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Abstract

Background Human papillomavirus (HPV) is a prevalent sexually transmitted virus associated with various oral
lesions. While oral HPV infections are common, there is a lack of comprehensive data on its prevalence in regions

like Iran. This study aims to assess the prevalence of oral HPV infection in the Iranian population, comparing healthy
individuals to those with oral lesions, including oral squamous cell carcinoma (OSCC), oral potentially malignant disor-
ders (OPMDs), and benign lesions.

Methods A systematic review and meta-analysis were conducted following PRISMA guidelines. A comprehensive
search was performed across PubMed, Scopus, and Web of Science, supplemented by manual search using google
scholar and observational studies (case—control, cross-sectional, and case series) were included if they reported

the prevalence of oral HPV infection in Iran. Data synthesis performed to calculate pooled prevalence rates, subgroup
analyses by lesion type, and HPV subtype distribution.

Results Of 85 screened studies, 48 were included in the qualitative synthesis, with 36 focused on lesion-bearing
patients and 19 on healthy individuals. The overall prevalence of oral HPV infection was 18.3%, with a higher preva-
lence in lesion-bearing patients (27.1%) compared to healthy individuals (8.2%). The highest prevalence was observed
in patients with OSCC (22.7%) and OPMDs (31.2%). HPV-16 was the most common subtype in both groups. A meta-
regression analysis revealed a significant association between female sex and HPV detection. Comparative analysis
showed significantly higher odds of HPV detection in individuals with oral lesions (OR=4.78).

Conclusions Oral HPV infection is significantly more prevalent in individuals with oral lesions, especially for HPV-
16 and HPV-18.This highlights the importance of HPV in oral health and underscores the need for multidisciplinary
efforts to optimize interventions and reduce HPV-related oral disease burden, particularly in regions like Iran.

Trial registration This study is registered with PROSPERO (Registration No. CRD42025641087).

Keywords Human papillomavirus viruses, Iran, Oral, Squamous cell carcinoma, Lichen planus, Polymerase chain
reaction
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HPV lead to infections of the epidermis, and alpha-HPV
is responsible for infections in both the epidermal and
mucosal epithelial tissues [3].

While the prevalence of genital HPV has been reported
globally to be 31% in men and 11.5% in women, higher
rates may be observed among more sexually active indi-
viduals [4, 5]. Importantly, HPV is not only associated
with genital infections but also associated with various
cancers, including cervical, penile, vulvar, vaginal, anal,
and oropharyngeal cancers (highlighting the importance
of HPV infection assessment in the oral cavity). Among
the estimated 12.7 million cancer cases worldwide in
2008, approximately 610,000 were attributable to HPV
[5]. The entry point for infection is through a wound or
microdamage to the epithelium, which enables the virus
to access the basal layer. HPV is capable of infecting only
the dividing keratinocytes of the basal layer, such as those
involved in the healing process of an injury. Papillomavi-
ruses can remain in a latent state even after the disease
has resolved, leading to occasional recurrences [6].

Approximately 30 HPV subtypes can infect the oral
mucosa, contributing to various conditions ranging from
subclinical infection to lesions such as squamous papil-
loma, condyloma acuminatum, verruca vulgaris, multifo-
cal epithelial hyperplasia, squamous cell carcinoma, and
verrucous carcinoma [7-9]. HPV is linked to a range of
benign, potentially malignant, and malignant epithelial
lesions; however, the majority of infected individuals
remain asymptomatic and do not exhibit any clinically
noticeable disease. The clinically significant HPVs, which
encompass both high-risk mucosal types such as HPV16,
18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73,
82 and low-risk mucosal types such as HPV6, 11, 40, 42,
44, 54, 55, 61, 62, 71, 74, 81, 84, 89 (CP6108), 90, along
with skin-wart-causing strains such as HPV1, 2, 3, 7, 10,
27, 57,73, are categorized as alphapapillomaviruses [3].

