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Abstract

Objective

To investigate whether routine eye screening by an ophthalmologist in patients with HIV-1
infection is clinically useful.

Methods

A single-center, retrospective study in Tokyo, Japan. HIV-1-infected patients aged over 17
years who visited our clinic for the first time between January 2004 and December 2013
and underwent full ophthalmologic examination were enrolled. At our clinic, ophthalmologic
examination, including dilated retinal examination by indirect ophthalmoscopy was routinely
conducted by ophthalmologists on the first visit. The prevalence of ophthalmologic diseases
and associated factors including the existence of ocular symptoms were analyzed.

Results

Of the 1,515 study patients, cytomegalovirus retinitis (CMV-R) was diagnosed in 24 (2%)
patients, HIV retinopathy (HIV-R) in 127 (8%), cataract in 31 (2%), ocular syphilis in 4
(0.3%), and uveitis with unknown cause in 8 (0.5%). Other ocular diseases were diagnosed
in 14 patients. The CD4 count was <200 /uL in all CMV-R cases and 87% of HIV-R. The
prevalence of any ocular diseases, CMV-R, and HIV-R in patients with CD4 <200 /uL were
22%, 3%, and 15%, respectively, whereas for those with CD4 >200 /uL were 5%, 0%, and
2%, respectively. No ocular symptoms were reported by 71% of CMV-R cases and 82% of
patients with any ocular diseases.
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Conclusions

Routine ophthalmologic screening is recommended for HIV-1-infected patients with CD4
<200 /ulL. in resource-rich settings based on the high prevalence of ocular diseases within
this CD4 count category and because most patients with ocular diseases, including those
with CMV-R, were free of ocular symptoms.

Introduction

Antiretroviral therapy (ART) has dramatically improved the prognosis of patients with HIV-1
infection [1]. However, many patients are still diagnosed of advanced HIV-1 infection, with
concurrent opportunistic infections [2,3]. HIV-1-infected patients are prone to develop ocular
opportunistic infections, such as cytomegalovirus (CMV) retinitis, cryptococcosis, toxoplas-
mosis, and tuberculosis [4-6]. HIV retinopathy can also occur in patients with HIV-1 infection
[7]. Of these ocular opportunistic infections, CMV retinitis occurs among patients with
severely advanced HIV-1 infection, and can result in total blindness and increased mortality
even in the ART era [8].

To date, there is no consensus on the importance of routine screening of HIV-1-infected
patients for ophthalmologic diseases with dilated retinal examination using indirect ophthal-
moscopy. The revised 2013 American CDC guidelines for opportunistic infections did not
state recommendations for routine ophthalmologic screening for such patients and only
described the expert opinion that “some specialists recommend yearly funduscopic examina-
tions performed by an ophthalmologist for patients with CD4 counts <50 /ul” [9]. The aims of
the present study were; 1) to determine the prevalence of ocular diseases according to CD4
count and 2) to determine factors associated with CMV retinitis and other ocular diseases, with
a special focus on the presence of ocular symptoms, in order to assess the clinical utility of rou-
tine ophthalmologic screening by an ophthalmologist for patients with HIV-1 infection in a
resource-rich setting.

Methods
Study design, setting, and participants

We conducted a single-center retrospective study to investigate the usefulness of routine oph-
thalmologic screening for patients with HIV-1 infection at AIDS Clinical Center, National Cen-
ter for Global Health and Medicine (NCGM), Tokyo. AIDS Clinical Center is one of the largest
referral centers for HIV-1 infection in Japan with more than 3,800 registered patients [10], and
considering that the total reported number of patients with HIV-1 infection is 24,454 by the end
of 2013, this clinic treats approximately 15% of the HIV-1 infected patients in Japan [11]. At
our clinic, ophthalmologic examination, including dilated retinal examination using indirect
ophthalmoscopy, is routinely conducted during the first visit to the clinic by an ophthalmolo-
gist, and if it is not possible during the first visit, patients are referred to an ophthalmologists
during the second/third visit [12]. The following criteria were applied for enrollment of patients
in the study. Inclusion criteria: 1) HIV-1-infected patients aged over 17 years who visited our
clinic for the first time between January 2004 and December 2013 and underwent full ophthal-
mologic examination within one year from the first visit. Exclusion criteria: 1) patients who
were already diagnosed with ocular diseases at the time of referral to our clinic, because the aim
of this study was to evaluate the usefulness of routine ophthalmologic screening. Furthermore, it
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is often difficult to confirm retinal photography which are required for the diagnosis of CMV
retinitis according to the standard ACTG criteria [12,13].

The study protocol was approved by the Human Research Ethics Committee of National
Center for Global Health and Medicine (G-001623-01). Informed consent was waived because
this study solely used the data gained from clinical practice. Patient information was anon-
ymized and de-identified prior to analysis. The study was conducted according to the princi-
ples expressed in the Declaration of Helsinki.

