wroesrEsE - R BRE (D EYEBRERIZEY V7 —mkE A X6HK - it s —-)

FgEm 1%

175



WzestE . HT FFE (EVmEREARER - 7 -

e . =k TR (BVERERMEE Y5 -)
TH Bz (EiEREREE>S—)
wH M- (EZERERZELY S —)
EH BER (EZEREREE Y5 —)
HH #F4 (tisERFEm)

FH =F (tiEERFwRkE)

B4 HES ALIRERFRZEMHEREBE)

HE EF (ENERKRERE)

R R (EmbeisiaERer 5 —-)
WE g s Rk

wEE EX B ARFESEFRERE)

Sl —BF CErig R R R )

THTFET  CAENEZAImEE)

e MR (BvmkEisatEERLY 5 -)
[/ C A N VN2 )

A kit (RBWLIEBTREE)

Wil EE (LBRIMILBREE)

KA # (ESREREIUNERE Y 5 —)
T E#  (BFEMRRFHERE)

T B (BRARFEFHERE)

HE BE— (REERKFHE)

BE o (BELmEREERERE Y —)
At R RS2l - keBERtr 5 —)
RH EF  (RREZERRFRIERE)

WH #e RRBIEeEREY s —-)

Fa HE  (ESmbEmERRERE > 5 —)
Ml £ (ErmREEEARERE Y 5 —)

176



HAMROTHTICRT S —E

177



Hayashida T, Gatanaga H, Takahashi Y, Negishi F, Kikuchi Y, Oka S.
Trends in early and late diagnosis of HIV-1 infections in Tokyoites from 2002 to 2010.
Int J Infect Dis. 16(3): 172-177, 2012.

Nishijima T, Gatanaga H, Komatsu H, Tsukada K, Shimbo T, Aoki T, Watanabe K, Kinai E, Honda H,
Tanuma J, Yazaki H, Honda M, Teruya K, Kikuchi Y, and Oka S.

Renal function declines more in tenofovir- than abacavir-based antiretroviral therapy in low-body weight
treatment-naive patients with HIV infection.

PLoS One 7: €29977, 2012.

Takano M, Okada M, Oka S, and Wagastuma Y.

The relationship between HIV testing and CD4 counts at HIV diagnosis among newly diagnosed HIV-1
patients in Japan.

Int J STD AIDS 23: 262-266, 2012,

Sassi M, Ripamonti C, Muller NJ, Yazaki H, Kutty G, Ma L, Huber C, Gogineni E, Oka S, Goto N, Fehr T,
Gianella S, Konrad R, Sing A, and Kovacs JA.
Outbreaks of Preumocystis pneumonia in 2 renal transplant centers linked to a single strain of Preumocystis:

Implications for transmission and virulence.
Clin Infect Dis 54: 1437-1444,2012.

Nishijima T, Tsukada K, Teruya K, Gatanaga H, Kikuchi Y, and Oka S.

Efficacy and safety of once-daily ritonavir-boosted darunavir plus abacavir/lamivudine for treatment-naive
patients: A pilot study.

AIDS (Research letter) 26: 649-651, 2012.

Nagata N, Shimbo T, Nakashima R, NiikuraR, Nishimura S, Yada T, Akiyama A, Watanabe K, Oka S, and
Uemura N.

Risk Factors for Intestinal Invasive Amebiasis in Japan, 2003-2009

Emerg Infect Dis 18: 717-724, 2012.

Hamada Y, Nishijima T, Watanabe K, Komatsu H, Tsukada K, Teruya K, Gatanaga H, Kikuchi Y, and Oka S.
High Incidence of Renal Stones Among HIV-Infected Patients on Ritonavir-Boosted Atazanavir Than in Those
Receiving Other Protease Inhibitor—Containing Antiretroviral Therapy.

Clin Infect Dis 55(9): 1262-1269, 2012.

Nishijima T, Komastu H, Higasa K, Takano M, Tsuchiya K, Hayashida T, Oka S, and Gatanaga H.

Single nucleotide polymorphisms in ABCC?2 associate with tenofovir-induced kidney tubular dysfunction in
Japanese patients with HIV-1 infection: A pharmacogenetic study.

Clin Infect Dis 55(11): 1558-1567, 2012.

Nishijima T, Komatsu H, Teruya K, Tanuma J, Tsukada K, Gatanaga H, Kikuchi Y, and Oka S.

Once-daily darunavir/ritonavir plus abacavir/lamivudine versus tenofovir/ emtricitabine for treatment-naive
patients with baseline viral load >100,000 copies/mL.

AIDS (Research Letter) 24: €32835, 2012.

Tsuzuki T, Iwase H, Shimada M, Hirashima N, Hibino Y, Ryuge N, Saito M, Tamaki D, Kamiya A, Yokoi M,
Yokomaku Y, Fujisaki S, Sugiura W, Goto H.

