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Abstract
Background Anorectal high-risk human papillomavirus (hr-HPV) infection is associated with anal
malignancies. However, the epidemiological data is quite limited in Japan.

Methods Anorectal swab was obtained from HIV-infected and –uninfected men who have sex with men
(MSM). Only high-risk HPV genotypes were examined by the Hybrid Capture-based methodology. Anal
cytology was determined by the modi�cation of the Bethesda System classi�cation.

Results In total, 644 participants were included. No participant had history of HPV vaccination at
inclusion. The overall prevalence of hr-HPV was 58.5% (95% con�dence interval: 54.7-62.3). The most
frequently detected hr-HPV genotypes in order were HPV-52, -16, and -58. Among the HPV infected
subjects, 82.8% (312/377) were infected with at least one of the 9 valent vaccine covered genotypes.
Incidence of abnormal cytology was positively correlated with the number of HPV genotypes infected
rather than the difference in genotypes. Multivariate analysis identi�ed the number of detected hr-HPV
genotypes as well as HIV-infection were the independent risk factors for pre-cancer.

Conclusion Nine valent vaccine preventable HPVs are currently prevalent among MSM in Japan. Also,
increased numbers of hr-HPV genotypes were strongly associated with anorectal pre-cancer. Universal
HPV vaccination should be considered for Japanese MSM.

Introduction
Anorectal chronic infection of high-risk types of human papillomavirus (hr-HPV) and related malignancies
are the growing concern of public health among men who have sex with men (MSM). Prevalence of hr-
HPV is extremely high not only among the cases of anal cancer but also among asymptomatic MSM1,2.
Also, the positivity of hr-HPV and the risk of anorectal cancer are even greater in HIV-infected
individuals3,4,5. Recently, routine anal cancer screening using anal cytology, is recommended in many of
developed countries6. Also, HPV vaccination is recommended for all male and female adolescents (from
9 through 26 years) in such countries. Moreover, in 2019, Advisory Committee on Immunization Practices
(ACIPs) has recommended a shared clinical decision-making regarding HPV vaccination for some adults
aged 27 through 45 years who are not adequately vaccinated7,8, although preventive effects of
vaccination on anal cancer or newly acquisition of hr-HPV in sexually active aged adult population have
not been clearly demonstrated in previous studies.

On the other hand, in Japan, although HPV vaccine for male individuals was approved only very recently,
genotyping of anorectal hr-HPV and anal-canal cancer screening are not currently approved. Furthermore,
epidemiological data of MSM, which includes the prevalent hr-HPV genotypes and the related
histopathological abnormalities, are quite limited, although previously reported preliminary data
suggested its high prevalence9.
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In the present study, we assessed the epidemiology of anorectal colonization of HPV and related
abnormal cytology among MSM and sought to discuss the future strategy for preventing HPV related
cancer in Japan.

Results

Characteristics of the study participants
We enrolled a total of 644 MSM that included 437 HIV-infected and 207 HIV-uninfected eligible
consenting participants. The demographic characteristics according to HIV-infected and uninfected
subjects are presented in Table 1. HIV-infected participants were 10 years older compared with HIV-
uninfected. All subjects reported having anal intercourse with other men. No participants had past history
of HPV vaccination at inclusion. Compared to HIV-uninfected, infected subjects had signi�cantly higher
number of sexual partners in lifetime, but with less sexual partners in past 6 months than uninfected
subjects. No signi�cant difference in condom usage during anal sex in both groups, while history of STI
was signi�cantly higher in HIV-infected than uninfected, most acquiring syphilis followed by anal warts,
gonorrhea, chlamydia and herpes. All HIV-infected individuals were on treatment by anti-retroviral therapy
(ART). Plasma HIV-RNA were well-suppressed, and CD4 counts were high.
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Table 1
Demographic characteristics of HIV-infected and HIV-uninfected Japanese MSM

  HIV-infected N = 437

N (%), or median (IQR)

HIV-uninfected N = 207

N (%), or median (IQR)

