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    Abstract
Objective We aimed to assess incidence and clearance of oral human papillomavirus (HPV) infection and the respective risk factors in HIV-infected and uninfected men who have sex with men (MSM).

Methods Oral rinse and gargles were collected semiannually from 244 MSM (103, 42.2% HIV-infected). HPV-DNA testing was performed with the Linear Array HPV Genotyping test. A Markov model was used for estimation of incidence, clearance and risk factor analysis.

Results Incidence rates for any HPV were 21.2 and 15.0×1000 person-months in HIV-infected and uninfected MSM, respectively. The respective figures for high-risk HPVs were 10.7 and 6.5×1000 person-months. The clearance rate was 4–12 times higher than the respective incidence rate. HIV-infected MSM with >95 lifetime oral sex partners showed increased incidence of any HPV (adjusted HR, aHR: 8.46, 95% CI 1.89 to 37.92). Condomless oral sex appeared the strongest predictor for incident infection by high-risk HPVs in this group (aHR: 13.40, 95% CI 2.55 to 70.53). Those aged >46 years (aHR: 0.30, 95% CI 0.12 to 0.74) and those with nadir CD4+ T count of <200 cells/mm3 (aHR: 0.14, 95% CI 0.03 to 0.75) displayed a significantly reduced clearance of any and high-risk HPVs, respectively. HIV-uninfected MSM aged >46 years had increased risk of acquiring any HPV (aHR: 3.70, 95% CI 1.30 to 10.52) and high-risk HPV (aHR: 5.33, 95% CI 1.06 to 26.68). Any HPV clearance declined in those with more than six recent oral sex partners (aHR: 0.18, 95% CI 0.05 to 0.65).

Conclusions Acquisition of oral HPV infection in MSM seems to occur rarely, whereas clearance seems to be a frequent event. Oral HPV natural history in these at-risk subjects is differently influenced by age and sex behaviour, depending on HIV status.
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Introduction
A great focus has been recently placed on the epidemiology of oral human papillomavirus (HPV) infection due to its role in the development of oropharyngeal cancer (OPC).1 2 A large study has estimated a worldwide HPV-attributable fraction of 21.8%,1 with the highest figures observed in Northern Europe and the USA, where more than 40% of the cases are driven by HPV.1 2 Notably, a continuous rise in the incidence of HPV-associated OPC has been observed in several countries.3–5

Oral HPV infection is rare in the general population, with an overall prevalence of 5%–8% and of 2.0%–3.5% for oncogenic types.6 7 A twofold to threefold increased prevalence is observable in men who have sex with men (MSM),6 8–10 with a further increase in HIV-infected subjects.8 11–13 Despite the discrete number of cross-sectional studies, longitudinal studies on oral HPV infection remain scarce. Consequently, the natural history of this infection is largely unknown. The understanding of the dynamics of the infection and the factors involved in its acquisition and persistence would help plan effective strategies to prevent oral HPV and to counter the rising incidence of HPV-associated OPC.
A few longitudinal studies investigated oral HPV natural history in cohorts of MSM,14–17 but only two studies, both conducted on the same cohort, made a direct comparison of incidence and clearance in HIV-infected and uninfected MSM.15 18 To improve the knowledge of the dynamics of oral HPV infection in these populations, we conducted a prospective cohort study on HIV-infected and uninfected MSM, estimating incidence and clearance rates of any, high-risk and type-specific HPV infections. Risk factors for acquisition and clearance were also investigated separately by HIV status.

Methods
Study population and data collection
Participants were recruited among attendees of the STI/HIV centre of the San Gallicano Dermatological Institute (Rome, Italy) between November 2014 and February 2018. Inclusion criteria for the Oral HPV in Men At Risk (OHMAR) study have been previously described.10 Briefly, MSM aged ≥18 years were recruited if they had no history of head and neck cancer (HNC) and no lesions that were clinically suspicious for HNC. At baseline and each semiannual follow-up visit, a thorough clinical evaluation of the oral cavity and the oropharynx was performed by expert otolaryngologists, who also rated oral health/hygiene.
At each visit, sociodemographic information, data on lifestyle, lifetime and recent (last 6 months) sexual behaviour were collected through face-to-face interviews. Recall bias was minimised by reducing collection of lifetime behavioural data. Relevant data on the HIV-infected MSM were retrieved from medical records.

