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Abstract

Background

A variety of cutaneous human papillomaviruses (HPV) are detectable in genital epithelial
lesions in men and non-melanoma skin cancer patients. It remains unclear whether these
viruses are associated causally with skin lesions. To date, no study has prospectively exam-
ined the association between cutaneous HPV seropositivity and development of external
genital lesions (EGLs) in men.

Objectives

To examine the association between seropositivity to cutaneous HPV types and the risk of
subsequent development of EGLs.

Methods

A nested case-control study including 163 incident EGL cases and 352 EGL-free controls in
the HPV Infection in Men (HIM) Study cohort was conducted. Cases were ascertained at
each of up to 10 biannual clinical visits and verified through biopsy and pathological diagno-
ses. EGLs were categorized as condyloma, suggestive of condyloma, penile intraepithelial
neoplasia (PelN), and other EGLs. Archived serum specimens collected at baseline were
tested for antibodies against 14 cutaneous HPV types (B types (5, 8, 12, 14, 17, 22, 23, 24,
38, and 47), a type 27, y type 4, p type 1, and v type 41) using a GST L1-based multiplex
serology assay. Socio-demographic and sexual behavior data were collected through a
questionnaire. Using logistic regression, adjusted odds ratios (AOR) and 95% confidence
intervals (Cl) were estimated.
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Results

Overall, seropositivity to >1 cutaneous HPV type (any-HPV) and >1 B types (any-B) was
58.3% and 37.5% among other EGL cases, 71.6% and 46.8% among condyloma, 66.8%
and 50.0% among PelN, and 71.9% and 38.4% among controls, respectively. Type-specific
seropositivity was most common for ¥-HPV 4, u-HPV 1, and B-HPV 8. No statistically signifi-
cant association was observed between any-HPV, any-f3, and type-specific HPV seroposi-
tivity and subsequent development of EGLs across all pathological diagnoses.

Conclusions

Overall, seropositivity to cutaneous HPV was common among men; however, it appears
that cutaneous HPV is not associated with the development of genital lesions in men.

Introduction

Over 200 types of human papillomaviruses (HPV) have been identified,[1] and classified into
five genera: alpha (), beta (8), gamma (y) mu (n) and nu (v) [2, 3]. The majority of HPV in
the genus o infect mucosal membranes but some types are also detected in cutaneous skin [4,
5]. HPV with cutaneous tropism are categorized into genus B, including some types initially
referred to as epidermodysplasia verruciformis (EV) types, which have been associated with
skin lesions, particularly in immune-suppressed individuals. Genus y infects cutaneous skin
and creates intra-cytoplasmic inclusion bodies. Finally, genera p and v are also associated with
skin lesions [4, 5].

Emerging evidence shows that cutaneous HPV infection may increase the risk of squamous
cell carcinoma (SCC) of the skin [6, 7]. Several studies have reported a positive association
between cutaneous HPV seropositivity and DNA detection and the risk of SCC [5, 8-11]. It is
hypothesized that cutaneous HPV infection might modify the effect of ultraviolet (UV) radia-
tion induced DNA damage and apoptosis leading to accumulation of mutations and SCC [12].
Cutaneous HPV DNA has also been detected on the surface of penile intraepithelial neoplasia
(PeIN) [13, 14], penile cancer [15, 16], genital warts and other EGLs [17] and skin warts [18].
Some EGLs such as PelIN are precursors of penile cancer [19]. Less prevalent in the United
States[20], penile carcinoma constitutes up to 10% of all cancers among men in low-resource
countries[21], and its incidence is on the rise in some European countries[22-24]. Genital
warts (condyloma acuminata) are a common sexually transmitted infection (STI). Although
benign lesions, genital warts cause considerable amount of psychological discomfort and treat-
ment related burden to patients [25]. Both genital warts and PeIN (low-grade and high-grade)
are associated with an increased risk for carcinoma of the penis [26, 27].

The detection of cutaneous HPV DNA on the surface of EGLs may suggest a role in the
pathogenesis of the squamous epithelium lesions in the UV unexposed areas of the body. How-
ever, little data exist on the epidemiology and serology of cutaneous HPV and their distribu-
tions and etiologic role in the development of EGLs. Previously we detected f-HPV DNA on
the surface of 61.1% of all EGLs [17]. Subsequently, in a nested case-control study (Campbell
et al. manuscript under review) we detected a lower prevalence of B-HPV DNA on the surface
of EGLs compared to controls, and found that some B-HPV types were inversely associated
with condyloma. To our knowledge, no study has yet investigated the association of seroposi-
tivity to cutaneous HPV and the risk of EGLs among men prospectively. The purpose of this
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study was to examine the association between seropositivity to cutaneous HPV types and the
risk of subsequent development of EGLs among men in a case-control study nested in the
HIM cohort.

