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SUMMARY
The distribution of Human Papilloma Virus (HPV) genotypes is not homogeneous among the infected cells in a specific anatomical site. Thus, we conducted a prospective cross-sectional study
with 2,130 Mexican men and women aged 16 to 80 years. We described the prevalence of HPV
genotypes at the oropharyngeal cavity, anus, and urogenital sites. The most prevalent genotypes in
women were HR-HPV 66 (5.6%), 16 (4.2%), 59 (4.3%) and LR-HPV 6 (10.1%); for men, HR-HPV
16 (4.2%), 53 (3.8%), 66 (3.5%) and LR-HPV 6 (14.1%). In the cervix the most frequent genotypes
were: 6 (7.7%) and 66 (4.6%); vagina 6 (0.4%) and 16 (0.4%); genital wart 6 (5.9%) and 11 (2.7%);
external genitalia 6 (0.5%) and 66 (0.5%); oropharyngeal cavity 6 (0.06%) and 66 (0.05%). In both
genders, the most frequent genotype was HPV 6. The prevalence of HPV genotypes 31 (p=0.016),
52 (p=0.049), 56 (0.036), 6 (p<0.0001) and 11 (p<0.0001) showed significant differences when comparing genders. The kappa analysis demonstrated that in males, the HPV genotypes in the urethra/
balanopreputial sulcus and urethral/genital warts had moderate concordance. In conclusion, HPV
genotyping screening tests among anatomical sites should be performed simultaneously to reinforce
current strategies, as well as for the development of vaccines and the discovery of oncogenic potential for genotypes that are not commonly analyzed.
Received September 25, 2021

INTRODUCTION
Human Papillomavirus (HPV) is the most prevalent
infection among individuals aged 25 to 45 years old,
and in many cases multiple HPV infections are detected in the same patient in different anatomical areas. This serious clinical issue is attributable to the
heterogeneous dissemination of the viral types in all
cells and their distribution in irregular patterns (Graham 2017b). Thus, depending on the sampling performed, some viral genotypes might be present but
others not, even if the anatomical site is the same.
The irregular distribution of viral HPV genotypes has
been observed in recent studies. It has been noted
more in HPV screening in men, specifically between
oral and genital infection sites, demonstrating a low
concordance of HPV genotype (Le et al., 2019). In Men
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Sex Men (MSM), the genotype discordance among
anatomical sites has been analyzed, with the highest
between the penile and anal sites (Tsikis et al., 2018).
In women, the lack of concordance between vulvar
condyloma acuminatum and concurrent high-grade
vulvar intraepithelial neoplasia is evidenced with HPV
genotypes 6 or 11, and 16, respectively (Maniar et al.,
2013). In Latin America, the prevalence of cervical,
penile, anal, and oral regions varies by population risk
and anatomic body site (Colpani et al., 2020).
Moreover, in clinical practice it is expected that a
person with an HPV infection in a particular anatomical site is more likely to exhibit the same viral
infection in another concomitant area. However, a
lack of concordance between HPV infection among
several anatomical sites has been documented (Barzon et al., 2010; Wei et al., 2018). Many factors are
related to this phenomenon, such as gender, ethnicity, HPV genotype, immunology response, cellular differentiation at the anatomical site, and the molecular
behavior of the HPV genotype, among other issues
(Graham 2017b; Graham 2017a). Based on this idiosyncratic background, HPV screening tests should
be performed in every suspected anatomical site in
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the patient and be analyzed individually because of
the relevance in HPV surveillance, HPV vaccination,
and the oncogenic potential for genotypes that are
not commonly analyzed.
Thus, because of these relevant facts and the lack of
HPV data concerning geographic areas and different
anatomical sites, we described the heterogeneity of
HPV genotypes in several anatomical sites on Mexican men and women, such as the anus, oropharyngeal cavity, cervix, external genitalia, penis, balanopreputial sulcus, urethra, vagina, vulva, and genital
warts. All anatomical sites were analyzed individually. We also assessed the overall prevalence of HPV
genotypes by gender and age and the concordance
of HPV genotypes in different anatomical sites in 32
men and women.

