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Summary

We evaluated the concordance between p-HPVs detected in external genital skin, anal canal, and
oral cavity specimens collected simultaneously from 717 men that were participating in the
multinational HIM Study. Viral genotyping was performed using the Luminex technology.
Species- and type-specific concordance was measured using kappa statistics for agreement.
Overall, concordance of B-HPVs across sites was low and mainly observed among paired genital/
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anal canal samples. When grouped by species, solely p—4 HPVs showed moderate concordance in
genital/anal pairs (x=0.457), which could be attributed to the substantial concordance of HPV-92
in men from Brazil and Mexico (x>0.610). -HPV type concordance was higher in Mexico, where
HPV-19 was consistently concordant in all anatomic site combinations. Our analysis indicates that
type-specific concordance across sites is limited to few viral types; however, these infections seem
to occur more often than would be expected by chance, suggesting that although rare, there is
agreement among sites.
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Introduction

Most of over 200 human papillomavirus (HPV) types characterized to date cluster within the
Alpha (a)-, Beta (B)-, or Gamma (y)-HPV genus. Whereas a-HPVs are mainly mucosal
types isolated from the anogenital epithelia, B- and -y-HPVs, originally classified as
cutaneous types, are ubiquitously distributed throughout the body and may be an intrinsic
part of the commensal flora (Antonsson et al., 2000, 2003; Bottalico et al., 2011; Hazard et
al., 2007; Sichero et al., 2014, 2015). Additional research is crucial to better understand the
pathological implications of the broad distribution of these viruses.

Several studies show that oral a-HPV infections are associated with immunosuppression and
with sexual behavior resembling associations observed at the anogenital epithelia (Kreimer
et al., 2004). In contrast, at the oral cavity and anogenital epithelia, p-HPVs seem to differ
from that of a-HPVs, in the lack of association between p-HPV detection and sexual risk
factors. This observation points toward other routes of transmission such as autoinoculation
and non-penetrative sexual activities (Sichero et al., 2014, 2015; Nunes et al., 2016; Dona et
al., 2015; Torres et al., 2015). Alternatively, detection of B-HPVs in one anatomic site may
also represent deposition of virions shed from other anatomic sites (Sichero et al., 2014,
2015; Liu et al., 2015).

The few reports in which the oral and anogenital regions were analyzed concurrently
indicate that simultaneous oral-cervical type-specific a-HPV infections are relatively rare
(Fakhry et al., 2006; Smith et al., 2004; Steinau et al., 2017; Termine et al., 2011). Instead,
specific B-HPV types are not only shared within family members, but are also commonly
detected in different cutaneous anatomical sites within the same individual (Antonsson et al.,
2000, 2003; Weissenborn et al., 2009). Nevertheless, the relation between oral and
anogenital B-HPV infections remains poorly explored (Hampras et al., 2017; Moscicki et al.,
2017). Therefore, the purpose of this study was to evaluate the concordance of 43 B-HPV
types detected across samples simultaneously collected from the external genital skin, the
anal canal, and the oral cavity among men enrolled in the multinational HPV Infection in
Men (HIM) cohort study from three different countries.
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Materials and Methods

Clinical samples and B-HPV genotyping

Biological specimens originated from the HIM Study cohort (HPV Infection in Men)
conducted among over 4,000 men from S&o Paulo (Brazil), Cuernavaca (Mexico) and
Tampa, Florida (US) (Nunes et al., 2016). Study methods and design are described in detail
elsewhere (Giuliano et al., 2008, 2011; Kreimer et al., 2011; Nyitray et al., 2011). The study
was approved by human research ethics committees at each study sites. Informed consent
was obtained from all participants prior to enrollment.

The present analysis included 717 men (238 from the US, 241 from Brazil and 238 from
Mexico) with adequate (B-globin positive and/or p-HPV positive) specimens collected from
the oral cavity, anal canal and genital skin, collected at the same study visit. For HPV status
assessment, PCRs were conducted using a mixture of specific biotinylated primers capable
of amplifying a fragment of the £7gene of 43 p-HPV from five different species, followed
by bead-based Luminex technology (Gheit et al., 2007; Nunes et al., 2016; Schmitt et al.,
2006). Primers for the amplification of B-globin were also added to evaluate the quality of
template DNA. For each probe, MFI (mean fluorescence intensity) values obtained when no
PCR product was added to the hybridization mixture was considered the background values.
Cutoffs were computed by adding 20 MFI to 1.1X the median background value.