Material and Methods
Study Population

This nested case-control study evaluated 163 incident EGL cases and 352 EGL-free controls in
the HIM cohort, a multinational prospective study of the natural history of HPV infection in
men. Study population and methods have been described previously in details [28, 29]. Briefly,
between July 2005 and September 2009, the HIM Study enrolled over 4000 men in the United
States, Brazil, and Mexico. Participants were eligible if they were: male, aged 18-70 years at
baseline, reported no previous diagnosis of penile or anal cancer, had no previous diagnoses of
ano-genital warts, no current history or treatment for sexually transmitted infections including
HIV, and no current discharges from the penis or burning sensation during urination. Partici-
pants were followed every six months for a median of four years. At each study visit, partici-
pants completed a computer-assisted self-interviewed questionnaire provided urine and blood
samples, and underwent a clinical examination.

Cases included pathologically confirmed incident EGLs ascertained through visual inspec-
tion and confirmed with pathology following biopsy. The HIM Study pathology protocol was
implemented in February 2009. Approximately 2,754 men, who had >2 study visits approxi-
mately six months apart were included in the biopsy sub-cohort, described previously in
details [30, 31]. Briefly, at each visit, a trained clinician examined men under 3x light magnifi-
cation for EGLs. Using shave excision, a tissue specimen was collected from each lesion.
Excised tissues were placed in 10% buffered formalin, sent to the University of South Florida
Dermatopathology Laboratory and evaluated by two independent pathologists. Discrepant
diagnoses were adjudicated by a panel of three independent pathologists and quality control
was conducted on 10% of all biopsy specimens [30]. Using classification criteria published
before [30, 32], EGLs were categorized into four groups: i) condyloma, ii) suggestive of condy-
loma, iii) PeIN, and iv) other EGL cases. A lesion with koilocytes, papillomatosis, hypergranu-
losis, parakeratosis and dilated blood vessels was diagnosed as ‘condyloma’, and a lesion
without koilocytes but with one or two of the other features associated with a condyloma was
considered ‘suggestive of condyloma’. These lesions were most likely early condyloma that did
not manifest complete histological features of a fully developed condyloma. ‘Condyloma’ and
‘suggestive of condyloma’ were therefore combined in the statistical analyses (i.e. the com-
bined condyloma group). Lesions such as molluscum contagiosum, intradermal nevus, fibroe-
pithelial polyp (skin tag), chronic balanitis, genital melanotic macule, psoriasiform dermatitis,
lichenoid tissue reaction, and acute mucositis, which had unknown etiology on gross examina-
tion, but presented definite histology on pathologic review, were categorized into the ‘other
EGL cases’ group. Finally, lesions with pre-neoplastic or neoplastic cells were categorized as
‘PeIN’. Additionally, all four categories of pathological diagnoses were combined into one
group ‘all EGL cases’ in the multivariable models.

Controls included HIM Study participants who did not develop an EGL throughout the
entire four years of follow-up. Two controls, frequency matched on the length of follow up,
were selected per case. All participants provided written informed consent. All study proce-
dures were approved by the Institutional Review Boards of the University of South Florida
(Tampa, FL, USA), the Ludwig Institute for Cancer Research (Sao Paulo, Brazil), the Centro
de Referencia e Treinamento em Doencas Sexualmente Transmissiveis e AIDS (Sao Paulo,
Brazil), and the Instituto Nacional de Salud Publica de Mexico (Cuernavaca, Mexico).
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Specimen and Data Collection

At each study visit, HIM Study participants provided detailed information on demographics
(age, race, ethnicity, education and marital status), socioeconomic status, medical history,
smoking habits, alcohol consumption, and sexual history. Archived biopsy cohort baseline
serum specimens among both cases and controls were tested for seroreactivity to the L1 pro-
tein of 14 cutaneous HPV types including B types (5, 8, 12, 14, 17, 22, 23, 24, 38, and 47), o
type 27, y type 4, p type 1, and v type 41. Only 14 types were tested due to limited funds, and
were carefully selected based on previous reports of their association with cutaneous SCC [8,
11], and their detection on the surface of EGLs [17]. The antibody detection method was based
on a glutathione S-transferase (GST) capture enzyme-linked immunosorbent assay (ELISA),
in combination with fluorescent bead technology (Luminex) as previously described [33-35].
To define type-specific HPV seropositivity, standard cut-off values (200 median fluorescence
intensity [MFI]) were applied, as previously described [36, 37].

