
Abstract
Some studies have addressed the prevalence of human papil-

lomavirus (HPV) in head and neck cancer in South America; how-
ever, no studies have systematically gathered prevalence and con-

ducted a meta-analysis. This study aims to estimate the prevalence
of HPV in oral and oropharyngeal squamous cell carcinomas in
South America. We performed a systematic review and meta-
analysis using the following databases: PubMed, Embase, Lilacs,
Medline, Scopus, and Web of Science. Data were extracted and
analyzed using random-effects models to estimate the pooled
prevalence of HPV. We identified 209 nonduplicated studies, of
which 38 were selected. The overall prevalence of HPV was
24.31% (95% CI 16.87–32.64; I2 = 96%, pheterogeneity <0.001). HPV
prevalence in oropharyngeal cancer was 17.9% (95% CI 7.6–31.4;
I2 = 96%, pheterogeneity <0.001) and that in oral cavity cancer was
23.19% (95% CI 14.94–32.63; I2 = 94%, pheterogeneity <0.001). We
found an overall prevalence of HPV in 24.31% of oral and oropha-
ryngeal squamous cell carcinomas in South American patients.
The prevalence of HPV was 17.9% for oropharyngeal cancer and
23.19% for oral cavity cancer.

Introduction

In 2020, the International Agency for Research on Cancer
(IARC) registered 476,125 new cases of oropharyngeal and oral
cavity cancer worldwide, of which 98,412 belonged to oropharynx
and 377,713 belonged to the oral cavity.1 In South America, with
approximately 7292 new oropharyngeal cancer cases and 14,191
new oral cavity cancer cases, the combined incidence was estimat-
ed as 1.97% of all new cases recorded in 2020.1

According to the National Cancer Institute (INCA), cancers of
the oral cavity and oropharynx had an incidence in Brazil of 10.69
per 100,000 inhabitants in 2020 and represented the fifth highest
incidence among men.2

Squamous cell carcinoma (SCC) is the most common histo-
logical type of oral cancer,3,4 and even with advances achieved in
treatment regimes, mortality remains high after 5 years.5 Despite
recognizing a multifactorial process, the risk of developing head
and neck cancer (HNC) is 30 times greater for individuals who
smoke and drink.6 Several studies have reported human papillo-
mavirus (HPV) as a relevant risk factor for HNC development,
particularly for oropharynx.7–9

More than 170 types of HPV are known, and they are divided
into two large groups: high-risk (hrHPV) and low-risk (lrHPV).
The most common genotypes in head and neck cancers are
HPV16 and HPV18.10,11 A meta-analysis published in 2014, with
data from 44 countries, recorded a pooled prevalence of 29.5% for
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HPV DNA in HNCSCC; in the oral cavity and oropharynx, the
pooled prevalences were 24.2% and 45.8%, respectively.11
Moreover, HPV16 DNA could contribute to 82.2% of all cases of
HPV-positive DNA.11 A recent meta-analysis of Brazilian studies
estimated an overall prevalence of 11.89% for different types of
HPV in the oral cavity and 4.69% for hrHPVs.12

Methods for detecting and diagnosing HPV can target viral
DNA or RNA, oncoproteins, cellular proteins, and serum antibod-
ies specific to HPV.13 The detection of messenger RNA E6/E7
(mRNA) is considered as gold standard for identifying HPV.13
Among DNA detection techniques, the most cited are direct
hybridization, such as Southern blotting, in situ hybridization
(ISH), and polymerase chain reaction (PCR);13–15 whereas, among
the biomarker detecting methods, the most common is immunohis-
tochemical (IHC) detection of overexpression of p16INK4a.13–15

Furthermore, the literature results vary for the association
between HPV and oral cavity and oropharyngeal cancers. Few
studies have verified the prevalence of HPV in HNCC in South
American countries. Considering the need for studies that collate
the data recorded in this region, as well as the variation of data
from Brazil and other South American countries concerning the
rest of the world, the present study aimed to conduct a systematic
review and meta-analysis to estimate the prevalence of HPV in oral
and oropharyngeal squamous cell carcinoma in South America.

