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ABSTRACT Human papillomavirus (HPV) causes a subset of head and neck squamous
cell carcinoma (HNSCC). Knowledge of determinants of a-, b-, and g-HPVs types in the oral
cavity is required for a better understanding of HNSCC development. Oral rinse samples
of 498 HNSCC cases and 242 controls from the IROPICAN study—a large multicenter
case-control study in Iran—were screened for 21 a-HPV, 46 b-HPVs, and 52 g-HPVs
using bead-based HPV genotyping assays. a-HPVs were detected only in 1.2% of the
patients and 2.9% of the controls from which HPV16 was the most prevalent type
among participants. b-HPVs were detected in 43.8% of the patients and 38.6% of the con-
trols where the lip and oral cavity (45.5%) had the highest positivity. Values for g-HPV prev-
alence in patients and controls were 26.1% and 24.7%, respectively. The highest percentage
of g-HPV positivity was found in the larynx (30.4%). Concerning the b genus, HPV23 and
HPV38 were the most prevalent types among the patients and controls, respectively. For
the g genus, SD2 in cases and HPV134 in controls were the most prevalent types. Overall,
detection of a-HPVs (aOR, 0.40; 95% CI = 0.1 to 1.2; P = 0.11), b-HPVs (aOR, 1.9; 95% CI =
0.9 to 1.6; P = 0.29), and g-HPVs infections (aOR, 1.04; 95% CI = 0.7 to 1.5; P = 0.83) was
not associated with the HNSCC development. Our data did not suggest an HPV-related eti-
ology for HNSCC pathogenesis. Nonetheless, this study provides novel insights into the di-
versity of b-, and g-HPVs in different HNSCC anatomical subsites.

IMPORTANCE Infection with human papillomavirus (HPV) is responsible for a subset of
neck squamous cell carcinoma (HNSCC), but knowledge of the prevalence of and risk factors
for oral HPV infection, especially cutaneous types in Iran, remains unknown. In a large retro-
spective study, the authors used a sensitive assay for the detection of a-, b-, and g-HPVs in
oral rinse samples of HNSCC and matched controls. They find that the a-HPV contribution
to HNSCC in Iran is lower than global prevalence. High-risk a-HPVs or cutaneous b- and
g-HPVs were not associated with the HNSCC development. Besides, this study provides novel
insights into the diversity of b- and g-HPVs in different HNSCC anatomical subsites.
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Head and neck squamous cell carcinoma (HNSCC) is a debilitating disease that involves
multiple anatomical subsites that comprise the lip and oral cavity, pharynx, and larynx

(1). Annually more than 850,000 people are diagnosed with HNSCC worldwide with 5%of all
types of tumors leading to more than 450,000 HNSCC-related deaths (2). HNSCC was among
the top 10 cancers by incidence worldwide in 2018 for which the established risk factors are
tobacco products, excessive alcohol drinking, areca (betel) nut, UV light exposure, occupational
exposures such as perchloroethylene and trichloroethylene, and infections like Epstein-Barr
virus (EBV) and human papillomavirus (HPV) (2–5).

A broad spectrum of mucosal and cutaneous HPV types has been isolated from oral
cavity samples (6–9). Certain mucosal high-risk HPV types are associated with the HNSCC
development (10, 11), yet the contribution of nonmucosal HPVs comprising beta, gamma, mu,
and nu HPV types is still unclear. Some studies have highlighted the link between nonalpha
HPVs (including b1-HPV5) andg-species 11 and 12 in the development of HNSCC (6, 8, 10).
The epidemiology of HPV-related HNSCC varies and is highly dependent on tumor subsite
and geographical area (12). The overall prevalence of HPV infection in HNSCC has been esti-
mated around 25% to 32% based on large meta-analysis studies over the last 2 decades
(13–15). The prevalence of HPV infection in patients with HNSCC ranges from 3% to 60% in
different geographical regions of Iran (16, 17). In a meta-analysis conducted by Ndiaye et al.
on 12,163 HNSCC patients from 44 countries, the pooled HPV DNA prevalence was 46% for
oropharynx, 22% for larynx (including hypopharynx), and 24% for the oral cavity (13). HPV16
is known to be the most common type in a subset of HNSCC, constituting 80% to 100% of
HPV DNA-positive oropharyngeal region (i.e., tonsils and base of the tongue) (18, 19). HPV
infection is found in 20% to 60% of the oropharyngeal squamous cell carcinomas (OPSCCs)
depending on the countries, with the highest rate in Western Europe and North America. It is
now established that HPV is strongly linked to the risk of developing OPSCCs (20). Compared
with the HPV-negative HNSCC, the HPV-related HNSCC is expected to have different risk fac-
tors, for instance, sexual behavior instead of tobacco and alcohol consumption (12).