MATERIALS AND METHODS
Study population
A prospective cross-sectional trial was carried out
with patients of both genders who voluntarily participated in an HPV screening genotypes campaign
from January to December 2019.
All samples were analyzed with the MS-MALDI-TOF
technique. We included 2,130 patients with at least
one HPV genotype detected in one of these anatomical areas: anus, oropharyngeal cavity, cervicovaginal,
cervix, vagina, vulva, external genitalia, penis, balanopreputial sulcus, urethra, and genital warts. The
participants were from 16 to 80 years old. Patients
with negative results were excluded from the study.
Only 32 patients with a positive HPV detection result agreed to donate a second sample at a different
anatomical site to determine the concordance of
HPV genotypes in these areas under the same viral
detection technique. Concordance in Urethra/ Balanopreputial sulcus (U/BS), Urethra/Genital wart (U/
GS), Urethra/Anus (U/A), Urethra/Glans (U/G), and
Vagina/Vulva (VA/VU) was verified.

Ethical aspects
The study was approved by the medical and ethical
research committee of CENTRAL ADN laboratories,
with number 2019-SHHPV-DZ8. The study was explained to the participants only after they provided
written informed consent. Clinical data such as age,
gender, and the result of HPV testing were used with
respect, and patient identity was kept anonymous.
The protocols were performed according to the
guidelines of the Helsinki Declaration and the current health laws in Mexico.

Clinical specimens
A trained physician completed the clinical examination
and collected samples from different anatomical sites.
To collect the urethral and external genitalia samples,
two sterile ultrafine flexible swab HydraFlock® (25-

3306-H from Puritan, Guilford, ME, USA) were used.
Cervical, vaginal, and anal exfoliative samples were
obtained by scraping the epithelium with a nylon cytobrush (Puritan, USA; 2199). Genital warts were excised
as part of treatment and dissected using sterilized scalpel blades (KLS MARTIN, USA; 10-150-10-04). Oropharyngeal samples were collected by nylon flocked swabs
(Copan Diagnostics, Italy; 503CS01). Every specimen
was stored in Universal Transport Medium (Copan Diagnostics, Italy; 350C) at room temperature and processed in the molecular diagnostic laboratory Central
ADN in Morelia, Michoacán, Mexico. The specimens
were analyzed with the MALDI-TOF MS technique for
HPV screening and genotyping test.

DNA extraction
The extraction of the total DNA was carried out by
using InstanGene Matrix (Bio-Rad, USA), following
the manufacturer’s instructions. Briefly, 200 µl of
the sample was transferred to 200 µl tubes. Then the
samples were centrifuged at 14,000 rpm for 1 minute. The pellet was washed twice with PBS-Tween
20. Finally, 50 µl of InstaGene Matrix was added to
the pellet and incubated at 56°C for 30 minutes. The
sample was boiled at 100°C for 8 minutes. The supernatant was stored at -20°C until it was used. We
used a sterile cervical swab as a blank control sample
during the extraction protocol.