Statistical analysis

Results

Pearson chi-square test was used to compare the prevalence of any p-HPV at the anal canal
or oral cavity among men positive or negative for any p-HPV at the genitals. Samples
collected from the three anatomic sites were considered concordant if the same HPV species
or genotype was detected at two or more anatomic sites simultaneously. HPV concordance
between any two paired samples of the three different specimens (genital, anal canal, oral
cavity) was calculated using kappa statistics (Cohen, 1960) which express the frequency of
agreement beyond chance. Kappa-values less than 0.4 indicate poor agreement, a kappa
estimate between 0.41 and 0.60 indicates moderate agreement, and a kappa estimate
between 0.61 and 0.8 indicates substantial agreement (Landis and Koch, 1977). Precision, a
measure of exactness, consists of the percentage of positive agreement between any two
paired samples (either negative or positive for the same type specific B-HPV) among all
cases analyzed.All analyses were conducted using SPSS 18.0 software (SPSS, Chicago, IL)
to calculate kappa values and MedCalc (r) Version 16.8 (c) 1993-2016 MedCalc Software to
calculate 95% confident interval [95%Cl].

We detected 3,302 single p-HPV infections across all anatomic sites among the 717 men
included in this analysis. At least one B-HPV was detected in 557 (77.7%), 389 (54.3%) and
210 (29.3%) specimens of the external genital skin, anal canal, and oral cavity, respectively.
Detection of multiple p-HPVs was more common at the genitals than in the anal canal or
oral cavity. A detailed distribution of -HPVs in this population and population
characteristics have been previously described (Nunes et al., 2016).
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Having B-HPV DNA (any type) at all three anatomical sites was observed in 127 men
(17.7%). Detection of any B-HPV at the anal canal was more common among men with any
B-HPV at the genitals (57.1%) than among genital f-HPV DNA negative men (44%)
(p=0.004). Likewise, the prevalence of any B-HPV at the oral cavity was higher among men
with any B-HPV at the genitals compared to men without genital B-HPV (32.5% versus
18%, p<0.001) (Table 1).

Independent of the sample geographical origin (US, Brazil, Mexico), when analyzed any f-
HPV or grouped by species, kappa values revealed only slight agreement for all three
anatomic pair combinations analyzed (Table 2). The only exception was -4 HPV species
for which agreement in genital/anal canal samples was moderate (x=0.457). We next
evaluated agreement strength for individual B-HPV types. Table 3 shows kappa values
exclusively of viral types for which at least in one pair sample combination the agreement
observed was moderate (x¥=0.410-0.600) or substantial (x=0.610-0.800). The highest kappa
values were observed among Mexican men and among paired genital/anal canal samples.
The majority of type-specific kappa values >0.410 were restricted to men from one single
geographic region. Exceptions were HPV-92 (-4 species) that showed substantial
concordance in paired genital/anal canal specimens from Brazil and Mexico (x>0.610), and
HPV-93 (B-1 species) which presented moderate agreement in genital/anal canal and
genital/oral pairs from Mexico (x=0.434, both), and substantial agreement in oral/anal canal
regions in the US. Furthermore, in Mexico, HPV-19 (B—1) was consistently concordant in all
anatomical sites combinations analyzed. Nevertheless, it is important to highlight that when
considering individual B-HPV types, analyses were based in very few cases (Table 4) which
precluded the evaluation of socio-demographic and behavior variables that could be
associated to the risk of detecting the same viral type in more than one anatomic site.

