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Abstract

The incidence of human papillomavirus (HPV)-associated cancers, especially those from the head and neck region, has
increased. The relatively early age of presentation of HPV-positive head and neck cancer (HNC) indicates that viral infection
might be acquired early in life. Persistent HPV infection has been recognized as the main risk factor for cancer development,
but most studies have focused on evaluating HPV persistence in the genital region. Thus, in this work, we aimed to evaluate
the prevalence of HPV in oral cavity and oropharynx in a young population, as well as the possible persistence of the infection
after 12 months. Our results indicate that almost half (46.8%) of the analyzed population harbors an HPV infection either in
the oral cavity or in the oropharynx. Furthermore, after 1 year of initial identification, half of them eliminated the infection,
and only one person (5.26%) exhibited persistence. Interestingly, 50% of the individuals who successfully eliminated the
infection acquired a new viral type, indicating that even when the primary infection is effectively eliminated by the immune
system, there is a dynamic circulation of HR-HPV types that produce reinfection. This dynamic HPV infection among young
individuals could influence the future establishment of cancer in some proportion of the cases.
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Introduction
Adriana Morén-Torres and Nidia G. Pazos-Salazar contributed Human papillomavirus (HPV) is the etiologic agent of most
equally to this work. common sexually transmitted disease in the population

worldwide [1]. Although the vast majority of HPV infections
are transient and become undetectable within 12-24 months
54 Joaquin Manzo-Merino after onset, sometimes the viral infection becomes persistent
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Currently, more than 200 HPV types have been identified,
and have been divided into two groups according to their
potential to produce neoplasia: low-risk HPV genotypes,
mostly associated with genital warts and recurrent respira-
tory papillomatosis, which include types 6, 11, 40—44, and
54; and high-risk HPV genotypes including types 16, 18,
26, 31, 33, 35, 39, 45, 51-53, 56, 58, 59, 66, 68, 70, 73,
and 82, designated as oncogenic and capable of producing
cancer [7].

All high-risk genotypes have been detected in the head
and neck zone, but most infections are cleared in healthy
individuals [8]. However, the number of HPV-positive
(HPV +) HNC cases has increased. HPV16 and 18 are the
most common in HPV 4+ HNC, followed by the other onco-
genic types [9, 10].

Squamous cell carcinoma represents 90% of HNC. These
malignancies comprise a heterogeneous group that arises
from epithelial cells of the mucous lining of the upper aer-
odigestive tract which encompass the hypopharynx, naso-
pharynx, larynx, oropharynx, and the oral cavity [11]. Head
and neck squamous cell carcinoma (HNSCC) has an esti-
mated annual incidence of 890,000 cases worldwide with a
50% associated mortality, ranking as the sixth most common
cancer worldwide. Oral and oropharynx carcinomas account
for about 53.63% of the total HNC cases [12]. These tumors
have a strong etiological link with alcohol and tobacco con-
sumption [13]. However, in recent decades, high-risk (HR)
HPV infection has been identified as an important and inde-
pendent risk factor for developing HNSCC. High frequency
of oral sex and a high number of sexual partners increase the
risk of HPV-related HNSCC [14]. However, HPV infection
has been little studied in Mexico in HNC cases, finding a
positivity of 43% and HPV 16 being the most prevalent type
[15, 16].

Regarding the prevalence of HPV in oral and oropharyn-
geal squamous cell carcinoma (OPSCC), a wide range of
data has been reported [6]. However, in recent years, the
prevalence of HPV in OPSCC has increased alarmingly,
reporting up to 80% positivity for this type of cancer [17].
Although the prevalence of HPV in the genital region is
high, infection in the oral cavity region has been less studied,
showing a prevalence ranging from 0.1 to 19.3% [5, 18, 19]
in different populations, including healthy individuals [20],
vaccinated population [21], or population presenting other
diseases [22]. Interestingly, 60% HPV positivity was found
in the oral mucosa of individuals older than 50 [23]. These
studies have focused on evaluating the prevalence at a single
time point; however, it is well recognized that HPV oral
infection, especially with high-risk genotypes, establishes a
predisposition for HNC cancer development. Thus, prospec-
tive studies aimed at evaluating viral persistence are needed.

