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Human papillomavirus (HPV) infection is highly pre-
valent in the sexually active population. This study
estimates the prevalence of HPV DNA in anal and
oral samples from a cohort of men and women with
incident anogenital warts. Anal and/or oral samples
from 541 patients with anogenital warts were tested
for 35 HPV genotypes using a PCR assay. The overall
prevalence of anal HPV and oral HPV DNA was 59.9%
(n=305/509; 95% confidence interval (CI) 55.6-
64.1%) and 14.5% (n=78/538; 95% CI 11.8-17.7%),
respectively. Among patients with perianal warts, the
anal HPV DNA prevalence was 92.3% (95% CI 87.0-
95.5%). Anal HPV DNA prevalence in patients with ge-
nital warts but no perianal warts was 55.7% (95% CI
50.6-60.7%). Both anal and oral HPV infections were
more common in men who have sex with men than in
heterosexual men (90.4% versus 38.5% and 20.8%
versus 11.8%, respectively). Anal high risk-HPV infec-
tion was more common in women (58.8%) and in men
who have sex with men (67.7%). We found that ano-
genital warts represent a clinical marker for both anal
and oral HPV infections, including anal high risk-HPV
infections, particularly among women and men who
have sex with men.
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uman papillomavirus (HPV) infection is associated

with several different diseases in men and women.
Anogenital warts (AGWs) represent the most common
sexually transmitted disease (1) and low-risk (LR) HPV
genotypes are implicated in these lesions. Nevertheless,
there is a growing body of evidence that AGWs may be
associated with an elevated risk of cancer. Many of these
wart lesions shared exposure to the high-risk (HR) HPV
genotypes. It has been reported that individuals who had
anogenital warts had a higher risk of developing anal and
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SIGNIFICANCE

Human papillomavirus infection is highly prevalent in sexu-
ally active population and has been associated with anal
and oropharyngeal cancers. This study estimates the pre-
valence of human papillomavirus on anal and oral samples
from men and women with external anogenital warts. We
found a high prevalence of human papillomavirus on extra-
genital sites (anal canal and oral mucosa) among patients
with external anogenital warts. Both anal and oral human
papillomavirus infections were more common in men who
have sex with men than in heterosexual men. Anal high-
risk HPV types (high risk as carcinogenic) were more com-
mon in women and in men who have sex with men. Over-
all, we demonstrated a high human papillomavirus burden
in this population beyond anogenital warts, suggesting a
greater impact of human papillomavirus vaccination.

oral cancers (2). Additionally, HPV is highly prevalent
in the sexually active population and has been associated
with 80-85% of anal cancers (3) and 50% of oropharyn-
geal cancers (4).

The estimate of oral HPV prevalence reported in two
recent systematic reviews was 4.5% (5) and 5.5% (6) in
healthy individuals. Furthermore, estimates of anal HPV
DNA prevalence ranged from 27 to 43% in women (7,
8), from 12 to 36% among heterosexual men (HM) (9,
10) and from 47.2% to 92.6% among men who have sex
with men (MSM), the higher proportions corresponding
to HIV-positive MSM (9, 11). Nonetheless, only few stu-
dies have evaluated the prevalence of HPV DNA in the
anal canal and oral mucosa of patients with AGWs (12).
Such data is important to improve our knowledge on the
epidemiology of anal and oral HPV infection, namely in
patients with AGWs, and ultimately to evaluate the role
of prophylactic HPV vaccines in HPV-related diseases of
the oropharynx and anal canal.

This study aims to assess the type-specific prevalence
of HPV in the anal canal and oral mucosa from patients
with AGWs included in the HPV Epidemiological Re-
search on COndyloma LESions (HERCOLES) study (13).
Additionally, we evaluated the type-specific HPV DNA
concordance among the different anatomical sites analysed.
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METHODS

Study design and population

The HERCOLES study was a large national, epidemiological and
observational study conducted in 7 Investigational Centres, located
in mainland Portugal major urban areas. From November 2012 to
March 2014 consecutive attendees of the Dermato-venereology
and Sexually Transmitted Diseases (STD) Outpatient Clinics with
incident clinically diagnosed AGWs were recruited. Additional
details of the study design have been described previously (13).
Each Centre Ethics Committee approved the study.

Participants were eligible for participation if they were men or
women; aged 18-70 years; live in Portugal during the previous
year; reported no previous clinical diagnosis of AGWs. All in-
cluded patients had provided a written informed consent for the
participation in the study.

Socio-demographic and sexual behavioural characteristics and
some laboratory data of the participants were collected through a
Case Report Form. The study included swabbing the AGWs for
HPYV testing and genotyping. Sampling of the anal canal and oral
mucosa were optional and the specimens were collected only if
the participant provided additional consent.