Definitions of ophthalmologic diseases and measurements

The results of the first ophthalmologic examination conducted in each patient were extracted
from the medical records, together with any or no ocular symptoms. CMV retinitis which ful-
filled the standard ACTG criteria of “confirmed CMYV retinitis” was included as CMV retinitis
cases which required a diagnosis by an experienced ophthalmologist and documentation of
CMYV retinitis by retinal photography [13]. The diagnosis of HIV retinopathy was based on the
findings of microaneurysms, telangiectasia, retinal hemorrhages, and cotton wool spots (CWS)
[7]. The diagnosis of ocular syphilis was based on 1) ophthalmological examination document-
ing findings specific to ocular syphilis and 2) evidence of syphilis infection defined by a positive
serum quantitative rapid plasma reagin (RPR) (titer >8) and positive Treponema pallidum
hemagglutination assay [14,15]. When ruling out other ocular diseases was difficult, the
response to syphilis treatment was also taken into account. At our hospital, if the diagnosis of
ocular diseases could not be confirmed, ophthalmological examination was repeated within
one to four weeks, and the diagnosis was confirmed by at least two ophthalmologists. Old
lesions considered inactive were excluded. All ocular diseases were reviewed and confirmed by
an experienced ophthalmologist (SY) and a HIV expert (TN). The basic characteristics [age,
sex, ethnicity, the day (if not available, the month) of diagnosis of HIV-1 infection, history of
AIDS, route of HIV-1 transmission, and treatment status of HIV-1 infection (either treatment-
naive or experienced)], CD4 count, HIV-1 viral load, quantitative RPR were also collected. For
the latter three variables, the data closest to and preceding the day of the first ophthalmologic
examination were used. Quantitative RPR was routinely measured on the day of the first visit
and on discretion of treating physician at our clinic. The variable CMV end-organ diseases
other than retinitis was also collected; their diagnosis of each disease was based on the stan-
dardized ACTG criteria and confirmed within 4 weeks of ophthalmological examination
[12,13]. The variables systemic steroid use, anti-CMV treatment, and chemotherapy were also
recorded. They were defined as steroid, anti-CMV treatment, and chemotherapy, which were
administered either orally or intravenously within one month preceding the ophthalmological
examination [12].

Statistical analysis

All analyses were performed and all results were presented at the subject-level, rather than eye
level. Baseline characteristics were described for the entire study patients, those with CMV reti-
nitis, HIV retinopathy, cataract, and ocular syphilis. A univariate logistic regression model was
constructed to estimate the association of each variable with CMV retinitis, HIV retinopathy,
and cataract, respectively, and variables with p <0.05 in univariate analysis were incorporated
into the multivariate model. For CMV retinitis, the variables anti-CMV treatment and history
of AIDS were not added to the multivariate model because of multicollinearity with CMV dis-
eases other than retinitis and CD4 count, respectively, and because of the small number of
cases with CMYV retinitis. For cataract, the variable systemic steroid use was added to the multi-
variate model because systemic steroid use is an established risk factor for cataract [16,17]. Sex
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was not added to any of the models because the study included only a small number of female
patients. Statistical significance was defined as two-sided p values <0.05. We used odds ratios
(ORs) with 95% confidence intervals (95% CIs). All statistical analyses were performed with
The Statistical Package for Social Sciences ver. 21.0 (SPSS, Chicago, IL).

Results

1,515 (66%) patients were analyzed as the study patients (Fig 1). They were mostly Asian men
who had sex with men and were treatment-naive for HIV-1 infection (Table 1). The median
CD4 count and HIV-1 load were 210 /uL [interquartile range (IQR) 66-353 /uL)] and 4.76
logyocopies/mL (IQR 4.04-5.28 log;ocopies/mL), respectively. Median time from diagnosis of
HIV-1 infection to ophthalmological examination was 1 month (IQR 0.3-2.6 months). Of the
study patients, 204 (13%) presented with ocular diseases; ocular diseases included CMV retini-
tis in 24 (1.6%), HIV retinopathy in 127 (8.4%), cataract in 31 (2%), ocular syphilis in 4 (0.3%),
uveitis with unknown cause in 8 (0.5%), and other diseases listed in Fig 1 in 14. Two patients

HIV-1 infected patients on the first visit to AIDS Clinical Center between January 2004 and December, 2013

n=2,309

Excluded (n=794)

Pre-diagnosis of CMV retinitis n=12
Pre-diagnosis other ocular diseases n=10
Less than18 years of age n=7
No available data n=4

Did not receive ophthaimological examination n=761

Patients with ocular diseases' (n=204)
CMV retinitis n=24
HIV retinopathy n=127
Cataract n=31
Ocular syphilis n=
Uveitis with unknown cause n=
Diabetic retinopathy n=5
Tuberculoma n=2
Endophthalmitis n=2
Ocular cryptococcoma n=1
Keratitis n=1
Herpes zoster conjunctivitis n=1
Central serous chorioretinitis n=1
Optic nerve Infiltration by malignant lymphoma n=1

Enrolied in the study n=1,515

Fig 1. Patient enrollment process. "Two patients had both HIV retinopathy and cataract, one had both cataract and diabetic retinopathy, and one had both
HIV retinopathy and diabetic retinopathy. CMV: cytomegalovirus.

doi:10.1371/journal.pone.0136747.9001
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Table 1. Baseline characteristics of study patients and those with various ocular diseases.

Study patients  Any ocular CMV retinitis  HIV retinopathy  Cataract Ocular
n=1515 diseasesn =204 n=24 n=127 n=31 syphilisn=4

2

36 (30-44) 42 (36-54) 42 (34-53)

63 (44-66) 37 (34-44)

CD4 count (/ul)t © 210(66-353) 67 (21-168) - 27 (15-71) 51 (18-91) 224 (89— 181 (163-499)

Treatment-naive, n (%) 185 (91) 118 (93) 26 (84) 4 (100)

Anti-CMVtreatmehtn(%) LT 36 (2) 11 (B) 3 (18) L TAB) 0 0

HomoSexual contact, n (%) 1221 (81) 161 (79) 18 (75) 105 (83) 24 (77) 3 (75)

Contaminated blood product, n (%) 11(1) 2(1) 0 1(1) 1(3) 0

TMedian (interquartile range). CMV: cytomegalovirus, NA: not applicable.