Oral rinse-and-gargle collection
Participants used 15 mL of Listerine mouthwash to rinse and gargle for 30 s. The expectorate was immediately placed on ice and centrifuged within 30 min. The cell pellet was resuspended in 2 mL of PreservCyt (Hologic, Pomezia, Italy) and 250 µL aliquots for HPV-DNA testing were stored at −80°C until used.

HPV detection and genotyping
The Linear Array HPV Genotyping test (Roche Diagnostics, Milan, Italy) was used, following the manufacturer’s instructions. Briefly, 50 µL of the nucleic acids extracted from the PreservCyt sample was used for amplification. The human beta-globin gene provided a control for cell adequacy, extraction and amplification for each processed sample. A beta-globin DNA probe, immobilised on each strip at low and high concentrations, provided a control for hybridisation and detection steps, performed in the Profiblot T48 (Tecan, Männedorf, Switzerland). Results were interpreted as indicated by the producer (ie, the test was considered valid whenever beta-globin hybridisation bands and/or at least one HPV hybridisation band was detected).

Statistical analysis
We estimated that 142 subjects had to be followed up for 12 months to test the null hypothesis (H0): λ=4.38×1000 p-m (incidence rate in the heterosexual population)6 vs the alternative hypothesis (HA): λ=6.65×1000 p-m (incidence rate in the HIV-infected MSM, ie, 1.5 times the incidence rate under H0) with a significance level of 5% and power of 80%.
Descriptive statistical techniques were used to provide summarised characteristics of the participants. Drinking habits were classified as previously described.10 The oral health/hygiene was rated by the otolaryngologists who performed the oral examinations using a scoring system based on six parameters (online supplementary appendix 1). An index was also calculated for self-reported oral care/condition, attributing a score to the responses given during the interview (online supplementary appendix 1). Baseline sociobehavioural characteristics of the HIV-infected and HIV-uninfected MSM were compared using χ2 tests.
Supplemental material
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Incidence and clearance rates were assessed separately for HIV-infected and HIV-uninfected MSM and were computed for (1) any HPV: at least 1 of the 37 HPVs detectable by the Linear Array; (2) high-risk HPVs: at least 1 genotype among 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68, regardless of the presence of other types; and (3) the individual high-risk genotypes. Incidence and clearance were estimated jointly using a two-state homogeneous Markov model for interval-censored event data19 (online supplementary appendix 2). The transition rate from one state to another was assumed to be constant over time. Incidence was modelled as the rate of transition per month from an HPV-negative (0) to an HPV-positive state (1). Clearance was defined as lack of detection at visit x of the HPV(s) detected at visit x-1, that is, 6 months before, and modelled as the rate of transition from an HPV-positive (1) to an HPV-negative state (0). Prevalent infections were included when estimating the transition intensity from HPV-positive to HPV-negative states. More than one incident infection or cleared infection within one participant was allowed.
Supplemental material
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Demographic characteristics, behavioural factors, clinical history and HIV-related immunological parameters were all taken into account in the risk factor analysis for incidence and clearance. The variables that resulted significantly associated with incidence and/or clearance from the univariate analysis (p<0.20) were then included in the multivariable model. Likelihood ratio tests were used to obtain more parsimonious models. Risk factor analysis was conducted separately for any HPV and high-risk HPVs, and separately for HIV-infected and uninfected MSM. For the purposes of analysis, oral health/hygiene, smoking, age and number of partners for any and oral sex were categorised as described in online supplementary appendix 1. Whenever the model failed to converge because of a specific variable, that variable was excluded from the model. This was the case for condom use in oral sex, which was excluded from the model for any and high-risk HPVs in HIV-uninfected MSM.
Time-dependent covariates were assumed to be piecewise-constant. Statistical analyses were conducted using STATA V.13 and R V.3.0.2 (http://www.r-project.org, R Core Team 2014).