Sample collection

AGW samples were collected into individual sterile dry plastic
tubes, using saline-wetted Dracon swabs (Digene, USA). Separate
specimens were obtained from different locations according the
following orientation: location A: pubic region/penile shaft or
labia majora; location B: foreskin/corona sulcus/glans/urethral
meatus (men) or labia minora/vaginal introitus (women); location
C: perineum/groin/scrotum (men); location D: perianal region.

Additional samples from the oral mucosa and the anal canal
were collected using a standardised protocol from participants who
provided consent. Oral samples were obtained from the tonsillar
area using a cytobrush (Biogyn, Italy). Anal samples were collected
by inserting a cytobrush (Biogyn, Italy) about 2 cm into the anal
canal and rotated 360 degrees.

Laboratory procedures

All samples were stored at —20°C until they were transported on
dry ice to the main Laboratory IPATIMUP Diagnostics. At the
main Laboratory the specimens were stored at —70°C until HPV
DNA detection and genotyping were performed.

HPV DNA extraction and HPV genotyping were performed
using the CLART HPV2 Test (Genomica, Madrid, Spain), ac-
cording to the manufacturer instructions. Briefly, this assay is a
PCR-based HPV DNA genotyping assay, based on a genotype
amplicon-specific hybridization on a microarray. Amplification of
a fragment of 450bp into the L1 region, allows the detection of 35
genotypes (HPV 6, 11, 16, 18,26,31, 33, 35, 39,40, 42, 43, 44, 45,
51,52,53,54,56,58,59,61, 62,66, 68,70,71,72,73, 81, 82, 83,
84, 85, and 89). The assay has two internal controls, a DNA control
(human Cystic Fibrosis Transmembrane Conductance Regulator
(CTFR) gene) for sample sufficiency, and an amplification control
(plasmid) for process control in each reaction.

Statistical analysis

For statistical purposes, HPV 16, 18, 31, 26, 33, 35, 39, 45, 51,
52, 53, 56, 58, 59, 66, 68, 70, 73, 82 and 85 were considered as
HR-HPV (includes HR and probable HR genotypes) and HPV 6,
11,40,42,43,44,54,61,62,71,72,81, 83,84 and 89 as LR-HPV
(includes LR and unclassified genotypes) (14, 15).

Only samples that tested positive for any of the 35 genotypes
were judged to be adequate and included as positive for HPV in
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the analysis. Samples in which none of the 35 HPV genotypes
were detected were included as HPV negative. Samples were
classified as HPV undetermined when the amplification process
was inhibited or in the absence of DNA.

Type-specific HPV positivity was expressed as the proportion of
HPV-positive cases in which the particular genotype was detected,
with or without co-infection by the other genotypes. Multiple HPV
was defined as the presence of two or more HR and/or LR HPV
genotypes. HPV concordance was defined as detection of the same
HPV type in two or more locations in one individual.

Qualitative categorical variables were described as numbers
and percentages. Quantitative variables were described using
mean and standard deviation or median and interquartile range
(IQR), depending on the distribution of the variables. For group
comparisons appropriate hypothesis testing was implemented de-
pending on the type of variables compared. Quantitative variables
were compared using the #-test, if normal distribution could be
assumed, or the nonparametric Mann-Witney U test, if normality
could not be assumed. Qualitative variables were studied using
the Chi-square test or Fisher’s exact test, as appropriate. All
hypothesis tests were two-sided and a p-value less than or equal
to 0.05 was considered to be statistically significant. Confidence
intervals (95%) around prevalence estimates were determined by
the Clopper-Pearson (exact) method.

The study sample size was determined, taking into account the
main objectives of the HERCOLES study. Specifically, for the
estimation of the prevalence of HPV in the anal canal (n=509)
and oral mucosa (n=538) we were able to estimate the prevalence
proportions with a 95% confidence level and a margin of error of
4.3% and 4.2%, respectively.

Descriptive and inferential analyses were performed using
SPSS® v.19.0 (Statistical Package for the Social Sciences).

RESULTS

Atotal of 541 (381 men and 160 women) patients who allo-
wed anal and/or oral mucosa sampling, out of 562 patients
with incident AGWs included in the HERCOLES Study,
were selected (Fig. 1). Characteristics of these 541 patients
are summarized in Table I. The median age of patients was
32 years (18-70 years). The majority of patients were men
(381/541; 70.4%) and most of them were uncircumcised
(62.5%). Half of the patients were past smokers (50.1%).