There is a discrepancy in the HPV-attributable fraction of HNSCC among Iranian patients
(16, 17, 21–24). Furthermore, the prevalence of HPV in HNSCC subsites and the determinants
of a-, b-, andg-HPVs types need further evaluation. The present study was a large case-
control study exploring the association of HPV and HNSCC in Iranian patients. We assessed
the association of HPV and subsites of head and neck cancer, including lip and oral cavity,
pharynx, and larynx.

RESULTS

A total of 498 HNSCC cases, of which 198 lip and oral cavity (International Classification
of Diseases for Oncology [ICD-O]: C00-C08 and C14), 44 pharynx (32 nasopharynx, four oro-
pharynx, and eight hypopharynx; ICD-O: C09-C11 and C13), 219 larynx (ICD-O: C32), and 37
other subsites of the head and neck (ICD-O: C12, C30, C31, and C76), and 242 controls from
the IROPICAN study were included in the study. All b-globin negative samples were excluded
from the final analysis (Fig. 1). Characteristics and available information for the study groups
are presented in Table 1.

a-, b-, andc-HPV DNA positivity prevalence. Six out of 492 (1.2%) cases and seven
out of 239 (2.9%) controls were positive for any a-HPVs. Characteristics of the 13 a-HPV-pos-
itive participants are reported in Table S1. Nine types of 21 types (HPV6, HPV11, HPV16,
HPV18, HPV53, HPV56, HPV58, HPV70, and HPV82) were detected in the participants (Table
S1). HPV16 (n = 4; 0.8%) was the most prevalent a-HPV type among the HNSCC patients,
and controls (n = 2; 0.8%).

The prevalence of any b-HPV was 43.8% (n = 216) among the patients and 38.6%
(n = 93) among the controls. The lip and oral cavity showed the highest prevalence of
b-HPV DNA (90/198, 45.6%), followed by larynx (96/215, 44.7%), pharynx (10/43, 23.3%),
and other anatomical subsites (20/37, 54.1%) (Table 2).

HPVs from b-HPV-2, -1, -3, -5, and -4 species were the most abundant in patients and
controls (Table 2).

The most frequent b-HPV types detected in HNSCC patients were HPV23 (8.9%), HPV38
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(7.9%), HPV24 (6.1%), HPV5 (6.1%), and HPV49 (6.0%), while the most frequent b-HPV types
in controls were HPV38 (9.1%), HPV23 (8.3%), HPV124 (7.9%), HPV145 (5.8%), and HPV111
(5.4%). Multiple b-HPV infections were found in 23.5% (116 out of 216 b-HPV-positive
samples) and 21.6% (52 out of 93 b-HPV-positive samples) of the patients and controls,
respectively (Table 2).

The prevalence of any g-HPV among the cases and controls were 26.1% (n = 128) and
24.9% (n = 59), respectively. The larynx subsite contained most of the g-HPV positive sam-
ples (65/214, 30.4%), followed by the lip and oral cavity (49/197, 24.9%), other subsites
(7/37, 19.0%), and pharynx (7/43, 16.3%) (Table 3). For g-HPVs, 38 were detected out of
the 52 screened types. The correspondingg-HPV-10, -7, -1, SD, -4, -19, -23, and -24 species
(by a decreasing order of frequency) in the patients andg-HPV-7, -10, -4, -24, -12, SD, and
-8 species in the controls had the highest prevalence (Table 3). The most common g-HPV
types in the patient samples were SD2 (3.7%), HPV156 (3.3%), HPV121 (2.9%), HPV161
(2.7%), HPV134 (2.4%), and HPV130 (2.4%), while HPV134 (5.4%), HPV156 (4.2%), HPV130
(3.4%), HPV133 (3.0%), and HPV SD2 (3.0%) were the most prevalentg-HPV types found in
the control samples. Multiple g-HPV infections were detected in 10.2% (n = 50) of the
patients and 9.2% (n = 22) of the controls (Table 3).

Based on the multivariate model, we found no associations between the risk of HNSCC
and a-HPV (ORs; 0.4, 95% CI = 0.1 to 1.2), b-HPV (ORs; 1.2, 95% CI = 0.9 to 1.6), andg-HPV
(ORs: 1.0, 95% CI = 0.7 to 1.5). There was no significant difference in the frequency of indi-
vidual a, b , andg types between the cases and controls except for HPV134 (P = 0.041) and
HPV168 (P = 0.048) (Table 4). We observed no associations between any HPV types and
cancers of pharynx subsites (Table 5).

DISCUSSION

Recent progress has highlighted the importance of HPV infections in the HNSCC patho-
genesis from which high-risk mucosal HPV types are considered causal factors, especially in
the oropharyngeal cancer development (19, 25–27). Compared with the alpha genus, the
contribution of beta and gamma genera solely or in combination with other risk factors to

FIG 1 Flowchart of the study design and HPV prevalence in patients and controls.
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the carcinogenesis of HNSCC needs to be explored further. Here, we studied the contribu-
tion of HPV infections to the HNSCC development in a multicenter case-control study in
Iran. The presence of HPV DNA from 119 types was determined using highly sensitive type-
specific bead-based multiplex genotyping assays developed at IARC (28–30).