Despite this, there is a lack of updated evidence on the
prevalence of oral HPV infection, particularly in regions
such as Iran. For example, an estimated 7.3% of the U.S.
population has detectable oral HPV, with 3.1% test-
ing positive for oncogenic types [10]. Current vaccines
are prophylactic rather than therapeutic [6]. At present,
there is no medication to prevent viral replication, and
treatment relies on lesion removal or stimulation of the
host immune system [3]. Since similar data from Iran are
scarce, understanding the full scope of oral HPV infec-
tion prevalence and its potential health implications
remains challenging. Elucidating the prevalence of oral
HPV infection in the Iranian population is clinically sig-
nificant for guiding public health strategies, vaccination
policies, and improving early detection efforts for HPV-
associated oral lesions, including oropharyngeal cancers.
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Given this knowledge gap, we aimed to conduct a sys-
tematic review and meta-analysis to assess the prevalence
of oral HPV infection in the Iranian population and com-
pare it between healthy individuals and lesion-bearing
patients, as well as among different lesion types, includ-
ing oral squamous cell carcinoma (OSCC), oral poten-
tially malignant disorders (OPMDs), and benign lesions.

Methods

Study design and guidelines

This systematic review follows the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses) guidelines [11] and is registered with the Inter-
national Prospective Register of Systematic Reviews
(PROSPERO; Registration Number: CRD42025641087).

Research question and eligibility criteria

The research question was structured via the PEOS (pop-
ulation, exposure, outcome, study design) framework
[12] to assess and compare the prevalence of oral HPV
infection in the Iranian population. It focused on Iranian
individuals, including both lesion-bearing and healthy
individuals, with the presence of oral lesions as the expo-
sure and the prevalence of oral HPV as the outcome.
Eligible studies, were observational in design, including
case—control, cross—sectional, and case series studies.

Information sources and search strategy

A comprehensive systematic search was performed in
PubMed, Scopus, and Web of Science, complemented by
a manual search using Google Scholar, with no restric-
tions on language or publication date, and the last search
was conducted on February 6, 2025. Additionally, to
increase the validity of the search, the reference lists of all
the included studies were manually searched to identify
any potential additional sources for inclusion.

The search strategy focused on four key concepts using
the terms "Oral" and "(HPV or human papillomavirus)"
and "(prevalence or epidemiology or incidence)" and
"(Iran or Persian). The detailed search terms are provided
in Supplementary Table 1 (see Additional file 1).

Study selection process

The study selection process followed a structured four-
phase approach managed via EndNote reference soft-
ware. Initially, duplicate records were removed both
automatically and through manual evaluation. In the next
phase, the titles were screened for relevance based on the
eligibility criteria. The abstracts of the selected studies
were then assessed for further relevance, followed by a
full-text review of the remaining studies. The screening
process was independently conducted by two reviewers,
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with disagreements resolved through consultation with a
third reviewer. (M.K.B. and A.M.)

Data collection process and data items

Data extraction sheets were used to collect the following
details: first author, year of publication, study design, age
(range and average), gender, sample size, location in Iran,
study population, HPV detection methods, overall oral
HPV prevalence, and prevalence of each HPV genotype.
Two reviewers independently performed the data extrac-
tion process. (M.K.B. and A.M.)

Quality assessment

The quality assessment was conducted via tools tailored
to the study design. For descriptive studies, including
case—control and cross-sectional designs, the Newcas-
tle-Ottawa Scale (NOS) was utilized [13]. Studies were
classified as high quality (7 to 9 points), moderate qual-
ity (4 to 6 points), or low quality (0 to 3 points). Each
study received a score to ensure a thorough evaluation
of its quality and to detect any potential bias. The quality
assessment was performed independently by two review-
ers. (M.K.B. and A.M.)

Participant categorization

We categorized the participants in the included stud-
ies into groups of healthy individuals and patients with
oral lesions, including oral squamous cell carcinoma
(OSCCQ), oral potentially malignant disorders (OPMDs),
and benign lesions. OPMDs include a group of condi-
tions, including leukoplakia, oral lichen planus (OLP),
and lesions with observed dysplasia that affect the oral
mucosa and increase the risk of malignancy [14]. Healthy
participants were selected from the control arms of case-
control studies, as well as from cross-sectional studies
that specifically evaluated healthy populations. For indi-
viduals with oral lesions, the data were obtained from the
case arms of case—control studies or from cross-sectional
studies that focused on the same types of lesions as those
examined in the case groups.

Data synthesis

An overall analysis was conducted to evaluate the event
rate, complemented by a subgroup analysis that distin-
guished between cases sampled from healthy regions
and those from areas with lesions, using data derived
from both cross-sectional and case-control studies.
Additionally, a separate subgroup analysis was car-
ried out for HPV subtypes in relation to healthy and
lesioned areas. Importantly, the pooled event rates
for various HPV subtypes were derived from studies
that initially confirmed the presence of oral HPV, fol-
lowed by a detailed analysis of each subtype. Therefore,
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studies reporting a zero prevalence of oral HPV with-
out any subtype determination were excluded from this
analysis.