Discussion

We previously reported the presence of any p-HPV in 67.3% of normal skin swabs and
56.5% of eyebrow hairs within a subcohort of 209 US men enrolled to the HIM study
(Hampras et al., 2014). Additionally, among 123 participants from the US, we observed that
concordance of any B-HPV detection was greater (31.0%) across keratinized tissue sites
(genital skin, eyebrow hairs, and forearm skin) than across mucosal sites (anal and oral
mucosa, 6.9%) (Hampras et al., 2017). We now widen our analysis to access the agreement
of B-HPV DNA detection across samples collected concurrently from the external genital
skin, anal canal, and oral cavity in a HIM sub-cohort of 717 healthy men from three different
countries (Brazil, US, Mexico). Despite the broad diversity of p-HPV types detected, and the
fact that any B-HPV infection was higher at the anal canal and oral cavity of men in which
any B-HPV was also detected in the genitals, species- and type-specific p-HPV agreement
across two anatomic sites was a rare event.

Considering solely cutaneous anatomic regions (arms, forehead and thighs), high type-
specific B-HPV agreement across sites has been described among healthy individuals
(Antonsson et al., 2000, 2003; Weissenborn et al., 2009), and also among individuals
affected with psoriasis (Cronin et al., 2008), epidermodisplasia verruciformis (Dell’Oste et
al., 2009), actinic keratosis (Schneider et al., 2013), or squamous cell carcinoma (Plasmeijer
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etal., 2010). In contrast, in our study the strength of agreement across genital, anal canal,
and oral cavity was poor for most individual viral types analyzed. Nevertheless, one should
consider that given the large number of samples and p-HPV types analyzed, it is unlikely
that the same HPV type will be found at a distant skin site by chance. Furthermore, since the
prevalence of HPV in the oral cavity was less than a half of that observed at the genitals, the
low positivity agreement measured was not surprising.

The high type-specific HPV discordance observed by us could derive either from differences
in HPV natural history at each of three anatomic sites or from separate exposures events.
The natural history of a-HPV infections at anogenital epithelia and the oral cavity are
associated with sexual behavior as these infections are mostly sexually transmitted. Despite
a common mode of transmission, oral-cervical type-specific a-HPV agreement is low
among women (Fakhry et al., 2006; Steinau et al., 2017; Termine et al., 2009, 2011), and in
men a-HPV agreement, although rare, is higher between the penile and anal sites (7%)
compared to anal-oral concordance (2%) (King et al., 2015; Tsikis et al., 2017; van Rijn et
al., 2014). Interestingly, among men with genital warts, agreement of a-HPV types between
the anal canal and genital wart was 78.1%, while concordance between oral and genital wart
types was 60.9% (Kofoed et al., 2014). Taken together, these data indicate that the low type-
specific a-HPV agreement reported possibly derives independent infection events. For -
HPVs, autoinoculation and non-penetrative sexual activities may be plausible forms of viral
transmission (Dona et al., 2015; Nunes et al., 2016; Sichero et al., 2014, 2015; Torres et al.,
2015). However, among healthy women from Brazil, we observed no association of p-HPV
infections at the cervix and certain hygienic/sexual behaviors including hygienic tampon or
menstrual cloth use, masturbation frequency, or vagina douching (Sichero et al., 2017).
Additionally, it was recently reported that among heterosexual couples, the transmission rate
of B-HPVs between anogenital sites was 15.9 per 100 person months from men-to-women
and that risk for women-to-men transmission was similar, suggesting that these can be
sexually transmitted (Moscicki et al., 2017). Unfortunately, the low type-specific agreement
between any two anatomic sites precluded an analysis to assess factors associated with
concordance at any two anatomical regions. Finally, one may not exclude the possibility of
differences in the susceptibility of the oral and anogenital mucosa to genotype specific -
HPV infections.

We observed that B-HPV type-specific agreement was more common in the Mexican
population as compared to Brazil and the US populations. In fact, among men from the HIM
study, we also recently reported significant geographic differences in the natural history of
a-HPV types 6 and 16 genital infection (Sudenga et al., 2017). Interestingly, we observed
that p-HPV types for which strength of agreement for any two anatomical sites was
moderate or substantial were not the most prevalent in the populations analyzed (Nunes et
al., 2016). For instance, in Mexico, the most prevalent B-HPV types were HPV-21 (f-1),
-22 (B-2), 24 (B-1), and —38 (B—2) independent of the anatomic region, whereas HPV-19
(B—3) showed substantial agreement between genital-oral and anal-oral specimens of the
same individual. Thus, although small in number, concurrent infections of the same viral
types occurred more often than would be expected by chance. Further studies are warranted
to elucidate the biological basis of agreements observed.

