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Introduction

 Cervical Cancer (CeCa) is the second highest prevalence for can-
cer in women aged 25-59 years after breast cancer [1]. Several en-
vironmental, genetic and carcinogenic factors play a role in the de-
velopment of CeCa. The Human Papillomavirus (HPV) is the main 
pathogenic agent for anogenital sexually transmitted infections [2,3]. 
According to the World Health Organization, 604,000 new cases were 
estimated. Most of them occur in low- and middle-income countries, 
with an estimated increased prevalence of HPV in Mexico [4].

 More than 200 types of HPV have been identified and subdivided 
into high- and low-oncogenic risk [5]. However, around 40 HPV in-
fects the anogenital region; variants 16, 18, 31 and 45 are associated 
with persistent infections that can lead to cancer, presented in more 
than 70% of high-risk squamous intraepithelial lesions and cervical 
cancer [3,6,7]. Genotypes 31, 33, 35, 45, 52 and 58 are responsible 
for 20% of additional cases of CeCa worldwide [8], while types 6, 11, 
42, 43 and 44 (known as low risk), are found in condyloma acumi-
natum and intraepithelial neoplasms of low risk and low malignant 
progression [5,9]. More than 80% of sexually active men and women 
will have an HPV infection in their lifetime [2,10,11]. Although most 
infections (with or without cytologic abnormalities) will be cleared 
spontaneously within 18 to 24 months, approximately 10% of cases 
will progress to a precancerous state within 10 to 20 years. However, 
some lesions progress to cancer within 1 to 2 years, depending on the 
genotype and the associated factors [5].

 The Papanicolaou (Pap) is the traditional clinical test for the de-
tection of vaginal mucosal lesions, whose histological observation 
allows the visualization of cells with aberrant phenotypes, being an 
effective test for the screening of malignant lesions (precancerous and 
cancerous) [12]. However, due to its low reproducibility and sensi-
tivity, it does not allow the identification of about 50% of infections 
associated with cervical dysplasia or neoplasia related to HPV types 
of high oncological risk [13]. The combined use of high-sensitivity 
and specificity methods to identify and determine the HPV genotype, 
suggested by the American Cancer Society and the American Associ-
ation for Colposcopy and Cervical Pathology, is indispensable [14]. 
The PCR-RFLP (Restriction Fragment Length Polymorphic Poly-
merase Chain Reaction) technique is an accessible tool in low- and 
middle-income countries that allows simultaneous identification and 
typing of HPV variants [15-17]. This study aimed to identify HPV 
genotypes in DNA samples from women with normal cytology using 
the PCR-RFLP technique as a primary screening test.
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Abstract
 Human Papillomavirus (HPV) is the main infectious agent asso-
ciated with cervical cancer. Genotypes 16, 18, 31 and 33 are the 
most prevalent and are considered high-risk (HR) factors for cancer. 
Currently, the Papanicolaou technique (Pap) is the routine method 
for the identification of morphological cell changes in cervical can-
cer screening. However, HPV infection may be present in normal 
Pap smears. This study aimed to estimate the prevalence of HPV 
and its genotypes in patients with normal cytology using universal 
oligonucleotides. HPV prevalence and genotyping were evaluated in 
141 women with normal cytology. DNA was extracted from a cervical 
swab by the proteinase K method. The viral genome was screened 
by PCR, using MY09/11 and L1C1/L1C2 oligonucleotides and the 
genotypes by RFLP.

 The estimated HPV prevalence increased to 16.3% (95%CI 10.1-
22.5) when the combined oligonucleotides were used. Genotypes 
11, 13, 33 and 59 were detected by RFLP; 33 and 59 are HR-VPH 
oncogenic risk factors for cervical cancer. The number of sexual part-

ners was an associated factor for HPV infection, OR 5.2 (1.60-17.09) 
P=0.006. Although HPV 16 and 18 are the most reported genotypes, 
the increase in the prevalence of regional HR variations should be 
considered in cervical cancer prevention and treatment.
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Materials and methods
Study Population

 A cross-sectional study was conducted. Samples were randomly 
collected from healthy women with a normal cervical Pap smear ex-
amination during February - March 2021 in a family medicine unit 
No. 66 of the Mexican Social Security Institute in the city of Xalapa, 
Veracruz. The eligibility criteria were residing in Xalapa, Veracruz, 
during the last year and having a sexually active life. Exclusion cri-
teria were presenting an abnormal cytology and being pregnant. All 
participants signed an informed consent form. A total of 141 endo-
cervical samples from sexually active women were included. The 
present study had the approval of the IMSS National Committee for 
Scientific Research (registration number R-2021-785-015) and the in-
formed consent. In addition, a questionnaire to evaluate the associated 
clinical and epidemiological factors was applied. All procedures were 
based on the Declaration of Helsinki, as well as the Mexican Official 
Standard NOM-012-SSA3-2012, which establishes the criteria for the 
execution of research projects for health in humans.