HPV Genotyping
HPV genotype detection was performed using MALDI-TOF Mass Spectrometry (Agena Bioscience, San
Diego, CA). The panel detected 18 HR-HPV subtypes
(16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66,
67, 68, 73, 82) and 6 LR-HPV (6, 11, 34, 42, 70, 81),
mixed in a single reaction. The experiments were carried out using the complete iPlex Pro Reagent kit Medium (10160, Agena Bioscience, San Diego, CA) following the manufacturer’s protocol. Briefly, human
and viral nucleic acids were analyzed by using the
multiplex HPV primers at a final reaction volume of
5 µl: 1X PCR buffer with 2 mM of MgCl2, 25 mM of
the dNTPs mix, 0.5 uM of primers mix, 1U of pro-enzyme (Agena Bioscience, San Diego, CA, USA) and 2
µl of total DNA (~10 ng/ul). The amplification conditions were: first step 1 cycle 95°C for 2 min; second
step 45 cycles 95°C for 30 s, 56°C for 30 s, 72°C for 5
min. Shrimp-alkaline-phosphatase (SAP) was added
to the reaction mix and incubated at 37°C for 40 min
followed by 85°C for 5 min, to remove unbound nucleotides. After this step, an extension reaction was
performed (17902, Agena Bioscience, San Diego, CA)
and run with the cycle program: 30 s at 94°C for enzyme activation, 5 s at 94°C for strands denaturation;
52°C for 5 s for strand annealing, and 80°C for 5 s for
extension. Denaturation-annealing-extensions cycles
were repeated 40 times, followed by a final extension
step at 72°C for 3 minutes.
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Finally, a desalting step was performed by adding 6
mg of SpectroCLEAN resin (Agena Bioscience, San
Diego, CA, USA) and 30 µl of water to each sample
for 20 min at room temperature. The amplicons were
spotted on a matrix-precoated Spectro-CHIP (Nanodispenser RS1000, Agena Bioscience, San Diego, CA)
analyzed by the mass spectrometer technique. Genotyping was obtained by using Typer 4.0.22 Software
(Agena Bioscience, San Diego, CA, USA).
The housekeeping gene human Glyceraldehyde-
3Phosphate Dehydrogenase (hGAPDH) was included
in the run to ensure the reliability of the DNA extraction process. Positive controls for HPV amplification consisted of pHPV-16 purified plasmid DNA
(ATCC 45113D, 103 copies/μl), and well-characterized samples previously shown to harbor the other
genotypes included in the panel.
Polymerase Chain Reaction (PCR) and incubation
steps were run using the Veriti thermal cycler (Applied Biosystems, Foster City, CA, USA).

Statistical analysis
The prevalence of HPV infection was calculated
for every anatomical site and stratified by men and
women as follows: any High-Risk (HR-HPV) genotype, any Low-Risk HPV (LR-HPV) genotype, and
any HR or LR-HPV infection. The distribution of
HPV genotypes was summarized in frequencies. Associations among HPV genotypes, age groups, gender, and sample sites were analyzed by chi-square

tests. The kappa values of type-specific HPV infection in men (between urethra/balanopreputial sulcus
(U/BS), urethra/genitalia wart (U/GS), urethra/anus
(U/A), urethra/glans (U/G) samples) and in women
(between vagina/vulva (VA/VU) samples) were calculated. The concordance rate was considered poor
with kappa values lower than 0.40, fair to good with
a range between 0.40 and 0.80, and excellent with
values >0.8. Data were analyzed by IBM SPSS 25.0
software (IBM, Armonk, NY, USA). A p-value <0.05
was considered significant.

RESULTS
We analyzed 2,130 anogenital and oropharyngeal
samples obtained from 1,172 (55.02%) female patients and 958 (44.97%) male patients. The average
age of the study population was 29.24±17.10 years,
with a minimum age of 16 and a maximum of 80
years. A total of 1278 (60.0%) patients were positive
for at least one HPV genotype; of them, 678 (31.8%)
were women and 600 (28.2%) were men. 48.4%
(n=619) of the results were single HPV infection and
51.6% (n=659) multiple HPV infection. On the other
hand, 852 patients (40.0%) had a negative result, 494
(23.2%) females and 358 (16.8%) males.

Age-specific HPV genotypes prevalence
The most frequent group by gender and age was 26 to
35 years old (female n=390, 18.3%, and male n=314,
Figure 1 - Age-specific HPV
genotypes prevalence. According to a) infection status (positive and negative), b) gender
of participants with the presence of one HPV genotype, c)
gender with positive HPV 6 or
11, and d) gender with positive HPV 16 or 18.
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14.7%). Similarly, the age groups with the highest
frequency of positive results for the HPV genotypes
were 26 to 35 years old (n=276; 13.0%) and 36 to 50
years old (n=257; 12.1%) for both genders (Figure 1a,
b).
The highest number of HPV-positive cases was present in women aged 26 to 35 years (21.0%) and in men
aged 36 to 50 years (19.3%) (Figure 1b). The frequency of 6/11 genotypes was higher in women and men
aged 26 to 35 years old, with a frequency of 4.0% and
3.5%, respectively (Figure 1c). The presence of 16/18
genotypes was higher in men and women aged 26 to
35 years (11.3% and 8.3%, respectively) (Figure 1d).