One of the characteristic features of HPV-induced
HNSCC is the relatively early age of presentation [24],
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indicating that this type of cancer might be associated with
an HPV infection acquired at an early age. In many coun-
tries, the age of debut of sexual activity has diminished in
the past decades. In Mexico, more than 50% of the popula-
tion had the first sexual experience at a mean age of 17.5 and
almost 60% did not use a prophylactic method, increasing
the risk of acquiring infections [25]. Furthermore, higher
incidence of oral sex has been observed as the educational
level rises, increasing the risk of presenting an oral HPV-
associated lesion [26]. In this sense, the university popula-
tion represents a group vulnerable to acquiring HPV infec-
tion, due to school coexistence and sexual practices. In this
study, we determined the prevalence of HPV in oral cavity
and oropharynx in a university population cohort and evalu-
ated the persistence after 12 months, in order to understand
the dynamics of HPV infection in this particular population.

Methods
Study population and data collection

This prospective study recruited 103 volunteers from a
public university in Puebla, Mexico, including students and
workers of both sexes aged 18 years and older, to detect the
prevalence of HPV infection. Population was categorized
according to age into young adults (18-35) and middle-aged
adults (36-55). After 12 months of the initial detection,
HPV-positive cases were retested to assess viral persistence.

The participants were included in our analysis after
answering a questionnaire to collect sociodemographic data
and determine any risk factors associated with HNSCC, such
as sexual practices and alcohol and tobacco consumption.
Sample collection periods were Jan-Jun 2018 for prevalence,
and Jan-Jun 2019 for assessing persistence.

Alcohol consumption was determined according to the
number, frequency, and type of drinks reported in the ques-
tionnaires and divided into low risk, hazardous, and harm-
ful [27]. Additionally, tobacco consumption was calculated
based on cigarettes per week and categorized into light,
moderate, and heavy smokers [28]. The study was approved
by the Institutional Board (reference VIEP 00104) and
all participants provided written informed consent before
enrolling in the study.

Sampling

Two independent samples were collected using a Cyto-
brush®, one from the oral cavity and one from the oro-
pharynx, in individuals who avoided oral hygiene one night
before collection and with no signs of apparent disease.
Cells from the oral cavity were collected by oral brushing,
as mucosal scrapings from the internal and external faces of
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the upper and lower lips, the gingival region, and the anterior
and posterior faces of the tongue.

For sampling the oropharynx, the participant was told to
tilt the head back with the mouth open and a tongue depres-
sor was introduced to push the tongue down, and the oro-
pharynx was immediately scraped with the brush along the
posterior wall of the oropharynx, base of the tongue, tonsils,
and soft palate, avoiding the tongue and uvula. Collected
cells were placed on slides and fixed for Papanicolaou stain-
ing, and the remaining sample was placed in a microtube and
centrifuged to obtain a cell pellet.

To evaluate persistence, a second sampling was per-
formed after 12 months in the same manner, only on patients
who were HPV positive in the first sampling, either in the
oral cavity or in the oropharynx. In addition, a blood sample
was taken to assess the blood cell count and biochemistry, as
well as IL-10 levels. All cytological swabs were maintained
at 4 °C and processed for extraction within the next week.
Blood samples were processed the same day of collection.

Papanicolaou staining

Immediately after collection of all oral cavity and orophar-
ynx samples, a smear was performed on a clean slide and
fixed with alcohol solutions for 5 min. Slides were stained
following the Papanicolaou standard technique, which has
been proven effective for evaluation of cytological altera-
tions in this anatomical region, [29-31] and evaluated by
two independent pathologists in order to assess pathogno-
monic signs associated with HPV infection.

HPV detection and genotyping

DNA was extracted and purified using the DNeasy Blood
& Tissue Kit (QIAGEN®), following the manufacturer’s
instructions, and quantified in a full spectrum Nanodrop®
spectrophotometer (Thermo Scientific®). A total of 50 ng of
DNA was subjected to B-globin amplification to determine
DNA integrity and quality control. After evaluating integ-
rity, HPV detection was performed by amplifying the L1
region using the MY09/11 universal primers through con-
ventional PCR (Supplementary Table 1) [32, 33].

