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Abstract: Highly oncogenic human papillomavirus (HPV) is well known to be associated with and a
risk factor for various types of oral carcinomas such as oral squamous cell carcinoma (OSCC). The
aim of this study was to evaluate and describe the HPV-induced OSCC prevalence and genotyping in
the city of Belém, northern Brazil. This cross-sectional study features 101 participants who attended
an oral pathology referral center in a dental college looking for diagnoses of oral lesions (OL). After
signing the consent term and meeting the inclusion criteria, all participants went through a sociode-
mographic and epidemiological questionnaire. Then, OL were collected by excisional or incisional
biopsy depending on OL size; after that, OL tissues were preserved in paraffin blocks to histopatho-
logical diagnoses. Afterwards, paraffin blocks were divided into benign and malignant/premalignant
lesions based on the classification of potentially malignant disorders of the oral and oropharyngeal
mucosa. Then, the paraffin blocks had DNA extraction performed by the ReliaPrep FFPE gDNA
Miniprep method in order to identify HPV DNA of high oncogenic risk and low oncogenic risk.
Then, the viral DNA was amplified and typed using the Inno-Lipa genotyping Extra II method,
and the collected data were analyzed by Chi-square and G-tests. In total, 59/101 (58.4%) OL were
malignant/premalignant lesions, of which OSCC was the most prevalent with 40/59 (67.7%) and
42/101 (41.6%) benign lesions. The most common area of OL incidence was upper gingiva 46/101
(45.5%). Regarding HPV DNA detection, approximately 27/101 (26.7%) had positive results; of these,
17/59 (28.8%) were malignant/premalignant lesions, and the most prevalent genotypes detected
were 16, 18, 52 and 58, while among benign lesions, 10/42 (66.6%) had HPV-positive results, and
the most prevalent genotypes detected were 6, 11 and 42. Age range was the only risk factor with a
significant association between HPV and OSCC presence (p-value: 0.0004). A correlation between
OSCC and oral HPV among analyzed samples could not be demonstrated in our small cohort.

Keywords: squamous cell carcinoma; oropharyngeal cancer; HPV; viruses; infectious diseases

1. Introduction

The human papillomavirus (HPV) is a member of the Papillomaviridae family. Accord-
ing to Monteiro et al. [1], there are more than 130 species and nearly 228 HPV genotypes
have been identified so far—all with the capacity to tropism for mucosal and cutaneous
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epithelia, such as squamous tissue. As explained by the International Committee on Taxon-
omy of Viruses (ICTV), HPV is a small non-enveloped double-stranded circular DNA virus
approximately 52–55 nm of diameter, which is composed by a protein icosahedral capsid
made of 72 pentameric capsomeres that surround the viral genome with 8000 nucleotide
base pairs [2,3].

HPV can infect the epithelial surface through microlesions at the basal layer, during
unprotected sexual behavior, which then conduct to a proliferative benign or malignant
lesion both in skin, oropharyngeal mucosa and the vaginal or anal tract due to morphologi-
cal similarities [4]. Currently, HPV is designated into two forms: high oncogenic risk (HR)
and low oncogenic risk (LR) subtypes. LR subtypes 6, 11, 40, 42, 43, 44, 54, 61 and 70 are
associated with benign lesions such as condylomatous warts; HR subtypes include HPV
16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 59, 66, 68, 72, and 81 that are linked to malignant
lesions such as squamous cell carcinoma (SCC) [5,6].

HPV oncogenic potential is based on the virus capacity to lodge two specific encode
viral oncoproteins, E6 and E7 genes, into hosts, infecting the cells’ genome [4,7,8]. This
capability of HPV promotes the invalidation of the activities of important tumor suppressor
and apoptosis proteins, such as Tumor Protein p53 (TP53) and Retinoblastoma Protein (pRb).
E6 viral oncoproteins interact with TP53, causing its degradation due to its relationship
with E6-Associated Protein [9–11]. Regarding E7 viral oncoproteins, it attaches to pRb,
inactivating its capacity to inhibit excessive cell cycle progress and therefore resulting in
carcinogenic activity in the oropharyngeal and genital epithelium [9–11].

Worldwide, HPV infection is a major public health issue, mainly because it is one of the
most common sexually transmitted infections (STIs). Globally, HPV infection prevalence is
approximately 12% with continental discrepancies due to the socioeconomic development
and vaccination program of each country, and HPV-induced cancer has a prevalence of
5.1%, which ranges through genders and innumerous anatomic sites [12,13]. In Brazil,
according to Colpani et al. [14,15], HPV has a national prevalence of 25.41% with some
anatomic site variation as: penile region, 36.21%; anal region, 25.68%, oropharyngeal,
11.89% and among this prevalence, 17.65% was associated to HR HPV subtypes.

SCC is one of the main malignant lesions of invasive skin cancer and is easily identified
by an atypical, accelerated increase in squamous cells. Following the morphological simi-
larities with oropharyngeal mucosa tissue, the presence of an oral SCC (OSCC) is possible;
thus, OSCC can arise from any location of oropharyngeal mucosa [16,17]. According to
van der Waal [18] and Jiang et al. [19], the most frequently affected sites are the tongue
mouth floor, sublingual area, gingiva, hard palate and lips. As claimed by Syrjänen [20],
Tumban [21] and Panarese et al. [22] OSCC, clinically, it appears as an ulcerative lesion with
a necrotizing central area and lifted borders.

In general, for OSCC, well-established risk factors are smoking, alcohol overconsump-
tion and tobacco chewing, although since 1983, it was hypothesized that OSCC can emerge
from HR HPV subtypes; in particular, HPV subtype 16 (HPV-16) is associated with unpro-
tected sexual behavior. However, the specific role of HR HPV regarding OSCC risk factors
is not fully understood. Therefore, furthermore information is needed to clarify the rela-
tionship between HR HPV infection and OSCC in northern Brazil. So, in this context, this
study aimed to evaluate and describe the HPV-induced OSCC prevalence and genotyping
in the city of Belém, northern Brazil.