For the comparative analysis of HPV rates in healthy
versus lesioned regions, data from case-control stud-
ies were employed and reported as odds ratios with 95%
confidence intervals (CIs). The results are presented
without consideration of subtype, accompanied by sub-
group analysis categorized by subtype.

In instances where the number of detected cases was
zero, a continuity correction was automatically applied;
to increase the accuracy of the results, the Mantel-Haen-
szel method was subsequently utilized to adjust the find-
ings, as recommended [15].

The assessment of heterogeneity across the studies was
conducted with the chi-square-based Q test. A p value
exceeding 0.10 was interpreted as an absence of signifi-
cant heterogeneity. In cases of significant heterogeneity,
a random-effects model was implemented; conversely, a
fixed-effects model was adopted when heterogeneity was
not significant. The risk of publication bias was assessed
via a funnel plot and Egger’s test (the significance level
was set at 0.10). In addition, a meta-regression utilizing
a random-effects model was performed to examine the
influence of sex on the rate of HPV detection in retrieved
samples. All the statistical analyses were executed via
Comprehensive Metanalysis software/Version 3 (Biostat
Inc., NJ, USA), with a significance threshold of 0.05.

Results

Study selection

Through our systematic search, we identified 36 stud-
ies from PubMed, 26 from Scopus, and 25 from Web of
Science. We also conducted a manual search on Google
Scholar, which yielded 19 additional studies. After
removing duplicates, 85 unique studies were screened.
Of these, 19 were excluded based on their titles, 11 were
excluded after abstract review, and 6 were excluded fol-
lowing full-text review due to having irrelevant outcomes
(focusing on non-oral HPV infections), not specifying
oral lesions, or lacking methodological quality. Addition-
ally, one study was excluded because of the unavailability
of the full text [16]. Ultimately, 48 records were included
in the qualitative synthesis. Table 1 shows the character-
istics of the included studies. Furthermore, to ensure a
more accurate and precise meta-analysis, we excluded 9
studies. These studies were omitted either because their
reported HPV prevalence included the oral area but did
not focus exclusively on it or because of inappropriate
case selection (such as case series studies [17, 18]), which
was not ideal for inclusion in the quantitative synthesis.
The detailed flow diagram is shown in Fig. 1.
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Identification of studies via databases and registers

Records identified from
Databases:
(PubMed = 36)
(Scopus = 26)

(Web of Science = 25)
(Manual Search= 10)

Identification

Records screened
(n=285)

}

Reports sought for retrieval
(n =48)

)

Reports assessed for eligibility
(n=48)

Screening

Studies included in qualitative
synthesis
(n=48)
Studies included in meta-
analysis
(n=39)

Included

Fig. 1 Flow diagram of the systematic search

Study characteristics

A total of 48 studies were included in the qualitative anal-
ysis, with case—control (n=21; 43.75%), cross—sectional
(n=25; 52.08%), and case series (n=2; 4.16%) designs. All
included studies were published between 2003 and 2024,
even though no restrictions were placed on the publica-
tion year. The sample sizes of the included studies ranged
from 7 participants in the Falaki et al. [18] study to 740 in
the Karimi et al. study [38]. All studies were conducted

Records removed before
screening:
Duplicate records removed
(n=12)

Records marked as ineligible
by automation tools (n = 0)
Records removed for other

reasons (n = 0)
Records excluded due to
language or publication date
=(n=0)

Records excluded**
after title evaluation:19
after abstract evaluation:11
after full-text evaluation: 6
unavailability of the full text: 1

Reports not retrieved
(n=0)

Reports excluded:
(n=0)

in Iran, with the highest number from Tehran (33.3%),
followed by Mashhad (12.5%), including one study con-
ducted across both Tehran and Mashhad [60]. The con-
tributions from Mazandaran, Azerbaijan, and East
Azerbaijan were 8.3% each, whereas those from Shiraz
and Isfahan represented 6.2% each. Ahvaz, Zahedan, and
Kurdistan contributed 4.2% each. Yazd, Qazvin, Rasht,
Birjand, and Kerman each accounted for 2.1%. Addition-
ally, 4.2% of the studies were multicenter investigations.



Baher et al. BMC Oral Health (2025) 25:699

Both case series studies demonstrated the strongest
possible link between oral HPV infection and multifocal
epithelial hyperplasia (Heck’s disease), reporting a 100%
prevalence of oral HPV in these lesions [17, 18].