HPYV genotype was determined using the commercial kit
“MPCR Kit for Human Papilloma Virus Set 2”” (Maxim Bio-
tech®) following the manufacturer’s instructions. This kit is
based on a multiplex conventional PCR that detects 8 dif-
ferent HPV types (low risk: 6 and 11; high risk: 16, 18, 31,
33, 52, and 58) by amplifying a region of the E6 gene. DNA
from HeLa cells was used as a positive control and mixtures
without DNA were used as negative controls. PCR condi-
tions are described in Supplementary Table 2. The amplified
fragments were analyzed by agarose gel electrophoresis and
visualized using a UV light transilluminator (BIO-RAD®).

The images were captured with a NIKON® Coolpix P100
camera.

IL-10 quantification

IL-10 levels were analyzed by ELISA using the “Human
IL-10 ELISA” kit (ThermoFisher Scientific®) according to
the manufacturer’s instructions. A total of 100 pL of serum
was used and the level of IL-10 in the samples was obtained
by comparison with a standard calibration curve.

Statistical analysis

Statistical analyses were performed using the IBM SPSS
Statistics for Mac, version 25 (IBM Corp., Armonk, NY,
USA). Qualitative features are presented as absolute and
relative frequencies, and quantitative features are presented
as mean + SD. The association between the presence of HPV
and the different risk factors was analyzed using contingency
tables to which the chi-square test (%) or Fisher’s test was
applied. The relative risk was calculated when a result was
significant.

Results
Basal features of participants

A total of 103 individuals were initially sampled, and
after DNA integrity analyses and exclusion of one par-
ticipant who was older than 56 years old, we focused on
94 remaining participants. Overall, data analysis included
41 men (43.2%) and 53 women (56.8%) with a mean age
of 24.12 +8.19 years old. Most of the included individu-
als were young adults aged 18-35 years old (90.42%) and
nine (9.57%) were middle-aged adults between 36 and
55 years old; thus, we categorized the population into two
groups according to age. Demographic characteristics of the
two groups are indicated in Table 1. Young adults have a
mean age of 21.68 +3.35 while middle-aged adults were
43.11 +5.64 years old.

Tobacco consumption was low in both groups, and alco-
hol consumption results showed that most of the individuals
were at low risk, including 69.41% of young and 77.77% of
middle-aged adults, with a small proportion of hazardous
or harmful drinking habits. Age at sexual debut was signifi-
cantly different in the tested groups (p =0.02), where young
adults seem to have started at an earlier age compared to
middle-aged adults. Condom use was more frequently used
by young adults (58.82%) compared to middle-aged adults
(33.33%).

Regarding the number of sexual partners, 54.11% of
young individuals declared 3 or more, while middle-aged
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adults indicated a lower number, only one or two partners in
life (77.77%). Interestingly, 78.82% of young adults declared
oral sex practices while only 55.55% of middle-aged adults
did. None of the analyzed characteristics showed statistical
difference between groups.

Cytological alterations at initial sampling

The cytological analysis of all included samples at time zero
showed normal morphology of the superficial cells in both
the oropharynx and the oral cavity regions of all included
subjects. Cells exhibited a polygonal-shaped morphology
with eosinophilic staining (Fig. 1).

HPV prevalence is high in young population

Detection of viral DNA demonstrated a prevalence of HPV
in 46.80% of the total subjects (n=44) with no differences
according to age (p=0.49). Young adults showed 48.23%
positivity and middle-aged ones 33.33%. However, there

were differences when analyzing HPV presence by ana-
tomical site, since the virus was found exclusively in the
oral cavity in 29.78% (n=28), while it was detected in the
oropharynx of only 4.25% (n=4) of the participants. More-
over, 12.76% of the studied population (n=12) presented
viral infection in both the oral cavity and the oropharynx
(Table 2).

Regarding HPV genotype, it was found that HPV16
was the most frequently detected genotype in the positive
samples of both anatomical locations, with a prevalence of
37.5% and 27.5% for oropharynx and oral cavity, respec-
tively. HPV18 was the second most frequent viral type found
in the studied population, present in 6.25% of the orophar-
ynx cases and 7.5% of the oral cavity. Additionally, 12.5%
of the studied population showed coinfection with two viral
types in the oral cavity, from which 10% (n=4) were HPV16
and HPV18, while 2.5% (n=1) were infected with HPV18
and HPV11. Interestingly, 51.78% (n=30) of the samples
possessed a different viral type from those included in the
detection kit used in this study (Table 3).

