.5628; 95% CI¼ 0.276
–1.147) (supplementary Table A.2).

Furthermore, we analyzed the results of the cytological
findings to determine the frequencies associated with the
different entities of the HPV infection. Predominantly, we
found that HPV-positive samples showed reactive cellular
changes associated with inflammation (13.5%) and
atrophy-associated benign reactive changes (5.3%). Also,
the inflammation associated with infection with
Coccobacilli was the most frequent in women positive to
some genotype of HPV (5.6%) (supplementary Table A.3).

About 0.3% of women infected with HR-HPV had his-
tory of the Trichomonas infection, as opposed to women
who were positive for low-risk HPV genotypes who did
not have such a history. Cellular changes correlated with
simple and multiple infections with HPV were found, in
most cases, reactive cellular changes associated with
inflammation (RCCI) (8.7% and 4.8%, respectively) and fea-
tures of dysbiosis caused by Coccobacillus (4.1% and 1.5%,
respectively) (supplementary Table A.3).

Cervical and cytological abnormalities associated with
HPV genotypes. Abnormalities in cytology (ASCUS,
LSIL, HSIL, AIS) were found in 2.4% of the samples, of
which 0.8% corresponded to HR-HPV and 0.2% corre-
sponded to LR-HPV. In women with HR-HPV, a frequency
of 0.2% ASCUS, 0.2% LSIL, 0.3% HSIL, and 0.1% AIS was
found. Women with LR-HPV had only an ASCUS frequen-
cy of 0.2% (Table 3).

Cervical abnormalities such as cervical intraepithelial
neoplasia (CIN1-3) occurred in 2.0% of the samples, of
which 0.6% and 0.2% corresponded HR-HPV and LR-
HPV, respectively. Women positive for HR-HPV presented
0.3% CIN1 and 0.2% CIN2. Only one positive case to HR-
HPV presented CIN3 (0.1%) (Table 3).

Discussion

Human papillomavirus is described with carcinogenic
potential, due to its biological behavior. As it is well
known, there is a productive and non-productive phase.
The initial infection occurs in dividing cells at the basal
epithelial layer, mainly in basal stem cells, where it may
be dormant for weeks or months. Once HPV enters the
cell, early genes "E" carries out a replication cycle of the
viral genome, and these copies of the viral genome are rep-
licated and segregated equally in daughter cells. In produc-
tive infection, HPV virions can be released as a result of the
degeneration of infected exfoliated cells and eliminated
through physiological processes. On the contrary, the per-
sistence of the viral genome over several years in those

Table 2. Multivariate analysis of socio-demographic variables according to HPV infection status.

Variables

Overall

(n51000)

With HPV

(n5 272)

Without HPV

(n5 728) P-value*

Age group (years) < 0.001

21–30 23 (2.3) 19 (1.9) 4 (0.4)

31–35 43 (4.3) 22 (2.2) 21 (2.1)

36–40 202 (20.2 58 (5.8) 144 (14.4)

41–45 221 (22.1) 56 (5.6) 165 (16.5)

46–50 198 (19.8) 56 (5.6) 142 (14.2)

51–55 155 (15.5) 34 (3.4) 121 (12.1)

56–65 158 (15.8) 27/2.7) 131 (13.1)

Educational level 0.868

Uneducated 8 (0.8) 3 (0.3) 5 (0.5)

Elementary school 177 (17.7) 50 (5.0) 127 (12.7)

Middle school 418 (41.8) 113 (11.3) 305 (30.5)

High school 279 (27.9) 74 (7.4) 205 (20.5)

College 109 (10.9) 31 (3.1) 78 (78.0)

Postgraduate 9 (0.9) 1 (0.1) 8 (0.8)

Marital status 0.095

Single 94 (9.4) 27 (2.7) 67 (6.7)

Married 640 (64.0) 159 (15.9) 481 (48.1)

Domestic partnership 150 (15.0) 45(4.5) 105 (10.5)

Divorced 74 (7.4) 29 (2.9) 45 (4.5)

Widowed 42 (4.2) 12 (1.2) 30 (3.0)

Occupation 0.012

Unemployed 568 (56.8) 152 (15.2) 416 (41.6)

Professional 34 (3.4) 3 (0.3) 31 (3.1)

Employee 301 (30.1) 87 (8.7) 214 (2.14)

Merchandiser 81 (8.1) 29 (2.9) 52 (5.2)

Retired 16 (1.6) 1 (0.1) 15 (1.5)

*v2 test was used to compare between participants. P-value <0.05 was considered significant.
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dividing cells results in persistent infection.24–26 Then, per-
manent research in prevalence and its oncogenic potential
is mandatory.