Prevalence of HPV genotypes stratified by gender
The most frequent HPV genotypes in the study population were: HR-HPV: 66 (9.1%), 16 (8.5%), 59 (7.7%),
53 (7.7%), 58 (6.9%), 51 (6.4 %), 31 (5.5%), 67 (5.4%)
and LR-HPV 6 (24.3%), 11 (7.7%), 81 (4.3%). The
frequency of genotypes by gender were: for females,
HR-HPV 66 (5.6%), 16 (4.2%), 59 (4.3%), 58 (3.9%),

53 (3.9%), 51 (3.3%) and LR-HPV 6 (10.1%) and 11
(3.2%); for males, HR-HPV 16 (4.2%), 53 (3.8%), 66
(3.5%), 59 (3.5%), 51 (3.1%) and LR-HPV 6 (14.1%),
11 (4.5 %) (Table 1). The prevalence of HPV 16 and
18, known as oncogenic genotypes, was 5.8% in
women and 5.2% in men, and the prevalence of genotypes 6 and 11 was 13.3% in women and 18.6% in
men (Table 1, Figure 2).
The statistical significance for each genotype according to gender is described in Table 1. Statistically significant differences were found between the
presence of some HPV genotype in both genders
(p=0.025). Genotypes 31 (p=0.016), 52 (p=0.049),
56 (0.036), 6 (p<0.0001) and 11 (p<0.0001) presented significant differences when comparing genders
(Table 1, Figure 2).

Site-specific HPV prevalence and concordance
HPV 6 was the genotype most frequently recovered
when considering all the anatomical sites and both
genders. Among each anatomical site, the most com-

Table 1 - Prevalence of HPV genotypes stratified by gender (n=1278).
HPV genotype grouped
Any HPV
HPV 16 or 18
HPV 6 or 11
HR-HPV
16
18
31
33
35
39
45
51
52
53
56
58
59
66
67
68
73
82
LR HPV
6
11
34
70
81

n
678
125
285

Female
% (95% CI)
31.8 (25.4, 37.5)
5.8 (2.7, 8.3)
13.3 (12.2,14.2)

n
600
111
396

Male
% (95% CI)
28.2 (20.9, 32.4)
5.2 (2.1, 8.9)
18.6 (17.5, 19.3)

0.025*
0.912
<0.001*

90
35
77
15
26
60
30
70
58
83
55
84
91
119
57
15
44
14

4.2 (3.1, 4.9)
1.6 (0.9, 1.8)
3.6 (2.6, 4.2)
0.7 (0.2, 1.3)
1.2 (0.8, 2.0)
2.8 (2.1, 3.4)
1.4 (1.0, 1.8)
3.3 (2.8, 3.7)
2.7 (2.1, 3.3)
3.9 (2.7, 4.5)
2.6 (1.9, 3.2)
3.9 (3.1, 4.6)
4.3 (4.1, 4.8)
5.6 (5.0, 6.1)
2.7 (2.2, 3.0)
0.7 (0.4, 0.9)
2.1 (1.8, 2.5)
0.7 (0.3, 1.1)

90
21
40
6
14
34
19
66
31
80
28
62
74
75
59
14
27
7

4.2 (3.6, 4.8)
1.0 (0.5, 1.4)
1.9 (1.4, 2.3)
0.3 (0.1, 0.5)
0.7 (0.3, 1.1)
1.6 (1.2, 2.5)
0.9 (0.6,1.2)
3.1 (2.9, 3.4)
1.5 (1.2, 1.9)
3.8 (3.1, 4.4)
1.3 (0.9, 1.7)
2.9 (2.6, 3.5)
3.5 (3.2, 3.9)
3.5 (3.1, 4.0)
2.8 (2.2, 3.6)
0.7 (0.2, 0.9)
1.3 (0.8, 1.7)
0.3 (0.1, 0.5)

0.157
0.254
0.016*
0.129
0.181
0.079
0.377
0.389
0.049*
0.273
0.036*
0.527
0.973
0.064
0.192
0.719
0.231
0.281

217
68
24
13
49

10.1 (9.8, 10.5)
3.2 (2.9, 3.7)
1.1 (0.7, 1.6)
0.6 (0.1, 1.1)
2.3 (1.8, 2.7)

