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A B S T R A C T

Introduction: Research on the association between periodontitis and oral human papilloma virus (HPV) infection
is inconsistent. The cross-sectional association of severe periodontitis with oral HPV infection was investigated in
a sample of Hispanic adults.
Methods: Data from the 2014–2016 San Juan Overweight Adults Longitudinal Study (n= 740) was analyzed.
Periodontitis assessment and self-collection of oral HPV samples followed the National Health and Nutrition
Examination Survey methodology. Periodontitis was defined using the Centers of Disease Control and
Prevention/American Academy of Periodontology definition. HPV typing was performed using polymerase chain
reaction. Multivariate logistic regression models were used to calculate odds ratios (ORs) and 95% confidence
intervals (CIs).
Results: 5.7% of participants had oral HPV infection and 20.3% had severe periodontitis. Adults with severe
periodontitis had higher odds of oral HPV infection than those with none/mild disease (OR=2.9, 95% CI:
1.0–8.4, p < 0.05) in multivariable analysis. Adults with clinical attachment loss≥ 7mm and pocket depth
PD≥ 6mm had 2- to 3-fold higher odds of HPV infection.
Conclusions: Severe periodontitis was positively associated to oral HPV infection. Longitudinal evaluation of
periodontal inflammation's role in acquisition and persistence of oral HPV infection is needed, as periodontitis
screening could identify individuals at increased risk of HPV-related oral malignancies.

1. Introduction

Head and neck squamous cell carcinoma (HNSCC) includes squa-
mous cell cancers of the nasal cavity, the paranasal sinuses, the oral
cavity, the pharynx (includes the nasopharynx, oropharynx and hypo-
pharynx) and the larynx [1]. Although high-risk (oncogenic) human
papilloma virus (HPV) sub-types have been detected in HNSCC, viral
infection appears to be more strongly associated to oropharyngeal
cancers, particularly those in the palatine and lingual tonsils and the
base of the tongue [1–3]. HPV-positive oropharyngeal cancers are in-
creasing [2] and molecular studies have linked this increase to HPV [2].
Nonetheless, the epidemiology and natural history of oral HPV infection
is still not well understood [1]. While the prevalence of HPV in

oropharyngeal cancers has increased, with estimates of 72% in North
America, Europe and other populations [4], prevalence of oral HPV
infection in cancer-free individuals, risk factors, natural history, and
transmission mechanisms remain largely unexplored. In the US, pre-
valence estimates of oral HPV infection were 6.9% in 2009–2010 5 and
8.1% during 2009–2012 [6]. Oral sex, male gender, older age, open-
mouthed kissing, increasing number of sexual partners, HIV infection,
tobacco, and marijuana and heavy alcohol use have been associated
with oral HPV infection [5,7,8].

Although research suggests an association between chronic oral
inflammation, including periodontitis, oral HPV infection, and various
HNSCC [9–11], particularly oropharyngeal cancers, studies on the re-
lationship of oral HPV infection with these chronic conditions are
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limited in power and ethnic/racial diversity and findings are incon-
sistent [1,12]. Periodontitis has been associated to HPV-positive
HNSCC, with stronger association for oropharyngeal cancer than for
oral cavity and laryngeal squamous cell carcinoma [11]. These and
other previous research on these associations [13,14] suggest that
chronic oral inflammation may facilitate HPV acquisition and persis-
tence [15], and may be involved in the etiology of certain head and
neck cancers by facilitating HPV infection [11], or through other
pathways. Also, high-risk HPV types have been detected in gingival
biopsies from patients with periodontitis, suggesting that periodontal
pockets may serve as a reservoir for HPV [4,15–17]. However, one
cross-sectional (n=102) [18] and one case-control (n= 104) [19]
studies did not detect HPV-16 in any of the gingival samples evaluated.