In this study, a small fraction of HNSCCwas positive for a-HPV DNA, lower than the previous
estimates from Iran that mainly involved oral cavity and larynx fresh frozen and formalin-fixed
paraffin-embedded (FFPE) samples (16, 31). Furthermore, using the FFPE samples collected
from the northwest of Iran, 43% of HR-HPV types were ascribed to the oral cavity, hypopharynx,
and laryngeal cancer patients in which HPV18 and HPV16 were the most common types (24).
In addition, 4.3% of the saliva samples from the control group were HR-HPV positive (24) while
the prevalence was less than 3% in our control group in line with other studies (19, 25, 32),
HPV16 was the most common type among our 13 a-HPV positive participants.

Previous findings are in favor of an increased risk of oropharyngeal cancers with the
HPV infection (10, 33). However, in this study, we did not find high-risk HPV types among four
oropharyngeal samples. While in one unpublished study of ours, using GP51 and GP61 pri-
mers that amplify a broad spectrum of HPV genotypes, we found 17 out of 136 FFPE orophar-
ynx tumor samples were HPV positive.

We also provided additional data regarding the b- andg-HPV prevalence in the HNSCC

TABLE 1 Demographic and lifestyle characteristics and a-, b-, andg-HPV status of 498
HNSCC cases and 242 matched controls

Characteristics Controls HNCC cases
Gender, No. (%)
Male 195 (80.6) 377 (75.7)
Female 47 (19.4) 121 (24.3)

Mean age6 SD 54.36 11.1 57.46 12.2

Place of residence, No. (%)
Capital city 187 (77.3) 332 (66.7)
Noncapital city 42 (17.4) 115 (23.1)
missing 13 (5.4) 51 (10.2)

Tobacco user, No. (%)
Yes 140 (57.9) 283 (56.9)
No 102 (42.2) 215 (43.2)

Opium user, No. (%)
Yes 89 (36.8) 183 (36.8)
No 153 (63.2) 315 (63.3)

Any a-HPV infection, No. (%)a

Positive 7 (2.9) 6 (1.2)
Negative 232 (97.1) 486 (98.8)

Any b-HPV infection, No. (%)a

Positive 93 (38.6) 216 (43.9)
Negative 148 (61.4) 277 (56.2)

Anyg-HPV infection, No. (%)a

Positive 59 (24.7) 128 (26.1)
Negative 180 (75.3) 363 (73.9)

Anatomic subsites, No. (%)
Lip and Oral cavity -b 198 (39.8)
Pharynx - 44 (8.8)
Nasopharynx - 32 (72.7)
Oropharynx - 4 (9.1)
Hypopharynx - 8 (18.2)

Larynx - 219 (44.0)
Other - 37 (7.4)

aSix, 5, and 7 patients and 3, 1, and 3 controls samples had negative ß-globin PCR assay results, respectively, for
a-, b-, andg-HPV genotyping which are excluded from the final analysis.

bNot relevant for control group.
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cases and matched controls. According to our results, 43.8% of the patients and 38.6% of
the controls were b-HPV positive, in a fair agreement with a report of 41.8% positivity for
any b-HPV in the samples from the oral region of the head and neck cancer patients and
controls (8). We detected a broad diversity of b-HPV types among 46 tested types. Such

TABLE 2 Prevalence of type-specific b-HPV infection in oral rinse samples of HNSCC cases and matched controls

Controls
(N = 241)

HNSCC cases

Lip and oral
cavity (N = 198)

Pharynx
(N = 43)

Larynx
(N = 215)

Other subsites
(N = 37)

Any HNSCC
(N = 493)

b-HPV typea No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)
Any b-Positive 93 (38.6) 90 (45.5) 10 (23.3) 96 (44.7) 20 (54.1) 216 (43.8)
Single type 41 (17.0) 45 (22.7) 7 (16.3) 41 (19.1) 7 (18.9) 100 (20.3)
Multiple type 52 (21.6) 45 (22.7) 3 (7.0) 55 (25.6) 13 (35.1) 116 (23.5)
Any b1 53 (22.0) 59 (29.8) 5 (11.6) 62 (28.8) 10 (27.0) 136 (27.6)