Two patients had both HIV retinopathy and cataract.

T0cular symptoms were not assessed in five patients because of altered mental status
*Data for the day of diagnosis of HIV-1 infection are missing for 39 patients.

doi:10.1371/journal.pone.0136747.1001

had both HIV retinopathy and cataract, one had both cataract and diabetic retinopathy, and
one had both HIV retinopathy and diabetic retinopathy.

Table 2 shows the prevalence of ocular diseases according to CD4 cell count. Ocular diseases
were identified in 81 (26%) of 308 patients with CD4 <50 /pL, 130 (27%) of 490 with CD4
<100 /uL, 162 (22%) of 731 with CD4 <200 /pL, and 28 (5.4%) of 784 with CD4 count >200
/uL. CMV retinitis was diagnosed in 24 (1.6%) of the 1,515 study patients, 14 (5%) of 308
patients with CD4 <50 /uL, 20 (4%) of 490 with CD4 <100 /uL, 24 (3%) of 731 with CD4
<200 /uL, and none among patients with CD4 count >200 /uL. For patients with CD4 count
<200 /uL, three uveitis with unknown cause, two endophthalmitis, two diabetic retinopathy,
two tuberculoma, one ocular cryptococcoma, and one keratitis were diagnosed other than
those listed in Table 2.

At the time of ophthalmological examination, 50 patients (3%) of the total 1,515 patients
complained of ocular symptoms (Table 1). Among 204 patients with any ocular diseases, only
27 (13%) had ocular symptoms. Similarly, only 7 (29%) out of 24 patients with CMV retinitis,
10 (8%) out of 127 with HIV retinopathy, 10 (32%) of 31 with cataract, and 2 (50%) of 4 with
ocular syphilis, respectively, had ocular symptoms.

The median CD4 count of 24 cases with CMV retinitis was 27 /uL (IQR 15-71 /uL, range
7-158 /uL) (Table 1). Two (8%) patients also had CMV diseases other than retinitis, and three
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Table 2. Prevalence of ocular diseases according to CD4 cell count.

All patients n = 1515~ CD4<50/uin=308  CD4<100/uln=490  CD4<200/uin=731  CD4 >200 n = 784
42 (5.4)

A
H
c

Ocular syphilis 4(0.3) 0 0 3(0.4) 1(0.1)

Data are numbers (percentages).
CMV: cytomegalovirus

doi:10.1371/journal.pone.0136747 t002

(13%) had received anti-CMV treatment. The results of multivariate analysis showed that the
presence of ocular symptom versus no symptoms was significantly associated with CMV retini-
tis (OR 13, 95% CI 4.59-36.0, p<0.001) (Table 3). Lower CD4 count (per 100 /uL decrement,
OR 3.9, 95% CI 1.85-8.30, p<0.001) was also significantly associated with CMV retinitis,
whereas presence of CMV diseases other than retinitis showed a trend toward association that
was not statistically significant (OR 3.9, 95% CI 0.78-19.1, p = 0.097).

111 (87%) of 127 patients with HIV retinopathy had CD4 count less than 200 /pL (median
51 /uL, IQR 18-91 /uL, range 1-403 /uL). 34 (27%) patients were using systemic steroid, and
83 (65%) patients were with history of AIDS. In multivariate model, older age (per 10 year
increment, OR 1.4, 95% CI 1.15-1.61, p<0.001), lower CD4 count (per 100 /uL decrement, OR
1.7,95% CI 1.36~2.13, p<0.001), and higher HIV-1 load (per 1 log;qcopies/mL, OR 1.6, 95%
CI 1.20-2.06, p = 0.001) were significantly associated with HIV retinopathy, whereas presence
of ocular symptoms and history of AIDS showed a trend toward association that was not statis-
tically significant (Table 4).

31 patients with cataract were relatively old (median age 63, IQR 44-66), and had a median
CD4 count of 224 /uL (IQR 89-323 /uL). In multivariate analysis, presence of ocular symptoms
and older age were significantly associated with cataract (ocular symptoms, OR 13, 95% CI
4.86-33.4, p<0.001) (age per 10 year increment, OR 3.1, 95% CI 2.26-4.34, p<0.001), whereas

Table 3. Uni- and multi-variate analyses to estimate the associations of various factors with cytomegalovirus retinitis.

Crude model Adjusted model

OR 95%Cl P value Adjusted OR 95%Cl P value

Age per 10 year increment 15 1.09-2.07 0.012 12 0.86-1.77 026

H’IV-1 viral load per 1 logsocopies/ml increment 15 0.079

Antiretroviral therapy

Systemic steroid use 23 0.85-6.30 0.099

Variables with p <0.05 in the univariate analysis were incorporated into the multivariate model. Anti-CMV treatment and history of AIDS were not added to
the multivariate model because of multicollinearity with CMV diseases other than retinitis and CD4 count, respectively. History of AIDS was not added to
the multivariate model because CMV retinitis is one of the AIDS-defining illnesses.

doi:10.1371/journal.pone.0136747.t003
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Table 4. Uni- and multi-variate analyses to estimate the associations of various factors with HIV retinopathy.