Approximately 46% (~65 million) of adults aged ≥ 30 years in the
US have periodontitis, with higher prevalence among men than women
(55% vs. 37%) and among Hispanics than non-Hispanic Whites (64%
vs. 41%) [20]. The prevalence of moderate and severe periodontitis
varies markedly among Hispanic subgroups [21]. Although period-
ontitis may be a facilitator for HPV infection and certain HPV-related
HNSCC, research evaluating the role of chronic oral inflammation on
the natural history of oral HPV is lacking, critical knowledge to develop
effective oral cancer prevention strategies are needed. In fact, period-
ontitis treatment has been suggested as a potential oral cancer pre-
vention strategy [22]. Since the Hispanic population has a high burden
of both oral cancer [23] and periodontitis [24], this study assessed the
strength of the association between periodontitis and oral HPV infec-
tion in a Hispanic population, using validated clinical methods.

2. Material and methods

2.1. Study population

The present cross-sectional study has been described in detail else-
where [25] and enrolled overweight/obese adults, participants of the
San Juan Overweight Adults Longitudinal Study (SOALS) and aged 40–65
years at baseline, to evaluate the bi-directional, longitudinal association
between periodontitis and glucose abnormalities over a three-year
period. Detailed descriptions of the cohort study have been published
elsewhere [26].

2.2. Participant recruitment and data collection procedures

Of 773 participants who came to the follow-up SOALS examination
visit between September 2014 and May 2016, 99.7% accepted to par-
ticipate in the present study. From these, 24 persons were excluded
from analysis as they did not complete HPV collection (n= 4) or per-
iodontal evaluation (n= 20) procedures, and seven because of un-
satisfactory HPV results in the laboratory (samples negative for β-globin
gene amplification); the remaining 740 (96% of recruited participants)
were included. The study was approved by the Institutional Review
Board of the University of Puerto Rico Medical Sciences Campus and
written informed consent was provided by all subjects.

2.3. Data collection procedures

2.3.1. Periodontal assessment
Periodontitis was assessed by clinical measurements of probing

depth (PD) and clinical attachment loss (CAL) at six sites (disto-buccal,
mid-buccal, mesio-buccal, disto-lingual, mid-lingual, and mesio-lingual
buccal) for all teeth, excluding the third molars. The Centers for Disease
Control/American Academy of Periodontology working definition was
used to define severe periodontitis (≥2 interproximal sites with
CAL≥6mm (not on the same tooth) and ≥ 1 interproximal site with
PD≥ 5mm), moderate periodontitis (≥2 interproximal sites with
CAL≥4mm (not on the same tooth) or ≥ 2 interproximal sites with
PD≥ 5mm (not on the same tooth)), and mild periodontitis (≥2

interproximal sites with CAL≥3mm and ≥2 interproximal sites with
PD≥4mm (not on the same tooth) or ≥ 1 site with PD≥ 5mm).
Various severity thresholds for CAL (≥ 1 site with CAL ≥ 3mm, ≥
4mm,≥ 5mm,≥ 6mm, and≥ 7mm) and PD were also assessed (≥ 1
site with PD ≥ 4mm, ≥ 5mm, ≥ 6mm, and ≥ 7mm) [24]. The
Silness and Loe Plaque Index, a measure of oral hygiene status, was
determined by visual assessment of presence of bacterial plaque after
passing a periodontal probe around the tooth surface of six pre-selected
Ramfjörd teeth. Plaque index was coded as 0 if no plaque, 1 if dental
plaque was present after passing the periodontal probe around the
tooth, 2 if plaque was visible along the gingival margin, and 3 if the
tooth surface was covered with abundant plaque. For analyses pur-
poses, plaque index was categorized as no plaque to a film of plaque
(0–1) vs. moderate to abundant (2–3).