HPV5 14 (5.8) 15 (7.6) 2 (4.7) 11 (5.1) 2 (5.4) 30 (6.1)
HPV8 4 (1.7) 6 (3.0) 0 5 (2.3) 2 (5.4) 13 (2.6)
HPV12 8 (3.3) 14 (7.1) 0 8 (3.7) 0 22 (4.4)
HPV14 4 (1.7) 8 (4.0) 1 (2.3) 6 (2.8) 2 (5.4) 17 (3.5)
HPV19 8 (3.3) 10 (5.1) 0 8 (3.7) 2 (5.4) 20 (4.1)
HPV20 5 (2.1) 2 (1.0) 0 4 (1.9) 3 (8.1) 9 (1.8)
HPV21 11 (4.6) 8 (4.0) 1 (2.3) 16 (7.4) 3 (8.1) 28 (5.7)
HPV24 10 (4.2) 12 (6.1) 0 14 (6.5) 4 (10.8) 30 (6.1)
HPV25 2 (0.8) 0 0 1 (0.5) 0 1 (0.2)
HPV36 3 (1.2) 1 (0.5) 0 1 (0.5) 1 (2.7) 3 (0.6)
HPV47 6 (2.5) 8 (4.0) 1 (2.3) 8 (3.7) 4 (10.8) 21 (4.3)
HPV93 3 (1.2) 3 (1.5) 0 5 (2.3) 1 (2.7) 9 (1.8)
HPV98 6 (2.5) 4 (2.0) 0 3 (1.4) 2 (5.4) 9 (1.8)
HPV99 9 (3.7) 4 (2.0) 0 5 (2.3) 4 (10.8) 13 (2.6)
HPV105 9 (3.7) 12 (6.1) 2 (4.7) 4 (1.9) 1 (2.7) 19 (3.9)
HPV118 1 (0.4) 2 (1.0) 0 1 (0.5) 1 (2.7) 4 (0.8)
HPV124 19 (7.9) 8 (4.0) 0 13 (6.1) 2 (5.4) 23 (4.7)
HPV143 2 (0.8) 1 (0.5) 0 1 (0.5) 0 2 (0.4)
Any b2 73 (30.3) 57 (28.8) 6 (12.8) 73 (34.0) 17 (46.0) 153 (31.0)

HPV9 9 (3.7) 6 (3.0) 1 (2.3) 5 (2.3) 2 (5.4) 14 (2.8)
HPV15 5 (2.1) 1 (0.5) 0 4 (1.9) 1 (2.7) 6 (1.2)
HPV17 5 (2.1) 0 0 0 0 0
HPV22 8 (3.3) 6 (3.0) 0 4 (1.9) 0 10 (2.0)
HPV23 20 (8.3) 16 (8.1) 2 (4.7) 21 (9.8) 5 (13.5) 44 (8.9)
HPV37 2 (0.8) 1 (0.5) 0 0 2 (5.4) 3 (0.6)
HPV38 22 (9.1) 19 (9.6) 1 (2.3) 16 (7.4) 3 (8.1) 39 (7.9)
HPV80 0 0 0 3 (1.4) 0 3 (0.6)
HPV100 4 (1.7) 10 (5.1) 0 10 (4.7) 1 (2.7) 21 (4.3)
HPV104 1 (0.4) 1 (0.5) 0 6 (2.8) 1 (2.7) 8 (1.6)
HPV107 4 (1.7) 1 (0.5) 0 6 (2.8) 1 (2.7) 8 (1.6)
HPV110 3 (1.2) 3 (1.5) 0 7 (3.3) 0 10 (2.0)
HPV111 13 (5.4) 3 (1.5) 2 (4.7) 5 (2.3) 4 (10.8) 14 (2.8)
HPV113 1 (0.4) 0 0 2 (0.9) 0 2 (0.4)
HPV120 7 (2.9) 5 (2.5) 1 (2.3) 5 (2.3) 4 (10.8) 15 (3.0)
HPV122 8 (3.3) 2 (1.0) 1 (2.3) 10 (4.7) 2 (5.4) 15 (3.0)
HPV145 14 (5.8) 10 (5.1) 0 13 (6.1) 5 (13.5) 28 (5.7)
HPV151 2 (0.8) 1 (0.5) 0 4 (1.9) 3 (8.1) 8 (1.6)
HPV159 10 (4.2) 5 (2.5) 0 15 (7.0) 2 (5.4) 22 (4.5)
HPV174 3 (1.2) 7 (3.5) 0 10 (4.7) 3 (8.1) 20 (4.1)
Any b3 20 (8.3) 19 (9.6) 2 (4.7) 24 (11.2) 6 (16.2) 51 (10.3)

HPV49 11 (4.6) 7 (3.5) 1 (2.3) 14 (6.5) 3 (8.1) 25 (6.0)
HPV75 3 (1.2) 3 (1.5) 0 6 (2.8) 2 (5.4) 11 (2.2)
HPV76 9 (3.7) 11 (5.6) 0 10 (4.7) 2 (5.4) 23 (4.7)
HPV115 2 (0.8) 3 (1.5) 1 (2.3) 1 (0.5) 0 5 (1.0)
Any b4 3 (1.2) 2 (1.0) 0 1 (0.5) 2 (5.4) 5 (1.0)