Results
Study population
A total of 310 MSM, of which 117 were HIV-infected (37.7%), were recruited. Sixty-six individuals (21.3%) attended only the baseline visit (they refused to come back or moved during the study period), whereas 244 (78.7%) returned for at least one follow-up visit (range: 1–5, median: 2; median follow-up time: 13 months, IQR: 10–19). The final group (97.1% Caucasian) included 103 HIV-infected (compliance rate: 88.0%) and 141 HIV-uninfected (compliance rate: 73.0%) individuals for a total of 856 oral rinses collected. The longitudinal cohort did not differ significantly from the MSM that only had the baseline sampling regarding the sociodemographic and sexual behavioural characteristics, except for the higher number of lifetime oral sex partners (median 50 vs 28, p=0.033) and more frequent STI history (73.8% vs 60.6%, p=0.037) in the former group (data not shown).
The baseline sociodemographic and behavioural characteristics of the study subjects are shown in table 1.
View this table:	View inline
	View popup



Table 1 Baseline sociodemographic and behavioural characteristics of the 244 MSM included in the longitudinal cohort, overall and stratified according to HIV status



Most of the HIV-infected individuals were under combined antiretroviral therapy (cART) (96/103, 93.2%). Of the cART-treated subjects, 89 (92.7%) had an undetectable HIV-1 RNA load. The median numbers of nadir and current CD4+ T-cell counts were 300 (IQR: 228–387) and 636 cells/mm3 (IQR: 485–807), respectively (data not shown).

Incidence and clearance of oral HPV infection
A valid HPV test result was obtained for all the oral samples analysed. Incidence and clearance rates for any HPV, high-risk HPVs and the individual high-risk types are shown in table 2.
View this table:	View inline
	View popup



Table 2 Incidence and clearance rates for oral infection by any HPV, high-risk HPVs and the individual high-risk types for the overall study group and stratified according to HIV status




Risk factors for incidence and clearance of oral HPV infection
The univariate and multivariate analyses for incidence and clearance of any HPV are shown in table 3A. In HIV-infected MSM, all the associations observed in the univariate analysis were confirmed at multivariate analysis. Incidence significantly increased in those with >95 compared with <25 lifetime oral sex partners (aHR: 8.46, 95% CI 1.89 to 37.92). Clearance significantly decreased in those aged >46 years (aHR: 0.30, 95% CI 0.12 to 0.74).
View this table:	View inline
	View popup



Table 3 Risk factor analysis for incidence and clearance of oral infection by any HPV (A) and high-risk HPVs (B) in HIV-infected and HIV-uninfected MSM using interval time homogeneous Markov models



In the univariate analysis, incidence significantly increased in HIV-uninfected MSM aged >46 years and those with poor oral health/hygiene, whereas it declined in those with a higher educational level and those with 0.25–18.0 pack-years of smoking compared with the respective reference categories. Individuals with a higher number of recent oral sex partners showed a significant decrease in clearance. Except for educational level and oral health/hygiene, the other associations were confirmed in multivariate analysis. Incidence was almost four times higher in those aged >46 years (aHR: 3.70, 95% CI 1.30 to 10.52) and decreased significantly in those who had smoked 0.25–18.0 pack-years (aHR: 0.21, 95% CI 0.05 to 0.93). Clearance decreased significantly in those with more than six recent oral sex partners (aHR: 0.18, 95% CI 0.05 to 0.65).
The results of the univariate and multivariate analyses for incidence and clearance of high-risk HPVs are shown in table 3B. In HIV-infected MSM, condomless oral sex was associated with more than a 10-fold increase in incidence (aHR: 13.40, 95% CI: 2.55 to 70.53). Compared with MSM aged <36 years, those aged 36–46 years (aHR: 0.09, 95% CI 0.01 to 0.79) and >46 years (aHR: 0.04, 95% CI 0.01 to 0.38) showed a reduced clearance. Clearance decreased significantly also in MSM with a nadir CD4+ T-cell count of <200 cells/mm3 (aHR: 0.14, 95% CI 0.03 to 0.75).
In HIV-uninfected MSM, only age was independently associated with high-risk HPV incidence, which increased significantly in older individuals (aHR: 5.33, 95% CI 1.06 to 26.68 for those aged >46 vs ≤46 years).