Crude model Adjusted model

OR 95%Cl P value Adjusted OR 95%Cl P value

Age per 10 year increment ' 1.5 1.31-1.78 <0.001 1.4 1.15-1.61 <0.001

' 1.20-2.06

HIV-1 viral load per 1 logiecopies/ml increment

Variables with p <0.05 in univariate analysis were incorporated into the multivariate model.

doi:10.1371/journal.pone.0136747.t004

systemic steroid use was not associated (OR 1.0, 95% CI 0.28-3.42, p = 0.97). In 4 patients with
ocular syphilis, the titer of RPR was 256, 64, 64, and 16, and higher RPR value was associated
with ocular syphilis (univariate analysis, per 2" RPR titer increment, OR 1.6, 95% CI 1.18-2.15,
p = 0.002, where RPR titer <8 was treated as RPR = 2).

Discussion

In this single center cohort where an ophthalmologist routinely screens ocular diseases with
dilated retinal examination using indirect ophthalmoscopy for HIV-1-infected patients who
first visited the clinic [12], we aimed to determine whether routine ophthalmologic screening is
clinically useful. The results of the present study showed the presence of ocular diseases and
CMV retinitis in 26% and 5% of patients with CD4 <50 /pL, and in 22% and 3% of patients
with CD4 <200 /uL, respectively, but only in 5.4% and 0% of patients with patients with CD4
count >200 /uL. Of the 24 patients with CMV retinitis, 14 patients had CD4 count <50 /uL,
whereas 6 patients had CD4 50-99 /uL and 4 patients had CD4 100-199 /uL. Importantly, only
27 (13%) of 204 patients with any ocular diseases and 7 (29%) of 24 patients with CMV retinitis
had ocular symptoms. The importance of early detection of ocular diseases, especially CMV
retinitis is well established [18]. Based on the high prevalence of ocular diseases among patients
with CD4 <200 /uL and high percentage of asymptomatic patients among those with ocular
diseases, we recommend ophthalmological screening with dilated retinal examination using
indirect ophthalmoscopy in HIV-1-infected patients with CD4 count of <200 /uL in resource-
rich settings.

To our knowledge, this is the first study that implemented systemic screening by ophthal-
mologists for all HIV-1-infected patients during the first visit to the HIV referral clinic regard-
less of CD4 count. The study design allowed comparison of the prevalence of ocular diseases
according to CD4 count. The result showed that the prevalence of ocular diseases among HIV-
1-infected patients with CD4 >200 /pL was 5.4% (CMYV retinitis 0%), far lower than 22%
(CMV retinitis 3%) among patients with CD4 <200 /uL. Other studies that investigated the
incidence and prevalence of ocular diseases among HIV-1-infected patients, such as the Longi-
tudinal Study of the Ocular Complications of AIDS (LSOCA) [19], only enrolled AIDS patients
with very low median nadir CD4 count of 30 /uL. Furthermore, in this study, most study
patients underwent ophthalmological examination soon after the diagnosis of HIV-1 infection
(median 1 month, IQR 0.3-2.6 months). Thus, the results of ophthalmological examination in
this study would be similar to the results at the time of diagnosis of HIV-1 infection.
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Little evidence is available for the clinical usefulness of routine ophthalmological screening
in HIV-1-infected patients. Although both the 2013 American CDC guidelines for the treat-
ment of opportunistic infections and 2013 Primary Care Guidelines by Infectious Diseases
Society of America recommend referral of patients with CD4 count <50 /uL to an ophthalmol-
ogist for examination, the recommendation is mostly based on expert opinion [9,20]. It is well-
known that CMV retinitis typically occurs in patients with CD4 count <50 /uL [21,22]. How-
ever, CMV refinitis can also occur in patients with CD4 >50 /uL [23], as in the present study
the CD4 count was 50-199 /uL in 10 (42%) out of 24 CMYV retinitis cases. Considering that
71% of CMV cases had no ocular symptoms, we recommend that routine screening by oph-
thalmologists of patients with CD4 <200 /uL is rational in resource-rich settings.

In the assessment of associated factors for each ocular disease, lower CD4 count and higher
HIV-1 load were associated with HIV retinopathy, in agreement with the results of previous
studies [24,25]. On the other hand, to our knowledge, this is the first study to report a signifi-
cant association between old age and HIV retinopathy. HIV retinopathy is a well-known ocular
disease characterized by micro aneurysms, telangiectasia, retinal hemorrhages, and CWS [7].
Pathogenesis and clinical significance of HIV retinopathy are not fully understood, and num-
ber of probable etiologies or associated factors, including viral immune complex, direct HIV
infection of endothelial cells, and hyperviscosity due to red cell aggregation, have been sug-
gested [7,26,27]. Clinically, most patients with HIV retinopathy do not have visual complaints
[7] and CWS can disappear within a few weeks [28]. However, abrupt visual loss can occur in
patients with HIV retinopathy [29], and HIV-induced CWS can cause permanent retinal
destruction [26]. Our finding that old age is associated with HIV retinopathy might suggest the
importance of active ophthalmologic screening for the elderly with HIV-1 infection.

The association between cataract and HIV-1 infection has been poorly documented. How-
ever, one Danish nationwide population-based cohort study reported almost twice higher risk
of cataract surgery in patients with HIV-1 infection than in the general population [30]. One
possible explanation for the susceptibility of HIV-1-infected patients to cataract is the occur-
rence of immune recovery uveitis/vitritis after the introduction of ART, with subsequent devel-
opment of secondary ocular manifestations, including cataract [30-32]. The prevalence of
cataract in this study was 2%, but it is difficult to directly compare this number with other stud-
ies, because older age is an established risk factor for cataract [33] and such comparison
requires age matching. Although the Danish study identified that CD4 count <200 /ul and
introduction of ART as risk factors for cataract [30], these findings were not reproduced in the
present study.