HPV92 3 (1.2) 2 (1.0) 0 1 (0.5) 2 (5.4) 5 (1.0)
Any b5 5 (2.1) 2 (1.0) 0 3 (1.4) 1 (2.7) 6 (1.2)

HPV96 4 (1.7) 1 (0.5) 0 2 (1.0) 1 (2.7) 4 (0.8)
HPV150 1 (0.4) 1 (0.5) 0 1 (0.5) 0 2 (0.4)
aHPV152 was not detected in saliva samples of cases and controls.
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TABLE 3 Prevalence of type-specificg-HPV infection in oral rinse samples of HNSCC cases and matched controls

g-HPV typea
Controls
(N = 239)

HNSCC cases

Lip and oral
cavity (N = 197)

Pharynx
(N = 43)

Larynx
(N = 214)

Other subsites
(N = 37)

Any HNSCC
(N = 491)

Anyg-positive 59 (24.7) 49 (24.9) 7 (16.3) 65 (30.4) 7 (18.92) 128 (26.1)
Single type 37 (15.5) 31 (15.7) 4 (9.3) 37 (17.3) 6 (16.22) 78 (15.9)
Multiple typeg 22 (9.2) 18 (9.1) 3 (7.0) 28 (13.1) 1 (2.70) 50 (10.2)

g-species1 3 (1.3) 10 (5.1) 1 (2.3) 10 (4.7) 0 21 (4.3)
HPV4 2 (0.8) 6 (3.1) 0 5 (2.3) 0 11 (2.2)
HPV65 1 (0.4) 2 (1.0) 1 (2.3) 2 (0.9) 0 5 (1.0)
HPV95 0 3 (1.5) 0 3 (1.4) 0 6 (1.2)

g-species 4
HPV156 10 (4.2) 5 (2.5) 0 11 (5.1) 0 16 (3.3)

g-species 5
HPV60 0 2 (1.0) 0 1 (0.5) 0 3 (0.6)

g-species 6
HPV108 2 (0.8) 0 0 1 (0.5) 0 1 (0.2)

g-species 7 17 (7.1) 13 (6.6) 2 (4.7) 12 (5.6) 1 (2.7) 28 (5.7)
HPV123 0 3 (1.5) 0 4 (1.9) 0 7 (1.4)
HPV134 13 (5.4 8 (4.1) 1 (2.3) 3 (1.4) 0 12 (2.4)
HPV149 4 (1.9) 1 (0.5) 0 4 (1.9) 1 (2.7) 6 (1.2)
HPV170 0 1 (0.5) 1 (2.3) 1 (0.5) 0 3 (0.6)

g-species 8 5 (2.1) 2 (1.0) 0 5 (2.3) 0 7 (1.4)
HPV112 0 1 (0.5) 0 0 0 1 (0.2)
HPV164 0 1 (0.5) 0 3 (1.4) 0 4 (0.8)
HPV168 5 (2.1) 0 0 2 (0.9) 0 2 (0.4)

g-species 9
HPV129 0 1 (0.5) 0 1 (0.5) 0 2 (0.4)

g-species10 17 (7.1) 10 (5.1) 4 (9.3) 16 (7.5) 1 (2.7) 31 (6.3)
HPV121 3 (1.3) 4 (2.0) 2 (4.7) 7 (3.3) 1 (2.7) 14 (2.9)
HPV130 8 (3.4) 5 (2.5) 0 7 (3.3) 0 12 (2.4)
HPV133 7 (2.9) 1 (0.5) 2 (4.7) 7 (3.3) 1 (2.7) 11 (2.2)
HPV180 3 (1.3) 2 (1.0) 2 (4.7) 4 (1.9) 1 (2.7) 9 (1.8)

g-species 11 2 (0.9) 2 (1.0) 0 2 (0.9) 1 (2.7) 5 (1.0)
HPV126 1 (0.4) 0 0 0 1 (2.7) 1 (0.2)
HPV169 1 (0.4) 2 (1.0) 0 2 (0.9) 0 4 (0.8)
HPV202 1 (0.4) 0 0 0 0 0

g-species 12 7 (2.9) 3 (1.5) 0 4 (1.9) 1 (2.7) 8 (1.6)
HPV127 1 (0.4) 2 (1.0) 0 1 (0.5) 0 3 (0.6)
HPV132 4 (1.7) 1 (0.5) 0 4 (1.9) 1 (2.7) 6 (1.2)
HPV148 1 (0.4) 0 0 0 0 0
HPV199 1 (0.4) 0 0 0 0 0

g-species 13
HPV128 4 (1.7) 3 (1.5) 0 6 (2.8) 0 9 (1.8)

g-species 15
HPV179 1 (0.4) 1 (0.5) 0 7 (3.3) 1 (2.7) 9 (1.8)

g-species 19 3 (1.3) 1 (0.5) 0 12 (5.6) 1 (2.7) 14 (2.9)
HPV161 2 (0.84) 0 0 12 (5.61) 1 (2.70) 13 (2.7)
HPV162 1 (0.42) 1 (0.51) 0 0 0 1 (0.2)
HPV166 0 1 (0.51) 0 0 0 1 (0.2)

g-species 20
HPV163 0 0 0 1 (0.5) 0 1 (0.2)

g-species 21
HPV167 2 (0.8) 3 (1.5) 1 (2.3) 1 (0.5) 0 5 (1.0)