Materials and methods
We performed a systematic review and meta-analysis, where

three authors carried out the initial searches on the following data-
bases: Embase, Lilacs, Medline, Scopus, and Web of Science. We
searched for articles in the following languages: English,
Portuguese, and Spanish. 

The following terms were used to search in the titles, abstracts,
and keywords: (“HPV”  OR  “papillomavirus”  OR  “papillo-
maviridae”)  AND  ((“head”  AND  “neck”)  OR  “oropharynx”
OR  “oropharyngeal”  OR  “tongue”  OR  “mouth”  OR  “oral”  OR
“oral cavity”)  AND  (“cancer”  OR  “tumor”  OR  “neoplasms”
OR  (“carcinoma”  AND  “squamous”  AND  “cell”))  AND
(“Brazil”  OR  “Brazilian”  OR  “Argentina”  OR  “Bolivia”  OR
“Chile”  OR  “Colombia”  OR  “Ecuador”  OR  “Guyana”  OR
“Paraguay”  OR  “Peru”  OR  “Suriname”  OR  “Uruguay”  OR
“Venezuela”). 

Initially, the search in each database resulted in 494 records.
After the first screening and exclusion of duplications, 209 studies
were selected to read the titles and abstracts. Of these, 52 studies
were selected from a review of titles and abstracts. After analyzing
these 52 articles’ references, another 2 were selected for detailed
assessment. To control the data collection process, each of the 54
studies selected for detailed assessment received a sequential code
ranging from A01 to A54. After reading the full texts, 38 articles
were selected for qualitative and quantitative reviews.

The search and selection stages of the studies are presented in
Appendix A and are illustrated in Figure 1.

Exclusion criteria
The following exclusion criteria were established: articles not

written in English, Portuguese, or Spanish; articles in which the
correlation between HPV and oral cavity squamous cell carcinoma
(OSCC) or oropharynx squamous cell carcinoma (OPSCC) were
not found; review articles with or without meta-analysis or case
reports; animal studies; search results with incomplete information
or those without access to full text; studies with incomplete or

inaccurate information that would make it impossible to extract the
necessary information reliably; duplicate studies; studies that
revealed strong evidence of sample overlap; and studies whose
samples had less than five cases of OSCC or OPSCC per country.

Data extraction
In articles where the lesion subsites were not classified into the

oropharynx and oral cavity, the following grouping was applied,
according to the ICD-O classification:16 oropharynx (C01.9, 02.4,
09.0–10.9), oral cavity (C00.0–00.9, 02.0–02.3, 02.8–03.1, 03.9–
04.1, 04.8–05.0, 05.8–06.2, 06.8–06.9).

Data collection was performed only for viral DNA detection
techniques in studies where HPV diagnostic technique involved
more than one detection method and the criterion for diagnosis did
not include combination of results.

Data analysis
The collected data were tabulated using STATA IC version

16.17 The combined prevalence was estimated using the R
metaprop package, version 3.6.1,18 via the Rstudio interface, ver-
sion 1.2.1335.19 The following parameters were used for statistical
analysis: inverse variance method, DerSimonian-Laird estimator
for the variance between studies, Jackson’s method for calculating
confidence intervals, arcsine transformation for gross proportions,

                                Article

Figure 1. Flow chart of study selection.
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and Clopper–Pearson CI to estimate the confidence intervals (95%
CI) for each of the studies. Heterogeneity tests (I2) between studies
were performed, and Cochran’s Q test was used to establish the
significance of heterogeneity. These parameters refer to the ran-
dom-effects analysis, considering the heterogeneity of our sample
(p<0.01).