2. Materials and Methods

This descriptive, cross-sectional single-center study was population-based on clinical
symptoms, sociodemographic and epidemiological data from individuals who attended an
oral pathology and malignant lesions referral center at a dental college (CESUPA) located
in the city of Belém, Pará, northern Brazil (Figure 1). All individuals who attended this
referral center during the period from January 2019 to December 2019 were invited to
participate in the study, and of these, 101 individuals met the inclusion criteria and were
diagnosed with oral benign and malignant/premalignant lesions/tumors.
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Figure 1. Brazil -> Pará (PA) -> Cities: (1) Abaetetuba, (2) Ananindeua, (3) Barcarena, (4) Belém,
(5) Marituba, (6) Mosqueiro District, (7) Santa Bárbara, (8) Santa Izabel, and (9) Marajó Archipelago.

All interventions were performed in accordance with the guidelines and regulatory
standards for research involving human subjects of the National Health Council and Papilloma
Virus laboratory of Instituto Evandro Chagas (IEC). This study was approved by the Ethics
Committee on Human Research of the University Center of the State of Pará—CESUPA under
protocol number 4.197.815. Written informed consent was obtained from all 101 patients for
the publication of any potentially identifiable images or data included in this paper.

2.1. Clinical Parameters

The benign and malignant lesions were established according to the classification
of potentially malignant disorders of the oral and oropharyngeal mucosa [18]. OL were
sub-divided in situ into benign lesions—traumatic fibroma, focal epithelial hyperplasia,
pyogenic granuloma, papilloma, verruca vulgaris, condyloma acuminatum—and malig-
nant or premalignant lesions: oral squamous cell carcinoma, leukoplakia, erythroplakia,
oral lichen planus, oral submucous fibrosis and carcinoma. Although the main objective of
the study is to associate HPV infection and SCC, both OL were biopsied, and benign lesions
were used as a control group to evaluate HPV prevalence in different lesions [23,24].

2.2. Sample Collection and Processing

The sample consisted of patients registered and treated at CESUPA. In total,
101 individuals were informed about the purpose of the study and invited to partici-
pate. Then, they all agreed to and signed a written consent form before data collection and
oral evaluation. The study eligibility criteria were: (i) ≥18 years old; (ii) have a conclusive
diagnosis of oral benign lesion or OSCC; (iii) resident of Pará State; (iv) medical records
filled in; and (v) signed the free and informed consent form. The exclusion criteria were:
(i) individuals who transferred to other cities, affecting follow up; (ii) individuals with
neurological and/or cognitive impairment; (iii) medical records not filled out correctly;
and (iv) refusal to sign the consent form. Individuals who met the inclusion criteria were
invited to participate in this study and signed the consent form.

Each participant was orally evaluated in a private location in the oral pathology
department. Clinical data were collected by a single researcher, a specialist in oral pathology
who had previous experience in clinical studies. The intraoral clinical examination was
performed in a dental office, in a dental chair, under indirect and artificial light, using
a dental mirror and clinical tweezers, which were all sterile, consisting of disposable
materials; the OL evaluations were performed daily.

Demographic and epidemiological data were obtained through a pre-tested stan-
dardized semi-structured questionnaire and medical records. Regarding oral biopsies,
all lesions included had been submitted either to excisional biopsy, when OL were sized
approximately to ≤1 cm, or incisional biopsy, when they were sized approximately to
size ≥ 1 cm with a scalpel. All biopsies were performed by only one researcher who had
previously experience in clinical biopsy. Examinations occurred under local anesthesia, and
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for excisional biopsies, a 3 mm margin of normal tissue was included. Then, the biopsy
material was preserved in 10% formaldehyde then transported to histopathologic exam.

All pieces were processed in paraffin blocks for histological analysis. At first, it was
necessary to replace tissue liquid with paraffin; then, a sequence of ethyl alcohol baths at
increasing concentrations (70–99%) for approximately 6 h for tissue dehydration was made.
Subsequently, the pieces went through the process of diaphanization in xylol for 3 h and
impregnation in molten paraffin at 60 ◦C for 2 h. Finally, the pieces were transferred to steel
molds, which were bathed in liquid paraffin at 65 ◦C and taken to rapid cooling at 0 ◦C [25].
After preparation, two different pathologists evaluated the hematoxylin and eosin-stained
sections of all lesions for confirmation of the diagnosis. A microscopic diagnosis was
rendered according to the WHO classification of potentially malignant disorders of the oral
and oropharyngeal mucosa [18].

2.3. DNA Extraction from Paraffin Samples

Each block of paraffin samples was cut into 10 “slices” with 5 µm thickness each,
and viral DNA extraction was performed using the “ReliaPrep FFPE gDNA Miniprep
Syste (Promega Corporation, Madison, USA). This system is based on whether in the use
of cellulose membranes in columns, where the lysed biological material is subjected to
centrifugation, the DNA is bound to membranes charged with (+) charge so that there is
binding to the (−) DNA. Subsequently, washes were carried out with alcoholic solutions,
and the DNA elution was carried out in a saline medium. All conditions described were
specified in the manufacturer’s protocol.

Each “sample” was heated in a thermoblock at 80 ◦C for approximately 2 min, and
500 µL of mineral oil was added to dissolve the paraffin—a process which was repeated for
all “slices”. Subsequently, 300 µL of PBS buffer and 20 µL of Proteinase K were added for
sample digestion. Soon, the samples were incubated at 65 ◦C for 1 h. After the complete
digestion process, the DNA samples were considered homogeneous; then, they were
transferred to another Eppendorf tube and were incubated at 95 ◦C for 15 min. After this
process, the samples were kept at room temperature, and later, 220 µL of lysis buffer and
240 µL of absolute ethanol were added to assist in the aggregation of precipitated DNA.
All samples were transferred to kit columns and then centrifuged at 10,000 RCF for 3 min.
The fluid remaining in the tube was discarded, and 500 µL of washing solution was added,
centrifuging at 10,000 RCF for 30 s with the cap closed and 16,000 RCF for 3 min with
the tube cap open. Subsequently, the column was transferred to another Eppendorf tube,
discarding the collection tube. Finally, 50 µL of elution buffer was added directly to the
column, and it was centrifuged again at 16,000 RCF for 1 min. The column was discarded
and the Eppendorf tube with the filtered sample was stored at −70 ◦C.