Statistical Analysis

Demographic, lifestyle and sexual behavior characteristics were compared between cases and
controls using Chi-square or Fisher’s exact test (when >1 cells had an expected frequency of
<5) for categorical variables (Table 1). Type-specific seroprevalence was defined as the propor-
tion of men who tested seropositive for antibodies to a given HPV type. Seroprevalence to any
cutaneous HPV (any-HPV) was defined as the proportion of men who were seropositive to at
least one of the 14 types of HPV included in this study, and seroprevalence to any-B HPV was
defined as the proportion of men who were seropositive to at least one of the 10 B-HPV types.
Type-specific and grouped seroprevalence was calculated for different diagnostic categories of
EGLs and controls. Seropositivity to one type, two types, and >3 types was also estimated. To
assess for confounding, associations between factors listed in Table 1, and any-HPV, any-f,
and type-specific HPV seropositivity were examined among controls; associations between
these factors and EGL development were assessed among the seronegative groups (unexposed)
for any-HPV, any-p, and type-specific HPV. Also, factors associated with the cutaneous HPV
seroprevalence, reported previously for the same population (manuscript under review), were
also considered for inclusion in the multivariable modeling. The final multivariable model
included country, age, education, circumcision status, lifetime number of female sex partners,
and lifetime number of male anal sex partners. Using these adjustment factors and logistic
regression, separate models were estimated for associations between seropositivity to any-
HPV type, any-p HPV type, and each specific HPV type, and EGL development. Interaction
with seropositivity to nine mucosal HPV vaccine types (6, 11, 16, 18, 31, 33, 45, 52 and 58) was
also assessed. Additionally, it was hypothesized that cutaneous HPV seropositivity could be
associated with condyloma with definite HPV 6/11 etiology. Therefore, stratified associations
were evaluated in the condyloma group by tissue DNA positivity to HPV 6/11 and antibody
status to HPV 6/11. All analyses were performed in SAS 9.3.

Results

The characteristics of the 163 incident EGL cases and 352 controls are shown in Table 1. After
a median follow up of 19 months (IQR 8-48 months) among 48 men diagnosed with other
EGL cases, statistically significant differences (p<0.05) by country, race, ethnicity, education,
marital status, and circumcision were observed when compared to controls. Men from Brazil
and Mexico, the “other” race group, Hispanics, men with <12 years of education, and uncir-
cumcised men were more likely to have other EGLs diagnoses compared to controls. In total,
109 men were diagnosed with condyloma (n = 62) or suggestive of condyloma (n = 47).
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Table 1. Association between demographic, lifestyle and sexual behavior factors and external genital lesions (EGLs) and controls.

Characteristics EGLs Other than Condyloma® and PelN (N = 6) Control
Conlyloma, Suggestive of Suggestive of (N=352)
Condyloma and PeIN?® Condyloma® (N = 109)
(N=48)
n (%) p® n % p° n % p°¢ n %
Country
USA 1 2.1 <0.001 32| 294 0.193 1 16.7 0.275 137 | 38.9
Brazil 19| 39.6 45| 413 4 66.7 124 | 35.2
Mexico 28| 58.3 32| 294 1 16.7 91| 25.9
Age, Years
18-30 13| 27.1 0.264 50| 45.9 0.235 3 50.0 0.496 135| 38.4
31-44 26| 54.2 45| 413 3 50.0 151 | 42.9
45-73 9| 1838 14| 12.8 0 0.0 66| 18.8
Race
White 11| 229 <0.001 60| 55.0 0.160 4 66.7 0.135 182 | 51.7
Black 9 188 15| 13.8 1 16.7 65| 18.5
Asian 0 0.0 1 0.9 0 0.0 15 4.3
Native Hawaiian/Pacific Islanders 0 0.0 1 0.9 0 0.0 0 0.0
American Indian, Alaska Native 1 2.1 2 1.8 1 16.7 3 0.9
Others 27 | 56.3 29| 26.6 0 0.0 79| 224
Not reported 0 0.0 1 0.9 0 0.0 8 2.3
Ethnicity
Hispanic 34| 70.8 0.002 46| 42.2 0.922 1 16.7 0.478 142 | 40.3
Non-Hispanic 13| 27.1 63| 57.8 5 83.3 207 | 58.8
Not reported 1 2.1 0 0.0 0 0.0 3 0.9
Education, Years
12 orless 27| 56.3 0.028 49| 45.0 0.416 4 66.7 0.681 148 | 42.0
13-15 6| 125 27| 248 1 16.7 99| 28.1
16 or more 12| 25.0 33| 30.3 1 16.7 98| 27.8
Not reported 3 6.3 0 0.0 0 0.0 7 2.0
Marital Status
Single/never married 9| 18.8 0.003 53| 48.6 0.076 2 33.3 0.264 139 39.5
Married 23| 479 28| 257 2 33.3 132| 375
Cohabitating, living together 14| 29.2 15| 13.8 0 0.0 48| 13.6
Divorced/separated/widowed 2 4.2 12| 11.0 2 33.3 33 9.4
Not reported 0 0.0 1 0.9 0 0.0 0 0.0
Smoking Status
Current 12| 25.0 0.979 35 321 0.253 2 33.3 0.061 85| 24.1
Former 7| 14.6 14| 12.8 3 50.0 49| 13.9
Never 29| 60.4 60 55.0 1 16.7 218 | 61.9
Alcohol, No. of Drinks/Month
0 13| 27.1 0.637 17| 15.6 0.061 2 33.3 0.762 87| 247
1-30 27| 56.3 51| 46.8 8 50.0 171 | 48.6
31-60 4 8.3 12| 11.0 1 16.7 38| 10.8
61 or more 4 8.3 29| 26.6 0 0.0 54| 15.3
Not reported 0 0.0 0 0.0 0 0.0 2 0.6
Circumcision
No 40| 83.3 0.001 69| 63.3 0.347 5 83.3 0.407 205| 58.2
Yes 8 16.7 40| 36.7 1 16.7 147 | 41.8
(Continued)
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Table 1. (Continued)