Virology. Author manuscript; available in PMC 2019 June 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Nunes et al.

Page 6

A limitation of our study is that we examined only 43 of the 51 B-HPV types characterized
to date, and the current analysis was not extended to -y-HPV genomes. Assuming new HPV
cutaneous types are continually identified, our study likely underestimated the prevalence of
additional viral genotypes. Nevertheless, because the methodology used to access p-HPV
DNA is a high-sensitive DNA-based assay one may be over detecting viral DNA that not
necessarily represent true infection.

In conclusion, our data point towards a high prevalence of different p-HPV types at the
external genital skin, as compared to the anal canal and oral cavity of men from different
countries. Although type-specific concordance across sites was limited to few viral types,
our analysis indicates that such infections are unlikely to be independent of one another.
Further studies may allow a more detailed investigation of the biological relationship
between any two anatomic sites, but also of risk factors of viral acquisition and modes of
transmission in different populations.
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Table 1.

Any B-HPV DNA detection at the genital region, anal canal, and oral cavity in paired samples from the same
HIM participant.

any p-HPV - anal canal1 any p-HPV - oral cavity2

positive negative positive negative
any B-HPV positive - genital (n=557) 318 239 181 376
any B-HPV negative - genital (n=160) 71 89 29 131
total 389 328 210 507

Pearson chi-square test was used to compare the prevalence of any B-HPV at the anal canal or oral cavity among men positive or negative for any
B-HPV at the genitals.

920,004

20<0.001.
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Table 2.

Kappa values and precision (by n of pairs) of Beta-HPV species agreement across anatomical regions among
717 men participating in the HPV Infection in Men Study.

Genital/Anal canal Precision Genital/Oral Precision Oral/Anal canal Precision

Beta-HPV @5%Cl1)* (%)° (95%Cl) (%) (95%CI) (%)

AnyB-HPV  0.093(0.028;0.157) 407 (56.76) 0.086 (0.044;0.127) 314 (43.79) 0.173(0.110;0.235) 410 (57.18)

Beta-1 0.12(0.047;0.177) 388 (54.11) 0.135(0.084;0.185) 388 (54.11) 0.200 (0.126; 0.273) 497 (69.32)
Beta-2 0.161(0.100;0.221) 394 (54.95) 0.086 (0.047; 0.125) 323 (45.05) 0.141 (0.076;0.207) 462 (64.44)
Beta-3 0.285 (0.204; 0.365) 562 (78.38) 0.119 (0.056;0.182) 551 (76.85) 0.110 (0.017;0.203) 624 (87.03)
Beta-4 0.457 (0.119; 0.795) 710 (99.02) NE 709 (98.88) NE 712 (99.30)
Beta-5 -0.008 (-0.012; -0.003) 706 (98.47) NE 711 (99.16) NE 712 (99.30)

Jkappa coefficient of concordance; 95%CI- 95% confidence intervals; NE- could not be evaluated. Strength of agreement is poor when of value of
kappa is <0.000; slight when kappa among 0.000-0.200; fair when 0.210-0.400; moderate when 0.410-0.600; substantial when 0.610-0.800.
Moderate or substantial agreements are in bold.

Zprecision is percentage of agreement (number DNA negative or positive for the same type specific B-HPV in any two paired samples)/(total
number of any two paired samples).
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Value of kappa and precision of Beta-HPV types in agreement of anatomical sites from 717 men participating
in the HPV Infection in Men Study.