2.3.2. Collection of oral HPV specimens using oral rinse
Participants were asked to self-collect oral rinse samples using the

National Health and Nutrition Examination Survey (NHANES) metho-
dology [5]. A 50-mL sterile collection cup filled with 10mL of Scope
(original mint flavor) was given to participants. If participants were
chewing gum, they were asked to remove the gum prior to the sample
collection. Participants were then asked to rinse/gargle with the
mouthwash for 30 s, spit the mouthwash into the collection cup, while
trying not to spill the liquid, and instructed to close the cup tightly.
After collection, samples were transported to our laboratory at the
University of Puerto Rico Comprehensive Cancer Center, where the
samples were transferred to a 15-mL tube and centrifuged at 4200 rpm
for 10min. After centrifugation, the supernatant was discarded and the
pellet was re-suspended with 10mL of saline solution (PBS 1×).
Samples were then centrifuged for a second time at 42,000 rpm for
10min and after discarding the supernatant, the remaining pellet was
re-suspended with 1mL of saline solution (PBS 1×). The re-suspended
whole pellet was then transferred to a pre-identified 2.0 mL micro-tube
and stored at − 80 °C until shipment to the HPV Virology Core La-
boratory, University of California, San Francisco (UCSF).

2.3.3. DNA extraction/HPV detection and typing
HPV typing was performed at UCSF using polymerase chain reaction

(PCR) with modified L1 consensus primers (MY09/MY11). After
thawing, the samples were processed for DNA using the Gentra
Puregene Buccal Cell Kit (QIAGEN) following manufacturer's instruc-
tions. Five microliters of sample were used for PCR amplification using
the standard 40 cycle protocol [27]. PCR products were typed by dot-
blot hybridization using 38 type-specific probes, including oncogenic
HR HPV types as defined by IARC (16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58, 59, and 66) [28] and other non-oncogenic types (6/11, 26/69, 30,
32/42, 34, 53, 54, 57/2/27, 61, 62, 67, 68, 70, 71, 72, 73, 81, 82, 83,
84, 85, 86/87, 90/106, 97,102/89), and 2 separate mixtures: mix1 (7/
13/40/43/44/55/74/91) and mix2 (3/10/28/29/77/78/94). A sample
was considered HPV positive if it was positive for the consensus probes
or any specific HPV type probes. Controls consisted of amplification of
solution containing all the above components except for sample DNA,
or DNA from cell lines with and without HPV.

2.4. Assessment of covariates

Participants completed a computer-assisted self-interview to gather
information on risk factors for oral HPV infection, and provided
mouthwash samples for HPV detection and typing; demographic and
lifestyle variables were provided by SOALS. Information on sexual be-
havior and drug use was collected through the Audio CASI system
(Nova Research Co., Washington, DC).

2.5. Statistical analysis

Frequency distributions were used to describe sociodemographic
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and lifestyle characteristics, periodontal measures, HPV infection, and
HPV types. A multivariable binary logistic regression model was fitted
for HPV infection and periodontitis severity, as well as for other peri-
odontal indicators. The model was adjusted by covariates significantly
associated (p < 0.05) in the bivariate analysis to both oral HPV in-
fection and periodontitis, and other relevant variables in the literature.
The statistical package Stata for Windows, version 14 (Stata
Corporation, College Station, TX) was used for data management and

statistical analyses.

3. Results

Mean age of participants was 53.5 ± 6.6 years, 72.4% were
women, 54.5% had 12 years or less of education, and 18.3% had at least
11 lifetime sexual partners (Table 1). Regarding clinical variables,
93.9% of participants had at least one site with CAL≥ 3mm whereas
65.3% had at least one site with PD≥ 4mm. According to the CDC/APP
definition, 39.4% and 20.3% had moderate and severe periodontitis,
respectively (Fig. 1). Prevalence of oral HPV infection was 5.7%; with
higher prevalence in men (10.3%) than women (3.9%) (p=0.001). Not
having healthcare coverage, increased number of lifetime number of
sexual and oral sex partners, as well as having moderate to abundant
plaque, were positively associated to oral HPV infection in bivariate
analyses (p < 0.05) (Table 1).

Among the 42 individuals infected with HPV, 11.9% had high-risk
HPV and 52.4% low-risk HPV infection (Table 2). The most common
HPV types detected were HR type 16 (7.1%), and LR types 32/42
(19.0%), 71 (9.5) and 70 (7.1%).