Characteristics EGLs Other than Condyloma® and PelN (N = 6) Control
Conlyloma, Suggestive of Suggestive of (N=352)
Condyloma and PelN* Condyloma® (N = 109)
(N=48)
n (%) p°® n % p° n % p°® n %
Sexual Orientation
MSW 40| 833 0.489 94| 86.2 0.385 6| 100.0 0.470 310 88.1
MSM 5/ 104 10 9.2 0 0.0 29 8.2
MSWM 2 4.2 5 4.6 0 0.0 8 2.3
Missing 1 2.1 0 0.0 0 0.0 5 1.4
Lifetime Number of Female Sex Partners
0 3 6.3 0.334 10 9.2 0.618 0 0.0 0.464 36| 10.2
1-3 5 104 14| 128 0 0.0 57| 16.2
4-18 27| 56.3 44| 404 2 33.3 146 | 415
19 or more 11| 229 35| 321 4 66.7 103 | 29.3
Not reported 2 4.2 6 5.5 0 0.0 10 2.8
Lifetime Number of Male Anal Sex Partners
0 41| 85.4 0.726 91| 835 0.162 6| 100.0 0.764 295| 83.8
1-3 1 2.1 3 2.8 0 0.0 11 3.1
4 or more 3 6.3 9 8.3 0 0.0 13 3.7
Not reported 3 6.3 6 5.5 0 0.0 33 9.4
Recent Female Sex Partner, #
0 6| 125 0.696 14| 12.8 0.043 0 0.0 0.443 46| 14.6
1 25| 52.1 39| 359 S 50.0 170 | 53.8
2 or more 14| 29.2 44| 404 3 50.0 94| 29.8
Not reported 3 6.3 12| 11.0 0 0.0 6 1.9
Recent Male Sex Partners, #
0 42| 87.5 0.332 91| 835 0.343 6| 100.0 0.836 308 88.5
1 3 6.3 4 3.7 0 0.0 8 2.3
2 ormore 1 2.1 6 5.5 0 0.0 9 2.6
Not reported 2 4.2 8 7.3 0 0.0 23 6.6

EGLs = external genital lesions; PelN = penile intraepithelial neoplasia

& This category is also referred to as ‘other EGL cases’ which included different other diagnoses i.e. molluscum contagiosum, intradermal nevus,
fibroepithelial polyp (skin tag), chronic balanitis, genital melanotic macule, psoriasiform dermatitis, lichenoid tissue reaction, and acute mucositis.

b- Condyloma: A lesion with koilocytes, papillomatosis, hypergranulosis, parakeratosis and dilated blood vessels.

° Suggestive of condyloma: A lesion without koilocytes but with one or two of the other features associated with a condyloma. These lesions were most
likely early condyloma that did not show complete histological features of a fully developed condyloma.

d-PelN: A lesion with pre-neoplastic or neoplastic cells.

¢ P-values (p) compares respective EGL category with the last column (control group). P-values were calculated using Chi-square or Fisher’s exact tests
(when >1 cells had an expected frequency of <5), significant p-values are highlighted in bold.

 Number of female sex partners in the past 6 months among those reporting ever having a female sex partner; number of male sex partners in the past 6
months among those reporting ever having a male sex partner.

doi:10.1371/journal.pone.0167174.1001

Significant differences by the number of recent female sex partners among those reporting
ever having a female sex partner were observed for the combined group of condyloma. Men
with female sex partners were more likely to develop condyloma. Also, men with female part-
ner (life time or recent) were more likely to develop EGLs than men with male partners (life
time or recent). Six men were diagnosed with PeIN. Significant differences between PeIN and
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controls were not observed for any of the socio-demographic and behavioral characteristics
evaluated.