Clinical evaluation of peginterferon alpha plus ribavirin for patients co-infected with HIV and HCV at Nagoya
Medical Center.

Nihon Shokakibyo Gakkai zasshi = The Japanese journal of gastro-enterology 109(7): 1186-1196, 2012.

178



Miyamoto T, Nakayama EE, Yokoyama M, Ibe S, Takehara S, Kono K, Yokomaku Y, Pizzato M, Luban J,
Sugiura W, Sato H, Shioda T.

The Carboxyl-Terminus of Human Immunodeficiency Virus Type 2 Circulating Recombinant form 01 _AB
Capsid Protein Affects Sensitivity to Human TRIMS5a.

PloS one 7(10): e47757, 2012.

Kitamura S, Ode H, Nakashima M, Imahashi M, Naganawa Y, Kurosawa T, Yokomaku Y, Yamane T,
Watanabe N, Suzuki A, Sugiura W, Iwatani Y.

The APOBEC3C crystal structure and the interface for HIV-1 Vif binding

Nature structural & molecular biology 19(10): 1005-1010, 2012.

Watanabe D, Yoshino M, Yagura H, Hirota K, Yonemoto H, Bando H, Yajima K, Koizumi Y, Otera H,
Tominari S, Nishida Y, Kuwahara T, Uehira T, Shirasaka T.

Increase in serum mitochondrial creatine kinase levels induced by tenofovir administration.

Infect Chemother 18(5): 675-82,2012.

Yoshino M, Yagura H, Kushida H, Yonemoto H, Bando H, Ogawa Y, Yajima K, Kasai D, Taniguchi T,
Watanabe D, Nishida Y, Kuwahara T, Uehira T, Shirasaka T.

Assessing recovery of renal function after tenofovir disoproxil fumarate discontinuation.

J Infect Chemother 18(2): 169-74,2012.

Akahoshi T, Chikata T, Tamura Y, Gatanaga H, Oka S, Takiguchi M.

Selection and accumulation of an HIV-1 escape mutant by three types of HIV-1-specific cytotoxic T
lymphocytes recognizing wild-type and/or escape mutant epitopes.

J Virol. 86(4): 1971-1981, 2012.

Hasan Z, Carlson JM, Gatanaga H, Le AQ, Brumme CJ, Oka S, Brumme ZL, Ueno T.

Minor contribution of HLA class [-associated selective pressure to the variability of HIV-1 accessory protein
Vpu.

Biochem Biophys Res Commun. 421(2): 291-295, 2012.

Naruto T, Gatanaga H, Nelson G, Sakai K, Carrington M, Oka S, Takiguchi M.

HLA class I-mediated control of HIV-1 in the Japanese population, in which the protective HLA-B*57 and
HILA-B*27 alleles are absent.

J Virol. 86(19): 10870-10872, 2012.

Matthews PC, Koyanagi M, Kloverpris HN, Harndahl M, Stryhn A, Akahoshi T, Gatanaga H, Oka S, Juarez
Molina C, Valenzuela Ponce H, Avila Rios S, Cole D, Carlson J, Payne RP, Ogwu A, Bere A, Ndung’u T,
Gounder K, Chen F, Riddell L, Luzzi G, Shapiro R, Brander C, Walker B, Sewell AK, Reyes Teran G,
Heckerman D, Hunter E, Buus S, Takiguchi M, Gpulder PJ.

Differential clade-specific HLA-B*3501 association with HIV-1 disease outcome is linked to immunogenicity
of a single Gag epitope.

J Virol. 86(23): 12643-12654, 2012.

Nishijima T, Yazaki H, Hinoshita F, Tasato D, Hoshimoto K, Teruya K, Gatanaga H, Kikuchi Y, Oka S.
Drug-induced acute interstitial nephritis mimicking acute tubular necrosis after initiation of tenofovir-
containing antiretroviral therapy in patient with HIV-1 infection.

Intern Med. 51(17): 2469-2471, 2012.

Kinai E, Hosokawa S, Gomibuchi H, Gatanaga H, Kikuchi Y, Oka S.
Blunted fetal growth by tenofovir in late pregnancy.
AIDS. 26(16): 2119-2120, 2012.

179



Yagita Y, Kuse N, Kuroki K, Gatanaga H, Carlson JM, Chikata T, Brumme ZL, Murakoshi H, Akahoshi T,
Pfeifer N, Mallal S, John M, Ose T, Matsubara H, Kanda R, Fukunaga Y, Honda K, Kawashima Y, Ariumi Y,
Oka S, Maenaka K, Takiguchi M.

Distinct HIV-1 Escape Patterns Selected by Cytotoxic T Cells with Identical Epitope Specificity.

J Virol. 87(4): 2253-2263, 2013.

Honda H, Gatanaga H, Aoki T, Watanabe K, Yazaki H, Tanuma J, Tsukada K, Honda M, Teruya K, Kikuchi Y,
Oka S.