Several limitations need to be acknowledged. First, due to the nature of a single-center
cohort study, selection bias of study patients could not be ruled out. However, due to the very
low prevalence of HIV-1 infection in Japan, our clinic treats approximately 15% of the HIV-1
infected patients in Japan [10,11]. Second, the majority of patients diagnosed with ocular dis-
eases in the present study had HIV retinopathy, for which the clinical significance and sequelae
are still not fully elucidated as described above. However, HIV-induced CWS can serve as a
portal for CMV entry to the retina [34], and HIV retinopathy is an established risk factor for
subsequent CMYV retinitis [5,34,35]. Some experts even recommend ophthalmological exami-
nation every three months for patients with HIV retinopathy [7,27]. Third, 34% of the HIV-
1-infected patients on the first visit to our clinic during the study period, including 12 patients
with pre-diagnosed CMYV retinitis, were excluded from the study (Fig 1), mostly because they
did not receive ophthalmologic examination. If the characteristics of these patients differ sub-
stantially from the included cohort, this could influence the interpretation of the results.

In conclusion, the present study reported the results of systematic screening of HIV-1-infected
patients by ophthalmologists with dilated retinal examination using indirect ophthalmoscopy
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among HIV-1-infected patients shortly after the diagnosis of HIV-1 infection. The prevalence of
any ocular diseases and CMV retinitis were 22% and 3% in patients with CD4 <200 /uL, respec-
tively, but were only 5.4% and 0% in patients with CD4 count >200 /uL. Furthermore, only 13%
of patients with any ocular diseases and 29% of CMV cases complained of ocular symptoms. We
recommend routine ophthalmologic screening by ophthalmologists for HIV-1-infected patients
with CD4 count of <200 /uL in resource-rich settings.
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Abstract

Background

Oncogenic human papillomavirus (HPV) infection, particularly muitiple HPV types, is
recognized as a necessary cause of anal cancer. However, a limited number of studies
have reported the prevalence of anal HPV infection in Asia. We determined the prevalence,
genotypes, and risk factors for anal HPV infection in Japanese HIV-positive men who have
sex with men (MSM), heterosexual men, and women.

Methods

This cross-sectional study included 421 HIV-positive patients. At enroliment, we collected
data on smoking, alcohol, co-morbidities, drugs, CD4 cell counts, HIV RNA levels, highly
active anti-retroviral therapy (HAART) duration, sexually transmitted infections (STls), and
serological screening (syphilis, hepatitis B virus, Chlamydia trachomatis, Entamoeba histo-
lytica). Anal swabs were collected for oncogenic HPV genotyping.

Results

Oncogenic HPV rate was 75.9% in MSM, 20.6% in heterosexual men, and 19.2% in
women. HPV 16/18 types were detected in 34.9% of MSM, 17.7% of heterosexual men,
and 11.5% of women. Multiple oncogenic HPV (>2 oncogenic types) rate was 54.6% in
MSM, 8.8% in heterosexual men, and 0% in women. In univariate analysis, younger age,
male sex, MSM, CD4 <100, HIV viral load >50,000, no administration of HAART, and hav-
ing >2 sexually transmitted infections (STls) were significantly associated with oncogenic
HPV infection, whereas higher smoking index and corticosteroid use were marginally asso-
ciated with oncogenic HPV infection. In multivariate analysis, younger age (OR, 0.98 [0.96—
0.99]), MSM (OR, 5.85[2.33—-14.71]), CD4 <100 (OR, 2.24 [1.00-5.01]), and having >2
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STls (OR, 2.81 [1.72—4.61]) were independently associated with oncogenic HPV infection.
These 4 variables were also significant risk factors for multiple oncogenic HPV infection.

Conclusions

Among Japanese HIV-infected patients, approximately two-thirds of MSM, one-fifth of het-
erosexual men, and one-fifth of women have anal oncogenic HPV infection. Younger age,
MSM, >2 STls, and immunosuppression confer a higher risk of infection with oncogenic
HPV and multiple oncogenic types.

Introduction

Human papillomavirus (HPV) infections are the most common sexually transmitted infections
(STIs) worldwide[1]. HPV types that infect the anorectal area can be divided into oncogenic
types and non-oncogenic types, and approximately 85% of anal cancers worldwide are attrib-
uted to oncogenic HPV[2,3]. In addition, infection with multiple HPV types has been associ-
ated with HPV persistence and longer duration of infection[4,5]; thus, co-infection with
multiple oncogenic HPVs may be an important risk factor for anal cancer. Although anal can-
cers are rare in the general population[6], HIV-positive men who has sex with men (MSM)
have an approximately 1.5 times higher prevalence of anal HPV infection and a 5 times higher
risk of anal cancer than HIV-negative MSM[7,7-9], even in this era of highly active antiretrovi-
ral therapy (HAART) use[10].