1
1 1
| |
Fig. 1 Flow chart of participants through the study. AGW: anogenital
warts.
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Table I. Selected characteristics and sexual behavior of the 541
participants with external anogenital warts

Men Women
Total (n=381, (n=160,
Characteristic (n=541) 70.4%) 29.6%)
Age, years, median (IQR) 32 (26-41) 32 (26-41) 31 (26-41)
Sexual behavior, n (%)
Heterosexual 465 (86) 307 (80.6) 158 (98.8)
Men who have sex with men 74 (13.7) 74 (19.4) 0 (0)
Women who have sex with women 2 (0.4) 0 (0) 2(1.3)
Age at first sexual intercourse, years, 16 (15-18) 16 (15-18) 17 (16-18)
median (IQR)
Number of sexual partners in the prior 12 months, n (%)
0 15 (2.8) 7 (1.8) 8 (5.0)
1 304 (56.4) 190 (50.0) 114 (71.7)
2-4 168 (31.2) 134 (35.3) 34 (21.4)
25 52 (9.6) 49 (12.9) 3(1.9)
Missing data 2 1 1
Sexual practices during the previous year, n (%)
Vaginal sex 482 (89.3) 322 (84.7) 160 (100)
Oral sex 387 (71.7) 291 (76.6) 96 (60.0)
Anal intercourse 255 (47.2) 196 (51.6) 59 (36.9)
Condom use, steady partner, n (%)
Never 383 (71.6) 273 (72.6) 110 (69.2)
Always 42 (7.9) 30 (8.0) 12 (7.5)
Condom use, casual partner, n (%)
Never 222 (46.0) 147 (41.2) 75 (59.5)
Always 105 (21.7) 77 (21.6) 28 (22.2)
HIV status
Negative 466 (89.1) 318 (86.4) 148 (95.5)
Positive 57 (10.9) 50 (13.6) 7 (4.5)
Unknown 18 (3.3) 13 5
Concomitant STI, excluding HIV, n 70 (12.9) 52 (13.6) 18 (11.3)
(%)
Current immune-suppressive 11 (2) 5(1.3) 6 (3.8)
medication, n (%)
Smoking status, n (%)
Current smoker 205 (38.0) 127 (33.3) 78 (49.4)
Ex smoker 270 (50.1) 204 (53.5) 66 (41.8)
Never smoke 64 (11.9) 50 (13.1) 14 (8.9)
Missing data 2 0 2
Location of external anogenital warts?, n (%)
A 254 (47.0) 181 (47.5) 73 (45.6)
B 199 (36.8) 133 (34.9) 66 (41.3)
C 106 (19.6) 56 (14.7) 50 (31.3)
D 177 (32.7) 103 (27.0) 74 (46.3)

@Location A: pubic region/penile shaft or labia majora; location B: foreskin/corona
sulcus/glans/urethral meatus (men) or labia minora/vaginal introitus (women);
location C: perineum /groin/scrotum (men); location D: perianal region. Several
locations were possible for each participant.

IQR; interquartile range; STI: sexually transmitted infection.

Most of the participants were heterosexual (86%) and one
fifth (74/381; 19.4%) of the men were MSM. A single
sexual partner in the year before enrollment was reported
by 56.4% of the patients. The proportion of participants
who reported having had oral sex and anal intercourse was
71.7% and 47.2%, respectively. Overall, 46% of the pa-
tients reported never using condoms with casual partners.
At enrollment 10.9% of the patients were HIV-positive,
12.9% had another sexually transmitted infection (STI) and
just 2.0% were immunosuppressed, besides HIV infection.
Among HIV-positive participants, 47.2% (34/72) were
MSM, 5.4% (16/296) were HM and 4.5% (7/155) were
women (data not shown).

The majority of the AGWs were located on the pubis/
penile shaft or labia majora (254/541; 47.0%). Perianal
warts were present in 32.7% (177/541) of our study popu-
lation. They were more common among women (74/160;
46.3%) and MSM (56/74; 75.7%) (data not shown).

Overall, the HPV DNA prevalence in AGWs was 90.2%
(95% CI 87.4-92.4%). Anal and oral HPV prevalence
was 59.9% (95% CI 55.6-64.1%) and 14.5% (95% CI
11.8-17.7%), respectively (Table II). Anal HPV DNA
detection was higher in women than in men (85.1% versus
49%; p<0.001). Concerning sexual behaviour among
men, anal HPV DNA detection was more prevalent in
MSM than in HM (90.4% versus 38.5%, respectively;
2<0.001) (Table II). We found more undetermined HPV
DNA cases in the anal canal of HM (45.2%) than among
women (7.1%) or MSM (4.1%) (Table 11). Analysing the
group of patients with perianal warts positive for any HPV
(n=161/177), the anal HPV DNA prevalence was 92.3%
(95% CI1 87.0-95.5%) and no significant differences were
found when comparing men and women (Table I1I). Anal
HPV DNA prevalence in patients with genital warts posi-
tive for any HPV (without perianal warts) (n=322/364)
was 55.7% (95% CI 50.6-60.7%). We found significant
differences between men and women (Table I'V). Concer-

Table II. Human papillomavirus (HPV) DNA prevalence in external anogenital warts (n=541), anal canal (n=509) and oral mucosa
(n=538) among women, men who have sex with men (MSM) and heterosexual men