Table 2 presents seropositivity of type-specific and grouped cutaneous HPV by case-control
status. Approximately, 58.3% and 37.5% of men in the other EGL cases group, 71.6% and
46.8% in the combined condyloma, 66.8% and 50.0% in the PeIN, and 71.9% and 38.4% in the
control group were seropositive for any-HPV and any-B HPV, respectively. The most com-
monly occurring type-specific HPV were ¥-HPV 4, p-HPV 1, and B-HPV 8. Approximately
25.0% of men in the other EGL cases group, 31.2% in the combined condyloma, 50.0% in the
PelN, and 31.0% in the control group were seropositive for ¥-HPV 4. Approximately 14.6%
and 22.9% of men in the other EGL cases group, 25.7% and 22.9% in the combined condy-
loma, and 33.3% and 33.3% in the PelIN, and 31.3% and 19.6% in the control group were sero-
positive for p-HPV 1 and B-HPV 8, respectively. Seropositivity for only one HPV type ranged
from (16.7%) to (35.5%), for two HPV types from (10.4%) to (20.2%), and for >3 HPV types
from (22.0%) to (33.3%) across different pathologic diagnoses.

The univariate and multivariable associations of grouped and type-specific cutaneous HPV
seropositivity and each of the three case outcomes (all EGL cases, combined condyloma, and
other EGL cases) are presented in Table 3. No association was observed between any-HPV,
any-P, and type-specific HPV seropositivity and ‘all EGL’ cases in either the univariate or the
multivariable analyses, except for p-HPV 1. Seropositivity to p-HPV 1 was significantly
inversely associated with ‘other EGL cases’ and ‘all EGL cases’ categories in the unadjusted
models. However, after controlling for confounding, this significance was lost (adjusted odds
ratio ([AOR] 0.62; 95% confidence interval [CI:] 0.31-1.65) for ‘other EGL cases’ and (AOR
0.78; 95%CI: 0.48-1.28) for ‘all EGL cases’ category), respectively. Similarly, no association was
observed between any-HPV, any-f, and type-specific HPV seropositivity and ‘combined con-
dyloma’ and ‘other EGL’ cases in either the univariate or the multivariable analyses, except
for ui-HPV 1.

In multivariable analyses a non-significant pattern of elevated risk was observed for any-f
HPV and a-HPV type 27 seropositivity in all categories of diagnoses compared to controls.
For the ‘all EGL cases’ category (AOR 1.46; 95%CI: 0.95-2.24) and AOR 1.43; 95%CI: 0.75-
2.75); for ‘combined condyloma’ category (AOR 1.53; 95% CI: 0.95-2.47) and (AOR 1.24; 95%
CI: 0.58-2.62); and for ‘other EGL cases’ category (AOR 1.23; 95% CI: 0.59-2.56) and (AOR
2.31; 95% CI: 0.88-6.05) respectively. No significant differences were observed when the asso-
ciation between grouped and type-specific cutaneous HPV seropositivity was examined with
separate categories of condyloma, and suggestive of condyloma compared to controls data are
available in S1 Table. Furthermore, no significant association was observed between grouped
and type-specific cutaneous HPV seropositivity and condyloma when condyloma was strati-
fied by tissue HPV 6/11 DNA positivity or antibody status to HPV 6 /11 data are available in
S2 Table. Out of the 109 combined condyloma cases examined in this study, 71 (65.1%) were
tissues positive for HPV 6/11 DNA, and 21 (19.3%) men with condyloma were also seroposi-
tive for HPV 6/11. No significant interaction by seropositivity to >1 nine vaccine type HPV
was observed; therefore, the interaction terms were removed from the final models.

Discussion

This is the first study to examine the association between cutaneous HPV seropositivity and
EGLs in a prospective, multi-national cohort of men. Overall, the seroprevalence of grouped
and type-specific HPV was similar across different EGL categories and controls with the most
frequent types being ¥-HPV 4, u-HPV 1, and B-HPV 8. We did not observe an association
between any-HPV, any-B HPV, and type-specific HPV seropositivity and different
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Table 2. Grouped and type-specific cutaneous HPV seropositivity by case-control status.

HPV type EGLs? Other than Condyloma and PelN%(N = 6) Controls(N = 352)
Condyloma, Suggestive of
Suggestive of Condyloma
Condyloma and PeIN (N = 109)°°
(N=48)
n % n % n % n %
Any-HPV
Seropositive 28 58.3 78 71.6 4 66.8 253 71.9
Any 3 HPV
Seropositive 18 37.5 51 46.8 3 50.0 135 38.4
a-HPV 27
Seropositive 8 16.7 13 11.9 0 0.0 34 9.7
y-HPV 4
Seropositive 12 25.0 34 31.2 3 50.0 109 31.0
p-HPV 1
Seropositive 7 14.6 28 25.7 2 33.3 110 31.3
v-HPV 41
Seropositive 4 8.3 10 9.2 1 16.7 42 11.9
B-HPV 5
Seropositive 3 6.3 9 8.3 1 16.7 32 9.1
B-HPV 8
Seropositive 11 22.9 25 22.9 2 33.3 69 19.6
B-HPV 12
Seropositive 4 8.3 5 4.6 1 16.7 20 5.7
B-HPV 14
Seropositive 3 6.3 2 1.8 1 16.7 17 4.8
B-HPV 17
Seropositive 6 12.5 20 18.4 2 33.3 55 15.6
B-HPV 22
Seropositive 3 6.3 9 8.3 1 16.7 21 6.0
B-HPV 23
Seropositive 4 8.3 15 13.8 0 0.0 36 10.2
B-HPV 24
Seropositive 1 2.1 5 4.6 1 16.7 17 4.8
B-HPV 38
Seropositive 8 16.7 14 12.8 0 0.0 46 13.1
B-HPV 47
Seropositive 4 8.3 13 11.9 1 16.7 51 14.5
Seropositivity to 1, 2, 3 or more HPV types
Seropositive to 1 HPV 12 25.0 32 29.4 1 16.7 125 35.5
Seropositive to 2 HPV 5 10.4 22 20.2 1 16.7 57 16.2
Seropositive to 3 or more HPV 11 22.9 24 22.0 2 33.3 71 20.2