Heterogeneity was analyzed using meta-regression and strati-
fication. The explanatory variables selected for the meta-regres-
sion analysis included the country of origin of the studies, types of
HPV investigated, type of material collected, and method for diag-
nosing HPV. Stratification included all subgroups of the meta-
regression and the patient’s sex and profile (smokers and alcohol
consumers). For the type of material collected, the analysis includ-
ed in this document involves two groups: material fixed by freez-
ing or inclusion in paraffin, and exfoliation off mucosa or swab. As
for the diagnostic method, four subgroups were evaluated: HPV
DNA detection techniques, HPV and IHC DNA alone, HPV and
IHC DNA combined, and IHC. Meta-regression analysis was per-
formed using the metareg package 18 via moderator test. Subgroup
comparisons were calculated using the Q test for differences in
subgroups of the metaprop package.18

The R codes, dataset, and the complete list of nonduplicate
records with the respective reasons for exclusion can be found in
Mendeley Data doi:10.17632/9ss9d42f74.1.

Results
We identified 209 unduplicated records. After reading the

titles and abstracts, 52 studies were included. The references of
these 52 articles were revised, and another two studies were added,
adding up to 54 full texts selected for reading. After reading, 38
articles were selected for the qualitative and quantitative reviews.
The selected studies were published between 1998 and August
2020 and included patients assessed between 1970 and 2019.
Brazil has the largest number of studies (n=28),20-47 followed by
Colombia (n=4),48–51 Argentina (n=2),52,53 Chile (n=2),54,55 and
Venezuela (n=2)56,57 presented only two studies each. 

The patients’ sample resulting from the 38 studies included
2788 individuals–1643 cases of OSCC and 1145 of OPSCC. Brazil
had highest number of cases (2329 cases), followed by Colombia
(190 cases), Chile (102 cases), and Argentina (101 cases), and
Venezuela had the lowest number (66 cases) (Table 1).

The pooled prevalence of HPV for OSCCs (33 studies)20-23,25-
27,30-40,42-57 and OPSCC (14 studies)20-22,24,25,28-30,34,37,38,40,41,51 was
estimated at 24.31% (95% CI 16.87–32.64) (Figure 2). In Brazil,
this prevalence was estimated to be 21.15% (95% CI, 12.83–
30.90). The highest prevalence was observed in Venezuela (57.6%
[95% CI 45.57–69.18]), Argentina (42.57% [95% CI 33.13–
52.30]), and Colombia (30.27% [95% CI 16.14–46.63]). Chile had
the lowest prevalence (10.77% [95% CI 5.53–17.48]) (Table 2).
Nevertheless, notably, with the exception of Brazil, all other coun-
tries presented few studies for analysis and a reduced number of
cases (Table 2). 

The pooled prevalence for HPV16 in OSCC and OPSCC was
12.8% (95% CI 8.7–17.5) (Figure 3) (23 studies).20-25,27,30,34–
40,46,48–50,52,53,55,56 In Brazil (16 studies),20-25,27,30,34–40,46 this preva-
lence was estimated at 9.6% (95% CI 6.1-13.9). Chile55 (6.2%
[95% CI 2.0–12.6]) and Venezuela55 (44% [95% CI 30.5–57.8])
presented only one study each for this criterion. Argentina consid-
ered two studies52,53 (9.9% [95% CI 4.8–16.4]) and Colombia pre-
sented three studies48-50 (38.6% [95% CI 13.8–67.2]). In the meta-
regression analysis, studies from Colombia and Venezuela, using
the data obtained from Argentinian studies as a reference, revealed

statistical significance for heterogeneity moderation in the pooled
prevalence of HPV16 in OPSCCs and OSCCs, thereby contribut-
ing positively to the calculated percentage (p<0.05). Except for
countries’ stratification in the set of studies that investigated
HPV16 infection, none of the other stratifications revealed signif-
icant results for moderating heterogeneity (p>0.05). This informa-
tion is presented in Table 2. 

The pooled prevalence of HPV in OSCCs was estimated at
23.19% (95% CI 14.94–32.63) (Figure 5) (33 studies).20,22,23,25-
27,30–40,42–57 In Brazil (23 studies),20,22,23,25-27,30–40,42–47 this preva-
lence was 18.71% (95% CI 9.51–30.15) (Table 2). Argentina52,53
(42.57% [95% CI 33.13–52.30]), Chile54,55 (10.77% [95% CI
5.53–17.48]), and Venezuela56,57 (57.60% [45.57–69.18]) present-
ed only two studies each. Colombia48–51 (31.80% [95% CI 17.61–
48.97]) maintained the four initial studies (Table 2).