Total Women Men Heterosexual men MSM
Variable n (%) n (%) n (%) p-value n (%) n (%) p-value
Anogenital warts? n=>541 n=160 n=381 n=307 n=74
Any HPVP 488 (90.2) 141 (88.1) 347 (91.1) 0.070 280 (91.2) 67 (90.5) 0.380
95% CI [87.4-92.4%] [82.2-92.2%] [87.8-93.5%] [87.5-93.9%] [81.7-95.3%]
Negative® 24 (4.4) 12 (7.5) 12 (3.1) 11 (3.6) 1 (1.4)
Undetermined 29 (5.4) 7 (4.4) 22 (5.8) 16 (5.2) 6(8.1)
Anal canal n=>509 n=154 n=355 n=283 n=72
Any HPVP 305 (59.9) 131 (85.1) 174 (49.0) <0.001 109 (38.5) 65 (90.4) <0.001
95% CI [55.6-64.1%] [78.6-89.8%] [43.9-54.2%] [33.0-44.3%] [81.3-95.3%]
Negative® 62 (12.2) 12 (7.8) 50 (14.1) 46 (16.3) 4 (5.5)
Undetermined® 142 (27.9) 11 (7.1) 131 (36.9) 128 (45.2) 3 (4.1)
Oral mucosa n=538 n=160 n=378 n=306 n=72
Any HPVP 78 (14.5) 27 (16.9) 51 (13.5) 0.348 36 (11.8) 15 (20.8) 0.122
95% CI [11.8-17.7%] [11.8-23.4%] [10.4-17.3%] [8.6-15.8%] [13.1-31.6%]
Negative® 443 (82.3) 130 (81.3) 313 (82.8) 258 (84.3) 55 (76.3)
Undetermined® 17 (3.2) 3(1.9) 14 (3.7) 12 (3.9) 2(2.8)

@Several locations were possible for each patient. bAny HPV cases were positive for at least 1 of 35 HPV types. “Negative specimens were defined as specimens in which none
of the 35 HPV genotypes were detected. dUndetermined specimens were defined as specimens in which the amplification process was inhibited or DNA was not detected.
; CI: confidence interval; LR: Low-risk types 6, 11, 40, 42, 43, 44, 54, 61, 62, 71, 72, 81, 83, 84 and 89 (includes LR and unclassified genotypes); HR: High-risk types
16, 18, 31, 26, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 70, 73, 82 and 85 (includes HR and probable HR genotypes).
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Table III. Human papillomavirus (HPV) DNA prevalence in external genital warts, anal canal and oral mucosa among women, men who
have sex (MSM) with men and heterosexual men without perianal warts. Both anal and oral prevalence of HPV DNA were estimated

among patients with any HPV in genital warts (n=322)

Total Women Men Heterosexual men  MSM
Variable n (%) n (%) n (%) p-value n (%) n (%) p-value
Patients without perianal warts® n=364 n=286 n=278 n=260 n=18
Any HPVP 322 (88.5) 72 (83.7) 250 (89.9) 0.031 237 (91.2) 13 (72.2) 0.007
95% CI [84.9-91.4%] [83.7-74.9%] [86.0-93.1%] [87.2-94.2%] [49.4-88.5%]
Negative© 18 (4.9) 9 (10.5) 9(3.2) 9 (3.5) 0 (0)
Undetermined¢ 24 (6.6) 5(5.8) 19 (6.8) 14 (5.4) 5(27.8)
Anal canal n=337 n=82 n=255 n=237 n=18
Any HPVP 154 (45.7) 65 (79.3) 89 (34.9) <0.001 72 (30.4) 17 (94.5) <0.001
95% CI [40.4-51.0%] [69.6-86.9%] [29.2-40.9%] [24.8-36.4%] [76.8-99.4%]
Negative® 50 (14.8) 8 (9.8) 42 (16.5) 42 (17.7) 0(0.0)
Undetermined? 133 (39.5) 9 (11.0) 124 (48.6) 123 (51.9) 1 (5.6)
Oral mucosa n=363 n=286 n=277 n=259 n=18
Any HPVP 44 (12.1) 14 (16.3) 30 (10.8) 0.204 26 (10.0) 4(22.2) 0.257
95% CI [9.1-15.8%] [9.6-25.1%] [7.6-14.9%] [6.8-14.1%] [8.0-44.6%]
Negative® 307 (84.6) 71 (82.6) 236 (85.2) 222 (85.7) 14 (77.8)
Undetermined? 12 (3.3) 1(1.2) 11 (4.0) 11 (4.2) 0(0.0)