HPV detection methods predominantly utilize PCR
(95.83%) to identify HPV-positive samples. However,
alternative methods were also employed, with one study
[41] using pl6 immunohistochemistry (2.08%) and one
study (2.08%) relying on the identification of koilocytes
[48], a cytological marker of HPV infection.

Quality assessment

We applied the Newcastle-Ottawa Scale (NOS) for qual-
ity assessment and determined that none of the included
studies were of low quality. The NOS scores ranged
from 4.5 to 7, with a mean score of 5.79, indicating that,
on average, the studies fell into the moderate-quality
category.

Lesion-based study categorization

We classified the participants in the included studies
into groups of healthy individuals and patients with oral
lesions. In this review, 19 and 36 eligible studies provided
evaluable data on the prevalence of oral HPV infection in
healthy individuals (without lesions) and lesion-bearing
patients, respectively. Among the studies that included
individuals with oral lesions, 24 focused on OSCC, 9
focused on OPMDs (6 focused on OLPs and 5 focused on
premalignant lesions, 2 of which were both OLP and pre-
malignant lesions), and 7 focused on benign oral lesions,
all of which provided analyzable data for the prevalence
of oral HPV.

Sex-based analysis of oral HPV infection

Nineteen studies reported oral HPV-positive samples
categorized by sex, with the proportion of female cases
among HPV-positive individuals ranging from 0% in the
study by Rezaei et al. [53] to 71.43% in the study by Seifi
et al. [59]. A meta-regression analysis via a random effects
model revealed a significant direct association between
female sex and the number of HPV-positive cases (coeffi-
cient: 0.08, 95% CI: 0.02 to 0.14; P=0.012). Conversely, a
nonsignificant inverse correlation was observed for male
sex (coefficient: —0.02, 95% CI: —0.08 to 0.03, P=0.395).

Overall HPV analysis

The random effects model meta-analysis revealed that
the prevalence of oral HPV infection in the oral cav-
ity among the Iranian population, irrespective of the
presence or absence of lesions, was 18.3% (95% CI:
14.8%-22.3%). Among individuals without lesions, the
prevalence decreased to 8.2% (95% CI: 5.6%—12.0%),
whereas in lesion-bearing patients (regardless of lesion
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type), it increased to 27.1% (95% CI: 21.3%—33.6%) (see
Additional file 2). Furthermore, the prevalence of oral
HPV was 22.7% (95% CI: 20.2%—-25.4%) in patients with
OSCC (Fig. 2) and 31.2% (95% CIL: 23.1%-0.40.6%) in
patients with OPMDs. Specifically, for oral lichen planus,
a prevalence of 32% (95% CI: 21.8%—44.1%) was achieved.
Additionally, the prevalence of HPV in benign oral
lesions was 27.3% (95% CI: 13.3%—-0.47.9%).

HPV subtype analysis

The analysis of oral HPV subtypes in individuals without
lesions revealed the following results: among high-risk
subtypes, HPV-16 had a pooled event rate of 4.9% (95%
CI: 1.8%-12.8%), whereas HPV-18 had an event rate
of 3.4% (95% CI: 2.0%—5.6%). Among the low-risk sub-
types, HPV-6 had a pooled event rate of 0.8% (95% CIL:
0.3%-2.1%), and HPV-11 had an event rate of 4.5% (95%
CI: 0.9%—19.8%). In lesion-bearing patients, with respect
to high-risk subtypes, HPV-16 had a pooled event rate of
9% (95% CI: 5.0%—15.7%), and HPV-18 had an event rate
of 7.6% (95% CI: 5.0%—11.5%). For the low-risk subtypes,
the prevalence of HPV-6 was 7% (95% CI: 4.8%—10.0%),
and that of HPV-11 was 6% (95% CI: 2.7%-12.9%). Fur-
thermore, HPV-31 was detected in 2.6% of patients
with lesions (95% CI: 1.2%—5.5%), whereas HPV-33 was
detected in 2.4% (95% CI: 0.4%-13.9%). Overall, HPV-
16 is the most common HPV subtype detected in both
healthy individuals and lesion-bearing patients. Table 2
shows the assessments of different HPV subtypes, includ-
ing the number of related studies, pooled event rate,
meta-analysis model, and level of heterogeneity.