2.4. HPV Detection and Typification

The extracted viral DNA was identified and typed in the analyzed samples using
the “Inno-Lipa Genotyping Extra II System (Fujirebio, Tokyo, Japan), which is able to
amplify a portion of the HPV genome in the viral L1 gene region. Through the reverse
hybridization system, this generated fragment is able to identify infection by up to 32 viral
types. Therefore, the presence of up to 28 genotypes of HPV (high oncogenic risk: 16, 18,
26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 69, 73, 82; and low oncogenic risk: 6, 11, 40,
42, 43, 44, 54, 61, 70) according to the manufacturer’s instructions.

This system is based on the hybridization of the PCR-amplified fragment through the
base homology of the amplified fragment with the probe contained in a “nylon” strip that
corresponds to the specific sequence for each of the mentioned types, which defines, in
addition to positivity, the infecting viral type. So, the viruses were cataloged on a decreasing
scale as to their oncogenic risk.
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2.5. Statistical Analysis

The collected data were analyzed by the BioEstat program and evaluated with re-
spect to mean, standard deviation and absolute and relative frequency, as well as p value
(p < 0.005) by the Chi-square, Fisher Exact Test and G Test, in the selected groups.

3. Results
3.1. Sample Characteristics and Anatomical Subsites

In total, 101 individuals were recruited for study assessment, and the sociodemo-
graphic and behavioral data are presented in Table 1: 75/101 (74.2%) in the Belém metropoli-
tan area and 26/101 (25.8%) in the countryside area; of those data, malignant lesions (59/101,
58.4%) were more prevalent than benign lesions (42/101, 41.6%). In the metropolitan area,
Belém city was the most visited site to diagnose and treat the lesions. Belém presented
36/75 (48%); of these, 20/59 (33.8%) were malignant lesions and 16/42 (38%) were benign
lesions. Ananindeua was the second city with 20/75 (26.6%); of these, 13/59 (22%) were
malignant lesions and 7/42 (16.6%) were benign lesions. The third most popular area was
Santa Bárbara with 10/75 (13.3%); of these, 6/59 (22%) were malignant lesions and 4/42
(16.6%) were benign lesions. In the countryside area, Santa Izabel was the city with most
biopsies, 9/26 (34.5%); of these, 5/59 (8.4%) were malignant lesions and 4/42 (9.5%) were
benign lesions. Next was Abaetetuba with 6/26 (23%); of these, 4/59 (6.7%) were malignant
lesions and 2/42 (4.7%) were benign lesions. Barcarena had 4/26 (15.3%); of these, 3/59
(5.6%) were malignant lesions and 1/42 (2.4%) were benign.

Table 1. Sociodemographic and behavioral data.

Parameters Total (n = 101) Malignant (n = 59) Benign (n = 42) p Value

Gender
Female 55 29 (49.2%) 26 (62%) 0.2866 a

Male 46 30 (50.8%) 16 (38%)
Ethnicity †

White 37 22 (37.2%) 15 (35.8%) 0.9818 b

Black 15 9 (15.5%) 6 (14.2%)
Mixed 46 26 (44%) 20 (47.6%)

Indigenous 3 2 (3.3%) 1 (2.4%)
Age (years)

18–29 20 5 (8.4%) 15 (35.8%) 0.0004 b

30–39 9 2 (3.3%) 7 (16.6%)
40–49 13 8 (13.5%) 5 (12%)
50–59 16 9 (15.5%) 7 (16.6%)
60–69 25 19 (32.2%) 6 (14.2%)
70–79 7 6 (10.1%) 1 (2.4%)
≥80 11 10 (17%) 1 (2.4%)

Smoking
Yes 71 37 (62.7%) 34 (81%) 0.2687 a

No 30 22 (37.3%) 8 (19%)
Alcohol overconsumption

Yes 71 44 (74.5%) 27 (64.3%) 0.3710 a

No 30 15 (25.5%) 15 (35.7%)
Tobacco chewing

Yes 18 10 (17%) 8 (19%) 0.9937 a

No 83 49 (83%) 34 (81%)
Source

Urban cities * 75 44 (58.7%) 31 (41.3%) 0.8855 a

Rural cities ‡ 26 15 (57.7%) 11 (42.3)
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Table 1. Cont.

Parameters Total (n = 101) Malignant (n = 59) Benign (n = 42) p Value

Belém * 36 20 (33.8%) 16 (38%) 0.9419 b

Ananindeua * 20 13 (22%) 7 (16.6%)
Marituba * 9 5 (8.4%) 4 (9.5%)

Santa Bárbara * 10 6 (10.1%) 4 (9.5%)
Mosqueiro ‡ 4 1 (1.7%) 3 (7.1%)
Abaetetuba ‡ 6 4 (6.7%) 2 (4.7%)
Santa Izabel ‡ 9 5 (8.4%) 4 (9.5%)

Marajó ‡ 3 2 (3.3%) 1 (2.4%)
Barcarena ‡ 4 3 (5.6%) 1 (2.4%)

Sexually active
Yes 90 50 (84.7%) 40 (95.2%) 0.1647 b

No 11 9 (15.3%) 2 (4.8%)
Condom use

Always 76 47 (79.6%) 29 (69%) 0.4118 b

Sometimes 22 10 (17%) 12 (28.5%)
Never 3 2 (3.4%) 1 (2.5%)

Partners n◦/past year
1 61 41 (69.5%) 20 (%) 0.0446 a

>2 40 18 (30.5%) 22 (%)
Previous STI’s diagnosis

Yes 49 28 (47.5%) 21 (50%) 0.9601 a

No 52 31 (52.5%) 21 (50%)
a Chi-square test; b G test; * Belém, Ananindeua, Marituba and Santa Bárbara; ‡ Mosqueiro, Abaetetuba, Santa
Izabel, Marajó and Barcarena. † Sociodemographic and behavioral data.