Adults having at least one site with CAL≥ 6mm (8.1%) and
CAL≥ 7mm (10.0%) had significantly higher prevalence of oral HPV
infection than their counterparts (3.8% and 4.1%, respectively).
Persons having at least one site with PD≥ 4mm (7.5%) also had higher
prevalence of HPV compared to their counterparts (2.3%). Other ca-
tegories of PD evaluated were also associated with oral HPV infection.
Prevalence of infection was significantly higher among those with se-
vere periodontitis (11.3%) than among with none (2.6%) or mild/
moderate (5.3%) disease (Table 3).

Table 1
Demographic, lifestyles, and clinical characteristics of the study population
(n=740).

Study population characteristics n (%) Prevalence of oral
HPV n (%)

P-value

Overall – 42 (5.7%)
Sex¥

Men 204 (27.6) 21 (10.3) 0.001
Women 536 (72.4) 21 (3.9)

Age (years) ¥

40–49 237 (32.0) 11 (4.6) 0.40
≥ 50 503 (68.0) 31 (6.2)

Mean (mean± sd) 53.5 (6.6)
Marital status
Single 105 (14.2) 5 (4.8) 0.95
Married/cohabitating 332 (44.8) 19 (5.7)
Divorced/widowed 303 (41.0) 18 (5.9)

Education¥

≤ 12 years 403 (54.5) 22 (5.5) 0.78
> 12 years 337 (45.5) 20 (5.9)

Healthcare coverage
Yes 685 (92.6) 35 (5.1) 0.02
No 55 (7.4) 7 (12.7)

Family income*¥

< $20,000 396 (53.7) 27 (6.8) 0.16
≥ $20,000 342 (46.3) 15 (4.4)

Obese
No 271 (36.6) 16 (5.9) 0.84
Yes 469 (63.4) 26 (5.5)

Waist Circumference
No risk 120 (16.2) 10 (8.3) 0.17
Risky 83.8) 32 (5.2)

Current smoking†¥

No 602 (81.5) 32 (5.3) 0.37
Yes 137 (18.5) 10 (7.3)

Current drinking‖

No 398 (53.8) 22 (5.5) 0.85
Yes 342 (46.2) 20 (5.9)

Binge drinking‖¥

No 630 (84.1) 34 (5.4) 0.43
Yes 110 (14.9) 8 (7.3)

Marijuana use in the last 30 days
(≥ 2 times) ‡¥

No 706 (96.1) 38 (5.4) 0.08†

Yes 29 (3.9) 4 (13.8)
Lifetime number of sexual

partners§¥

0–1 118 (16.9) 3 (2.5) 0.04†

2–10 453 (64.8) 24 (5.3)
≥ 11 128 (18.3) 13 (10.2)

Lifetime number of oral sexual
partners*¥

0 98 (13.3) 3 (3.1) 0.0001†

1–5 484 (65.6) 20 (4.1)
≥ 6 156 (21.1) 19 (12.2)

Plaque¥

No plaque to a film of plaque
(0–1.49)

635 (86.4) 30 (4.7) 0.004

Moderate to abundant
(1.50–3.0)

100 (13.6) 12 (12.0)

Missing values: *(n=2), †(n=1), ‡(n= 5), §(n= 41). †p-value using Fisher's
exact test. ‖Current drinking was defined as at least one drink in the last month
and binge drinking as 5 or more drinks on a single occasion for men or 4 or
more drinks on a single occasion for women. ¥Variables associated to period-
ontitis.
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Fig. 1. Prevalence of periodontal disease measures among the study population
(n= 740).

Table 2
Prevalence of HPV types detected among participants having oral HPV infection
(n= 42).

HPV type Number positive Percent

Any HR-HPV type 5 11.9
16 3 7.1
33 1 2.4
52 1 2.4

Any LR-HPV type 22 52.4
32/42 8 19.0
61 1 2.4
70 3 7.1
71 4 9.5
72 2 4.8
82+ 1 2.4
84 1 2.4
62 & 83 1 2.4
Mix1 1 2.4

Unknown HPV type 15 35.7
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Multivariate models were adjusted by age, sex, health care cov-
erage, plaque index, number of lifetime oral sexual partners, and cur-
rent smoking. Although oral HPV infection was not significantly asso-
ciated with having ≥ 1 site with CAL≥ 3mm (OR=1.7, 95%
CI=0.2–13.5) in multivariable analysis, there was a marginally sig-
nificant association with CAL≥ 7mm (OR=2.1, 95% CI= 1.0–4.1,
p < 0.10) (Table 3). PD≥ 6mm (OR=3.0, 95% CI=1.5–6.0) and
PD≥ 7mm (OR=2.4, 95% CI=1.1–5.2) remained strongly associated
with oral HPV infection in multivariable models.