A)

Oral cavity

B)

Oropharynx

Fig. 1 Representative cytologic features of the analyzed population.
All samples showed normal characteristics of superficial cells. A
Cells from the superficial layer of the oral cavity showing a pyknotic

nucleus and eosinophilic staining. B Cells from the superficial layer
of the oropharynx showing a pyknotic nucleus and eosinophilic stain-
ing. PAP stain. Magnifications were taken under the 20 X objective

Table2 HPV prevalence
distribution in the oral cavity
and the oropharynx

Prevalence (first sampling)

Probable persistence (12 months

n=94 later)
n=19%
HPV positive HPV negative HPV positive HPV negative
n (%) n (%) n (%) n (%)
Total prevalence n (%) 44 (46.80) 50 (53.19) 10 (52.62) 9 (47.36)
Anatomical site
Oral cavity only 28 (29.78) 66 (70.21) 3 (15.78) 16 (84.21)
Oropharynx only 4.(4.25) 90 (95.74) 2(10.52) 17 (89.47)
Both anatomical regions 12 (12.76) 82 (87.23) 5(26.31) 14 (73.68)

HPV human papillomavirus infection

“Twenty five subjects were lost during follow-up for different reasons: not located, refused to participate,

missed appointment
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Table 3 HPV genotypes in the oral cavity and oropharynx

Prevalence after
12 months

First sampling

Oral cavity Oropharynx Oral cavity Oropharynx

n=40 n=16 n=_8 n="7
HPV type n (%) n (%) n (%) n (%)
HPV 16 11 (27.5) 6(37.5) 0 0
HPV 18 3(7.5) 1 (6.25) 8 (100) 6 (85.71)
HPV 11 0 0 0 1 (14.28)
HPV16,18 4 (10) 0 0 0
HPV18,11 1(2.5) 0 0 0
Other HPV 21 (52.5) 9 (56.25) 0 0

types

The existence of different risk factors in the population
was evaluated by a using a questionnaire and collected
data was associated with the presence of HPV. The major-
ity of the items analyzed showed no association with HPV
positivity, indicating that the infection does not depend
on the lifestyle of the participants (Table 1), with the
exception of condom use in young individuals (p =0.007),
but this item was not associated with HPV infection in
middle-aged adults. This indicates that those who use
condoms have a lower probability of contracting an HPV
infection (RR 0.54, 95% CI 0.34-0.84). Interestingly,
alcohol and tobacco consumption were not associated
with the presence of HPV in these individuals. Addition-
ally, only 8.51% of the analyzed individuals were vac-
cinated against HPV.

Young individuals are reinfected by HPV

To assess the likely persistence of HPV infection in the
population, the collection of samples and the application of
questionnaires were performed in HPV-positive individu-
als 12 months after the first sample. All individuals ini-
tially HPV positive were invited to participate, 19 of them
accepted to be included in the second sampling. Two sam-
ples were taken from both anatomical sites and analyzed
for HPV presence by either Papanicolaou staining or PCR.
Additionally, a blood sample was obtained for cell count and
IL-10 evaluation. We established a likely persistent infection
when the same genotype was found after 12 months.

Most of the population were young adults (84.21%) and
the rest middle-aged adults (15.78%) with a mean age of
25.84 +9.88 years old. Again, all the participants exhibited
high alcohol consumption. Furthermore, 36.84% declared an
increase in the number of sexual partners and importantly,
the practice of oral sex was again high (73.68%), even after
knowing the positive result for HPV infection in the oral
cavity and oropharynx region (Table 1).

The cytological study performed for the 19 participants to
evaluate viral persistence showed normal morphology of the
superficial cells in both, the oropharynx and the oral cavity
regions, with the exception of one sample from the oral cav-
ity sample where cells with a more prominent nucleus were
found, suggestive of cell transformation (Fig. 2A, B). Par-
ticularly, this young participant (21 years old) was negative
to HPV 12 months later, but instead declared high alcohol
intake (37 UU/week) as well as high tobacco consumption (6
cigarettes/day), suggesting that the presence of such factors
produced the observed alterations. Additionally, one of the
analyzed samples was positive for Actinomyces (Fig. 2C).