The average age was 39.9 years and had a significant p value of 0.0004 (p < 0.005);
the 60–69 age range was the most prevalent among individuals with 25/101 (24.7%). Of
these, 19/59 (32.2%) were malignant lesions and 6/42 (14.2%) were benign lesions. Thus,
we may infer, in our sample, that age can influence OSCC prevalence. Otherwise, most of
the samples were: female 55/101 (54.4%)—of these, 29/59 (49.2%) were malignant lesions
and 26/42 (62%) were benign lesions; mixed ethnicity 46/101 (45.5%)—of these, 26/59
(44%) were malignant lesions and 20/42 (47.6%) were benign lesions; smoking habits
71/101 (70.3%)—of these, 37/59 (62.7%) were malignant lesions and 34/42 (81%) were
benign lesions; and alcohol overconsumption 71/101 (70.3%)—of these, 44/59 (74.5%) were
malignant lesions and 27/42 (64.3%) were benign lesions. In addition to age range, no other
significant association between risk factors, sociodemographic factors and type of lesion
was found.

In Table 2, the anatomical subsites were evaluated searching for significant associations
between malignant lesions and anatomical subsites. No significant association was possible
(p < 0.4713), although upper gingiva was the most common area of incidence (46/101,
45.5%) of both malignant lesions (24/59, 40.6%) and benign lesions (22/42, 52.3%).

Table 2. Anatomical sites of biopsy to histopathological exam.

Parameters Total Malignant (n = 59) Benign (n = 42) p Value

Anatomic region
Upper gingiva 46 24 (40.6%) 22 (52.3%) 0.4713 b

Lower gingiva 17 11 (18.7%) 6 (14.2%)
Tongue 19 12 (20.3%) 7 (16.9%)

Lips and buccal
mucosa 16 10 (17%) 6 (14.2%)

Oropharynx 3 2 (3.4%) 1 (2.4%)
b G test.
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3.2. Histological Analysis

In Table 3, the histopathological exams results of both benign and malignant lesions
were presented. In malignant lesions, the most prevalent oral manifestation was OSCC
40/59 (67.7%), leukoplakia 9/59 (15.2%) and erythroplakia 7/59 (11.8%). In benign lesions,
the most prevalent was traumatic fibroma 20/42 (47.6%), condyloma acuminatum 8/42
(19%) and focal epithelial hyperplasia 5/42 (12%), and a significant p value of 0.0001
(p < 0.005) was established.

Table 3. Histopathological results.

Parameters Total Malignant (n = 59) Benign (n = 42) p Value

Histopathological
diagnosis

Oral Squamous Cell
Carcinoma 40 40 (67.7%) - <0.0001 b

Leukoplakia 9 9 (15.2%) -
Erythroplakia 7 7 (11.8%) -

Oral Lichen planus 2 2 (3.3%) -
Carcinoma in situ 1 1 (2%) -
Traumatic fibroma 20 - 20 (47.6%)
Verruca vulgaris 3 - 3 (7.1%)
Focal epithelial

hyperplasia 5 - 5 (12%)

Papilloma 4 - 4 (9.5%)
Condyloma
acuminatum 8 - 8 (19%)

Pyogenic granuloma 1 - 1 (2.4%)
Periodontal abscess 1 - 1 (2.4%)

b G test.

3.3. HPV Prevalence and Typification

In total (n = 101), 27 (26.7%) had positive results for HPV DNA and 74 (73.3%) had
negative results for HPV DNA (Table 4). Among samples with malignant/pre-malignant
lesions, 28.8% tested positive for HPV. In this sample with HPV (n = 17), several cases of
LO were detected. OSCC (n = 12; 70.5%) predominated, but cases of leukoplakia (n = 4;
23.5%) and erythroplakia (n = 1; 6.0%) were also recorded. HPV genotypes 16, 18, 52 and
58 were detected, and all were classified as high oncogenic risk. In the ten samples with
HPV-16, OSCC (n = 7; 70%), leukoplakia (n = 2; 20%) and erythroplakia (n = 1; 10%) were
detected. OSCC was also detected in five (29.4%) samples of HPV-18, and leukoplakia was
recorded in each of the HPV-52 (5.9%) and HPV-58 (5.9%) positive samples.

Table 4. HPV genotypes and results in histopathological samples.

Parameters Malignant (n = 59) Benign (n = 42) p Value

HPV negative 42 (71.2%) 32 (76.2%) 0.6520 c

HPV positive 17 (28.8%) 10 (23.8%)
Oral Squamous Cell

Carcinoma 12 (70.5%) -

Leukoplakia 4 (23.5%) -
Erythroplakia 1 (6%) -

Papilloma - 3 (30%)
Verruca vulgaris - 3 (30%)

Condyloma
Acuminatum - 4 (40%)
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Table 4. Cont.

Parameters Malignant (n = 59) Benign (n = 42) p Value

Genotypes

High oncogenic risk
(n = 17)
HPV-16 10 (58.8%)
HPV-18 5 (29.4%) -
HPV-52 1 (5.9%) -
HPV-58 1 (5.9%) -

Low oncogenic risk (n
= 10)

HPV-6 - 6 (60.0%)
HPV-11 - 3 (30.0%)
HPV-42 - 1 (10.0%)

c Fisher Exact Test.

Among the benign lesions, 23.8% tested positive for HPV. Genotypes 6, 11 and 42
were detected, and all were classified as low oncogenic risk. Verruca vulgaris (50%),
papilloma (33.3%) and condyloma acuminatum (16.7%) were detected in samples with
HPV-16. Condyloma acuminatum was detected in all HPV-11 samples, and papilloma was
detected in the HPV-42 sample.