P value

Age, years 47.0 (38.9–56.5) 37.3 (29.2–46.5) < .001

No. of sex partner in lifetime 184.0 (47.2-794.6) 13.6 (4.4–36.3) < .001

No. of sex partner in the past 6
months

4.6 (1.1–13.8) 9.2 (1.9–27.8) < .001

% use of condom 57.8 (27.5–89.0) 61.5 (23.2–88.8) .256

Past history of STIs 317 (72.5) 72 (34.8) < .001

Syphilis 222 (50.8) 54 (26.1) < .001

Condyloma (anal warts) 90 (20.6) 2 (1.0) < .001

Gonorrhea 69 (15.8) 7 (3.4) < .001

Chlamydia 63 (14.4) 14 (6.8) .006

Herpes 43 (9.8) 2 (1.0) < .001

Latest CD4 + T-cell count x109/L (IQR) 687.6 (0-12.3) NA NA

HIV-RNA copies/mL UD (UD-<20) NA NA

Any hr-HPV positive 293 (67.0) 84 (40.6) < .001

Abbreviations: MSM, men having sex with men; STIs, sexually transmitted infections; IQR, interquartile
range; hr-HPV, high-risk types of human papillomavirus; UD, undetectable.

Prevalence of human papilloma virus
Overall positive rate of hr-HPV was 58.5% [95% con�dence interval: 54.7–62.3]. HIV-infected MSM (67.0%
[62.5–71.3]) had signi�cantly higher infection rate as compared to HIV-uninfected (40.6% [34.1–47.4])
(Table 1). As demonstrated in Fig. 1, more than half of hr-HPV infected individuals (211/377) possessed
multiple hr-HPV genotypes. Of note, the number of hr-HPV genotypes infected were higher in HIV-infected
subjects. The positivity of each hr-HPV genotype to study participants was shown in Supplementary Fig
S1 online. HPV genotypes 16, 52, and 58 were most frequently detected. Also, we con�rmed that most of
HPV-infected subjects (312/377) possessed at least one of the 9 valent vaccine covered genotypes
(genotype 16, 18, 31, 33, 45, 52, and 58). All hr-HPV genotypes other than genotype 59 were more
frequently seen among HIV-infected MSM, although only genotype 52 showed statistical signi�cance
(See Supplementary Table S1 online). Most of genotypes were prevalent equally in different age group
(See Supplementary Fig S2 online). However, GT 31 was more frequently seen among younger population
(30 y.o. or younger), whereas GT 52 & 56 were more frequently seen among �fties. Considered together,
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MSM in Japan, especially HIV-infected, are highly affected by hr-HPV, moreover, 9 valent HPV vaccine
covered genotypes are commonly seen among them.

Prevalence of abnormal anal cytology
Anal cytology results in accordance with Bethesda classi�cation are presented in Supplementary Fig S3
online. Abnormal cytology results were seen in 46 cases (10.5% [86.2–92.0]) of 437 HIV-infected
individuals, which consists of 18 cases of LSIL, 16 cases of ASC-H, and 12 cases of HSIL. On the other
hand, only 2 cases (1.0% [0.2–3.5]) of 207 HIV-uninfected had abnormal cytology results (both were ASC-
H). Next, in order to assess the impact of HPV genotypes on abnormal cytology result, frequencies of
abnormal cytology results in accordance with hr-HPV infection were calculated. Frequency of abnormal
cytology among hr-HPV positive individuals was 11.4% [8.6–15.0], whereas those among hr-HPV
negative participants was 1.9% [0.8–4.3] (Fig. 2a). Importantly, the frequency of abnormal cytology was
not different among different genotypes (Fig. 2a), however, it was positively correlated with the number of
HPV genotypes detected (Fig. 2b). From these results, abnormal cytology was more frequently seen
among HIV-infected individuals than those among HIV-uninfected. Furthermore, incidence of anorectal
pre-cancer could be more in�uenced by the number of hr-HPV genotypes than the difference in its
genotype.

Risk factors for Pre-cancer
Finally, in order to identify the affecting factors on the incidence of pre-cancer, uni- and multi-variate
regression analyses were performed. In univariate analysis, age, HIV infection and number of detected hr-
HPV genotypes were signi�cantly associated with abnormal cytology results, as shown odds ratio of
1.03, 12.06 and 1.65, respectively. As expected, in the multivariate analysis, HIV infection and number of
hr-HPV genotypes detected were identi�ed as independent risk factors for pre-cancer. Especially, number
of hr-HPV genotypes were the very strong one (Odds Ration 1.57, P value < .001) (See Supplementary
Table S1).