HPV comparative analysis

A fixed-effect model meta-analysis revealed that the like-
lihood of detecting oral HPV was significantly greater in
patients with oral lesions than in healthy individuals (P
value <0.001), with an odds ratio (OR) of 4.78 (95% CI:
3.286-6.951) (Fig. 3). Additionally, the presence of oral
lesions increased the odds of detecting HPV-16 by 2.72-
fold (OR=2.720, 95% CI: 1.442-5.130; P value=0.002).
Moreover, the odds of detecting HPV-18 in the oral
cavity increased by 4.79 times (OR=4.788, 95% CL:
1.607-14.269; P value =0.005) in the presence of lesions,
regardless of lesion type (Fig. 4).

Publication bias

The results of Egger’s test demonstrated that the over-
all HPV analysis indicated no evidence of publica-
tion bias (P-value=0.307). However, the comparative
HPV analysis revealed significant publication bias
(P-value=0.00064). Figure 5 demonstrates the funnel
plots of both the overall and comparative HPV analysis.
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Event rate and 95% CI

Event Lower Upper

rate  limit limit Z-Value p-Value
Allameh, 2018 0.149 0.082 0256 -5.077 0.000 L o
Amoli, 2022 0273 0.148 0447 -2509 0.012 -
Ashraf, 2017 0.140 0.068 0266 -4.454 0.000 -
Azmoudeh, 2024 0342 0210 0504 -1.912 0.056 -
Dayyani, 2021 0.063 0.024 0.157 -5.209 0.000
Delavarian, 2010 0.023 0.001 0277 -2.629 0.009
Falaki, 2011 0.023 0.001 0277 -2.629 0.009
Habibi, 2024 0.140 0.085 0.223 -6.299  0.000 [
Halimi, 2011 0200 0.093 0379 -3.037 0.002 -
Kermani, 2012 0.400 0.100 0.800 -0.444 0.657 ——
Khalesi, 2023 0900 0.762 0962 4.169 0.000 —=
Makvandi, 2022 0.163 0.114 0227 -7.791  0.000 I
Moshref, 2009 0.250 0.140 0405 -3.009 0.003 -
Nili, 2023 0368 0.187 0597 -1.133  0.257 —1
Pouide, 2016 0.114 0.058 0212 -5451 0.000 -
Rahbarnia, 2019 0.100 0.033 0.268 -3.610 0.000 -
Rezaei, 2021 0.065 0.021 0.184 -4.459 0.000 [
Saghravanian, 2015 0.132 0.081 0.207 -6.811  0.000 [
Sahebjamiee, 2009 0409 0.228 0.618 -0.848  0.396 ——
Sargolzaei, 2005 0216 0.124 0349 -3.792  0.000 .
Seraj, 2011 0266 0.187 0364 -4.349 0.000 3
Tabatabai, 2015 0436 0291 0593 -0.798 0425 -
Zarei, 2007 0.600 0.348 0808 0.769 0.442 —Hi—
Razavi Nikoo, 2017 0.360 0.240 0.501 -1.953 0.051 -

0.227 0.202 0.254 -16.120  0.000 §

-1.00 -0.50 000 050 1.00

Random-effects model (Q=122.243, df (Q)=23, P=<.001)

12=81.18%, Tau=0.78

Fig. 2 Forest plot of the meta-analysis conducted on studies that reported the prevalence of oral HPV in patients with OSCC

Discussion

This systematic review and meta-analysis sought to inves-
tigate the prevalence of oral HPV infection in the Iranian
population. The findings revealed an overall oral HPV
prevalence of 18.3%. HPV is more prevalent in the pres-
ence of oral lesions than in the absence of lesions. Among
the various types of lesions, OLP, a category of OPMDs,
has the highest oral HPV prevalence, followed by OSCC
and, subsequently, benign lesions. The prevalence of

each HPV subtype is greater in patients with oral lesions,
with HPV-16 being the most common subtype identified
in both healthy individuals and those with lesions. This
study further revealed that the presence of oral lesions
significantly elevates the likelihood of HPV detection,
with an increase in odds exceeding 4.5-fold. Specifically,
for high-risk HPV subtypes, the presence of oral lesions
increased the odds of detecting HPV16 by 2.7-fold and
HPV18 by 4.8-fold.
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Table 2 Pooled event rate of different HPV subtypes in both healthy individuals and lesion-bearing patients