us Brazil Mexico

Kappa® Precision? Kappa Precision Kappa Precision

(95%CI) (%) (95%Cl) (%) (95%Cl) (%)
genital/anal canal
Beta-1
HPV-19  -0.011 (-0.023; —0.0002) 97.48 -0.007 (-0.021; 0.006) 96.27 0.565 (0.123; 1) 98.74
HPV-93 0.277 (-0.162; 0.716) 97.90 NE 99.59 0.434 (0.024; 0.844) 97.90
HPV-105 0.415 (0.088; 0.741) 96.64 0.146 (-0.061; 0.353) 92.12 0.396 (0.160; 0.632) 93.28
Beta-2
HPV-22 0.163 (0.009; 0.318) 81.09 0.169 (0.010; 0.328) 85.48 0.469 (0.327; 0.610) 84.45
HPV-104 NE 97.90 -0.007 (-0.017; 0.004) 97.93 0.663 (0.225; 1) 99.16
Beta-3
HPV-49 0.454 (0.159; 0.750) 96.22 0.229 (0.006; 0.451) 92.53 0.102 (0.087; 0.478) 88.66
HPV-76 0.244 (0.054; 0.434) 88.24 0.525 (0.365; 0.685) 90.04 0.236 (0.049; 0.422) 87.82
Beta-4
HPV-92  -0.008 (-0.017; —0.0002) 98.32 0.663 (0.225; 1) 99.17 0.665 (0.047; 1) 99.58
genital/oral cavity
Beta-1
HPV-19 -0.007 (-0.018; 0.004) 97.90 0.216 (-0.139; 0.572) 97.10 0.798 (0.411; 1) 99.58
HPV-36 NE 100 -0.008 (-0.017; -0.0002) 98.34 0.497 (-0.103; 1) 99.16
HPV-93 0.277 (-0.162; 0.716) 97.90 NE 99.17 0.434 (0.024; 0.844) 97.90
Beta-2
HPV-15 0.176 (-0.123; 0.475) 96.22 0.231 (-0.049; 0.511) 95.02 0.566 (0.127; 1) 98.74
oral cavity/anal canal
Beta-1
HPV-14 0.665 (0.047; 1) 99.58 0.189 (-0.141; 0.519) 96.68 NE 100
HPV-19 -0.006 (-0.014; 0.002) 98.74 -0.004 (-0.010; 0.002) 99.17 0.663 (0.225; 1) 99.16
HPV-47 0.565 (0.123; 1) 98.74 -0.006 (-0.016; 0.003) 98.34 0.111 (-0.124; 0.347) 94.54
HPV-93  -0.008 (-0.017; —0.0002) 98.32 0.665 (0.047; 1) 99.59 0.237 (-0.164; 0.638) 97.48
Beta-2
HPV-75 0.497 (-0.103; 1) 99.16 -0.006 (-0.013; 0.002) 98.75 NE 98.74

JKappa—kappa coefficient of concordance; 95%CI- 95% confidence intervals; NE-could not be evaluable. Strength of agreement is poor when of
value of kappa is <0.000; slight when kappa among 0.000-0.200; fair when 0.210-0.400; moderate when 0.410-0.600; substantial when 0.610—

0.800. Moderate or substantial agreements are in bold.

Zprecision is percentage of agreement (number DNA negative or positive for the same type specific B-HPV in any two paired samples)/(total

number of any two paired samples).
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Detection of specific Beta-HPV types in different anatomical region among 717 men for which agreement of

.1
concordance was moderate or substantial .

us Brazil Mexico All
Genital Anal Oral Genital Anal Oral Genital Anal Oral Genital Anal Oral

Beta-1

HPV-14 6 2 1 23 8 2 7 0 0 36 10 3
HPV-19 4 2 1 2 1 1 3 4 2 9 7 4
HPV-36 0 3 0 2 0 2 1 0 3 3 3 5
HPV-47 6 3 4 19 1 3 24 11 4 49 15 11
HPV-93 5 2 2 0 1 2 5 4 4 10 7 8
HPV-105 10 4 0 18 5 1 18 10 1 46 19 2
Beta-2

HPV-15 10 4 1 12 2 4 5 1 2 27 7 7
HPV-22 39 22 4 35 10 2 53 30 15 127 62 21
HPV-75 3 3 1 13 2 1 8 3 0 24 8 2
HPV-104 5 0 0 4 1 0 4 2 0 13 3 0
Beta-3

HPV-49 12 5 0 20 4 3 25 16 5 57 25 8
HPV-76 27 13 6 39 17 4 28 13 9 94 43 19
Beta-4

HPV-92 2 2 0 4 2 0 2 1 0 8 5 0

number of men in which the specific B-HPV type was detected at the anatomical site indicated. Each infection is counted as an individual event in
multiple infections.
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