(Continued on next page)
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diversity has been found in healthy men’s anogenital and oral anatomic sites in a target
population from Brazil and Russia (30, 34). In line with our findings, in the study of Paolini et
al. on oral rinse samples from healthy controls and HNC cases, 51% of the patients and 23%
of the controls were b-HPV positive (35).

In a nested case-control study by Agalliu et al., 62.1% of the HNSCC patients were
positive for any b-HPV (mainly any b1 and b2). Any b-HPV positive cases had an increased
risk of HNSCC incidence by two times more than the controls; the same association occurred
for the types b1-HPV5 and b2-HPV38. In addition, the b1-HPV5 type increased the risk of
oropharyngeal, oral cavity, and laryngeal cancers (10). In the current study, no association
was observed between the positivity for the b-HPV infections and HNSCC even after adjust-
ing for the potential confounders. Our data did not establish any causality for the b-HPV
and HNSCC risk and the obtained b-HPV may be a subset of transient infections driven
from the skin. This may be attributed to the main objective of IROPICAN study which was
not to exclusively explore the association of HPV infections with the risk of HNSCC (36). It

TABLE 3 (Continued)

g-HPV typea
Controls
(N = 239)

HNSCC cases

Lip and oral
cavity (N = 197)

Pharynx
(N = 43)

Larynx
(N = 214)

Other subsites
(N = 37)

Any HNSCC
(N = 491)

g-species 22
HPV172 2 (0.8) 1 (0.5) 0 4 (1.9) 0 5 (1.02)

g-species 23
HPV175 4 (1.7) 2 (1.0) 0 7 (3.3) 1 (2.7) 10 (2.0)

g-species 24 8 (3.4) 6 (3.1) 0 4 (1.9) 0 10 (2.0)
HPV178 3 (1.3) 3 (1.5) 0 2 (0.9) 0 5 (1.0)
HPV197 5 (2.1) 3 (1.5) 0 2 (0.9) 0 5 (1.0)

g-species 27 0 2 (0.4)
HPV201 0 1 (0.5) 0 1 (0.5) 0 2 (0.4)

SD2 7 (2.9) 6 (3.1) 1 (2.33) 9 (4.2) 2 (5.4) 18 (3.7)
aThe followingg-HPV types were not detected in the oral rinse samples of subjects: HPV48, HPV119, HPV50, HPV131, HPV88, HPV165, HPV101, HPV171, HPV103, HPV173,
HPV109, HPV184, HPV116, and HPV200.

TABLE 4 Association between a-, b-, andg-HPV infections and HNSCC

HPV positivity Crude OR (95% CI) P value Adjusted ORa (95% CI) P valueb

Any a-HPV
HPV2 1 1
HPV1 0.4 (0.1 to 1.2) 0.112 0.40 (0.1 to 1.2) 0.111

Any b-HPV
HPV2 1 1
HPV1 1.2 (0.9 to 1.7) 0.179 1.18 (0.9 to 1.6) 0.299

Types associated with disease
HPV100 2.6 (0.9 to 7.8) 0.079 2.75 (0.9 to 8.2) 0.070
HPV111 0.5 (0.2 to 1.1) 0.089 0.5 (0.2 to 1.2) 0.116
HPV124 0.6 (0.3 to 1.1) 0.081 0.5 (0.3 to 1.0) 0.061
HPV174 3.4 (0.98 to 11.4) 0.053 3.1 (0.9 to 10.6) 0.073

Anyg-HPV
HPV2 1 1
HPV1 1.1 (0.8 to 1.5) 0.688 1.0 (0.7 to 1.5) 0.830

Types associated with disease
HPV95 zero HPV95 in controls -c - -
HPV123 zero HPV95 in controls - - -
HPV134 0.4 (0.2 to 0.96) 0.042 0.42 (0.2 to 0.96) 0.041
HPV168 0.19 (0.0 to 0.99) 0.049 0.18 (0.0 to 0.98) 0.048

aORs were adjusted for age (10-year intervals), gender, place of residence, tobacco use, opium use, and
socioeconomic status.

bItalic p values indicate positive trends. Bold p values indicate a significant association.
cDue to zero number, it was not possible to estimate ORs and 95% CIs.
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would be interesting to study the prevalence of b-HPVs at different cutaneous anatomical
regions of patients to better understand the transmission routes of b-HPV infection.