HPV subtype = Number of Pooled 95% Model Heterogeneity
studies eventrate confidence
interval Q-value df(Q) Pvalue I*(%)
Healthy Individuals HPV-16 9 0.049 0.018-0.128 Random-effects ~ 24.31 8 0.002 67.09
HPV-18 1 0.034 0.020-0.056 Fixed-effects 5.50 10 0.855 0
HPV-6 3 0.008 0.003-0.021 Fixed-effects 0.15 2 0.924 0
HPV-11 2 0.045 0.009-0.198 Fixed-effects 1.86 1 0.172 46.44
Lesion-Bearing Patients ~ HPV-16 17 0.090 0.050-0.157 Random-effects ~ 97.93 16 <0.001 83.66
HPV-18 19 0.076 0.050-0.115 Random-effects ~ 47.41 18 <0.001 62.03
HPV-6 6 0.070 0.048-0.100 Fixed-effects 4.04 5 0.542 0.0
HPV-11 7 0.060 0.027-0.129 Random-effects 15.90 6 0.014 62.26
HPV-31 5 0.026 0.012-0.055 Fixed-effects 4.21 4 0.378 5.01
HPV-33 5 0.024 0.004-0.139 Random-effects 19.78 4 0.001 79.78
Study name Type of HPV  Exposed / Total Statistics for each study MH odds ratio and 95% Cl1
MH Lower  Upper
Healthy Lesions odds ratio  limit limit Z-Nalue p-Value
Allameh, 2015 Total 4/5%  10/67 2412 0714 8.149 1418 015 —_—
Ashraf, 2017 Total 0/50 7/50 17414 0967 313.733 1937 0.053 =
Azad, 2006 Total $/%  32/100 4235 1535 11687 278 0.008 —
Farhads, 2020 Total 0/20 8/32 14.224 0.773 261.607 1.787 0074 -
Habibi, 2024 Total 2/100 147100 7977 1.763 36.095 2.696 0.007
Kermani, 2012 Total S/9%4 2/5 11.867 1.601 87.961 2420 0016 l
Mohammadi, 2023 Total 7/28 15728 3857 LIS 12606 2234 0.025 —_—
Namin, 2023 Total 9/%  20/%0 3037 1214 7.597 2375 0.018 +
Rahbamia, 2019 Total 0/30 3/30 7764 0384 157.138 1336 0182 = =l
Razavi, 2009 Total 1/14 9/29 58350 0661 51792 1.588 0.112 T
Saghravanian, 2015 Total 0/18 18/ 155 4978 0288 86.117 1104 0270 =
Sahebjamiee, 2015 Total $/40 11740 2655 0827 8.521 1.641 0.101 ——
Sahebjamice, 2009  Total $/20 9/22 2077 0554 7.788 1.084 0278 _—
Salehi, 2013 Total 1710 15/30 9.000 Lon 80.130 1.970 0.049 -
Sargolzaei, 2005 Total 1/28 11/51 7425 0.905 60.908 1.867 0.062 yity
Tabatabai, 2015 Total 0/27  18/39 47326  26% 830621 2639 0.008
4780 3286 6.951 8185 0.000 < |
0.01 0.1 1 10 100

Fixed-effect model (Q~10.46, df (Q)~15, P~0.790) Lsquared~0.0%, Tau-0.0

Favours Healthy Favours Lesion

Fig. 3 Forest plot of the comparative HPV analysis conducted on case—control studies

Miller et al. [65] conducted a pioneering meta-analy-
sis on the prevalence of oral HPV infection across nor-
mal mucosa, precancerous, and cancerous lesions. Their
findings revealed that the prevalence of HPV was 10.0%
in normal mucosa, 22.2% in leukoplakia, 29.5% in ver-
rucous carcinoma, and 46.5% in OSCC. The study con-
cluded that HPV is 2—3 times more likely to be detected
in precancerous lesions and 4.7 times more likely in
OSCC than in normal oral mucosa. The findings of this
study regarding the prevalence of HPV in normal mucosa
are nearly consistent with our findings. However, in the

case of OSCC, our study reported a lower prevalence
(22.7%). Melo et al., in their review, reported an even
lower HPV prevalence of 4.4% in OSCC patients than in
the present study; however, the association between HPV
infection and OSCC could not be established because of
the absence of longitudinal studies [66]. Since different
histopathological grades of OSCC have distinct associa-
tions with HPV [67, 68], the variation in findings between
these studies may be explained.