Discussion
In our study, the prevalence of anal hr-HPV infection among MSM cohort was 58.5% [54.7–62.3], and the
most frequently detected hr-HPV genotypes in order were HPV-52 (18.5%), HPV-16 (16.9%), and HPV-58
(15.7%) among them. Our previous study conducted 10 years ago in the HIV-infected MSM cohort
identi�ed prevalence of hr-HPV infection as high as 75.9%, and the most frequent hr-HPV genotypes in
order were HPV-58 (30.2%), HPV-16 (28.8%) and HPV-52 (22.2%)9. Considered together, these 3 genotypes
are predominant hr-HPV genotypes among Japanese MSM throughout in this decade. Our study also
revealed similar prevalence among HIV-infected subjects 67.0% [62.5–71.3], while HIV-uninfected
subjects had a lower rate of 40.6% [34.1–47.4].The high prevalence with hr-HPV in MSM are almost
concurrent with those reported in other Asian countries, but the distribution of hr-HPV genotypes was
somewhat different4,14,15. The prevalence of HPV infection was 85.2% in Taiwan, 82.7% in China and 85%
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in Thailand, while most frequent HPV genotypes were HPV-16, HPV-51 and HPV-52 in Taiwan and
Thailand, HPV-16 and HPV-18 in China4,14,15.

All of 9 valent HPV vaccine covered genotypes (genotypes 16, 18, 31, 33, 45, 52 and 58 are high-risk HPV
genotypes, while genotypes 6 and 11 are low-risk HPV genotypes) were not rarely (> 5%) identi�ed in the
study participants (See supplementary Fig S1 online). Moreover, most of HPV infected subjects
(312/377) possessed at least one of the 9 valent vaccine covered genotypes. These results indicate that
vaccine preventable genotypes are currently common hr-HPV among Japanese MSM.

Even more interestingly, it was clearly documented for the �rst time in Japan in the present study that the
incidence of abnormal cytology was positively correlated with the number of HPV genotypes detected
(Fig. 2b, Table 2), as was discussed in a previous study14. On the other hand, the incidence of abnormal
cytology was not greatly in�uenced by the difference in genotypes (Fig. 2a). Considered together, HPV
vaccination could be recommended even for those who were already infected with some hr-HPV
genotypes to prevent the further acquisition of different vaccine preventable HPV genotypes, as
recommended in previous study16. Another associated risk factor for abnormal cytology was HIV
infection, although our participants with HIV-infection are all well-controlled by anti-retroviral therapy
(ART). However, it is not clear from the present study of the cross-sectional design whether HIV causes
impaired clearance of the HPV infection, or HIV-infected individuals reacquire HPV more frequently.

Table 2
Multiple logistic regression analysis to determine the factors associated with abnormal anal cytology
HPV positive individuals (n = 377) Univariate analysis Multivariate analysis

OR [95% CI] P
value

OR [95% CI] P value

Age (+ 1 year) 1.03 [1.01–1.06] .008 1.03 [.99-1.06] .094

HIV infection 12.06 [2.90-
50.18]

.001 6.52 [1.52–28.46] .012

Number of detected hr-HPV
genotypes

1.65 [1.38–1.97] < .001 1.57 [1.30–1.90] < .001

100% use of condom 1.35 [.67-2.72] .395    

No. of lifetime sexual partner 2.45 [1.00-5.99] .051    

Past treatment history of STI 1.62 [.77-3.41] .203    

There are some limitations to be considered in the present study. First, this was a cross-sectional study,
and it is di�cult to assess whether the HPV infection has been a transient infection or a persistent one, or
a re-infection. Second, this study only analyzed hr-HPV genotypes, therefore not all genotypes were
assessed. Third, cytology results for HIV-uninfected subjects were reported only using pap smear, then
translated to Bethesda system using previously reported relationship of the two systems12.
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In conclusion, we found that hr-HPV, especially 9 valent HPV vaccine preventable HPV, was highly
prevalent among MSM in Japan. Also, it was shown that increased number of hr-HPV genotypes were
strongly associated with anorectal pre-cancer. Universal HPV vaccination for Japanese MSM should be
considered to prevent HPV related malignancy, although further studies is needed for assessing health
impact and cost-effectiveness of nine-valent HPV vaccination.