EGLs = external genital lesions; PelN = penile intraepithelial neoplasia

& This category is also referred to as ‘other EGL cases which included different other diagnoses i.e. molluscum contagiosum, intradermal nevus,
fibroepithelial polyp (skin tag), chronic balanitis, genital melanotic macule, psoriasiform dermatitis, lichenoid tissue reaction, and acute mucositis.

P- Condyloma: A lesion with koilocytes, papillomatosis, hypergranulosis, parakeratosis and dilated blood vessels.

¢ Suggestive of condyloma: A lesion without koilocytes but with one or two of the other features associated with a condyloma. These lesions were most
likely early condyloma that did not show complete histological features of a fully developed condyloma.

9 PelIN: A lesion with pre-neoplastic or neoplastic cells.

doi:10.1371/journal.pone.0167174.t002
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Table 3. Association between grouped and type-specific cutaneous HPV seropositivity and EGLs®.

HPV type EGLs Other than Condyloma Condyloma and Suggestive of All EGL Cases®
Suggestive of Condyloma and Condyloma®
PeIN®
OR AOR°® 95% Cl OR AOR® 95% ClI OR AOR*® 95% ClI
Any-HPV
Negative 1.00 1.00 1.00 1.00 1.00 1.00
Positive 0.55 0.63 (0.30-1.32) 0.98 1.03 (0.61-1.72) 0.81 0.91 (0.58-1.42)
Any B HPV
Negative 1.00 1.00 1.00 1.00 1.00 1.00
Positive 0.96 1.23 (0.59-2.56) 1.41 1.53 (0.95-2.47) 1.27 1.46 (0.95-2.24)
a-HPV 27
Negative 1.00 1.00 1.00 1.00 1.00 1.00
Positive 1.87 2.31(0.88-6.05) 1.27 1.24 (0.58-2.62) 1.38 1.43 (0.75-2.75)
y-HPV 4
Negative 1.00 1.00 1.00 1.00 1.00 1.00
Positive 0.74 0.69 (0.31-1.54) 1.01 1.04 (0.63-1.72) 0.96 1.00 (0.64-1.57)
H-HPV 1
Negative 1.00 1.00 1.00 1.00 1.00 1.00
Positive 0.38 0.62 (0.23-1.65) 0.76 0.79 (0.46-1.37) 0.65 0.78 (0.48-1.28)
v-HPV 41
Negative 1.00 1.00 1.00 1.00 1.00 1.00
Positive 0.67 0.78 (0.25-2.47) 0.75 0.67 (0.31—1.45) 0.75 0.74 (0.38—1.44)
B-HPV 5
Negative 1.00 1.00 1.00 1.00 1.00 1.00
Positive 0.67 1.01 (0.27-3.79) 0.90 1.02 (0.45-2.3) 0.87 1.02 (0.49-2.11)
B-HPV 8
Negative 1.00 1.00 1.00 1.00 1.00 1.00
Positive 1.22 1.50 (0.64-3.50) 1.22 1.55(0.88-2.76) |  1.25 1.62 (0.98—2.69)
B-HPV 12
Negative 1.00 1.00 1.00 1.00 1.00 1.00
Positive 1.51 1.41 (0.40—4.97) 0.80 0.60 (0.19-1.92) 1.08 0.90 (0.37—2.18)
B-HPV 14
Negative 1.00 1.00 1.00 1.00 1.00 1.00
Positive 1.31 1.60 (0.38-6.72) 0.37 0.19 (0.02—1.53) 0.75 0.64 (0.21-1.94)
B-HPV 17
Negative 1.00 1.00 1.00 1.00 1.00 1.00
Positive 0.77 0.80 (0.28—2.30) 1.21 1.20 (0.65—2.23) 1.12 1.12 (0.64-1.94)
B-HPV 22
Negative 1.00 1.00 1.00 1.00 1.00 1.00
Positive 1.05 1.52 (0.37-6.13) 1.42 1.50 (0.61-3.68) 1.37 1.50 (0.67-3.35)
B-HPV 23
Negative 1.00 1.00 1.00 1.00 1.00 1.00
Positive 0.80 1.14 (0.35-3.74) 1.40 1.27 (0.63-2.57) 1.16 1.10 (0.57-2.12)
B-HPV 24
Negative 1.00 1.00 1.00 1.00 1.00 1.00
Positive 0.42 0.46 (0.05-4.14) 0.95 0.96 (0.32—2.86) 0.88 0.91 (0.34-2.44)
B-HPV 38
Negative 1.00 1.00 1.00 1.00 1.00 1.00
Positive 1.33 1.82 (0.71-4.69) 0.98 0.82 (0.40-1.66) 1.04 0.96 (0.52-1.76)
(Continued)
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Table 3. (Continued)