Most data on anal HPV infection have been obtained in Western countries. A limited num-
ber of studies have reported the prevalence of anal HPV infection in Asia including Taiwan
[7,11], India[12], Thailand[7], and China[7,8,13]. In Japan, 14,706 HIV and 6719 AIDS cases
were reported at the end of 2012[14]. Although the prevalence of HIV in the general popula-
tion remains low at 0.018%, the number of newly reported cases of HIV in MSM more than
doubled from 314 in 2001 to 724 in 2012, and it is possible that the number of HIV-positive
MSM could reach 10.4% in 2040[14,15]. Therefore, there have been concerns about the
increasing trend of anal HPV infection as well as anorectal STIs such as syphilis[16] and inva-
sive amebiasis[17]. However, no data are available on the prevalence of anal HPV infection in
Japan. Prior data suggested an increase of anal HPV infection-associated anal intraepithelial
neoplasia (AIN) in Asian MSM[18]. However, as it stands, most HIV-infected patients do not
undergo anal screening in Japanese hospitals; thus, obtaining information on HPV prevalence
and genotypes in Japanese HIV-positive patients is necessary for HPV-related AIN prevention.

Compared with HIV-positive MSM, few studies have reported the prevalence of anal HPV
infections with different genotypes in HIV-positive heterosexual men or HIV-positive women
[11,12]. In addition, only limited data are available on the risk factors for HPV infection in
HIV-positive patients[9,19]. It remains poorly understood whether low CD4 counts, high viral
load (VL), long duration of HIV disease, HAART use, or concomitant infection with STTs
affect the risk of oncogenic HPV infection.

To address these issues, we prospectively collected information on oncogenic HPV infection
as well as STIs and HIV-related factors, and we then determined the prevalence, genotypes,
and risk factors for anal HPV infection in Japanese HIV-positive MSM, heterosexual men, and
women.
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Material and Methods
Study Design, Setting, and Participants

This prospective, cross-sectional study was carried out between September 2009 and March
2015 in the Department of Gastroenterology and Hepatology at the National Center for Global
Health and Medicine (NCGM), Tokyo, Japan. Eligible patients were HIV-positive patients, at
least 18 years old, who were willing to receive gastrointestinal (GI) tract cancer screening, pro-
vide anal swabs and blood for tests, and physically able and willing to provide written informed
consent. NCGM has one of the largest HIV clinics in Japan with >3,500 registered patients as
of May 2013. These patients were the first patients enrolled in the HIV-GI cohort (V-GI proto-
col) and were systematically screened for anal HPV infection and STIs during the study period.
Written informed consent was obtained from all participants. This study was approved by the
ethics committee of the National Center for Global Health and Medicine (Nos.1440) and was
implemented in accordance with the provisions of the Declaration of Helsinki.

Data collection

Blood samples were collected for syphilis, hepatitis B virus (HBV), Chlamydia trachomatis

(C. trachomatis), and Entamoeba histolytica (E. histolytica). Positive infection was defined as
current or prior infection. Syphilis infection was defined as positive Treponema pallidum latex
agglutination (TPHA) test and rapid plasma reagin (RPR) titer >8[20]. HBV infection was
defined as positive hepatitis B surface antigen (HbsAg) or positive anti-HBs antibody; if HbsAg
and anti-HBs antibody were negative, the patient was considered to be negative for HBV infec-
tion. In Japan, because universal vaccination against HBV has not been introduced and inter-
vention to prevent mother-to-child transmission has been very successful[21], most adult cases
with chronic HBV infection are considered to be sexually transmitted[22]. C. trachomatis
infection was determined by anti-C. trachomatis IgG and IgA antibodies using an Enzyme-
Linked ImmunoSorbent Assay (C. trachomatis IgA/IgG antibody, LSIM; LSI Medience, Tokyo,
Japan). C. trachomatis infection was defined as positive IgA or IgG results; negative infection
was defined as both negative IgA and IgG results. Amebic infection was assessed by anti-E. his-
tolytica antibody (Ameba-Spot IF; bioMe ‘rieux, Marcy I'Etoile, France), as described previ-
ously[23]. Serum antibody titers <100 were considered negative, while titers of 100, 200, 400,
800, 1600, and 3200 were considered positive. The structured interview/questionnaire was
completed on the day of HPV tests{24]. Patients were asked about i) their lifestyle habits
(smoking history and alcohol consumption), ii) systemic steroid use for >2 weeks, iii) HIV-
related factors including CD4 cell count, HIV-1 VL, duration (years) of HAART, and route of
transmission (MSM/heterosexual infection, injection drug use, transfusion for hemophilia, and
unknown) through face-to-face interviews by well-trained researchers in a private room[24].
Because the maximum period of supply for prescriptions is limited to 3 months in the Japanese
health care system, patients need to make visits at least every 3 months for prescriptions as well
as monitoring of CD4 cell count and HIV-1 VL.

HPV detection and genotyping

A dedicated brush (DNAPAP cervical sampler, Qiagen, Gaithersburg, MD) was used for
sampling of the anorectal area. The anal brush was inserted 3-5 cm into the anal verge and the
dentate line and it was then used to scrape the anal walls by repeatedly rotating it clockwise
and counterclockwise. Nucleic acids were extracted from 500-uL analsamples in the Sure

Path solution with a commercial kit (QTAGEN DNA mini kit; Qiagen, Hilden, Germany)[25].
HPV DNA was genotyped by polymerase chain reaction (PCR)-Invader assay, as described
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previously[25]. This method could detect 14 oncogenic HPV genotypes (types 16, 18, 31, 33,
35,39, 45, 51, 52, 56, 58, 59, 67, and 68)[25]. Study participants who were positive for any HPV
type were considered to have a current HPV infection. A “multiple type” variable was created
such that results at each sampling site were categorized as having 0, 1, or >2 oncogenic types.
A participant was considered to have infection with multiple oncogenic types if >2 oncogenic
types were detected at any of the sampled sites.