4. Discussion

Since 1983, the increasing number of papers indicating a correlation between HPV
infection with oropharyngeal tumors or lesions has increased [4–6,9,11,17–24,26–30]. The
present study evaluated the prevalence of HR HPV using fresh and frozen biopsied sam-
ples; through various oral lesions (OL), OSCC was included and associated with patients’
sociodemographic parameters in northern Brazil. To the best of authors’ knowledge, this is
the first epidemiological cohort of this type in northern Brazil. However, in this study, it
was not possible to demonstrate a direct correlation between HR HPV and OSCC among
the analyzed samples, even with different methods regarding comparisons with other
studies such as analysis of freshly frozen OSCC samples to improve positive results in
histopathological analysis (the same method as Drop et al. [31]) and having a benign lesion
control group.

Through the years, OSCC-related HR HPV has been well documented, although
different important factors could affect the outcomes of HPV-induced OSCC. The most
common associations are smoking and alcohol overconsumption, which according to the
literature influences various populations worldwide. Madathil et al. [32] evaluated in
Montreal, Canada, 631 participants with smoking habits and its relationship with HPV-
associated oropharyngeal tumors; of these, 40% were HPV positive and smokers, showing
a higher prevalence compared to the control group (16%), and HPV-16 was the most
prevalent subtype among participants. Auguste et al. [33] investigated the influence of
tobacco and alcohol joint consumption with HPV and the occurrence of head and neck SCC
among 550 individuals in Guadeloupe and Martinique, French Caribbean. The authors
demonstrated that the combination of tobacco and alcohol consumption could induce a
symbiotic effect on the incidence of OSCC, and HPV-52 was the most prevalent subtype.

Smith et al. [34] evaluated 201 participants with smoking and alcohol consumption
habits, HPV presence and its relationship with head and neck SCC in Iowa, United States.
The authors demonstrated a prevalence of 46% HPV-positive cases associated with smoking
and alcohol consumption, and HPV-16 was the most prevalent subtype among participants.
In Brazil, Rodrigues et al. [30] evaluated the prevalence of oral HPV in various OL among
278 people who use crack-cocaine (PWUCC) in the cities of Bragança and Capanema in
northern Brazil; of these, 111 (39.9%) PWUCC were HPV positive, and HPV-16 was the
most prevalent subtype among PWUCC. Another interesting fact corroborated by various
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studies is that the increased smoking and alcohol consumption associated with the presence
of HR HPV will influence in the severity of OL.

In this study, risk factors such as smoking (70.3%) and alcohol overconsumption
(70.3%) proved to be an important etiology factor to OSCC, confirming the results of all
the studies mentioned above, although among our samples, the smoking and alcohol
overconsumption associated with HR HPV prevalence could not be inferred, which was
similar to the other studies prior. Perhaps the influence and the prevalence of HR HPV over
OL might be impacted by other risk factors besides smoking and alcohol overconsumption,
such as unsafe sex, multiple sexual partners, drug dependence, lack of access to public
health services, co-infections such as HIV-HPV, and HPV non-vaccination, which would
facilitate HPV throughout the state [1,25].

Bezerra et al. [35] demonstrated that smoking and alcohol overconsumption, associated
or individually, are important risk factors to a higher prevalence of OSCC. The authors
also stated that tobacco and ethanol may increase oral epithelium permeability by the
exposure of oral tissue to various carcinogenic agents presented in tobacco and ethanol.
It can also decrease interleukins (IL) expression, such as IL-18 and DDX3 protein, which
regulate the cell cycle and control the progression of malignant neoplasms, as well as
increase COX-2 pro-inflammatory activity. In our study, one of the main risk factors was
age (p < 0.05). According to our results, age range (60–69) could be considered as a major
influencing factor for high OSCC prevalence; however, a cause–effect relationship could
not be established.

In the present study, the OSCC prevalence was 58.5% (59/101) and the HPV prevalence
was 27/101 (26.7%). Among HPV positive samples, the most prevalent HR HPV subtype
was HPV-16 (10/17—58.8%), which was exactly the same subtype as previous studies.
When comparing the HPV prevalence ratings to our studies, ours is the smallest prevalence,
which is mainly because our cohort had a smaller sample size. Other influencing risk
factors might be demographic region, socioeconomic status, anatomical sites and access
to quality public health services. Bean et al. [36] demonstrated that populations with a
lower income, living in countryside areas or overly dense urban areas are more likely to
present severe cases of late-stage cancer. Our smaller HPV prevalence could be due to
Brazil’s northern region having many cities surrounded by hydrographic access routes,
which make it difficult to access health care. In addition, the distances between major urban
areas and countryside cities are higher than in southern Brazil [37,38].

Despite the fact that OSCC prevalence was the main objective of our study, during the
results analysis, the decreased prevalence of HPV was interesting, because it is different
from the literature. The higher prevalence of HR HPV subtypes among HPV prevalence
highlighted the urgency to improve the distribution of specialized oral pathology services,
HPV vaccination and implementation of oral cancer prevention and treatment programs
in northern Brazil cities. Although there are some interesting results, this study has some
limitations. The small sample size, the short study interval and the paraffinization process
may degenerate HPV DNA.

5. Conclusions

This study managed to determine the prevalence of OSCC associated with HPV
infection, despite the fact that HPV prevalence had a low presence. That is a good result
when we consider that HPV is an important etiological factor to oral carcinoma. Our major
concern was the high prevalence of 58.5%, which presents concerning data to our region,
demonstrating that the lower prevalence presented in previous studies might have some
bias that directly influenced the results. So, we identified the need to improve diagnosis
and therapy services for various lesions of the oral cavity in the Pará state in order to
provide greater assistance to the population of Pará and prevent oral cancer.