2Several locations were possible for each patient. bAny HPV cases were positive for at least 1 of 35 HPV types. “Negative specimens were defined as specimens in which none
of the 35 HPV genotypes were detected. dUndetermined specimens were defined as specimens in which the amplification process was inhibited or DNA was not detected.
AGWs: anogenital warts; CI: confidence interval; LR: Low-risk types 6, 11, 40, 42, 43, 44, 54, 61, 62, 71, 72, 81, 83, 84 and 89 (includes LR and unclassified genotypes);
HR: High-risk types 16, 18, 31, 26, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 70, 73, 82 and 85 (includes HR and probable HR genotypes).

ning the association between anal HPV DNA detection
and anal intercourse among women, we found that 51 out
of 131 women, with detectable anal HPV DNA, reported
anal intercourse; on the other hand, 3 out of 12 women
without detectable anal HPV DNA reported this sexual
practice (p=0.54).

Oral HPV prevalence was higher in MSM than in HM
(20.8% versus 11.8%), although the difference was not
statistically significant. Among women we found HPV
DNA in 16.9% of the oral mucosa samples (Table II).

Multiple HPV types were frequently present in AGWs,
anal canal and oral mucosa. Co-infection with multiple
HPYV types, with at least one HR-HPV, was more common
in women (48.9%) and in MSM (55.4%) in the anal canal
(Table V). We found a similar prevalence of HR-HPV
DNA in AGWs (43.4%), anal canal (51.5%) and oral
mucosa (51.3%). In the group of patients with perianal

warts the prevalence of HR-HPV DNA in the warts was
48.8% and in the anal canal was 55% (data not shown).
In 10.4% of the cases, HPV DNA was simultaneously
detected in AGWs, anal canal and oral mucosa.

We found no significant association between HPV DNA
detection either in the anal canal or oral mucosa and HIV
infection or current medication with immunosuppressive
drugs.

Type-specific HPV DNA frequency in AGWs, anal canal
and oral mucosa is given in Table VI. HPV types with
the highest prevalence in AGWs, anal and oral mucosa
were HPV 6, 11, 16 and 53. HPV 6 or 11 were the most
frequently detected in AGWs (91.6%), anal canal (77.4%)
and oral mucosa (65.4%). HPV 16 was present in 9.8%
of AGWs, 9.5% of anal canal samples and 7.7% of oral
samples. The prevalence of HPV16 in the anal samples,
positive for HPV detection, was 10.7% (14/131) among

Table IV. Human papillomavirus (HPV) DNA prevalence in external perianal warts, anal canal and oral mucosa among women, men who
have sex with men (MSM) and heterosexual men. Both anal and oral prevalence of HPV DNA were estimated among patients with any
HPV in perianal warts (n=161)

Total Women Men Heterosexual men MSM
Variable n (%) n (%) n (%) p-value n (%) n (%) p-value
Patients with perianal warts? n=177 n=74 n=103 n=47 n=56
Any HPVP 161 (91.0) 65 (87.81) 96 (93.2) 0.439 42 (89.4) 54 (96.4) 0.409
[95% CI] [87.4-92.4] [78.5-93.5] [86.6-96.7] [87.5-93.9] [81.7-95.3]
Negative© 8 (4.5) 4 (5.4) 4 (3.9) 3(6.4) 1(1.8)
Undetermined? 8 (4.5) 5(6.8) 3(2.9) 2 (4.3) 1(1.8)
Anal canal n=156 n=63 n=93 n=41 n=52
Any HPV? 144 (92.3) 61 (96.8) 83 (89.2) 0.129 36 (87.8) 47 (90.4) 0.878
[95% CI] [87.0-95.5] [89.1-99.1] [81.3-94.1] [74.4-94.7] [79.4-95.8]
Negative® 7 (4.5) 2(3.2) 5(5.4) 2 (4.93) 3(5.8)
Undetermined® 5(3.2) 0 (0) 5(5.4) 3(7.3) 2 (3.8)
Oral mucosa n=159 n=65 n=94 n=42 n=52
Any HPV? 30 (18.9) 10 (15.4) 20 (21.3) 0.591 9 (21.4) 11 (21.2) >0.999
[95% CI] [13.5-25.7] [8.6-26.1] [14.2-30.6] [11.7-35.9] [12.2-34.0]
Negative® 125 (78.6) 53 (81.5) 72 (76.6) 32 (76.2) 40 (76.9)
Undetermined® 4 (2.5) 2(3.1) 2(2.1) 1(2.4) 1(1.9)

2Several locations were possible for each patient. bAny HPV cases were positive for at least 1 of 35 HPV types. “Negative specimens were defined as specimens in which none
of the 35 HPV genotypes were detected. dUndetermined specimens were defined as specimens in which the amplification process was inhibited or DNA was not detected.
AGWSs: anogenital warts; CI: confidence interval; LR: Low-risk types 6, 11, 40, 42, 43, 44, 54, 61, 62, 71, 72, 81, 83, 84 and 89 (includes LR and unclassified genotypes);
HR: High-risk types 16, 18, 31, 26, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 70, 73, 82 and 85(includes HR and probable HR genotypes).
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Table V. Distribution of Human papillomavirus (HPV) infection according to low/high risk and single/multiple infections in HPV positive
cases?® in anal canal, oral mucosa and external anogenital warts among women, men who have sex with men (MSM) and heterosexual men