301
95
18
8
43

14.1 (13.7, 14.8)
4.5 (3.8, 4.9)
0.8 (0.3, 1.2)
0.4 (0.1, 0.9)
2.0 (1.6, 2.4)

<0.001*
<0.001*
0.781
0.524
0.728

P-Value

Abbreviations: CI, confidence interval; HPV, Human Papillomavirus; HR-HPV, High-Risk HPV; LR-HPV, Low-Risk HPV. Any HPV type included: HPV 16,
18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 67, 68, 73, 82, 6, 11, 34, 42, 70 and 81.
*Significant difference between men and women was established by Chi Square Test. A p-value <0.05 was considered significant.

HPV genotypes diversity at several anatomical sites

77

Figure 2 - Prevalence of HPV genotypes stratified by gender.

Figure 3 - HPV genotype prevalence by gender and anatomical sites. Gray, High-Risk HPV. Black, Low-Risk HPV.

78

F. Hernández-Rosas, E. Orozco-Hernández, A. Contreras Méndez, et al.

mon genotypes in the cervix were 6 (7.7%), 66 (4.6%)
and 59 (3.5%); in the vagina, 6 (0.4%), 59 (0.4%) and
16 (0.4%); in genital warts, 6 (5.9%) and 11 (2.7%); in
external genitalia, 6 (0.5%), 66 (0.5%) and 51 (0.4%);
and in the oropharyngeal cavity, 6 (0.06%) and 66
(0.05%) (Figure 3).
In men, the highest site-specific HPV prevalence was:
the urethra 6 (3.7%), 66 (1.4%), 59 (1.1%); the balanopreputial sulcus 6 (1.4%), 53 (0.8%) 59 (0.8%);
the penis 6 (1.5%) and 16 (0.8%); in external genitalia 6 (2.0%), 16 (0.8%); in genital warts 6 (5.3%),
11 (2.4%); and in the anus 6 (0.3%) (Figure 3). The
genital warts were from different anatomical sites
with HPV genotypes variety, thus, the penis 6 (2.8%),
the pubis 45 (2.1%), the urethra 16 (0.8%), the balanopreputial sulcus 8 (0.4%) and the anus 8 (0.4%)
(Figure 3).
In women, the highest prevalence of HPV infection
was found in the cervix, mainly due to HR-HPV genotypes 66 and 53, and LR-HPV genotype 6, followed
by genital warts, with the most frequent genotypes
being HR-HPV 51 and 53, and LR-HPV genotype 6

(Figure 4). In men, the highest prevalence of HPV
infection was found in the urethra, most frequently
associated with HPV genotype 6 (Figure 4b).
The prevalence of HR-HPV genotypes was higher in
women (28.1%); on the contrary, LR-HPV genotypes
were higher in men (13.2%). Significant differences
were observed between the HPV genotype infection
and gender (p<0.001). The most frequent site where
the HR-HPV genotypes were detected was the cervix
(23.2%) in women and the urethra in men (7.4%).
The LR-HPV genotypes were frequent in the cervix
(7.4%) and genital warts (5.2%). Overall, HR and
LR-HPV were constant in the cervix (12.6%). Statistically significant discrepancies were found based on
HPV genotype and anatomical site (Table 2).
For a subset of patients (N=32), previous samples
from the same anatomical sites were available. Within this group, the HPV-genotype-specific concordance among anatomical sites ranged from 0.19% to
0.65%, depending on the sampling site (Supplementary Table 1).
In men, regardless of HPV genotype detected, the
urethra/balanopreputial sulcus had moderate concordance (kappa 0.65% and kappa 0.54%). Moderate agreement was also found between urethra/genital warts (kappa 0.43). In women, the kappa value
was poor in specimens of vagina/vulva (kappa <0.40)
(Supplementary Table 1).

DISCUSSION

Figure 4 - HPV genotypes prevalence according to anatomical sites. a) Women and b) Men.
HPV, Human Papillomavirus; GW, genital wart; EG,
external genitalia; BS, balanopreputial sulcus.