DNA Extraction

 Endocervical samples were obtained by cytobrush and preserved 
in Phosphate-Buffered Saline (PBS) at 4°C. DNA extraction was per-
formed by the proteinase K method [18]. DNA yield and purity were 
analyzed with a UV spectrometer at 260/280 nm. The integrity was 
visualized in 1.5% agarose gel electrophoresis with ethidium bro-
mide.

PCR Assay

 HPV was identified by the amplification of a fragment of the L1 
sequence of the viral genome by two screening methods. The first 
amplified a 450 bp fragment by using the oligonucleotides MY09: 
5’CGTCCAAAAGGAAACTGATC3’ and MY11: 5’GCACAGGG-
ACATAACAATGG3’ [19]. Amplification was carried out in a final 
volume of 20 μL containing a reaction mixture of 1X MgCl2-free 
buffer, 1.5 mM-MgCl2, 200 µM-dNTP, 0.8 µM primers and 1.25U 
Taq Polymerase. The samples were subjected to amplification using 
a BIORAD T-100 Thermal Cycler, with the following program: 12 
min at 95ºC, 40 cycles of 1 min at 95º C, 1 min at 55º C and 1 min at 
72º C, with a final extension step at 72º C for 5 min. The 450 bp frag-
ments were verified by electrophoresis in a 2% agarose gel. Negative 
samples were subjected to a second screening that amplified a 240-
250 bp fragment using the oligonucleotides L1C1: 5’CGTAAAC-
GTTTTTTCCCTATTTTTTTT3’ and L1C2: 5’TACCCTAAATAC-
CCTATATTATTG 3’ [15]. The reaction mixture consisted of 1X 
MgCl2-free buffer, 1.5 mM-MgCl2, 200 µM-dNTP, 1.0 µM primers 
and 2.0 U Taq Polymerase. The thermal cycling program followed the 
following steps: 5 min at 95ºC, 40 cycles of 1 min at 95º C, 1.5 min 
at 55º C and 2 min at 70º C, with a final extension step at 72º C for 5 
min. The ß globin gene was used as internal control [19].

Restriction Fragment Length Polymorphism (RFLP)

 Positive samples obtained by the amplification methods with 
MY09/11 or LC1/LC2 oligos were typed by RFLP using the restric-
tion enzymes BamHI, RsaI, PstI, HaeIII and DdeI (Promega, USA) 
[15,20]. Each restriction reaction was performed separately. The final 
volume was 20 µL; 2 µL of PCR product, restriction buffer 1X and 
10 U restriction enzyme. The reaction was incubated in a water bath 
at 37°C for 3 hours. Inactivation was performed at 4°C and samples  

were visualized on 3% agarose gel stained with ethidium bromide. 
The results were verified on a trans illuminator by digitizing the gels 
using the Gene Snap software. The restriction sites reported by Ber-
nard et al. (1994) were used for serotypes identification [21].

Statistical Analysis

 A descriptive statistic was performed for all variables with a nor-
mal distribution. The Mann-Whitney U test was used to compare the 
sociodemographic factors (age, number of sexual partners and initial 
sexual age). A bivariate analysis of the main risk factors for HPV 
was performed. Odds ratios (OR) and 95% Confidence Intervals (CI) 
were obtained from multiple logistic regression models to assess the 
association between HPV infections and risk factors. The level of sig-
nificance was set as a p-value of less than 0.05. All statistical analyses 
were performed with Statistical Package for Social Sciences version 
25.0 (SPSS-IBM) (Armonk, NY: IBM Corp).

Results
Associated Risk Factors to HPV Infection

 One hundred forty-one women participated in the study, with a 
mean age of 46.1±10.3 years; the range was 22-64 years. The age 
group with the highest proportion was 50-54 years (22%). Table 1 
shows the frequency of contraceptive methods used, with BTO being 
the most used; 22.7% did not use a contraceptive method. Regarding 
clinical characteristics, all patients presented a Negative Cytological 
Result for Intraepithelial Lesion or Malignancy (NILM), of which 
3.3% presented infection by Trichomonas vaginalis, Candida albi-
cans, or Gardnerella vaginalis.

 The highest prevalence was found in the 36-45 and 46-55 age 
ranges, with 34.8% and 34.8%, respectively. The number of sexual 
partners (more than two) (OR 5.2, 1.60-17.09; P=0.006) is a signifi-
cant risk factor for HPV infection. Other factors like the use of a con-
dom or the age at first intercourse, were not associated factors in our 
population. Table 2 shows the factors associated with HPV infection.

Contraceptives
Frequency

n=141
Percentage

(%)

Bilateral tubal occlusion 74 52.5

Condom 17 12.0

Use of copper IUD 8 5.7

Oral 7 5.0

Partner with vasectomy 3 2.1

None 32 22.7

Table 1: Frequency of contraceptive methods used. IUD: intrauterine de-
vice.