The higher prevalence of b1- and -2 HPV species in our findings are inconsistent with the
previous reports (8, 10). According to our results, HPV23 and HPV38 were the most common
types in the oral rinse samples of the patients and controls. Other studies have reported
HPV23 as the most prevalent type detected in the skin of immunosuppressed and immuno-
competent individuals, and also the most common type found in the oral cavity of healthy
people (6, 37). Further, HPV38 is involved in the development of nonmelanoma skin cancer
(38). Our results did not confirm the previous studies that reported HPV5 as the most preva-
lent type and HPV38 as the second most common type (8, 10). Similar to other studies (34),
this study could not distinguish new or persistent HPV infections. As expected in the rinse
samples, multiple b-HPV infections were also found in the patients and controls.

Similar to b genus, we did not find any association between the g-HPV positivity and
HNSCC risk. In this study,g7-HPV134 andg8-HPV168 were found to be statistically significantly
associated with the HNSCC risk. The possible role of these cutaneous HPV types in the devel-
opment of head and neck cancer needs further evaluation. Theg-HPV genus is a ubiquitous
and continuously growing HPV genus found in both cutaneous and mucosal sites (39, 40).
Information on their prevalence and consequences in the head and neck is limited. Our results
showed that theg genus was the second prevalent HPV genus in the oral gargle samples of
HNSCC patients, confirming previous reports that g-HPVs are frequently present at mucosal
sites (41).g-HPV-10 and -7 were the most commong-species among our patients similar to
those observed by Agalliu et al. (10). Moreover, the Agalliu et al. found a direct association
between anyg11-HPV, and anyg12-HPV infections and the risk of HNSCC (10).

We are aware that a number of limitations may have influenced our results. Firstly, patients
with tumors in oral, oropharyngeal, and larynx/pharynx sites may not have done appropriate
specimen collection containing the epithelial cells; this may result in a small amount of HPV
containing mucus and debris from the exfoliated cells. Secondly, an extremely rare number of
oropharyngeal cancer patients in the current study caused inefficient power to detect HPV
infection. It is noteworthy that in general, less than 1% of head and neck cancers in Iran are
oropharyngeal ones. Hence, we suggest a pooled analysis of oropharyngeal cancers from the
WHO Eastern Mediterranean Regional Office (EMRO) region or the International Head and
Neck Cancer Epidemiology (INHANCE) consortium.

In conclusion, our data were not suggestive of an HPV-related etiology in the HNSCC
patients in Iran. However, this study provides novel insights into the diversity of b-, andg-HPVs
in different HNSCC anatomical subsites. To better understand the natural history and transmis-
sion dynamics of b- and g-HPV in patients versus controls in the development of HNSCC,
studying the HPV status in the anogenital and anal specimens is highly recommended.

TABLE 5 Association of positivity of HPV infections and Pharynx SCC by anatomic sites

Pharynx Nasopharynx (32) Oropharynx (4) Hypopharynx (8)

HPV positivity
Case/
control

Crude
OR (95%CI)

Adjusted
ORa (95% CI)

Case/
control

Adjusted
ORa (95% CI)

Case/
control

Adjusted
ORa (95% CI)

Case/
control

Adjusted
ORa (95% CI)

Any a-HPV
HPV2 44/232 -b - 32/232 - 4/232 - 8/232 -
HPV1 0/7 - - 0/7 - 0/7 - 0/7 -

Any b-HPV
HPV2 33/148 1 1 28/148 1 1/148 1 4/148 1
HPV1 10/93 0.5 (0.2 to 1.0),

P = 0.058
0.6 (0.3 to 1.2),
P = 0.143

4/93 0.3 (0.1 to 0.8),
P = 0.018

2/93 3.6 (0.3 to 45.4),
P = 0.324

4/93 1.9 (0.4 to 8.4),
P = 0.400

Anyg-HPV
HPV2 36/180 1 1 26/180 1 3/180 - 7/180 1
HPV1 7/59 0.6 (0.3 to 1.4),

P = 0.235
0.61 (0.3 to 1.5),
P = 0.282

6/59 0.77 (0.3 to 2.1),
P = 0.610

0/59 - 1/59 0.4 (0.0 to 3.6),
P = 0.419

aORs were adjusted for age (10-year intervals), gender, place of residence, tobacco use, and opium use.
bDue to zero number, it was not possible to estimate ORs and 95% CIs.
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MATERIALS ANDMETHODS
Study design and population. Oral rinse specimens were originated from the Iran Opium and Cancer