Women Men Heterosexual men MSM
Variable Total n (%) n (%) p-value n (%) n (%) p-value
Anal canal n=305 n=131 n=174 n=109 n=65
LR-HPV 148 (48.5) 54 (41.2) 94 (54.0) 0.027 73 (67.0) 21 (32.3) <0.001
HR-HPV 157 (51.5) 77 (58.8) 80 (46.0) 36 (33.0) 44 (67.7)
Single LR 130 (42.6) 45 (34.4) 85 (48.9) 0.012 70 (64.2) 15 (23.1) <0.001
Single HR 38 (12.5) 13 (9.9) 25 (14.4) 17 (15.6) 8 (12.3%)
Multiple LR 18 (5.9) 9 (6.9) 9 (5.2) 3(2.8) 6(9.2)
Multiple with >1 HR 119 (39.0) 64 (48.9) 55 (31.6) 19 (17.4) 36 (55.4)
Oral mucosa n=78 n=27 n=51 n=36 n=15
LR-HPV 38 (48.7) 11 (40.7) 27 (52.9) 0.348 17 (47.2) 10 (66.6) 0.327
HR-HPV 40 (51.3) 16 (59.3) 24 (47.1) 16 (44.4) 5(33.3)
Single LR 36 (46.2) 11 (40.7) 25 (49.0) 0.277 16 (44.4) 9 (60.0) 0.115
Single HR 18 (23.1) 5(18.5) 13 (25.5) 8 (22.2) 5(33.3)
Multiple LR 2 (2.6) 0 (0.0) 2(3.9) 1(2.8) 1(6.7)
Multiple with =1 HR 22 (28.2) 11 (40.7) 11 (21.6) 11 (30.6) 0 (0.0)
AGWsP n=488 n=141 n=347 n=280 n=67
LR-HPV 276 (56.6) 60 (42.6) 216 (62.2) <0.001 188 (67.1) 28 (41.8) <0.001
HR-HPV 212 (43.4) 81 (57.4) 131 (37.8) 92 (32.9) 39 (58.2)
Single LR 235 (48.2) 49 (34.8) 186 (53.6) 0.001 167 (59.6) 19 (28.4) <0.001
Single HR 14 (2.9) 5(3.5) 9 (2.6) 8(2.9) 1(1.5)
Multiple LR 41 (8.4) 11 (7.8) 30 (8.6) 21 (7.5) 9 (13.4)
Multiple with =1 HR 198 (40.6) 76 (53.9) 122 (35.2) 84 (30.0) 38 (56.7)

2HPV cases were positive for at least 1 of 35 HPV types. bSeveral locations were possible for each patient.
LR: Low-risk types 6, 11, 40, 42, 43, 44, 54, 61, 62, 71, 72, 81, 83, 84 and 89 (includes LR and unclassified genotypes); HR: High-risk types 16, 18, 31, 26, 33, 35,

39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 70, 73, 82 and 85 (includes HR and probable HR genotypes); AGWSs. external anogenital warts.

women, 21.5% (14/65) among MSM and 0.9% (1/109)
among HM (data not shown). Single infection with HPV
16 was found in the anal samples of 5 patients (2 women
and 3 MSM) and in two women’s oral samples. HPV 18
was not detected in any oral samples. HPV type concor-
dance, of at least one genotype, between AGWs and anal
canal was found in 83.3% of the cases and between AGWs
and oral mucosa in 64.1% of the cases. On the other hand,
concordance, of at least one genotype, between perianal
warts and anal canal was present in 94.4% of the cases.

DISCUSSION

Few studies have evaluated oral and anal HPV prevalence
in patients with AGWs. In this study, a high prevalence
of anal HPV infection (59.9%) and oral HPV infection
(14.5%) was found among patients with incident AGWs.
These data are similar yet slightly higher than those repor-
ted by Kofoed et al. (12), who found a prevalence of HPV
DNA of 46.2% in the anal canal and of 10.4% in the oral
cavity among STI attendees with AGWs. Concerning oral
HPYV infection, differences in procedures for oral sampling,
processing and detecting HPV DNA, in addition to popula-
tion differences, make it difficult to perform meaningful
comparisons between the studies. In our study, oral samples
were obtained from the tonsillar area, while Kofoed et al.
(12) analysed oral rinse samples. It is accepted by some
authors that oral rinse collection would yield HPV DNA
from the entire oral cavity (16). Nevertheless, some studies
found a high frequency of HPV in oropharynx, namely
in the tonsils (5). The oropharyngeal region seems to be
more susceptible to the HPV infection than the oral cavity
(5) and a higher prevalence of HPV-related cancer of the
head and neck was found in the tonsillar areas (4). We