HPV type EGLs Other than Condyloma Condyloma and Suggestive of All EGL Cases®
Suggestive of Condyloma and Condyloma®
PeIN®
OR AOR°® 95% Cl OR AOR® 95% ClI OR AOR*® 95% ClI
B-HPV 47
Negative 1.00 1.00 1.00 1.00 1.00 1.00
Positive 0.54 0.66 (0.20—2.14) 0.80 0.88 (0.44-1.79) 0.73 0.85 (0.45-1.61)
Seropositivity to 1, 2, 3 or more HPV
Negative 1.00 1.00 1.00 1.00 1.00 1.
Positive to 1 HPV 0.48 0.50 (0.21-1.22) 0.82 0.82 (0.45-1.51) 0.67 0.71 (0.42—-1.20)
Positive to 2 HPV 0.43 0.33 (0.08-1.30) 1.23 1.37 (0.70-2.75) 0.92 1.08 (0.56—2.03)
Positive to 3 or more HPV 0.77 1.23 (0.47-3.21) 1.08 1.12 (0.57-2.23) 0.97 1.21 (0.67-2.17)

EGLs = external genital lesions; PelN = penile intraepithelial neoplasia; OR = odds ratios unadjusted; AOR = adjusted odds ratios

& Due to fewer cases unadjusted and adjusted models were not estimated for PeIN

b This category is also referred as ‘other EGL cases’ included different other diagnoses i.e. molluscum contagiosum, intradermal nevus, fibroepithelial polyp
(skin tag), chronic balanitis, genital melanotic macule, psoriasiform dermatitis, lichenoid tissue reaction, and acute mucositis.

¢ This category included condyloma and suggestive of condyloma. Condyloma: A lesion with koilocytes, papillomatosis, hypergranulosis, parakeratosis and
dilated blood vessels. Suggestive of condyloma: A lesion without koilocytes but with one or two of the other features associated with a condyloma. These
lesions were most likely early condyloma that did not show complete histological features of a fully developed condyloma.

9" Included all pathological diagnoses of EGLs

¢ Odds ratios were adjusted for Country of residence, age, education, circumcision status, lifetime number of female sex partners, and lifetime number of
male anal sex partners.

doi:10.1371/journal.pone.0167174.t003

pathological diagnoses of EGLs [i) other EGL cases, ii) combined condyloma, and iii) all EGLs
cases]. However, a non-significant pattern of elevated risk was observed for any-f HPV and o-
HPV type 27 seropositivity in all categories of EGLs compared to controls. In contrast, a non-

significant pattern of reduced risk was observed for u-HPV 1 seropositivity in all categories of
EGLs.

As this is the first study evaluating the role of antibodies to cutaneous HPV in the develop-
ment of genital lesions located on UV-unexposed skin, no published literature exists that we
can use to contextualize our findings. However, there exists a considerable amount of literature
on the role of cutaneous HPV and squamous epithelial lesions of skin located on UV-exposed
areas of the body that we can use to compare and contrast our findings with. The null findings
in this study suggest that cutaneous HPV is not associated with EGLs on UV-unexposed skin
in contrast to previous studies of other cutaneous lesions of UV-exposed skin. Reasons for
these differences may include anatomic location of the lesions (i.e. UV exposed versus unex-
posed), immune status of the participants, and different high-risk groups of populations as
previously reported [38].