HPV has a tropism for skin and mucosa, and most
sexually active people will acquire an HPV infection
at least once in their lives. The outcome of HPV infection might differ, based on HPV genotype, immunology response, gender, and anatomical site, among
others. In this manuscript, we analyzed the HPV genotypes in the anus, the oropharyngeal cavity, the cervix, external genitalia, the penis, the balanopreputial
sulcus, the urethra, the vagina, the vulva, and in genital warts in samples donated by Mexican women and
men, to expand the knowledge related to anatomical
site diversity in women and men.
Some HPV genotypes have oncogenic roles and infect different cells from several mucosas and skin.
Thus, when an anatomical site shows a specific genotype, it is expected that the same genotype is also
present in other areas. Despite this assumption, our
results confirm previous observations (Smelov et
al., 2018; Tsikis et al., 2018; Wei et al., 2018; Le et al.,
2019; Colpani et al., 2020) showing that the HPV genotypes recovered from different anatomical sites may
be equal, different, or mixed with others, making it
more difficult to elucidate their carcinogenic role.
Our results demonstrated that LR-HPV 6 and 11
were the most prevalent genotypes detected in all
screened anatomical sites (genotypes associated with
benignity). These genotypes have been described as
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Table 2 - Characteristics of HPV positive cases based on HR-HPV and/or LR-HPV genotype (n=1278).
Characteristics

HR-HPVa,b

LR-HPVa,b

HR/LR- HPVa,b

Women

359 (28.1)

119 (9.3)

200 (15.6)

Men

212 (16.6)

169 (13.2)

219 (17.1)

P-value

Gender

Type of sample
Anus

0.003*
2 (0.2)

4 (0.3)

6(0.5)

Oropharyngeal cavity

5 (0.4)

7 (0.5)

3 (0.2)

Cervicovaginal

12 (0.9)

3 (0.2)

7 (0.5)

Cervix

297 (23.2)

94 (7.4)

161 (12.6)

External genitalia

29 (2.3)

27 (2.1)

35 (2.7)

Penis

34 (2.7)

17 (1.3)

24 (1.9)

Balanopreputial sulcus

49 (3.8)

12 (0.9)

24 (1.9)

Urethra

94 (7.4)

50 (3.9)

55 (4.3)

Vagina

13 (1.0)

5 (0.4)

3 (0.2)

Genital wart

23 (1.8)

67 (5.2)

91 (7.1)

Vulva

13 (1.0)

2 (0.2)

10 (0.8)

Abbreviations: HR-HPV, Hight Risk Human Papillomavirus; LR-HPV, Low Risk Human Papillomavirus.
a
HR-HPV: 16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 67, 68, 73, 82. LR-HPV: 6, 11, 34, 42, 70 and 81.
HR-HPV corresponds to the detection of only High-Risk HPV genotypes; LR-HPV corresponds to the detection of only Low-Risk HPV genotypes; HR
LR-HPV corresponds to coinfection with High-Risk and Low-Risk HPV genotypes.
c
The data are presented as frequencies and percentages.
*Chi Square Test was used to compared between the participants. A p value <0.05 was considered significant.
b

potentially oncogenic because they have been found
in the squamous cell carcinoma and high-grade
squamous intraepithelial lesions in the anal or perianal region (Cornall et al., 2013). Nevertheless, they
are also often associated with benign lesions, such
as genital warts, although some reports described
negative HPV anal and genital warts (Hadjivassiliou
et al., 2007). These contrasting findings might result
from the different methodologies and experimental
designs among studies aimed at investigating the involvement of specific anatomical sites in HPV infection (Johansson et al., 2013).
In both genders, we observed the highest prevalence
of HR and LR-HPV genotypes in the age group 26
to 35 years. This is consistent with various studies
performed worldwide, which showed that the highest prevalence of HPV infection occurs in both genders aged 20 to 35 years (Hadjivassiliou et al., 2007;
Johansson et al., 2013; Wei et al., 2018). Nevertheless,
in our analysis we also found worrisome evidence in
men included in this screening campaign in a wide
range of ages, from 50 to over 60.
In terms of detecting more HPV genotypes, many
reports have revealed an overall prevalence of HPV
genotypes similar to our study (Campos-Romero et
al., 2019; Park et al., 2019). Here, HPV genotypes 66,
16, 59, 53, 58, 51, 31, 31, 67 6 and 11 and, 81 were
the most frequent, with comparable results in another Mexican population (Molina-Pineda et al., 2020).
This finding supports the mandatory screening of