Fig.2 Representative cytologi- A)
cal alterations found at second
sampling. A, B Cells with a
prominent nucleus (blue arrow)
resembling those from the basal =
layer. C Actinomyces sp. (blue
arrow) in one sample, found
in some cases at the second
sampling. PAP stain. Magni-
fications were taken under the
20 X objective

B) s o

o]
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Interestingly, no evidence of koilocytes was found in any of
the samples analyzed (data not shown).

We found that most of the HPV-positive individuals
successfully eliminated the infection (94.74%) and only
one participant presented persistence (5.26%) for HPV18.
Notably, the persistent case was not the one with cellular
abnormalities. Interestingly, half of the previously infected
subjects who efficiently eliminated the infection acquired a
new HPV infection (50%) with a different HPV genotype,
indicating a possible reinfection process. Particularly, in the
young individuals, 56.25% of them were positive for the
infection, while in middle-aged adults, a likely HPV per-
sistence was found in only one case. When analyzing HPV
type, we found HPV18 and 11 as the most prevalent viral
types in the reinfected population (Table 2). Moreover, when
analyzing the associations of the risk factors with HPV rein-
fection, only hazardous alcohol consumption was associ-
ated with getting HPV reinfection (p =0.043). Thus, low
alcohol-consuming individuals have a protecting factor for
HPV reinfection (RR 0.5, 95% CI 0.25-0.87).

In order to determine whether alterations in IL-10 lev-
els could be associated with viral persistence or reinfection,
IL-10 levels were analyzed by an ELISA assay, finding that
IL-10 levels did not show substantial differences among the
tested individuals (Supplementary Table 3). This result indi-
cates that the possible reinfection might merely be a random
phenomenon. Additionally, all evaluated individuals showed
normal levels of HCT, HGB and leukocytes, indicating the
absence of anemia, lymphocytosis or any other alteration
that could be related to possible viral persistence or reinfec-
tion (Supplementary Table 3).

Discussion

The high prevalence of human papillomavirus infection
makes this a global public health problem, particularly in
young individuals who are continuously exposed to this
virus. Additionally, the alarming increase of HPV-associated
oral cavity and oropharynx cancers [17, 34] manifests the
need to establish epidemiological data in our population,
specifically in individuals with age-related risk. The main
objective of this study was to determine the presence of HPV
in the oral cavity and oropharynx in a university population.

In an initial sampling, we determined HPV prevalence
and 12 months later retested the HPV-positive individuals to
evaluate the presence of the virus and to look for individuals
with a possible persistent infection. The prevalence of HPV,
in oral cavity and oropharynx, obtained in the first sampling
was 46.31%. Twelve months later, 52.63% of the positive
individuals presenting an HPV infection still presented HPV
in the analyzed regions (Table 2); both percentages are high
compared to similar studies, where virus positivity ranges

from 6 to 14.5% in the US [35] and European [20] popula-
tions. Moreover, it has been shown that when scraping is
used for sample obtention in normal oral mucosa, the preva-
lence of HPV is about 45%. [23] This is consistent with our
results where HPV was detected only by molecular means.

Since the presence of HPV is more frequent in oropharyn-
geal carcinoma than in oral cancers, [6] we decided to test
the obtained samples separately. Our findings showed that
the virus was present more frequently in the oral cavity than
in the oropharynx at both sampling times. These results
contrast with the data found in cancer cases, which show
a strong association between HPV and oropharyngeal can-
cer. [6, 15] Although the association between the virus and
OPSCC is well established, it still needs to be investigated
whether HPV infection can locate to the tonsil crypts by
other means. Additionally, different studies aimed at detect-
ing HPV infection in the head and neck region have based
their results on samples taken by rinse or scraping and did
not separate the different anatomic areas. [36, 37].

When analyzing the demographic data of the participants,
no association was found between the presence of the virus
and the items consulted, not even the vaccination status of
the participants. Tobacco use was expected to be associated
with the presence of the virus because smoking alters a wide
range of immune functions in the oral cavity [38]; however,
the majority of the study population is within the 18 to 25
age range, which is generally in good health, so the effects
of exposure to this agent may not yet be noticeable.