Pathogens 2022, 11, 1106 10 of 11

Author Contributions: R.R.d.S.F., R.V.D.S., L.F.A.M., and S.A.F.d.M. were involved in the research
conceptualization; Y.M.S.M., Y.M.d.S., and T.R.B.C., conducted the investigation; F.R.S.A., and
T.O.d.A.M., conducted data curation; R.R.d.S.F., S.A.F.d.M., R.V.D.S., A.B.O.-F., and L.F.A.M., were
involved in writing the original draft; L.F.A.M., R.R.d.S.F., R.V.L., and A.B.O.-F. were responsible for
formal analysis; R.R.d.S.F. were responsible for the paper draft; R.R.d.S.F., and R.V.L. were involved
in review and editing. All authors have read and agreed to the published version of the manuscript.

Funding: This study was funded by Coordenação de Aperfeiçoamento de Pessoal de Nível Superior
(CAPES), Ministry of Education—Brazil—Grant code 001. L.F.A.M. is a CNPq Grantee (#314209/2021-
2). Publication of the article was supported by Public Notice PAPQ, PROPESP/FADESP of the Federal
University of Pará.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics and Research Committee of the University Center of the
State of Pará in Belém (PA), Brazil (protocol number: 4.197.815).

Informed Consent Statement: All participants were included in the study after providing informed
and written consent.

Data Availability Statement: All data referred to this study are available in the manuscript.

Acknowledgments: We acknowledge all subjects enrolled in this study and consent.

Conflicts of Interest: The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict of interest.

References
1. Monteiro, J.C.; Fonseca, R.R.D.S.; Ferreira, T.C.D.S.; Rodrigues, L.L.S.; Da Silva, A.R.B.; Gomes, S.T.; Silvestre, R.V.D.; Silva,

A.N.M.R.; Pamplona, I.; Vallinoto, A.C.R.; et al. Prevalence of High Risk HPV in HIV-Infected women from Belem, Para, Amazon
Region of Brazil: A Cross-Sectional Study. Front. Public Health 2021, 9, 649152. [CrossRef] [PubMed]

2. International Committee on Taxonomy of Viruses (ICTV). Virus Taxonomy: Release. 2020. Available online: http://www.
ictvonline.org/virusTaxonomy.asp (accessed on 2 June 2021).

3. Bzhalava, D.; Eklund, C.; Dillner, J. International standardization and classification of human papillomavirus types. Virology 2015,
476, 341–344. [CrossRef] [PubMed]

4. Melo, B.A.C.; Vilar, L.G.; Oliveira, N.R.; Lima, P.O.; Pinheiro, M.B.; Domingueti, C.P.; Pereira, M.C. Human papillomavirus
infection and oral squamous cell carcinoma—A systematic review. Braz. J. Otorhinolaryngol. 2021, 87, 346–352. [CrossRef]
[PubMed]

5. Machado, A.P.; Gatto de Almeida, F.; Bonin, C.M.; Martins Prata, T.T.; Sobrinho Ávilla, L.; Junqueira Padovani, C.T.; Teixeira
Ferreira, A.M.; Fernandes, C.E.D.S.; Tozetti, I.A. Presence of highly oncogenic human papillomavirus in the oral mucosa of
asymptomatic men. Braz. J. Infect. Dis. 2014, 18, 266–270. [CrossRef] [PubMed]

6. Nascimento, A.C.D.S.; Nocetti, M.C.; Lugo, L.Z.A.; Jacob, C.M.B.; Machado, A.P.; Padovani, C.T.J.; Ferreira, A.M.T.; Fernandes,
C.E.D.S.; Tozetti, I.A. Oncogenic high-risk human papillomavirus in patients with full denture. Braz. Oral Res. 2019, 25, e091.
[CrossRef] [PubMed]

7. de Sanjosé, S.; Brotons, M.; Pavón, M.A. The natural history of human papillomavirus infection. Best Pract. Res. Clin. Obstet.
Gynaecol. 2018, 47, 2–13. [CrossRef] [PubMed]

8. Burd, E.M.; Dean, C.L. Human Papillomavirus. Microbiol. Spectr. 2016, 4, 1–17. [CrossRef] [PubMed]
9. Rampias, T.; Sasaki, C.; Weinberger, P.; Psyrri, A. E6 and e7 gene silencing and transformed phenotype of human papillomavirus

16-positive oropharyngeal cancer cells. J. Natl. Cancer Inst. 2009, 101, 412–423. [CrossRef] [PubMed]
10. Li, L.; Xu, C.; Long, J.; Shen, D.; Zhou, W.; Zhou, Q.; Yang, J.; Jiang, M. E6 and E7 gene silencing results in decreased methylation

of tumor suppressor genes and induces phenotype transformation of human cervical carcinoma cell lines. Oncotarget 2015,
6, 23930–23943. [CrossRef]

11. Dvoryaninova, O.Y.; Chainzonov, E.L.; Litvyakov, N.V. The clinical aspects of HPV-positive cancer of the oral cavity and
oropharynx. Vestnik Otorinolaringol. 2016, 81, 72–77. [CrossRef]

12. Bruni, L.; Diaz, M.; Castellsagué, X.; Ferrer, E.; Bosch, F.X.; de Sanjosé, S. Cervical human papillomavirus prevalence in 5
continents: Meta-analysis of 1 million women with normal cytological findings. J. Infect. Dis. 2010, 202, 1789–1799. [CrossRef]
[PubMed]

13. Simms, K.T.; Steinberg, J.; Caruana, M.; Smith, M.A.; Lew, J.-B.; Soerjomataram, I.; Castle, P.E.; Bray, F.; Canfell, K. Impact of
scaled up human papillomavirus vaccination and cervical screening and the potential for global elimination of cervical cancer in
181 countries, 2020–2099: A modelling study. Lancet Oncol. 2019, 20, 394–407. [CrossRef]