Adults with moderate periodontitis had similar odds of oral HPV
infection as those with no or mild periodontitis. Relative to adults with
no or mild periodontitis, those with severe periodontitis had sig-
nificantly higher odds (OR=4.8, 95% CI: 1.9–12.6) of oral HPV in-
fection than their counterparts; this association remained statistically
significant (OR=2.9, 95% CI: 1.0–8.4) after adjustment for covariates.

Meanwhile, severe periodontitis (yes/no) was associated with oral HPV
infection in crude (OR=2.9, 95% CI=1.5–5.5) and covariate adjusted
analysis (OR=2.1, 95% CI=1.0–4.3, p= 0.04). Similarly, in a sub-
analysis excluding those with none/mild periodontitis, adults with se-
vere periodontitis had higher odds of oral HPV infection compared to
those with moderate periodontitis in either crude (OR=3.0, 95% CI:
1.4–6.4) and covariate-adjusted analysis (OR=2.6, 95% CI: 1.1–6.1).

4. Discussion

To our knowledge, this is the first study to evaluate the association
between oral HPV infection and periodontitis in Hispanic adults by
using validated methods for oral HPV detection and typing, and peri-
odontitis assessments. Overall, 5.7% of the study population had oral
HPV infection; the prevalence in men more than double that of women
(10.3% vs. 3.9%). HPV-16 was the most common HR type detected
(7.1%) among those HPV-positive. These estimates are lower than the
estimates in Puerto Rico for adult drug users (12.5%) [29] and for men
from an STI clinic (20%) [30]. The prevalence estimate of oral HPV
infection found in this study is comparable to the pooled prevalence of
oral HPV infection among cancer-free individuals (4.5%); however, that
study showed similar HPV prevalence by gender but higher prevalence
(28%) for HPV-16 [31]. Our results are also consistent with the findings
of a population-based study in Peru that found an overall prevalence of
oral infection of 6.8% among individuals aged 10–85 years, with a
higher prevalence among men than women [32]. Meanwhile, the multi-
centric HIV Infection in Men study reported a lower prevalence of oral
HPV infection of 4%, with HPV-16 accounting for 14% of all infections
[33]. Similarly, the 2009–2010 NHANES documented that the pre-
valence of oral HPV infection in the US was 6.9%, and no significant
differences were found by gender or race/ethnicity [5]. Nonetheless,
more recent US data showed a prevalence of infection of 8.1%, and
lower odds of infection with low-risk HPV types among non-Hispanic
Whites compared to Hispanics [6]. Lower odds of both low-risk and
high-risk HPV infections were also seen for women in the NHANES
studies.

According to the CDC/APP definition, 48.2% and 20.3% of parti-
cipants in our study had mild/moderate and severe periodontitis, re-
spectively, figures higher than estimates for the US general population
(37.1% and 8.9% of adults aged ≥ 30 years, respectively) [20]. Our
estimates are also comparable to data for Hispanics aged 18–74 years in
the 2008–2011 Hispanic Community Health Study/Study of Latinos
[21,24]. In that study, periodontitis prevalence was 32.3% for moderate
and 9.8% for severe disease, with Puerto Ricans having the highest
prevalence of severe periodontitis as compared to other Hispanic sub-
groups [24].