It is hypothesized that cutaneous HPV infection might modify the effect of UV-induced
DNA damage and apoptosis leading to accumulation of mutations and cancer initiation [39].
If UV exposure is necessary for cutaneous HPV carcinogenicity, lesions on the genital skin do
not have significant UV exposure; therefore, EGLs may not be associated with exposure to
cutaneous HPV infections. It is also important to mention that findings from research examin-
ing the role of cutaneous HPV in skin lesions (on UV-exposed areas of the body) are not con-
clusive and do not offer robust evidence for pathogenesis of these viruses. For example,
different studies have reported a variety of individual types of cutaneous HPV to be associated
with the SCC of the skin [5, 8, 11, 36]. Some of this variation in the type-specific associations
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across studies may be explained in part due to differences in the assays used, study population,
age distribution, and cut-points used for seropositivity. However, it is also suggested that
unlike mucosal HPV type 16 which is consistently causally associated with various forms of
cancers, cutaneous HPV may act as a group of similar viruses with possible oncogenic proper-
ties [11]. Contrary to skin cancer studies [9, 11, 40] that have reported grouped cutaneous
HPYV association with SCC of the skin, in our study seropositivity to grouped cutaneous HPV
was not associated with the risk of subsequent development of EGLs.

Cutaneous HPV DNA is abundantly found on skin surfaces and persists in hair follicles of
healthy individuals [41]. This ubiquity may largely reflect viral colonization. Also, prevalence
based on DNA detection varies considerably between various types of specimens collected
from skin, e.g. skin swab vs. biopsy, making prevalence based on DNA detection a less precise
measure. Serologic studies measuring antibodies against type-specific L1 major capsid protein
of HPV provide evidence of host immune response to previous or recent infection and indicate
cumulative exposure to HPV over time. Prevalence based on serology is also not dependent on
the anatomic site of HPV infection. However, there are two important limitations to HPV
serology studies. All infected individuals do not develop antibodies against HPV infection and
antibodies may wane over time. Also, in this study we included only 14 types of cutaneous
HPYV, out of which 10 were from genus beta. In contrast, studies on skin cancer generally have
included more cutaneous HPV types from genus beta [8, 11, 42]. This difference may partially
explain the grouped cutaneous HPV associations observed in the studies on skin cancer.

In this work a non-significant pattern of reduced risk of EGLs for some HPV types was
observed. Previously a few studies have also reported a protective effect for some cutaneous
HPYV types against skin lesions. For example, Masini et al. [43] reported a protective effect for
B-HPV 15 seropositivity against SCC of the skin (OR 0.40; 95% CI: 0.20-0.90). In a recent
study by Pierce-Campbell et al (manuscript under review), in the same HIM Study population,
men with condyloma were significantly less likely to have beta-HPV 24 and 47 detected on the
surface of the lesion than on the normal genital skin of the controls(OR: 0.09, 95% CI: 0.01-
0.60 and OR: 0.20, 95% CI: 0.02-0.87, respectively).

High seroprevalence estimates in both cases and controls in the current study may suggest
that cutaneous HPV are ubiquitous on skin and that cutaneous HPV might be a commensal
component of the microbiological flora of the skin [44, 45]. It is also possible that cutaneous
HPV might be competing against less prevalent and higher risk mucosal HPV types and some
types might be involved in a protective role in the skin flora. There is a growing body of litera-
ture suggesting that non-oncogenic HPV might be stimulating or inhibiting a co-existing
oncogenic HPV through interference or immune cross-reaction [46, 47]. However, all these
proposed hypotheses need rigorous investigations before meaningful conclusions can be
drawn. We also examined the association of grouped and type-specific cutaneous HPV sero-
positivity and condyloma with definite HPV etiology, categorizing condyloma by tissue DNA
positivity to HPV 6/11, and antibody status to HPV 6/11, but no association was observed.

The current study is an extension of our previous work examining the role of cutaneous
HPYV in the development of external genital lesions in men. Biopsy-confirmed incident EGLs,
prospective evaluation of the association, and the use of a previously validated [34, 42], highly
sensitive assay to measure antibodies against L1 cutaneous HPV major capsid protein, are the
strengths of this study. Also, important cutaneous HPV types were included in this study
based on previous reports of their associations with SCC [8, 11], and recently their detection
on the surface of EGLs [17]. There are also some limitations to this study. The small sample
size of the PeIN (n = 6) limited our ability to further conduct subgroup and type-specific analy-
ses for PeIN. Antibodies against cutaneous HPV are considered a marker of lifetime exposure
to HPV, however, baseline serostatus in our study may have been affected by the
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seroconversion rate or waning of antibodies over time. Data on the serodynamics of cutaneous
HPV do not exist to allow us to evaluate the effect of differential seroconversion rates and wan-
ing of antibodies over time in EGL cases and controls. Also, the anatomic site of HPV infection
cannot be determined, a limitation relevant to all serological studies.

Our findings show that cutaneous HPV are not associated with the development of EGLs.
Further research is need to understand the natural history and seroepidemiology of HPV
infections and their role in the development of skin lesions and EGLs among men utilizing
longitudinal study designs with repeated measures.

Conclusions

Opverall, exposure to cutaneous HPV was common among men; however, it appears that cuta-
neous HPV is not associated with the development of genital lesions in men. Further investiga-
tions are required to determine the role of cutaneous HPV in the development of skin tumors
in prospective settings.
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