(IROPICAN) study, which was conducted in 10 different provinces of Iran among HNSCC cases and sex- and age-
matched controls during April 2016 and April 2019. Detailed information on the study method and design has been
described elsewhere (42). Briefly, we obtained oral rinses from 498 pathologically confirmed HNSCC cases and 242
hospital controls from the IROPICAN study. Hospital visitor controls were determined as valid and reliable controls
versus neighborhood and disease controls (43). In addition to oral rinse collection, a comprehensive questionnaire
including the other risk factors was also filled out through a face-to-face interview. Detailed questions were about
opium, tobacco use (cigarette and water-pipe smoking), oral health, and alcohol drinking. Definitions and assessment
of opium exposure have been described in detail elsewhere (42). In this study, the use of main opium types, includ-
ing raw opium (teriak), refined opium (shireh), and opium dross (sukhteh) was considered among opium users.

Oral specimen collection. Patients and controls were instructed to rinse their mouth vigorously
with 10 mL of mouthwash (normal saline solution) for 60 s. The patients were asked to do this before surgery to
restrict the presence of blood cells in the oral rinse, then spit it into RNase/DNase-free 50 mL conical centrifuge
tubes. The samples were then centrifuged for 10 min, and the oral cell pellets were resuspended in 1 mL of
remaining saline solution and stored at280°C.

HPV DNA genotyping. Oral rinse samples were shipped to the International Agency for Research on
Cancer (Lyon, France) for DNA extraction and HPV DNA genotyping. Samples were centrifuged at 4,000 g for
5 min for pelleting the oral cell and washed with phosphate-buffered saline. Nucleic acid extraction was per-
formed using the EZ1 DNA Tissue kit. Briefly, cell pellets were then resuspended in 180mL of G2 buffer (Qiagen,
Hilden, Germany) and 20 mL of proteinase K (Qiagen) and incubated overnight at 56°C under agitation at
750 rpm in a Thermomixer Comfort instrument (Eppendorf, Hamburg, Germany). DNA was then extracted using
the EZ1 instrument (Qiagen), according to the manufacturer’s instructions, eluted in a final volume of 50mL, and
stored at 20°C until analysis. The samples were then tested for the presence of a-, b-, andg-HPV types using mul-
tiplex bead-based assays that combine multiplex PCRs and Luminex technology (Luminex Corp., Austin, TX, USA),
as described elsewhere (44, 45).

The multiplex type-specific PCR method uses specific primers for the detection of 21 high-risk a-HPV types
(6, 11, 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 70, 73, 82); 46 b-HPVs from b-species 1 (5, 8, 12,
14, 19, 20, 21, 24, 25, 36, 47, 93, 98, 99, 105, 118, 124, 143, and 152), b-species 2 (9, 15, 17, 22, 23, 37, 38, 80, 100,
104, 107, 110, 111, 113, 120, 122, 145, 151, 159, and 174), b-species 3 (49, 75, 76, and 115), b-species 4 (92), and
b-species 5 (96 and 150); and 52g-HPVs fromg-species 1 (4, 65, 95, and 173),g-species 2 (48 and 200),g-species
3 (50),g-species 4 (156),g-species 5 (60, 88),g-species 6 (101, 103, and 108),g-species 7 (109, 123, 134, 149, and
170),g-species 8 (112, 119, 164, and 168),g-species 9 (116 and 129),g-species 10 (121, 130, 133, and 180),g-spe-
cies 11 (126, 169, 171, and 202),g-species 12 (127, 132, 148, 165, and 199),g-species 13 (128),g-species 14 (131),
g-species 15 (179), g-species 18 (156), g-species 19 (161, 162, and 166), g-species 20 (163), g-species 21 (167),
g-species 22 (172),g-species 23 (175),g-species 24 (178 and 197),g-species 25 (184), andg-species 27 (201), and
SD2 (46). Amplification of b-globin DNA in the samples was considered a positive control for the quality of the
template DNA in the samples. Negative samples for b-globin DNA were excluded from the final analysis.

Statistical analysis. All statistical analyses were conducted using Stata, version 14 (Stata Corp,
College Station, TX). Frequencies and percentages were calculated for categorical variables. We used a
logistic regression model and adjusted it for the study centers, age, sex, place of residence, tobacco use,
opium use, and socioeconomic status to estimate the association between genotypes of a-, b-, and
g-HPVs and risk of HNSCC. We chose the covariates of models if the type I error was less than P = 0.2
(47). Moreover, we used the stepwise likelihood ratio tests to identify any other potential confounders.
We actively sought the collinearity of the covariates; in case of any collinearity, we omitted the covari-
ates or integer them, e.g., cigarette smoking and water-pipe smoking were colinear, and we generated a
tobacco variable. Further, models were stratified by pharynx cancer subsites as nasopharynx, orophar-
ynx, and hypopharynx.

Data availability. The data set used and analyzed during study are available from the corresponding
authors on reasonable request.
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