found that oral HPV DNA was more frequently present
in MSM (20.8%) than in HM (11.8%). Similarly, reported
oral HPV prevalence was considerably higher in MSM
without AGWs, with estimates of 12.2% (6) and 13.7%
(17). An association between practicing oral sex and oral
HPYV infection has been reported (6, 18, 19). Yet, other
studies stated that oral sexual practices were not associa-
ted with oral HPV infection among men or women (16,
20). Presumably, as previously suggested, oro-genital sex
and oral to oral contact, such as open mouth kissing, are
risky behaviours, associated with oral HPV in a group of
individuals, namely young people (18, 21, 22).

We demonstrated a higher prevalence of any HPV type
in the anogenital samples than in the oral samples, in
accordance with other studies that assessed participants
with (12) and without AGWs (17). In this study, men with
perianal warts had a higher prevalence of anal HPV DNA
than patients without perianal warts. Probably, this reflects
the higher number of MSM in this group compared to the
group of men with AGWs but no perianal warts. Interes-
tingly, among women the prevalence of anal HPV DNA
was not significantly affected by the presence of perianal
warts. On the other hand, we found that the detection of
any HR-HPV type in the anal samples was markedly more
common among women (58.8%) and MSM (67.7%). A
systematic review reported that anal HR-HPV prevalence
ranged from 23-86% in HIV-negative women with HPV-
related pathology of the vulva, vagina and cervix (23).
Our finding was included in this range, as HIV-positive
women represent only a small proportion of our female
cohort. Among the MSM, the reported anal prevalence
of HR-HPV was 37.2% in HIV-negative and 73.5% in
HIV-positive (11). HPV16 was the third most frequently
detected HPV type in the anal samples of our patients with
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Table VI. Type-specific Human papillomavirus (HPV) DNA frequency
in external anogenital warts, anal canal and oral mucosa

AGWs? Anal canal Oral mucosa
(n=488) (n=305) (n=78)
HPV type n (%) n (%) n (%)
LR-HPV
HPV 6 353 (72.3) 174 (57.1) 33 (42.3)
HPV 11 114 (23.4) 70 (23.1) 18 (23.1)
HPV 6 or 11 447 (91.6) 236 (77.4) 51 (65.4)
HPV 40 16 (3.3) 10 (3.3) 1(1.3)
HPV 42 19 (3.9) 14 (4.6) 1(1.3)
HPV 43 0 (0.0) 0 (0.0) 0 (0.0)
HPV 44 4 (0.8) 3(0.9) 0 (0.0)
HPV 54 18 (3.7) 9 (2.9) 1(1.3)
HPV 61 35 (7.2) 25 (8.2) 2(2.6)
HPV 62 14 (2.9) 13 (4.3) 1(1.3)
HPV 71 0 (0.0) 0 (0.0) 0 (0.0)
HPV 72 11 (2.3) 6 (1.9) 2(2.6)
HPV 81 23 (4.7) 15 (4.9) 6(7.7)
HPV 83 9 (1.8) 8 (2.6) 0
HPV 84 26 (5.3) 15 (4.9) 2(2.6)
HPV 89 1(0.2) 0 (0.0) 0 (0.0)
HR-HPV
HPV 16 48 (9.8) 29 (9.5) 6(7.7)
HPV 18 25 (5.1) 21 (6.9) 0 (0.0)

HPV 16 or 18° 70 (14.3) 47 (15.4) 6 (7.7)
HPV 26 1(0.2) 1(0.3)  0(0.0)
HPV 31 26 (5.3)  22(7.2) 3 (3.9)
HPV 33 12 (2.5) 6 (1.9) 1(1.3)
HPV 35 21 (4.3) 12(3.9) 1(1.3)
HPV 39 4 (0.8) 4(1.3)  3(3.9)
HPV 45 2 (0.4) 4(1.3)  0(0.0)
HPV 51 33(6.7) 20 (6.6) 5 (6.4)
HPV 52 23 (4.7)  11(3.6) 5 (6.4)
HPV 53 42(8.6)  30(9.8) 6 (7.7)
HPV 56 2(0.4) 7(2.3) 1(1.3)
HPV 58 28(5.7) 19 (6.2) 6 (7.7)
HPV 59 34 (6.9) 22(7.2) 5 (6.4)
HPV 66 33(6.4) 22(7.2) 4 (5.1)
HPV 68 3(0.6) 2(0.6)  0(0.0)
HPV 70 9(1.8) 10 (3.3) 1(1.3)
HPV 73 1(0.2) 3 (0.6) 1(1.3)
HPV 82 18(3.7) 15 (4.9) 4 (5.1)
HPV 85 0 (0.0) 1(0.3)  0(0.0)