Our study also showed a positive association between severe peri-
odontitis and oral HPV infection. Although the US study based on the
2009–2010 and the 2011–2012 NHANES data did not find an associa-
tion between periodontitis and oral HPV infection (OR=1.04, 95% CI:
0.63–1.73), periodontitis severity was not assessed in this study [12].
While no HPV-16 was detected in gingival samples from patients with
periodontitis in two small studies in India [18] and Brazil [19], another
study in India found HR-HPV in 50% of samples from periodontal
pockets [17]. Meanwhile, another study in Finland detected HR-HPV
types in 26% of their gingival biopsies suggesting that periodontitis
may be a risk factor for oral HPV infection [15]. The observations that
both oral HPV infection and periodontitis indicators were higher among
men than women in this population [25] are consistent with studies in
other populations [20,24] and with the observed higher risk of or-
opharyngeal cancer, specifically HPV-related and HPV-positive or-
opharyngeal tumors, in men as compared to women [23,34]. These
findings support the potential role of HPV infection and chronic local
inflammation in oral cancer risk development.

PD was a stronger predictor of oral HPV infection compared to CAL;
even though all PD categories evaluated were associated with HPV

Table 3
Prevalence of oral HPV infection of study participants by selected periodontal
disease measures and logistic regression models of the association between
periodontitis indicators and oral HPV infection.

Variable Prevalence of
oral HPV

Crude OR (95%
CI)

Adjusted OR
(95% CI)†

≥ 1 site with
CAL≥ 3mm

No 1 (2.2) 1.0 1.0
Yes 41 (5.9) 2.8 (0.4–20.5) 1.7 (0.2–13.5)

≥ 1 site with
CAL≥ 4mm

No 7 (4.0) 1.0 1.0
Yes 35 (6.2) 1.6 (0.7–3.6) 1.0 (0.4–2.4)

≥ 1 site with
CAL≥ 5mm

No 13 (4.3) 1.0 1.0
Yes 29 (6.7) 1.6 (0.8–3.1) 1.0 (0.5–2.2)

≥ 1 site with
CAL≥ 6mm

No 16 (3.8) 1.0 1.0
Yes 26 (8.1) 2.2 (1.2–4.2)† 1.6 (0.7–3.1)

≥ 1 site with
CAL≥ 7mm

No 22 (4.1) 1.0 1.0
Yes 20 (10.0) 2.6 (1.4–4.9)† 2.1 (1.0–4.1)¥

≥ 1 site with
PD≥ 3mm

No 2 (4.1) 1.0 1.0
Yes 40 (5.8) 1.4 (0.3–6.2)† 0.9 (0.2–3.9)

≥ 1 site with
PD≥ 4mm

No 6 (2.3) 1.0 1.0
Yes 36 (7. 5) 3.4 (1.4–8.1)† 2.3 (0.9–5.8)¥

≥ 1 site with
PD≥ 5mm

No 16 (3.5) 1.0 1.0
Yes 26 (9.2) 2.8 (1.5–5.3)† 1.9 (1.0–3.9)¥

≥ 1 site with
PD≥ 6mm

No 20 (3.5) 1.0 1.0
Yes 22 (12.9) 4.1 (2.2–7.6)† 3.0 (1.5–6.0)†

≥ 1 site with
PD≥ 7mm

No 31 (4.7) 1.0 1.0
Yes 11 (12.9) 3.0 (1.4–6.2)† 2.4 (1.1–5.2)†

Periodontitis severity
None 6 (2.6) 1.0 1.0
Mild/Moderate 19 (5.3) 2.1 (0.8–5.4) 1.5 (0.6–4.1)
Severe 17 (11.33) 4.8 (1.9–12.6)† 2.9 (1.0–8.4)†

Periodontitis severity
Non-Severe 25 (4.2) 1.0 1.0
Severe 17 (11.3) 2.9 (1.5–5.5)† 2.1 (1.0–4.3)†

Adjusted by sex, age, healthcare coverage, plaque, current smoking, and life-
time number of oral sex partners.

† p < 0.05.
¥ p < 0.10.
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infection, only the most severe category of CAL (≥ 7mm) remained
marginally associated with periodontitis in multivariable analysis. The
periodontal pockets may be a reservoir of HPV infection, and hence
more associated with HPV compared to CAL, which is a composite
measure based on probing depth and gingival recession.