Discussion
By reason of the need to improve our knowledge on the dynamics of oral HPV infection as well as the preventive efforts regarding HPV-associated OPC, longitudinal studies on individuals at higher risk of oral HPV play a key role.
Our incidence estimates for any and high-risk HPVs for the overall cohort are a dozen times higher than those calculated in a large population-based study conducted in China,20 most likely because of diverse sociodemographic characteristics and risk exposure of the study populations. Variability in oral sampling, HPV detection method, uncontrolled delay between consecutive visits and statistical analysis may also contribute to explaining the different rates. Despite the fact that almost all the HIV-infected MSM included in this investigation were successfully cART-treated, their incidence for any HPV and high-risk HPVs tended to be higher than those of HIV-uninfected MSM, consistently with other studies.15 17 18 These observations seem to suggest that HIV infection favours oral HPV acquisition, although newly detected HPV may also result from reactivation of latent infections. HIV-infected subjects also showed a lower clearance of any HPV compared with the HIV-uninfected MSM, whereas the opposite was observed for high-risk HPVs. Taken together, these data might explain the higher prevalence of any HPV in the HIV-infected subjects of the OHMAR study and the similar prevalence observed for high-risk types in the two study groups.21

The incidence rates for any and high-risk HPVs for HIV-negative MSM were approximately three times higher than those found in a cohort of HIV-negative and mostly heterosexual men.22 However, a recent meta-analysis found no evidence of an increased risk of oral HPV acquisition for MSM compared with heterosexual men.23

Noteworthy, incidence rates of oral infection by any and high-risk HPVs were much lower than those estimated for anal HPV in HIV-uninfected MSM19 and HIV-infected individuals.24 In contrast, clearance rates were higher for oral compared with anal infection.19 24 Local immunity, risk of microtraumas, local environment (eg, salivary flow in the oral cavity), as well as type of sexual exposure, may be influential factors that explain differences in HPV acquisition and/or clearance at oral and anal levels.
Age affected HPV incidence and clearance differently in the two study groups. Incidence of any and high-risk HPVs increased with age in HIV-uninfected MSM, whereas clearance of any and high-risk HPVs decreased with age in the HIV-infected counterparts. Sexual behaviour at older age (eg, new partner acquisition, increased prevalence of partner concurrency),25 together with lower systemic and local immunity, may explain higher acquisition and lower clearance of oral HPV in older individuals. These observations, that is, an increase in acquisition on the one hand and a reduction of clearance with increasing age on the other hand, seem in line with the bimodal distribution of oral HPV prevalence in men, with a second peak in prevalence in older individuals, although this has been observed in mostly heterosexual men from the general population.26 However, association of incidence or clearance with age has not been observed consistently. Some studies found no association of incident oral infection with age.18 24 Differently, the Persistent Oral Papillomavirus Study (POPS) study observed that any HPV incidence significantly decreased in older HIV-positive MSM and bisexual men, whereas clearance was reduced in older HIV-negative men.17