Even when the cytological examination indicated the
absence of HPV-induced alterations, the molecular detec-
tion of the virus by PCR shows a high sensitivity, which
is in agreement with other studies which report a sensitiv-
ity of 61.3% for the detection of HPV with a cytological
examination and about 90% using molecular identification,
specifically PCR. [39, 40] HPV positivity can be due to an
incidental infection and viral DNA comes from superficial
area peeling and has not been yet integrated to promote
detectable changes in the cellular morphology.

Regarding genotyping, HPV16 was found at the highest
proportion in both, the oral cavity and the oropharynx at
the initial time, followed by HPV 18, similar to that found
in a study focused on women [36], in a multinational study
including 557 healthy Mexican men, [26] and in HNC. [15]
In contrast, 12 months later, there were no HPV16-positive
cases, being somehow replaced by HPV18 as the most fre-
quent genotype in possible reinfection cases. Therefore, it is
relevant to mention the importance of evaluating the pres-
ence of HPV at different time points, although a larger study
population is required for validating the presence of HPV
genotypes.

It is well known that most HPV infections are efficiently
eliminated by the immune system within 6-12 months [41],
so this study evaluated likely persistent infection cases,
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considering those presenting the same viral type. We found
only one possible persistent case with HPV18. Surprisingly,
47.36% of the participants that eliminated the infection got
a new viral type in the second sampling, indicating that the
HPYV has a dynamic transmission in this population and that
a negative result at a certain time does not guarantee the
absence of infection in the next months, representing a risk
factor for developing lesions and cancer in the future.
Among the factors associated with viral persistence,
interleukin 10 (IL-10) is an immunosuppressive cytokine
that promotes persistence and progression of lesions
related with HPV [4]. The levels of IL-10 obtained in the
present work seem not to be associated with HPV pres-
ence, since IL-10 levels did not vary significantly between
individuals. Additionally, all individuals showed a normal
oral mucosa, and the results of the cytological analysis did
not show morphological changes suggestive of infection
or malignant transformation, with the exception of one
case where there was presence of cells with morphological
characteristics suggestive of malignancy. It is important
to mention that this subject was not the one that showed

Fig.3 HPV dynamic infection
in young population. Circulat-
ing HPV genotypes infect a

high proportion of young indi-
viduals that clear the infection
after 12 months. Although the
persistence of oral HPV infec-

n= 99

time?

viral persistence, indicating that there are possibly other
factors that are promoting such changes, such as alcohol
and tobacco consumption.

Our results show that in a university population, a reinfec-
tion dynamic is occurring since there is a high proportion
of individuals in an infection-elimination-infection cycle
(Fig. 3). Although the prevalence is not due to the same gen-
otype, the presence of HPV is detected in a population with
more sexual opportunities due to scholar coexistence, and
consumption of alcohol and tobacco. Furthermore, young
people frequently practice oral sex to avoid pregnancy.
This trend has negative implications for teenagers’ sexual
health, since many seem unaware that sexually transmitted
infections (STIs) can be acquired through unprotected oral
sex [42]. Certainly, most of the young people are healthy,
but this condition could be counterproductive and promote
neglectful behaviors, representing a risk factor which could
potentiate the HPV infections and cancer development in the
future. As a matter of fact, some of the HPV-positive cases
refused to participate in the second sampling, indicating a
lack of interest for their well-being, and those who were

HPV 11

HPV 18

HPV 16

tion is low, there is an infection- Infection
clearance-infection cycle due to —
the circulating HPV genotypes. (46.31 %)

This indicates the need for
better preventive actions in the
young population. Figure was
created with BioRender.com

Negative (53.68 %)

12 months

Persistance

n=19

‘ HPV 11
‘ HPV 18

Clearance (94.74 %)

(5.26 %)
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retested indicated a high proportion of oral sex practice, even
after a positive result for HPV infection.

Our results strengthen the need to expand vaccination
coverage to men and women in our country since HNC asso-
ciated with HPV infection is due mainly to high-risk geno-
types which are included in the currently available vaccines.

Conclusions

The results obtained indicate that the prevalence of HPV in
the oral cavity in a university population is high and could
represent a long-term health problem. This work manifests
the need to implement strategies aimed at informing about
diseases caused by HPV and promoting a culture of safe sex
in the young population. Our results can be used to define
prevention strategies and timely diagnosis with great impact
on the analyzed population.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s42770-021-00602-3.
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