Mariz et al., in their global study on the prevalence of
HPV-driven oropharyngeal SCC (OPSCC), reported a
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Study name Type of HPV Statistics for each study
MH Lower Upper
odds ratio limit limit Z-Value

Salehi, 2013 HPVI1 1.800 0.184 17.567 0.506

1.800 0.184 17.567 0.506
Mohammadi, 2023  HPV16 2923 0.874 9.778 1.741
Sahebjamiee, 2015  HPV16 1.000 0.266 3.763 0.000
Sahebjamiee, 2009 HPVI6 1.500 0.355 6.347 0.551
Salehi, 2013 HPVI16 0310 0.018 5479 -0.799
Tabatabai, 2015 HPVI16 47.326 2.696 830.621 2.639

2.720 1.442 5.130 3.091
Mohammadi, 2023  HPVIS 3.273 0.317 33.837 0.995
Razavi, 2009 HPVIS 5.850 0.661 51.792 1.588
Sahebjamiee, 2015  HPVI8 7.560 0.378 151.285 1.323
Sahebjamiee, 2009 HPVIS 2.860 0.110 74312 0.632
Salehi, 2013 HPVIS 1.842 0.082 41.622 0.384
Tabatabai, 2015 HPVIS 8.768 0.464 165.541 1.448

4.788 1.607 14.269 2811
Sahebjamiee, 2009  HPV6/11 4222 0.430 41.452 1.236

4222 0.430 41.452 1.236

3.172 1.892 5318 4377

Fixed-effect model (Q=11.40, df (Q)=12, P=0.494) I-squared=0.0%, Tau=0.0
Fig. 4 Forest plot of comparative analysis with HPV subtype subgrouping

Funnel Plot of Standard Error by Logit event rate
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MH odds ratio and 95% CI
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<>
o
=

p-Value
0.613
0.613
0.082
1.000
0.582
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0.002
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0.527
0.701
0.148
0.005
0.216
0.216
0.000
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0.01 10
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Funnel Plot of Standard Error by MH log odds ratio
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Fig.5 Funnel plots of the overall and comparative HPV analysis; a Funnel plot of the overall HPV analysis. b Funnel plot of the comparative HPV

analysis

pooled oral HPV prevalence of 44.8% in OPSCC [69].
Additionally, Abogunrin et al. assessed the prevalence
of HPV in head and neck cancers among European
populations and reported a pooled prevalence of 40%,
with the highest rate observed in tonsillar cancer at
66.4% [70]. The disparity with our findings on oral HPV
prevalence in OSCC could be attributed in part to the
well-established link between HPV and oropharyngeal

carcinoma, which has not been definitively proven for
OSCC.

Additionally, Syrjanen et al. [71] suggested a significant
link between oral HPV infection and OSCC or OPMD.
Their review revealed a strong association between HPV-
DNA detection and OSCC, with an OR of 3.98, and for
HPV16 alone, an OR of 3.86. They also reported an asso-
ciation between the presence of oral HPV infection and
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OPMD (OR=3.87), with the strongest association found
for OLPs, with an OR of 5.12. Syrjdnen et al,, in another
study, reported HPV detection rates of 13% in normal
oral mucosa, 25% in leukoplakia, and 33% in OSCC [72].
Compared with our study, which reported a lower pooled
prevalence, these differences may result from variations
in study populations or regional factors. Nevertheless,
both studies underscore the role of HPV in OSCC patho-
genesis. Furthermore, both Miller [65] and Syrjénen [72]
reported nearly similar prevalence rates for HPV in leu-
koplakia patients (22.2% and 25%, respectively).

Gillison et al. [73], using a 30-s oral rinse and gargle
method followed by PCR analysis, reported an overall
oral HPV prevalence of 6.9% in the U.S. population, with
high-risk types accounting for 3.7% and HPV-16 being
the most common subtype at 1.0%. In comparison, our
study reported a higher overall oral HPV prevalence of
18.3% in the Iranian population, whereas the most com-
mon subtype remained consistent. This disparity may
reflect differences in study designs, population charac-
teristics, and levels of awareness about oral HPV and its
prevention. These findings may suggest the importance
of improving public education and implementing preven-
tive strategies in developing countries, such as Iran.

Colpani et al. reported an overall oral HPV preva-
lence of 11.89% in Brazil, which was lower than the rates
reported in the cervical, penile, and anal regions, with
penile HPV being the highest. These findings contrast
with our study, indicating that oral HPV infection is more
prevalent in Iran than in Brazil. This highlights the need
for the Iranian healthcare system to develop effective
strategies to control oral HPV infections. Colpani et al.
reported a 4.69% prevalence of high-risk HPV types in
the oral region, which aligns closely with our findings on
the prevalence of HPV-16 in healthy individuals, which
was 4.9%. Moreover, regarding the influence of geo-
graphic location on HPV prevalence, these findings are
consistent with those of the present study [74].