Statistical analysis

Baseline characteristics were compared between patients with and without anal oncogenic
HPV infection using the Mann-Whitney U test or ) test (or Fisher’s exact test) for continuous
or categorical variables, respectively. We used logistic regression analysis to compute the odds
ratios (ORs) and 95% confidence intervals (CIs) as an estimate of anal oncogenic HPV infec-
tion associated with clinical factors. For multivariate analysis, we used a multiple logistic
regression model that included all factors with p <0.05 on univariate analysis (those included
age <40 years, sex, MSM, CD4 <100, HIV VL >50,000, administration of HAART, and more
than 2 STIs).

We also elucidated the association between infection with multiple oncogenic HPV types
and clinical factors in uni- and multivariate logistic regression analyses. Sex was not included
in the logistic regression model because all patients infected with multiple oncogenic HPV
types were males.

The Cochran—Armitage test was used to determine trends in the proportion of oncogenic
HPYV infection according to CD4 count (<200, 200-399, 400-599, and >600), HIV VL (unde-
tectable, 50-50,000, and >50,000), and duration of HAART (no administration, <5 years, 5-9
years, and >10 years).

Statistical significance was defined as two-sided p values <0.05. All statistical analyses were
performed using Stata version 13 software (StataCorp LP, College Station, TX).

Results
Patient characteristics

During the study period, 421 HIV-infected patients were recruited. Patient characteristics are
shown in Table 1. There were 395 (93.8%) men and 26 (6.2%) women, and their median age
was 44 years. The majority of HIV infection was through anal intercourse (85.8%). Among
HIV-positive patients, 18.3% had CD4 <100 cells/uL, 62.5% had an undetectable HIV VL, and
75.1% were receiving HAART with a median duration of 8 years. The rates of syphilis, HBV, C.
trachomatis, and E. histolytica infection were 41.3%, 54.4%, 50.1%, and 26.1%, respectively.
The proportion of subjects with >2 STTs was 58.2%.

Prevalence of oncogenic HPV infection

The prevalence of anal HPV infection and the distributions of genotypes are shown in Table 2.
The oncogenic HPV infection rate among the HIV-infected patients was 69.4%; specifically, it
was 75.9% in MSM, 20.6% in heterosexual men, and 19.2% in women. The oncogenic HPV
genotypes that were detected most frequently were as follows: HPV-58 (30.2%), HPV-16
(28.8%), HPV-52 (22.2%), and HPV-33 (18.8%) in MSM; HPV-16 (14.7%), HPV-31 (5.9%),
HPV-33 (5.9%), and HPV-52 (5.9%) in heterosexual men; HPV-18 (7.7%), HPV-16 (3.9%),
HPV-31 (3.9%), and HPV-33 (3.9%) in women. HPV-16/18 types were detected in 34.9% of
MSM, 17.7% of heterosexual men, and 11.5% of women. The mean numbers of oncogenic
HPYV infection were 2.4 in MSM, 0.4 in heterosexual men, and 0.2 in women. Infection with
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Table 1. Characteristics of 421 HIV-infected patients.

Variables n (%) Median (IQR)
A 4

Alcohol consumption

Light (1-50 g/iweek) 100 (23.8)

1-300 ' 127 (30.2)

Comorbidities and drug use

Route of HIV infection

Heterosexual 39 (9.3)

CD4 cell counts (cells/uL) 369 (179, 582)

HIV VL (copies/mL) : 51,500 (770, 320,000)

Administration of HAART 316 (75.1)

Duration <5 year

Syphilis infection 174 (41.3)

Number of infections 2(1,3)

Abbreviations: HAART, highly active anti-retroviral therapy; IQR, interquartile range; MSM, men who have
sex with men; VL, viral load

*Duration of HAART was analyzed in 316 patients who had undergone HAART.

"The smoking index was evaluated in occasional and daily smokers and defined as the number of
cigarettes per day multiplied by the number of smoking years.

doi:10.1371/journal.pone.0137434.t001
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Table 2. Anal oncogenic HPV infection prevalence and genotyping in HIV-infected patients.

All HIV-infected patients (n = 421) Men (n = 395) Women (n = 26)

MSM (n = 361) Heterosexual (n = 34)

58 (13.8) 55(15.2)  2(5.9) 1(3.9)

35 53 (12.6) 53 (14.7) 0 0

110 (26.1)

Multiple oncogenic HPV types 200 (47.5) 197 (54.6) - 3(8.8) 0

Abbreviations: MSM, men who have sex with men; SD, standard deviation.

doi:10.1371/journal.pone.0137434.t1002

multiple oncogenic HPV types was detected in 54.6% of MSM and 8.8% of heterosexual men,
whereas HIV-infected women had no infection with multiple oncogenic HPV types.

Risk factors for oncogenic HPV infection

Risk factors for oncogenic HPV infection are shown in Table 3. In univariate analysis, younger
age, male sex, MSM, CD4 <100, HIV VL >50,000, no administration of HAART, and having
>2 STIs were significantly associated with oncogenic HPV infection, whereas higher smoking
index and corticosteroid use were marginally associated with oncogenic HPV infection. In
multivariate analysis, younger age, MSM, CD4 <100, and having > 2STIs were independently
associated with oncogenic HPV infection.

Risk factors for infection with multiple oncogenic HPV types are shown in Table 4. In uni-
variate analysis, younger age, corticosteroid use, MSM, CD4 <100, HIV VL >50,000, no
administration of HAART, and having >2 STIs were significantly associated with multiple
oncogenic HPV infection. In multivariate analysis, younger age, MSM, CD4 <100, and having
>2 STIs were independently associated with multiple oncogenic HPV infection.