The subgroup analysis by type of material collected and HPV
investigated did not reveal any statistical significance between the
pooled prevalence (p>0.05). About 22.64% of the tissue samples
fixed by frozen or paraffin embedding techniques (35 studies)20–
41,43–46,48–52,54–57 presented a positive diagnosis for some type of
HPV (95% CI 15.13–31.17). In the samples of mucosa scraping or
swab (3 studies),42,47,53 this percentage was 44.22% (95% CI
24.15–65.32). In studies that investigated only hrHPV (9 stud-
ies),20,24,25,27–30,35,50 the calculated prevalence was 16.45% (95%
CI 05.03–32.75), those that investigated infection for both hrHPV
and lrHPV (29 studies),21-23,26,31-34,36–49,51–57 the pooled prevalence
was 27.14% (18.31–36.99). In studies where data collection con-
sidered only the results of molecular tests to detect HPV DNA (34
studies),21-23,25-27,30-57 the combined prevalence of HPV DNA was
24.67% (95% CI 17.13–33.10). Moreover, only two studies
applied the combined methodology between PCR and IHC to diag-
nose HPV, considering only positive cases in which the p16 bio-
marker and viral DNA were present.20,24 The pooled prevalence of
HPV was 4.15% (95% CI 1.37–8.34). In study A16,29 detection of
HPV involved viral DNA molecular detection techniques and IHC
to detect the p16 biomarker; however, it was not specified which
technique tested cases, and the pooled HPV prevalence in that
study, in the random-effects model, was estimated at 59.07% (95%
CI 52.18–65.71). Furthermore, Study A2228 was the only one
included in this review in which HPV was diagnosed only via IHC;
the pooled prevalence of the cases in this study, in the random-
effects model, was 35.29% (95% CI 22.89–48.80). This informa-
tion is detailed in Table 2.

Eventually, Table 2 details the stratification by sex and profile
of the cases analyzed (smokers and alcoholics). In studies where
cases were stratified by sex, the pooled prevalence of HPV in
OPSCC and OSCC for men (19 studies)20,21,23,24,26,27,29-31,39-
41,44,46,49,50,54,55,57 was 19.11% (95% CI 9.37–31.29), and for
women (19 studies),20,21,23,24,27,29-31,39,40,41,44,46,49,50,54–57 it was
22.35% (95% CI 11.85–35.04). Among smokers considering 947
cases (13 studies),20,21,23,24,27-29, 38,39,41,44,49,56 the pooled preva-
lence was 20.75% (95% CI 9.21–35.44) and for alcoholics, with
720 cases (10 studies),20,21,23,24,27,29,41,44,49,56 the pooled prevalence
of HPV was 22.23% (95% CI 8.23–40.62).

Discussion
This review included 38 studies that examined the prevalence

of HPV DNA and p16INK4a positivity, alone or in combination, in
OPSCC and OSCC in patients from South American countries.

Based on 2788 cases, 1145 OPSCC and 1643 OSCC, we found
that approximately 25% of the cases were associated with HPV
infection. The highest pooled prevalence was observed in
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Figure 2. Pooled prevalence of human papillomavirus in squamous cell carcinomas of the oral cavity and oropharynx in South American
countries.
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Venezuela (57.6%), and Chile had the lowest percentage (10.77%).
Nevertheless, notably, the number of cases registered for countries,
except for Brazil, was reasonably low, making the sample more
subject to random variations.

In Europe, in 2014, the pooled prevalence of HPV in HNCs
was estimated at 40%, and the highest and lowest percentages were
observed in one of the oropharynx and oral cavity subsites, that is
tonsil (66.4%) and tongue (25.7%), respectively.58 In another
meta-analysis that analyzed records from 43 countries, the preva-
lence of HPV in non-oropharyngeal cancers was 21.8%.59
Although they did not specifically mention the term oral cavity, we
can infer that the prevalence observed in the present study (24.2%)
was relatively closer to the averages recorded in our study.