Tam et al. reported an oral HPV prevalence of 7.7%
in healthy individuals without lesions, with 1.4% testing
positive for high-risk HPV16. They also reported that
oral HPV infection has a lower prevalence and preva-
lence than cervicogenital HPV infection in healthy
individuals [75]. Moreover, Wood et al. conducted a
systematic review on oral HPV DNA in HIV-negative,
cancer-free individuals, with similar findings ([76].
They reported an overall oral HPV prevalence of 7.5%,
including 1.6% for HPV-16, while highlighting signifi-
cant variation in the incidence, prevalence, and clear-
ance of oral HPV across different geographic regions.
The findings of these two studies on the overall preva-
lence of HPV in healthy individuals closely align with
our results. However, their reported prevalence of
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HPV16 was considerably lower than that in our study.
This could be another concerning factor, indicating that
not only is the prevalence of oral HPV in Iran above the
global average, but the prevalence of high-risk subtypes
is also higher than expected.

Overall, variations in oral HPV prevalence may stem
from geographic location, the presence and type of
lesions, and the anatomical site of the lesions [69, 70, 77].

The risk factors associated with classical, HPV-nega-
tive OPSCC also seem to apply to HPV-related OPSCC,
including smoking and alcohol use. Additionally, sexual
behaviors significantly contribute to the risk of HPV-
positive OPSCC, likely by promoting oral transmission of
the virus. It is suggested that a shift in sexual practices
toward oral sex may be responsible for the increasing
prevalence of this disease among younger patients. Sex is
the most prominent risk factor for HPV-related OPSCC,
with a considerable percentage of the disease burden
occurring in men [78].

The management of precancerous lesions, malignan-
cies, and persistent or recurrent benign lesions associ-
ated with HPV remains an unresolved problem. Current
treatments primarily involve surgical interventions and
the topical or intralesional use of agents that exhibit anti-
proliferative and cytotoxic effects on infected cells (such
as podophyllotoxin, bleomycin, 5-fluorouracil, and cido-
fovir) or general immune system stimulation to combat
HPV (including imiquimod and intralesional immuno-
therapy). Certain medications, such as sinecatechins and
vitamin D, possess both immunostimulatory and antipro-
liferative characteristics [3]. Furthermore, the high preva-
lence of oral HPV infection identified in this study serves
as a critical warning for healthcare providers. Recent
research has indicated that surgical smoke may act as a
transmission route for HPV infection [79, 80]. Therefore,
the use of surgical face masks, particularly N95 masks, is
essential to minimize the risk of HPV transmission [81].

District-based subgrouping was impeded by the une-
qual distribution of healthcare resources across Iran and
the concentration of studies in more developed regions,
such as Tehran; when considered alongside the moderate
study quality and observed heterogeneity, these factors
limit the generalizability of the findings. Additionally,
subgroup analyses based on lesion location, histopatho-
logical grade, and age were not feasible due to insuffi-
cient data and variability in the result reporting practices
of the included studies, thereby narrowing the depth of
conclusions. Moreover, significant publication bias in
the comparative analysis may overestimate the effect
size. Furthermore, limited public awareness and cultural
stigma surrounding HPV-related behaviors, especially
oral sex, likely led to underreporting, particularly within
the context of religious sensitivities in Iranian culture.
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Future research should aim to include underrepre-
sented regions in Iran and stratify data by age and lesion
characteristics. Longitudinal studies are also needed
to investigate causal relationships between HPV infec-
tion and lesion progression, particularly OSCC patho-
genesis. In addition, public health actions, including
promoting HPV vaccination (nonavalent vaccines), edu-
cating on transmission routes (sexual practices and sur-
gical smoke), and standardizing protective measures
(N95 masks) in dental settings, are critical for effective
prevention.

Conclusions

This study highlights a higher prevalence of oral HPV
infection among individuals with lesions, with its pres-
ence significantly increasing the odds of HPV detection,
particularly for the HPV-18 subtype. However, HPV-16
was identified as the most common oral HPV subtype
across all individuals. On the other hand, further lon-
gitudinal studies on oral HPV are needed. Considering
the high prevalence of oral HPV in Iran, multidiscipli-
nary and community-based efforts are essential to raise
awareness about transmission and prevention, aiming to
reduce the burden of HPV-related oral diseases.
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