Oncogenic and multiple oncogenic HPV infection rates tended to increase with the decrease
in CD4 (p<0.001 and p<0.001, respectively; Fig 1A) and with HIV VL increase (p<0.001 and
Pp<0.001, respectively; Fig 1B), while they tended to decrease with longer HAART duration
(p<0.001 and p<0.001, respectively; Fig 1C).

Discussion

In regard to the prevalence of anal HPV infection, we found that 76% of HIV-infected MSM
had an oncogenic HPV type, which was similar to the rates reported in other Asian countries.
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Table 3. Risk factors for oncogenic HPV infection of the anorectal area (n = 421).

Variables HPV (n = 286)/ without HPV (n = 135) Crude OR (95% CI) P value Adjusted OR (95% Cl) P value

Alcohol consumption, none 145 (50.7)/ 63 (46.7) 1 (reference)

Moderate (>360 g/week) 73 (25.5)/ 40 (29.6) 0.79 (0.49-1.29) 0.645

Dyslipidemia 17 (5.9)/ 11 (8.2) 0.71 (0.32-1.57) 0.399

Chronic liver disease 63 (22.0)/ 31 (23.1) 0.94 (0.58-1.53) 0.800

Number of STis >2 200 (69.9)/ 45 (33.3) 4.65 (3.00-7.21) <0.001 2.81 (1.72-4.61) <0.001

Abbreviations: HAART, highly active anti-retroviral therapy; MSM, men who have sex with men; STls, sexual transmitted infections; VL, viral load
TThe smoking index was evaluated in occasional and daily smokers and defined as the number of cigarettes per day multiplied by the number of smoking
years.

doi:10.1371/journal.pone.0137434.t003

In Shenzhen, China, 71% of HIV-positive MSM had HPV infection[8], while in Beijing, 61% of
HIV-positive MSM had oncogenic HPV infection{26]. In Taiwan, 40-64% of HIV-infected
men had oncogenic HPV infection[7,11]. In Bangkok, Thailand, 58% of HIV-positive MSM
had oncogenic HPV infection[7]. The anal HPV prevalence in our study was lower than the
reported 81-92% in Western countries among HIV-positive men[19,27,28].

Few studies have investigated anal HPV infection in HIV-positive heterosexual men and
women. In our study, the prevalence of anal oncogenic HPV infection among HIV-positive
heterosexual men was 21%. Christophe et al investigated 50 HIV-positive heterosexual male
injection drug users with no history of anal intercourse and 44% had oncogenic HPV[29]. In
the study of 64 HIV-positive heterosexual men by Chien et al., 38% had anal oncogenic HPV
infection[11]. The mechanisms of anal HPV infection in the absence of anal intercourse are
not well known, but infection is possibly due to insertion of transiently infected fingers or toys,
as well as shedding from other infected genital sites[29], and thus, anal HPV infection may
behave as a STI. The reason for the low prevalence of infection among HIV-positive heterosex-
ual men in our study compared with the previous two studies is that 71% of the heterosexual
men were hemophilia patients who were infected with HIV through treatment with blood
products or blood transfusions{30] and not sexually. In our study, 19% of HIV-positive women
had oncogenic HPV infection. In India, 9% of HIV-positive women had anal oncogenic HPV
and 17% had oncogenic cervical HPV infection[12]. These findings, and the fact that cervical
cancer increases the risk of anorectal cancer in women|[31], suggest the potential utility of both
cervical and anal cancer screening of HIV-infected women for HPV infection of either the cer-
vical or anal area, or both.
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Table 4. Risk factors for infection of the anorectal area with multiple oncogenic HPV (n = 335).

Variables Multiple HPV (n = 200)/ without HPV (n = 135) Crude OR (95% CI) P value Adjusted OR (95% Cl) P value

Light (1-50 g/week) 52 (26.0)/ 32 (23.7) 1.01 (0.59-1.74)

never smoker : : 1 (reference)

Diabetes mellitus : 0.54 (0.23-1.29)
Chronic kidney disease

3.44 (1.14-10.34) . :3.04 (0.81-11.5)

CD4 <100 (cells/ul) e 06(2.03-8.12) ~  <0.001  2.86 (1.21-6.76)

Abbreviations: HAART, highly active anti-retroviral therapy; MSM, men who have sex with men; STls, sexual transmitted infections; VL, viral load
The smoking index was evaluated in occasional and daily smokers and defined as the number of cigarettes per day multiplied by the number of smoking
years.

doi:10.1371/journal.pone.0137434.t004

A wide range of HPV types was detected in the anal canal of HIV-positive patients. In this
study, the single most frequently detected type was HPV-58 (30.2%) in HIV-infected MSM.
Supindham et al. recently reported that HPV-58 infection rate was 29% in HIV-infected MSM
in Northern Thailand [32], which is quite similar to the rate in our study. They also showed a
lower rate of HPV-58 (18%) in non-HIV-infected MSM compared with HIV-infected MSM
[32]. In another study in Bangkok, Phanuphak et al reported that the HPV-58 infection rate
was significantly higher in HIV-positive MSM (10.8%) than in HIV -negative MSM (4.9%)
[33]. These results suggest that there might be a positive association between HIV and HPV-
58. Fife et al. reported that HPV types 51, 52, 56, and 58 are among the types that lead to
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Fig 1. Anal HPV infection rates associated with HIV-related factors. Abbreviations: VL, viral load;
HAART, highly active anti-retroviral therapy.

doi:10.1371/journal.pone.0137434.9001
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