In contrast to other studies, the pooled prevalence of OPSCCs
in our meta-analysis was low. A recent study investigating the
global prevalence of HPV in OPSCC patients reported a pooled
percentage of 44.8%. Among the countries analyzed, Brazil was
the only representative of South America, with the lowest preva-
lence (11.1%);60 however, notably, the aforementioned study ana-
lyzed only 15 cases worldwide, and data from Brazil were collect-
ed from a single article with 63 cases.34 In 2015, a meta-analysis
was published that demonstrated the increased prevalence of HPV
in OPSCCs over four periods in 23 countries: i. pre 1995: 32.3%;
1995–1999: 37%; 2000–2004: 51.8%; and 2005–2014: 52.9%.9
Another meta-analysis with the same theme, published in 2013,
calculated a global prevalence of 47.7% for HPV infection in

                                                                                                                                 Article

Figure 3. Pooled prevalence of human papillomavirus genotype 16 in squamous cell carcinomas of the oral.
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Figure 4. Pooled prevalence of human papillomavirus in squamous cell carcinomas of the oropharynx in South American countries.
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OPSCCs.59 Data from the South American countries were not
included. 

A recently published meta-analysis revealed that the IHC tests
for p16INK4a and PCR for detecting HPV DNA are highly sensitive
(94% and 98%, respectively), but with moderate specificity (83%
and 84%, respectively), and that the combination of these two
revealed high sensitivity (98%) and high specificity (96%) for
HPV diagnosis in OPSCC.15 In the present study, the cases tested
by IHC or HPV DNA had the highest prevalence of HPV (59.07%)
in the random-effects model, followed by cases tested by only IHC
(35.29%); however, it is relevant to note that these two situations
only presented one study (A1629 and A2228). The lowest preva-
lence was observed in studies in which HPV was diagnosed using
a combination of DNA and IHC techniques (4.15%), but only two
studies presented this diagnostic methodology (A0120 and A0524). 

In our meta-analysis, the pooled prevalence of HPV among
smokers was 20.75% and 22.23% for alcoholics. The consumption
of beverages and smoking increases the risk of developing cancers
of the oropharynx and oral cavity.6 In addition, evidence suggests
an association between smoking and HPV carcinogenesis and a
worse prognosis in smokers’ overall survival with HNC HPV pos-
itive cases.61,62

The main limitation of our study is the heterogeneity of the
sample. Nevertheless, even if more factors were stratified, hetero-

geneity would undoubtedly be maintained. Despite a broad
research tactic, the initial number of 209 records without duplica-
tion, of which only 52 complete studies were selected for reading,
is reasonably low if we consider that no filter was included to limit
the period of publication. Another factor to be highlighted as lim-
iting a more effective analysis was the deficiency of information
presented in a considerable part of the analyzed studies, of 38 stud-
ies, 15 did not mention the period corresponding to the collection
of the samples, making any analysis impossible about the evolu-
tion of prevalence over time. Data that could support heterogeneity
analysis could not be extracted from many of the studies analyzed
because the data presented did not provide sufficient detail to strat-
ify the information. Cofactors such as sex, age, smoking, alco-
holism, and risky sexual behavior have not been reported in many
reviewed articles. Even when approached, they did not present suf-
ficient details for the quantitative analysis. Indeed, the simple pro-
vision of raw data with metadata would be sufficient to improve
the information collected. However, only three of the studies ana-
lyzed provided supplementary material for consultation. 

In conclusion, we found an overall prevalence of HPV in
24.31% of oral and oropharyngeal squamous cell carcinomas in
South American patients. The prevalence of HPV was 17.9% for
oropharyngeal cancer and 23.19% for oral cavity cancer in South
American patients.
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Figure 5. Pooled prevalence of human papillomavirus in squamous cell carcinomas of the oral cavity in South American countries.
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