Characteristics HPV+ n=23 HPV- n=118 OR (95%) P-value

Age (range)

20-35 1 (4.3) 23 (19.5) 1

36-45 8 (34.8) 31 (26.3) 8.8 (0.85-90.1) 0.068

46-55 8 (34.8) 42 (35.6) 1.0 (0.26-3.66) 0.980

56-65 6 (26.1) 22 (18.6) 1.5 (0.42-5.04) 0.559

Number of sexual partners 

1 7 (30.4) 62 (51.7) 1.0
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Amplification and Typification of HPV Using Consensus 
Primers and Restriction Enzymes

 The DNA samples extracted from endocervical smears were tested 
with MY09/11 oligonucleotides, obtaining six positive results (4.3%) 
(Figure 1). The negative samples were amplified with the L1C1/L2C2 
oligonucleotides, with 17 additional positive results. Genotyping 
showed high and low oncogenic HPV serotypes, with an estimated 
prevalence of 16.3% (95%CI, 10.1-22.5). The genotypes detected 
were 11 (42.8%), 13 (28.6%), 33 (14.3%) and 59 (14.3%); 33 and 59 
are considered high oncogenic risk factors (Figure 2).

Discussion
 Cervical cancer is a public health problem in low- and middle-in-
come countries such as Mexico due to the high morbidity and mor-
tality rates. Several studies have established a prevalence of HPV 
in women with normal cytology ranging from 9.1% to 40.9% [22]. 
However, this prevalence is differentiated according to the geographic 
area [23]. In our study, we estimated a prevalence of 16.3%, which is 
related to that reported by Navarro-Vidal et al. [24], with percentages 
of 15.83% in women with normal cytology and slightly lower than 
that reported in the region of Central America and Mexico (20.4%), 
with a prevalence of 23.7% in southern Mexico [25,26].

 Worldwide, the genotypes most frequently reported are 16, 18, 
31, 58 and 52; genotypes 16, 18, 31, 33 and 59 have been estimat-
ed in Mexico [27]. In this sense, in our population, two genotypes 
considered high-risk for cancer (33 and 59) were detected in women 
with normal cytology by Pap, which agrees with other investigations 
that have reported the presence of HPV serotypes 16, 18 and 33 in 
healthy female carriers [28]. Interestingly, the genotype detected with 
the highest prevalence was HPV 11, the most prevalent in men in the 
Latin American and Caribbean regions [10].

 The age range of 36 - 45 and 46 - 55 years ( 34.8%) had the high-
est prevalence, without association with HPV infection. Some studies 
have reported that prevalence increases significantly with age, sug-
gesting that health campaigns aimed at HPV screening could include 
the age criteria [29].

 Several studies have shown a strong association between early 
sexual input, the number of sexual partners and the lack of contra-
ceptive methods (condoms) with the risk for HPV infection [30,31]. 
In our study, we only found an association between the number of 
sexual partners and HPV with an OR 5.2 (1.60-17.09), similar to that 
reported by Morales-Figueroa et al. [32] of 5.9 (2.2-16.1) in northern 
Mexico. However, it differs from that reported by Lazcano-Ponce et 
al. in the state of Morelos (OR 3.4, 2.0-7.0) [30].

 The PCR-RFLP allowed the identification and genotyping of HPV; 
hence, this technique could be implemented as a primary test for the 
screening of HPV in women with normal cytology. The combination 
of primers increases the identification of HPV in 13% of negative 
samples. In this sense, PCR-RFLP is a sensitive and low-cost molec-
ular method for HPV diagnosis.

Conclusion
 In our study, we detected the presence of high-risk genotypes in 
women with normal cytology, so it is necessary to know the distribu-
tion of HPV serotypes in women with intraepithelial lesions but also 
women without cytology changes detected by PAP. The implemen-
tation of public policies that allow a timely diagnosis improves the 
access to prevention and treatment of cervical cancer, according to the 
regional HPV serotypes.
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2 7 (30.4) 30 (25.4) 2.1 (0.61-7.08) 0.238

≥3 9 (39.1) 26 (22.0)
5.2 (1.60-

17.09)
0.006*

Age at first intercourse

≥ 18 17 (73.9) 78 (66.1) 1.0

< 18 6 (26.2) 40 (33.9)
0.60 (0.19-

1.93)
0.608

Condom

Yes 1 (4.3) 15 (12.7) 1.0

No 22 (95.7) 103 (87.3) 2.9 (0.34-25.8) 0.320

Table 2: Risk factors for human papillomavirus infection. OR: odds ra-
tio,*P value: <0.05.

Figure 1: The MY09/MY11 oligonucleotides were used to identify HPV. 
Line 1) molecular weight marker, 100-1013 bp in 100-bp increments (Hy-
per Labdder, Bioline, AUS); lines 2 to 5, identification of HPV (450 pb) 
and the human ß-globin gene (268 pb); line 6 is negative to HPV; line 7 is 
the negative control.

Figure 2: Restriction mapping of LC-PCR product. Twenty-three cloned 
HPV types were subjected to RFLP with the restriction enzymes BamHI, 
DdeI, HaeIII, PstI and RsaI. After electrophoresis, gels were visualized 
and photographed. From left to right, positive HPV samples: a) 118, b) 75, 
c) 26. Lines corresponded to: 1) molecular weight marker, 100-1013 bp; 2) 
BamHI; 3) DdeI; 4) HaelII; 5) PstI and 6) RsaI.
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