Due to the importance of viral prevalence closed along-
side the geographical variability, different associations all
over the world have supported the use of DNA HPV test-
ing, with high sensibility and specificity, especially in
women older than 30 years of age and in patients with
abnormal cytology.20

Based on these concerning facts, the aim of our study
focused on the detection of viral genotypes and correlated
with cytology and clinical-epidemiological variables through
mass spectrometry (MS)-based strategies, extensively
employed to HPV genotyping. In this regard, this method
was compared with the Inno-LiPA HPV Genotyping Assay
(Innogenetics, Rome, Italy), and both procedures MS-assay
and InnoLipa showed a substantial overall agreement
(k¼ 0.86).27 Different type of samples have been analyzed
with this methodology, and FFPE tissue samples were com-
pared with two hybridization assays: the LCD-array and the
EuroArrayHPV system, showing an overall agreement
(Cohen’s kappa value: 0.83).28 Other reports of HPV genotyp-
ing by MS have shown agreement with other methods, like
Proofer, with 86.0% (165/192) (kappa¼ 0.76; 95% CI, 0.67,
0.84).29 Furthermore, MS method has been reported to have
greater clinical and analytical sensitivity in HPV detection in
HPV-associated disease (high-grade CIN II) than reverse dot
blot hybridization (RDBH) (91.4% vs. 89.7%), with an overall
concordance (kappa¼ 0.945).30 In summary, the MS system
has proved a high concordance with other platforms’ type-
specific identification of HPV.

This approach allowed us to find a high prevalence of
the HPV infection (27.2%) in cervical samples from healthy
women fromMexico, contrasting with other studies, where
a higher prevalence of HPV was reported, 43.6% in clini-
cally healthy Mexican women.31 Our results demonstrated
that the most frequent HR-HPV genotypes were 31, 16, 33,
53, and 56, and LR-HPV type was 6, consistent with other
reports with a similar high distribution of HPV genotypes
16, 53, 18, 31, 33, 39, and 45 in the Mexican population with
normal cervical samples,31–37 although the frequency of
HPV 18 was not as high as reported in other studies.32

In this regard, we agree with the fact that the variation in
the relative distribution of HPV genotypes may be deter-
mined by ethnic-geographical factors. In 2014, the preva-
lence of HPV types in Mexican women from different areas
was determined by 2956 cervical samples which were
tested for HPV, of which 1020 samples showed normal
cytology and 931 with low-grade squamous intraepithelial
lesions (LGSIL), with an 67.1% overall HPV prevalence.38

In 2019, Torres-Ibarra et al.39 carried out HPV-16 and
HPV-18 genotyping and cytological testing in Mexico,
including 36,212 Mexican participants, and the most rele-
vant findings were 4051 women (11.2%) had high-risk HPV,
of which 1109 (24.6%) had HPV-16, HPV-18, or ASC-US or
worse cervical lesions. Finally, women HPV-16/HPV-18
positive with Cytological Testing as Triage improved the
detection of CIN grade 2 or higher instead of doing it
independently.39

In a previous study, we reported a lower prevalence of
HPV (15.8%) in apparently healthy women from themunic-
ipality of Cozumel, Mexico, in whom a higher frequency of
high-risk genotypes 58 and 59 were observed.40 However,
these findings are not fully comparable with the results of
this study, because they were populations with different
demographic, geographic, and sociocultural characteris-
tics, and Cozumel is a small Caribbean island located
south of Mexico and Sonora is a larger urbanized popula-
tion found near the border with the United States.
However, when a regional analysis is performed, differen-
ces are found in the prevalence of HPV genotypes in these
populations.38 This information is parallel to the evidence
in Latin America and the Caribbean, where the HPV 16 and
HPV 18 were the most common type in CC and HSIL.41

Therefore, there are many other factors impacting in the
incidence and prevalence of the HPV genotypes.

Another finding of our study was a high prevalence of
HR- and LR-HPV observed in women among 35 to 50years
of age, with values close to 5.5%.42 Genetic and environmen-
tal factors are key pieces in the viral carcinogenic poten-
tial,43,44 and one of the pathways of HPV infection is sexual
intercourse. Rombaldi et al.45 reported a higher risk of HR-
HPV in women who started their sexual life before age 17
(OR¼ 1.6; 95% CI¼ 0.8–3.0),45 a fact explained by the lacking

Table 3. Distribution of HPV genotypes in cytological and cervical abnormalities.

Variables

Negative HPV

n5 728

HR-HPV

n5199

LR-HPV

n573

Overall

n5 1000

Cytological abnormalitiesa

None 704 (70.4) 191 (19.1) 71 (7.0) 966 (96.6)

ASC-US 12 (1.2) 2 (0.2) 2 (0.2) 16 (1.6)

LSIL 8 (0.8) 2 (0.2) 0 (0.0) 10 (1.0)

HSIL 2 (0.2) 3 (0.3) 0 (0.0) 5 (0.5)

AIS 2 (0.2) 1 (0.1) 0 (0.0) 3 (0.3)

Cervical abnormalitiesa

None 716 (71.6) 193 (19.3) 71 (7.1) 980 (98.0)

CIN1 8 (0.8) 3 (0.3) 2 (0.2) 13 (1.3)

CIN2 2 (0.2) 2 (0.2) 0 (0.0) 4 (0.4)

CIN3 2 (0.2) 1(0.1) 0 (0.0) 3 (0.3)

aData are presented as frequency and percentages.