Methods

Ethics statement
A written informed consent for HPV and anal cytology testing was obtained from all participants. This
study was approved by the ethics committee of the National Center for Global Health and Medicine
(approval no. NCGM-G-002390). This study was implemented in accordance with the provisions of the
Declaration of Helsinki.

Study population
We have an existing cohort of HIV-infected MSM, who are on treatment at AIDS Clinical Center (ACC),
National Center for Global Health and Medicine (NCGM), Tokyo, as well as a non-HIV-infected MSM
cohort at the Sexual Health Clinic (SHC) outpatient in the same center. We conducted a cross-sectional
study in these two groups between January 1, 2019, and August 31, 2019. Eligibility criteria included male
sex, age ≥ 16 years from SHC and age ≥ 20 years from ACC, Self-reported history of having sex with men,
willingness to undergo anal swab sampling to test for HPV infection, HPV genotypes (GTs), and anal
cytology.

Data collection
Each participant completed a standardized questionnaire. The information gathered included
sociodemographic data (age), sexual behavior data (number of lifetime sexual partners, number of
sexual partners in the last 6 months, use of condom, and history of sexually transmitted diseases).

HPV Detection and Cytology
Samples were collected using anal canal swab, and all samples were taken and processed at the external
laboratory, LSI Medience Corporation Tokyo, Japan. HPV DNA was detected by Hybrid Capture-based
methodology described previously10. This included only oncogenic or hr-HPV genotypes (16, 18, 31, 33,
35,39, 45, 51, 52, 56, 58, 59, and 68)11. For cytology, a liquid based cytology was prepared for routine Pap
staining; cytology results were reported �rst using the Papanicolaou Classi�cation (Class I-V)13, and also
reported using the modi�cation of the Bethesda System classi�cation for cervical cytology: categories
NILM (negative for intraepithelial lesion or malignancy), ASC-US (atypical squamous cell of undetermined
signi�cance), LSIL (low-grade squamous intraepithelial lesion), ASC-H (atypical squamous cells, cannot
exclude high-grade lesion) and HSIL (high-grade squamous intraepithelial lesions)13. Cytology results for
HIV-infected subjects were reported using both systems, but results for HIV-uninfected subjects were
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reported only using pap smear, then translated to Bethesda system using previously reported relationship
of the two systems 12.

Statistical Analysis
All statistical tests were evaluated at a .05 level of signi�cance. Statistical analyses were performed with
GraphPad Prism 7.0, and regression analysis was performed by Statistical Package for Social Sciences
(SPSS) software, version 23.0. We reported categorical data as number (n) and percentage (%), while
continuous variables were reported as median and interquartile range (IQR). We compared differences in
sociodemographic, and sexual behaviors between HIV-infected and uninfected subjects and performed
descriptive analysis. Mann-Whitney U tests were used for continuous variables, and Chi-squared/Fisher's
exact tests were used for categorical variables. Odds ratio (OR) of signi�cant factors associated with
HPV infection and development of anal pre-cancerous lesions were calculated using logistic regression
analysis. Multivariate logistic regression models were then applied to signi�cant factors found in
univariate analysis.
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Figure 1

Number of hr-HPV genotypes in HIV-infected and uninfected MSM. Frequency of number of genotypes
identi�ed between HIV-infected and uninfected subjects were compared. Abbreviations: GT, genotype, hr-
HPV, high-risk types of human papillomavirus.
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Figure 2

Frequency of abnormal anal cytology of anorectal swab. a) Frequency of abnormal anal cytology results
(LSIL, ASC-H, or HSIL) was presented in accordance with the hr-HPV genotypes identi�ed in all the
subjects (644). b) Frequency of abnormal cytology results was calculated in accordance with the number
of hr-HPV genotypes. Abbreviations: GT, genotype; hr-HPV, high-risk types of human papillomavirus.  
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