Unexpectedly, HIV-uninfected MSM who had smoked 0.25–18 pack-years showed a significantly lower incidence of any HPV compared with non-smokers. Other studies either did not observe any association of incidence/clearance with smoking17 18 24 or evidenced a higher risk of acquiring oral HPV in smokers,22 although they regarded populations that were diverse for sex, sexual orientation and HIV status. Although smoking may favour HPV infection by promoting oral mucosa inflammation and suppressing local immunity, the smoking-mediated induction of a protein involved in innate immunity has also been reported,27 and this may limit oral HPV acquisition.
There was statistical evidence that lifetime, for HIV-infected MSM, and recent, for HIV-uninfected MSM, number of oral sex partners affect acquisition and clearance of any HPV. Incidence increase with the number of lifetime oral sex partners is consistent with another investigation on HIV-infected MSM.17 Differently, clearance decline in HIV-uninfected MSM with a higher number of recent oral sex partners has not been observed in other studies, which found an association with incidence instead of clearance.15 17 Interestingly, association with lifetime sex behaviour for HIV-positive individuals and recent sex behaviour for HIV-negative subjects has also been reported for prevalent oral infection,13 suggesting that different parameters of MSM sexual behaviour can play a role in risk of oral HPV, depending on HIV status.
Risk of incident high-risk HPV infection increased more than 10 times in HIV-infected MSM who reported practice of condomless oral sex, in line with a report that showed that individuals who use barriers during oral sex have significantly reduced prevalence of oral HPV16/18.28 Since only a very small fraction of our participants always used condom during oral sex, so that very wide CIs were observed, our finding needs to be confirmed in larger studies.
Poor oral health/hygiene appeared to increase risk of any and high-risk HPV acquisition in HIV-uninfected MSM. Although an independent association was not confirmed, the role of poor oral hygiene in the risk of oral HPV infection is supported by cross-sectional studies. Poor oral health was an independent risk factor for the prevalence of oral HPV in an investigation on over 3000 individuals.29 It has been shown that poor oral hygiene also correlates with a higher prevalence of high-risk HPVs.30

MSM with nadir CD4+ T-cell count of <200/mm3 displayed a significantly reduced clearance of high-risk HPVs, whereas neither incidence nor clearance was associated with this parameter in other studies.17 24 We did not observe any association with current CD4+ T-cell count, in line with others,18 but differently from the POPS study, which evidenced a higher incidence of oral infection in those with a lower current CD4+ T-cell count.17 Immunosuppression in HIV-infected subjects thus appears to affect the natural history of oral HPV infection, but data are inconsistent.
Some strengths of the study can be noted. The use of a Markov model allowed us to produce more accurate estimates for incidence and clearance compared with person-time analyses. Behavioural data were collected also at follow-up visits, differently from most previous studies, enabling us to handle patient shifts across categories of risk and to provide more accurate risk estimates. Both HIV-infected and HIV-uninfected subjects were included, so that possible effects of the HIV status on oral HPV natural history could be explored.
This study also has some limitations. An HPV-negative test does not necessarily mean clearance. This represents a limit of the definition of HPV infection based on HPV-DNA testing, since undetectability may be due to a low viral load (below the test detection limit) instead of true clearance. Due to lack of transitions, type-specific estimates were not provided for all high-risk HPVs. The power was probably insufficient to evidence significant associations for some covariates, for example, oral health/hygiene. In addition, despite the fact that the rating system for oral health/hygiene was established by expert otolaryngologists, a subjective component may have affected the evaluation. The possible role of some covariates as risk factors could not be explored because they had to be excluded from the analysis when the model did not converge. Because of the limited sample size, the overall precision of some estimates may be considered weak, also because of the wide categories used for some variables (eg, pack-years). Our findings should be thus confirmed in larger studies. Finally, our findings may not be generalisable to hard-to-reach and most-at-risk subgroups of MSM.
In conclusion, we observed that in our cohort oral HPV acquisition occurs rarely, whereas clearance is frequent. Among HIV-infected MSM, a high number of lifetime oral sex partners and condomless oral sex appeared to be the strongest predictors for incident infection by any and high-risk HPVs, respectively. Older age showed a strong independent association with incidence in HIV-uninfected MSM and clearance in the HIV-infected counterparts. Further efforts should be made to clarify the natural history of oral HPV, in particular, to identify the factors that could affect the persistence of high-risk HPVs.
Key messages
	Acquisition of oral human papillomavirus (HPV) infection in men who have sex with men (MSM) is 4 to 12 times less frequent than the respective clearance.

	Older age is associated with increased incidence in HIV-uninfected MSM and decreased clearance in HIV-infected MSM.

	Different parameters of sexual behaviour affect incidence and clearance of oral HPV, depending on the HIV status.

	Clearance of high-risk HPVs in HIV-infected MSM decreases with nadir CD4+ T cell count.
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