14. Colpani, V.; Bidinotto, A.B.; Falavigna, M.; Giozza, S.P.; Benzaken, A.S.; Pimenta, C.; Maranhão, A.G.; Domingues, C.M.A.S.;
Hammes, L.S.; Wendland, E.M. Prevalence of papillomavirus in Brazil: A systematic review protocol. BMJ Open 2016, 6, e011884.
[CrossRef] [PubMed]

http://doi.org/10.3389/fpubh.2021.649152
http://www.ncbi.nlm.nih.gov/pubmed/33996727
http://www.ictvonline.org/virusTaxonomy.asp
http://www.ictvonline.org/virusTaxonomy.asp
http://doi.org/10.1016/j.virol.2014.12.028
http://www.ncbi.nlm.nih.gov/pubmed/25577151
http://doi.org/10.1016/j.bjorl.2020.10.017
http://www.ncbi.nlm.nih.gov/pubmed/33339760
http://doi.org/10.1016/j.bjid.2013.07.013
http://www.ncbi.nlm.nih.gov/pubmed/24389275
http://doi.org/10.1590/1807-3107bor-2019.vol33.0091
http://www.ncbi.nlm.nih.gov/pubmed/31778470
http://doi.org/10.1016/j.bpobgyn.2017.08.015
http://www.ncbi.nlm.nih.gov/pubmed/28964706
http://doi.org/10.1128/microbiolspec.DMIH2-0001-2015
http://www.ncbi.nlm.nih.gov/pubmed/27726787
http://doi.org/10.1093/jnci/djp017
http://www.ncbi.nlm.nih.gov/pubmed/19276448
http://doi.org/10.18632/oncotarget.4525
http://doi.org/10.17116/otorino201681172-77
http://doi.org/10.1086/657321
http://www.ncbi.nlm.nih.gov/pubmed/21067372
http://doi.org/10.1016/S1470-2045(18)30836-2
http://doi.org/10.1136/bmjopen-2016-011884
http://www.ncbi.nlm.nih.gov/pubmed/27881522


Pathogens 2022, 11, 1106 11 of 11

15. Colpani, V.; Soares Falcetta, F.; Bacelo Bidinotto, A.; Kops, N.L.; Falavigna, M.; Serpa Hammes, L.; Schwartz Benzaken, A.; Kalume
Maranhão, A.G.; Domingues, C.M.A.S.; Wendland, E.M. Prevalence of human papillomavirus (HPV) in Brazil: A systematic
review and meta-analysis. PLoS ONE 2020, 15, e0229154. [CrossRef]

16. Syrjänen, K.; Syrjänen, S.; Lamberg, M.; Pyrhönen, S.; Nuutinen, J. Morphological and immunohistochemical evidence suggesting
human papillomavirus (HPV) involvement in oral squamous cell carcinogenesis. Int. J. Oral Surg. 1983, 12, 418–424. [CrossRef]

17. Hübbers, C.U.; Akgül, B. HPV and cancer of the oral cavity. Virulence 2015, 6, 244–248. [CrossRef]
18. van der Waal, I. Potentially malignant disorders of the oral and oropharyngeal mucosa; terminology, classification and present

concepts of management. Oral Oncol. 2009, 45, 317–323. [CrossRef]
19. Jiang, S.; Dong, Y. Human papillomavirus and oral squamous cell carcinoma: A review of HPV-positive oral squamous cell

carcinoma and possible strategies for future. Curr. Probl. Cancer 2017, 41, 323–327. [CrossRef]
20. Syrjänen, S. Oral manifestations of human papillomavirus infections. Eur. J. Oral Sci. 2018, 126, 49–66. [CrossRef]
21. Tumban, E. A Current Update on Human Papillomavirus-Associated Head and Neck Cancers. Viruses 2019, 11, 922. [CrossRef]
22. Panarese, I.; Aquino, G.; Ronchi, A.; Longo, F.; Montella, M.; Cozzolino, I.; Roccuzzo, G.; Colella, G.; Caraglia, M.; Franco, R. Oral

and Oropharyngeal squamous cell carcinoma: Prognostic and predictive parameters in the etiopathogenetic route. Expert Rev.
Anticancer Ther. 2019, 19, 105–119. [CrossRef] [PubMed]

23. Maymone, M.B.C.; Greer, R.O.; Burdine, L.K.; Dao-Cheng, A.; Venkatesh, S.; Sahitya, P.C.; Maymone, A.C.; Kesecker, J.; Vashi,
N.A. Benign oral mucosal lesions: Clinical and pathological findings. J. Am. Acad Dermatol 2019, 81, 43–56. [CrossRef]

24. Georgaki, M.; Avgoustidis, D.; Theofilou, V.; Piperi, E.; Pettas, E.; Kalyvas, D.; Vlachodimitropoulos, D.; Perisanidis, C.; Lazaris, A.;
Nikitakis, N. Recurrence in Oral Premalignancy: Clinicopathologic and Immunohistochemical Analysis. Diagnostics 2021, 11, 872.
[CrossRef]

25. Sadeghipour, A.; Babaheidarian, P. Making Formalin-Fixed, Paraffin Embedded Blocks. Methods Mol. Biol. 2019, 1897, 253–268.
[PubMed]

26. Araújo, M.V.; Pinheiro, H.H.; Pinheiro, J.d.J.; Quaresma, J.A.; Fuzii, H.T.; Medeiros, R.C. Prevalence of human papillomavirus
(HPV) in Belem, Para State, Brazil, in the oral cavity of individuals without clinically diagnosable injuries. Cad. Saude Publica
2014, 30, 1115–1119. [CrossRef] [PubMed]

27. Matos, L.L.; Miranda, G.A.; Cernea, C.R. Prevalence of oral and oropharyngeal human papillomavirus infection in Brazilian
population studies: A systematic review. Braz. J. Otorhinolaryngol. 2015, 81, 554–567. [CrossRef] [PubMed]

28. Moro, J.D.S.; Maroneze, M.C.; Ardenghi, T.M.; Barin, L.M.; Danesi, C.C. Oral and oropharyngeal cancer: Epidemiology and
survival analysis. Einstein 2018, 16, eAO4248. [CrossRef]

29. dos Santos, J.I.D.O.; Ferreira, J.S.; Munhoz, I.G.A.; de Lemos, D.L.P.; Tenório, D.D.P.Q.; Rodas, L.O.; de Almeida, F.; Fernandes,
M.C.B.; Vieira, L.L.M.; de Freitas Melo, M.E.; et al. Perspectives of oral cancer’s epidemiological panorama in Brazil. Rev. Med.
2020, 99, 556–562.