Multiple with HR>1 with 6 or 11 185 (37.9) 103 (33.8) 19 (24.4)
HPV (6 or 11) and 16 39(7.9) 22(7.2) 3 (3.8)
HPV 6, 11, 16 or 18° 458 (93.8) 246 (80.6) 54 (69.2)

HPV 6, 11,16,18,31,33,45,52 or 589 464 (95.1) 259 (84.9) 60 (76.9)

2Several locations were possible for each patient; bBivalent vaccine types;
“Quadrivalent vaccine types; “Nonavalent vaccine types. Some patients were
infected by more than 1 HPV, so the total number of genotypes is greater than
the number of cases.

AGWs: external anogenital warts; LR: Low-risk types 6, 11, 40, 42, 43, 44, 54,
61, 62,71, 72, 81, 83, 84 and 89 (includes LR and unclassified genotypes); HR:
high-risk types 16, 18, 31, 26, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 70,
73, 82 and 85(includes HR and probable HR genotypes).

AGWs, and it was particularly prevalent among women
(10.7%) and MSM (21.5%). Studies, which analyse the
populations without AGWs, found anal HPV 16 preva-
lence to be around 4% among women (8) and to range
9-27% in MSM (11). In fact, HPV 16 infection and its
persistence in the anal canal play an important role in
anal cancer development, especially among women and
MSM (9, 23).

The present study found a high concordance, of at
least one HPV genotype, between AGWs and anal canal/
oral mucosa, as reported by other studies (9, 12). Some
investigators have supported the hypothesis that HPV is
transmitted to the oral cavity and anal region via sexual
practices. Nevertheless, the role of self-inoculation in
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spreading HPV infection from AGWs to oral and anal
mucosa is unclear; eventually, HPV infection in different
anatomical sites should be considered as independent
events (9, 24). In our cohort of women with AGWs, sexual
practices were not associated with anal HPV infection. In
fact, anal intercourse was not a consistent risk factor for
anal HPV infection among women (23).

It should be emphasized that a detectable HPV DNA in
the oral and anal mucosa of patients’ may not represent a
true infection and the virus could be temporarily present
for some time.

HPYV vaccines have the potential to prevent HP V-related
anal diseases (25). Although this evidence remains less
robust, concerning the HPV-related oral diseases, the
eventual preventive effect of HPV vaccines has been
suggested (26, 27). Analysing our data, the nonavalent
vaccine would additionally prevent 1.3% more of AGWs,
4.3% of anal canal infections and 7.7% of oral HPV infec-
tion, compared to the quadrivalent vaccine. The potential
impact of the nonavalent vaccine would be higher in the
anal and oral HPV infections.

This study has some limitations that must be addres-
sed. Firstly, the lower prevalence of anal HPV in HM
may reflect the high number of undetermined HPV in the
anal samples from HM. This lesser quality of anal canal
specimens in HM was previously reported by Nyitrav et
al. (9). They postulated that receptive anal sex practices
allowed a better collection of exfoliated cells from MSM.
In fact, it seems that the presence of unknown inhibitors in
the anal canal specimens is lower among both MSM and
women. The proportion of undetermined HPV in both wo-
men and MSM, found in our study, was in agreement with
other studies (9, 28). Secondly, the possible inclusion of
participants with unobserved intra-anal/rectal warts may
affect the finding of LR-HPV. It is possible that our esti-
mates on anal HPV prevalence also included some HPV
present in the perianal region; in the same way as perianal
warts could harbour anal HPV. Proctologic examination
was not performed in these patients. In our study perianal
warts were cutaneous warts located in the perianal area
without visible warts at the anal verge. Concerning oral
sex, the analysis was limited, as active/passive sex was not
ascertained. Nevertheless, we analysed the association of
HPV DNA in the anal canal and anal intercourse, among
women. Among men, the analysis was based on sexual
behaviours, reflecting differences in sexual practices. The
small number of HIV-positive and immunocompromised
participants limited the analysis of this group of patients.
Lastly, the study population was selected from the at-
tendees of Dermato-venereology and STD Outpatient
Clinics and may, in a way, limit the generalizability of
the estimates presented.

In conclusion, we found a high prevalence of HPV
DNA in the anal and oral samples from men and women
with external AGWs. AGWs seem to represent a clinical
marker for both anal and oral HPV infections, including
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anal HR-HPV infections, particularly among women
and MSM. We demonstrated a high HPV burden in this
population, beyond AGWs, suggesting a greater impact of
HPV vaccination. More evidence is needed concerning the
natural history of both anal and oral HPV infections and
research advancements in order to achieve the best scree-
ning strategies for anal and oral HPV-related diseases.
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