Despite the lack of consistency from previous studies, various me-
chanisms could explain the biological plausibility of the association
between periodontitis and HPV [19]. Periodontal pathogens cause an
inflammatory response that results in periodontitis, that subsequently
leads to permanent pathological changes in the periodontium, in-
cluding formation of periodontal pockets, alveolar bone loss, and tooth
loss [35,36]. Periodontal pockets, rather than being the sites for car-
cinogenesis, seem to be a source of inflammatory cytokines, bacteria,
and viruses in saliva [14]. The inflamed periodontium and subsequent
pathological changes provide the perfect environment for HPV infec-
tion incidence and persistence [11], while the periodontal pocket may
serve as reservoir for HPV [15]. HPV infects basal cells of the epithe-
lium [37], which become exposed within the periodontal pocket [38]
and also gaining access through microabrasions [11]. Periodontal pa-
thogens also activate cytokines. As the inflamed periodontium con-
tinuously releases inflammatory cytokines, these promote inflammation
that could lead to tissue injury and damage, which are proportional to
the severity of periodontitis [10,13]. Thus, periodontal mucosal da-
mage mediated by inflammation may facilitate the acquisition and
persistence of oral HPV infection, and modulate proliferation of HPV
and of oncogene expression (E6, E7) in HPV infected epithelial cells,
similar to the HPV-driven cervical carcinogenic pathway [10,39,40]
This rationale is consistent with studies showing that inflammatory
cytokines (e.g., IL-1, IL-6, and TNF-α) modulate HPV proliferation and
expression of its oncogenes in cervical epithelial cells [10]. Basal cell
proliferation is also increased with chronic inflammation, leading to
higher HPV viral load in saliva as well as higher risk of transmission
[38]. Thus, it is possible that periodontitis and oral HPV infection are
associated through direct effects of the oral microbiota or through the
stimulation of chronic inflammation; two mechanisms that could pos-
sibly be related [41]. Despite the lack of sufficient scientific evidence in
this area, it is important to recognize that the relationship between
periodontitis and oral HPV infection may be bidirectional, as recent
evidence suggests that viral agents, including HPV, may contribute to
periodontitis development [17,42]. When HPV infects basal cells, it
causes epithelial cell proliferation [43], disturbance on the odontogenic
tissues [44], and inflammation, which in turn could result in progres-
sion to periodontitis [35].

Our study has several strengths. The sample size achieved was
larger than in most previous reports. Our study population limited to
overweight and obese Puerto Ricans provided a unique, high-risk study
population for periodontitis. Both periodontitis and oral HPV testing
were assessed using standard validated methods. Measures of risk fac-
tors for oral HPV infection were collected using ACASI methodology, a
useful tool for collecting sensitive risk behavioral data. However, the
possibility of residual confounding cannot be excluded. There are sev-
eral limitations that should be noted. Since a non-probability sampling
was used to select and recruit the parent study population, we cannot
directly generalize our findings. While this would limit our ability to
generalize the distribution of periodontitis and oral HPV infection, this
would not impact the validity of the associations as there is no reason to
expect that this would be different in this sample. Given the cross-
sectional analyses, we cannot establish whether periodontal disease was
a risk factor or consequence of oral HPV infection. Finally, no markers
of HPV transcriptional activity [45] were measured, limiting our ability
to determine HPV infectivity and its relationship with periodontitis.

Despite these limitations, we conclude that severe periodontitis may
contribute to oral HPV infection and persistence. The identification of
the role of periodontitis on oral HPV infection could provide key in-
formation for the development of preventive public health strategies, as
periodontitis screening could identify individuals at increased risk of

oral HPV infection and potential HPV-related malignant lesions.
Further longitudinal studies with larger samples are needed to examine
the role of chronic periodontal inflammation in facilitating acquisition
and persistence of oral HPV infection, and vice versa. This information
is essential to develop preventive public health strategies, as period-
ontitis screening could identify individuals at increased risk of HPV-
related HSNCC. In addition, new strategies to improve dentists’ ability
to counsel patients on the importance of HPV vaccination as a pre-
ventive measure for HPV-related HSNCC, as research suggests that this
vaccine may also protect against oral HPV infection [46,47].
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