30. Rodrigues, M.S.A.; Nascimento, R.S.; Fonseca, R.R.S.; Silva-Oliveira, G.C.; Machado, L.F.A.; Kupek, E.; Fischer, B.; Oliveira-Filho,
A.B. Oral HPV among people who use crack-cocaine: Prevalence, genotypes, risk factors, and key interventions in a remote
Northern Brazilian region. Clin. Oral Investig. 2021, 25, 759–767. [CrossRef]

31. Drop, B.; Strycharz-Dudziak, M.; Kliszczewska, E.; Polz-Dacewicz, M. Coinfection with Epstein-Barr Virus (EBV), Human
Papilloma Virus (HPV) and Polyoma BK Virus (BKPyV) in Laryngeal, Oropharyngeal and Oral Cavity Cancer. Int. J. Mol. Sci.
2017, 18, 2752. [CrossRef]

32. Madathil, S.; Rousseau, M.C.; Joseph, L.; Coutlée, F.; Schlecht, N.F.; Franco, E.; Nicolau, B. Latency of tobacco smoking for head
and neck cancer among HPV-positive and HPV-negative individuals. Int. J. Cancer 2020, 147, 56–64. [CrossRef] [PubMed]

33. Auguste, A.; Deloumeaux, J.; Joachim, C.; Gaete, S.; Michineau, L.; Herrmann-Storck, C.; Duflo, S.; Luce, D. Joint effect of
tobacco, alcohol, and oral HPV infection on head and neck cancer risk in the French West Indies. Cancer Med. 2020, 9, 6854–6863.
[CrossRef]

34. Smith, E.M.; Rubenstein, L.M.; Haugen, T.H.; Hamsikova, E.; Turek, L.P. Tobacco and alcohol use increases the risk of both
HPV-associated and HPV-independent head and neck cancers. Cancer Causes Control. 2010, 21, 1369–1378. [CrossRef] [PubMed]

35. Bezerra, N.V.; Leite, K.L.; de Medeiros, M.M.; Martins, M.L.; Cardoso, A.M.; Alves, P.M.; Padilha, W.; Cavalcanti, Y. Impact of the
anatomical location, alcoholism and smoking on the prevalence of advanced oral cancer in Brazil. Med. Oral Patol. Oral Cir. Bucal.
2018, 23, e295–e301. [CrossRef] [PubMed]

36. Bean, M.B.; Switchenko, J.M.; Steuer, C.E.; Patel, M.; Higgins, K.; McDonald, M.; Chen, G.Z.; Beitler, J.J.; Shin, D.M.; Gillespie,
T.; et al. Demographic and Socioeconomic Factors Associated with Metastases at Presentation in HPV-Related Squamous Cell
Carcinoma of the Head and Neck: An NCDB Analysis. JCO Oncol. Pract. 2020, 16, e476–e487. [CrossRef] [PubMed]

37. Freire, A.R.; Freire, D.E.W.G.; Araújo, E.C.F.; de Lucena, E.H.G.; Cavalcanti, Y.W. Influence of Public Oral Health Services and
Socioeconomic Indicators on the Frequency of Hospitalization and Deaths due to Oral Cancer in Brazil, between 2002–2017. Int. J.
Environ. Res. Public Health 2020, 18, 238. [CrossRef]

38. Celeste, R.K.; Moura, F.R.; Santos, C.P.; Tovo, M.F. Analysis of outpatient care in Brazilian municipalities with and without
specialized dental clinics, 2010. Cad. Saude Publica 2014, 30, 511–521. [CrossRef]

http://doi.org/10.1371/journal.pone.0229154
http://doi.org/10.1016/S0300-9785(83)80033-7
http://doi.org/10.1080/21505594.2014.999570
http://doi.org/10.1016/j.oraloncology.2008.05.016
http://doi.org/10.1016/j.currproblcancer.2017.02.006
http://doi.org/10.1111/eos.12538
http://doi.org/10.3390/v11100922
http://doi.org/10.1080/14737140.2019.1561288
http://www.ncbi.nlm.nih.gov/pubmed/30582397
http://doi.org/10.1016/j.jaad.2018.09.061
http://doi.org/10.3390/diagnostics11050872
http://www.ncbi.nlm.nih.gov/pubmed/30539450
http://doi.org/10.1590/0102-311X00138513
http://www.ncbi.nlm.nih.gov/pubmed/24936827
http://doi.org/10.1016/j.bjorl.2015.04.001
http://www.ncbi.nlm.nih.gov/pubmed/26248966
http://doi.org/10.1590/s1679-45082018ao4248
http://doi.org/10.1007/s00784-020-03698-3
http://doi.org/10.3390/ijms18122752
http://doi.org/10.1002/ijc.32708
http://www.ncbi.nlm.nih.gov/pubmed/31584196
http://doi.org/10.1002/cam4.3327
http://doi.org/10.1007/s10552-010-9564-z
http://www.ncbi.nlm.nih.gov/pubmed/20401530
http://doi.org/10.4317/medoral.22318
http://www.ncbi.nlm.nih.gov/pubmed/29680854
http://doi.org/10.1200/JOP.19.00400
http://www.ncbi.nlm.nih.gov/pubmed/32048934
http://doi.org/10.3390/ijerph18010238
http://doi.org/10.1590/0102-311X00011913

	Introduction 
	Materials and Methods 
	Clinical Parameters 
	Sample Collection and Processing 
	DNA Extraction from Paraffin Samples 
	HPV Detection and Typification 
	Statistical Analysis 

	Results 
	Sample Characteristics and Anatomical Subsites 
	Histological Analysis 
	HPV Prevalence and Typification 

	Discussion 
	Conclusions 
	References