multiple HPV genotypes in men and women, even
though we revealed that genotypes 31, 52, 56, 6, and
11 were the most relevant. In addition, the Cervical
Cancer Screening Strategies and the American Society for Colposcopy and Cervical Pathology (ASCCP) have issued recommendations that include the
HPV genotyping test, particularly for the cervix that
represents the crucial site for finding any HPV genotypes (Nayar et al., 2020).
Although our screening detected the most prevalent
genotypes in several anatomical compartments, it reinforces the need to improve the current algorithms
for HPV detection, not only for women but also for
men. We found that the most prevalent HR-HPV
were 16, 53, 66, 58, and LR-HPV 6 and 11, among
other genotypes in our population study. The differences in populations and anatomical sites are possibly related to the low number of samples obtained
from male patients, a fact that is attributable to the
screening algorithms being mainly focused on females and Cervical Cancer preventive campaigns.
Due to the implications in cervical cancer, the most
commonly tested HPV types are 16 and 18; nevertheless, the prevalence of these genotypes in our
study was not the highest, with 5.8% and 5.2% in
women and men, respectively. Similar results have
been reported in women of African ethnicity (Dube
Mandishora et al., 2017) and in another Mexican
population (Molina-Pineda et al., 2020). On the other hand, we did not find a significant prevalence of

80

F. Hernández-Rosas, E. Orozco-Hernández, A. Contreras Méndez, et al.

HPV-18, as described in another Mexican study (Rudolph et al., 2016; Campos-Romero et al., 2019).
LR-HPV genotypes play a crucial role in minorities
and correlate with the malignant process in some
sites, such as the anus (Alemany et al., 2015). On the
other hand, scientific evidences suggest that the detection of HR-HPV mixed with LR-HPV is a protective
factor to progress to CIN2 in women, likely due to an
inhibitor effect of the progression to malignancy of
the lesions (Okadome et al., 2014). Therefore, it is inevitable to detect genotypes that have an inconclusive
role in carcinogenesis, as LR-HPV 6, the most common genotype observed in our study in both genders.
Our work provides an overview of HPV genotypes
prevalence in several anatomical sites, such as the
cervix, the urethra, the vagina, external genitalia, and
the oropharynx, with the aim of improving screening
approaches, as in previously published works (Barzon et al., 2010). The behavior of HPV genotypes differs between anatomical compartments due to the
different mechanisms of epithelial and keratinocyte
differentiation, which play a crucial role in the activation of L expression genes, and are the main factors regulating the virus persistence and viral load
(Tseng et al., 1982; Pan et al., 2013). Furthermore, to
complicate the landscape of the HPV latency, HPV
can infect the basal stem cells of healthy epithelium,
where it stays latent for weeks or months not being
cleared by the immune system (Graham 2017b).
Studies have revealed that HPV genotypes, viral load,
and anatomical sites play critical roles in viral replication. Here, we reported a diversity of HPV genotypes among sites in men, where the main areas
to detect HR-HPV and LR-HPV were the urethra,
followed by the balanopreputial sulcus; this is evidenced by the viral load, which is higher in the penile
shaft, sulcus, and urethra (Nielson et al., 2007).
Our cross-sectional trial study has limitations, namely the study design did not allowing to consider some
variables in the analysis, such as clinical data, and
the limited number of patients for HPV genotyping
followed-up for the kappa analysis. Therefore, more
studies will be required to strengthen our results and
focus on chronicity of the HPV genotypes in the same
anatomical site over time. In summary, it is clear that
multiple factors affect the variability of HPV genotype infection. Moreover, there is a need to increase
the sensitivity and accuracy of current methodologies in terms of HPV genotypes, viral load, and individual anatomical site testing to decrease detection
biases and to elucidate the oncogenic process of less
common HPV genotypes.
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