ASCUS: atypical squamous cells of undetermined significance; AGC: atypical glandular cells; LSIL: low-grade squamous intraepi-

thelial lesion; HSIL: high-grade squamous intraepithelial lesion; AIS: adenocarcinoma in situ; CIN: cervical intraepithelial neoplasia.
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and inequality production of cervical mucus, besides, the
cellular changes caused by the estrogen’s stimulation.46

A link has been established with the number of sexual
partners as one of the most important risk factors for HPV
infection, and one of our findings was that women who had
sexual contact with more than three sexual partners had a
higher risk of HPV infection (OR¼ 1.609; 95% CI¼ 1.124–
2.303; P¼ 0.009), consistent facts with other studies.38

Kjellberg et al.47 reported up to a 5-fold higher risk in
women who referred more than two sexual partners.
Therefore, our results reinforce the concept "the higher
number of sexual partners we have, the higher the risk of
acquiring the HPV infection".

Also, previous sexually transmitted infections play an
important role in the process of inflammation and rupture
of the cervical protection barrier, facilitating the access of
HPV to the epithelial cells.48 Here, we found that women
who referred a prior sexually transmitted infection showed
a significant outcome in relation to the risk of HPV infection
(P¼ 0.042), and these results may vary according to the
populations studied.40

Another documented risk factor is cigarette smoking,
supported by the concept that the metabolites secreted
into the cervix mucus, increase cell proliferation, inflamma-
tion, affecting the immune system.49 Our results showed
a significant association between current smoking and
an increased prevalence of HPV (OR¼ 1.5609; 95%
CI¼ 1.062–2.292; P¼ 0.023). In this sense, some studies
about the impact of cigarette smoking on the early natural
history of HPV infections have focused on the humoral
immune response to HPV and on the prevalence and per-
sistence of HPV infections.50–53 Most previous studies
showed some degree of the association between exposure
to cigarette smoke and the increased prevalence and/or
persistence of HPV infections. In an in vitro study, Alam
et al. demonstrated that exposure of cervical cells to
Benzo[a]pyrene, a major carcinogen in cigarette smoke,
stimulated higher levels of virion synthesis in HPV-
infected cell lines. Since Benzo [a] pyrene can be detected
in the cervical mucus of smokers, cigarette smoke could
increase the viral load of HPV infections.54 Data from this
study, with outcomes of risk factors associated to HPV
prevalence, could indicate that cigarette smoking possibly
affects the early natural history of HPV infections, as
described in previous studies.

We did not find any association with the use of oral
contraceptives, a topic with some degree of inconsistency
as in some scenarios in certain populations it correlates
with HPV, but not in others.55,56

According to the Bethesda System (TBS), we evaluated
the use of the category of benign cellular changes (BCC)
that incorporates infections and reactive changes57to deter-
mine the correlation with different HPV infections. In this
regard, we found that a large percentage of patients
infected with HPV showed diverse benign findings;
however, most of them were nonspecific inflammatory pro-
cesses. We also observed that women that were HR-HPV-
positive had a higher frequency of inflammatory processes
associated with infection by Trichomonas vaginalis, Candida,
Coccobacillus, and Actinomyces, compared with women with

LR-HPV genotypes. We had some limitations in our study
because most of the participants did not remember their
history of STI; nevertheless, the dysbiosis found in the his-
tological examination evidenced the inflammatory micro-
environment, which predisposes an individual to acquire
any infection. In this sense, some authors have reported
that persistent HPV infection is promoted by inflammatory
processes in the cervical epithelium caused by pathogenic
microorganisms of STI such as Chlamydia trachomatis,
Neisseria gonorrhoeae.58

Abnormalities in cytology such as LSIL, HSIL were more
frequent in women with HR-HPV than in women with LR-
HPV; nevertheless, the frequency of relevant cytological
findings in women positive to HPV infection was relatively
low. Several studies have shown that screening tests for
HR-HPV identification are more sensitive than cytology
to detect CIN 2/3, precursors of CC.59–61 Because HPV gen-
otyping tests are less likely to miss the cases of CIN 2 and
CIN 360,62 compared to cytological testing, more studies are
mandatory to reinforce the obligatory implementation of
HPV screening tests combined with the cytological test to
establish the clinical implications. The data provided here
reinforce the need for a screening panel with higher sensi-
tivity and specificity, as we could not find any association
with the cytology results; therefore, it is possible that the
HPV DNA test could contribute to earlier detection, as it
has been widely documented.

Furthermore, our efforts in this study demonstrated the
monitoring of HPV prevalence and genotypes surveillance
topics are crucial to elucidate the role of HPV in HSIL and
carcinogenicity, due to the fact that genotypes and their
genetic variations have been associated with this potential.
Therefore, the status of HPV infection in countries like
Mexico, where CC presents a high incidence, the HPV sur-
veillance impacts the strategies positively for the primary
HPV screening that helps us to prevent HSIL and CC.

Conclusions

The prevalence of high-risk HPV infection in Mexico is
higher in women with normal cytological findings. This
issue highlights the implementation of affordable HPV
DNA screening strategies to maintain the epidemiological
HPV genotype surveillance and to reinforce the vaccination
campaigns against HPV in women from Sonora, M�exico.
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