Raltegravir can be used safely in HIV-1-infected patients treated with warfarin.

Int J STD AIDS. 23(12): 903-904, 2012.

Sudo S, Haraguchi H, Hirai Y, Gatanaga H, Sakuragi JI, Momose F, Morikawa Y.
Efavirenz enhances HIV-1 Gag processing at the plasma membrane through Gag-Pol dimerization.
J Virol. In press

Hamada Y, Nagata N, Honda H, Teruya K, Gatanaga H, Kikuchi K, Qka S.
Idiopathic oropharyngeal and esophageal ulcers related to HIV infection successfully treated with antiretroviral

therapy alone.
Intern Med. 52(3): 393-395, 2013.

Bunupuradah T, Imahashi M, lampornsin T, Matsuoka K, Iwatani Y, Puthanakit T, Ananworanich J,
Sophonphan J, Mahanontharit A, Naoe T, Vonthanak S, Phanuphak P, Sugiura W.

On Behalf Of The Predict Study Team. Association of APOBEC3G genotypesand CD4 decline in Thai and
Cambodian HIV-infected children with moderate immune deficiency.

AIDS Res Ther 9(1): 34,2012,

Ode H, Nakashima M, Kitamura S, Sugiura W, Sato H.
Molecular dynamics simulation in virus research
Frontiers in microbiology 3: 258, 2012.

Matsunaga S, Sawasaki T, Ode H, Morishita R, Furukawa A, Sakuma R, Sugiura W, Sato H, Katahira M,
Takaori-Kondo A, Yamamoto N, Ryo A.

Molecular and enzymatic characterization of XMRYV protease by a cell-free proteolytic analysis.

Journal of proteomics 75(15): 4863-4873, 2012.

Jahanbakhsh F, Ibe S, Hattori J, Monavari SH, Matsuda M, Maejima M, Iwatani Y, Memarnejadian A, Keyvani
H, Azadmanesh K, Sugiura W.

Molecular epidemiology of HIV-1 infection in Iran: genomic evidence of CRF35_ AD predominance and
CRFO01_AE infection among individuals associated with injection drug use.

AIDS research and human retroviruses 29: 198-203, 2012.

VEpE T
THIV - HCV EHBYERZENA K14~ E&‘;‘T %5 (CFRL 24 £ 10 A TI4T)
MR - dbEE RSB HIV - HCV BEERIYERREE S
WEZE  HIV - HCV EEERYEZR O ER L = //\7 MZE & D7z, ALEERFREOMBRAE, I
H%Wﬂ\ BB OBEMESENE, 17 2—,
AT 500 &R

3N
"THIV « HCV E%E,Q@m%% SADF5F|E  Heartec ETH S hR) (FAK 24 45 10 A FI4T)
FRfE - b RFERE HIV - HCV BEERYWER R E S
W . EEEVA R4 OfikiR<T, BEHAV 7Ly b, 27—,
FEAT 1 500 HD

180



PRI

MRk 24 4 FEE ALy E HIV/AIDS EEEVHESTLERE ] (FAk 24 4 12 A FI4T)

FREE - db¥eE KRR HIV BYYEX R EE S

HEEE SRk 24 4R FEALYEIE HIV/AIDS EEETHES TITONIZHEE DL, 5 DOBENA & I,
66 ~—

FE1T @ 200 =B

G s
HALIZB T A HIV BEYE OB E » BLIK -
FEFEDFT 52(6) : 456-460, 2012,

LSS
ke 12 331F % HIV B0 BhE & Bk
EFEDT 52(1) : 16-20, 2012.

LT
[ BARICET 2 BIV BEYYE OB A & BIk] T8 #XKICB0) 5 HIV B0 & HR.
[EFKDFT) 52 % 3 =, 2012 4.

LT
HEERAEN HIV F—AEROBIEN S ~FIZHRERE L TWA THRE Y He~.
[HIV BODY AND MIND/ 1% 1%, 2012 4.

TRRE T, SR SCF, BT, MeeT, BEET, mohsT, BEPEA, &HOH, ARREE
HIV/HBV EERYYEFNZ BT 5 HBV I 5 IBERER &+ D&
AA T ELHE5 14 ¢ 111-117, 2012.

EEFEREA
A R/HIV FEYSE DRENG E BB OEND T —FEEH 2B L T —
LEBTEATLE LV 554 : 7-9, 2012.

BRI
I E U E T BT D HIV BRYRE O BN & Bk
FEZDPT 53 1 262-267, 2012.

A EN. EEET-. KEMEE, B8 B FEEES, SIEB. £ FH. % 5. BAH
B Au)IER, KEE—, thE KRR

THIV B O wRHEROFTEICET T wREHE &R

BRI DEE A HESE, 20129 A

LR

RUTLy " oA RYREAI T ) VTRIEOIERFE (ORIK)

BefT O IREAT VBT —, JREDT VB VU THIEOITEHYE . ITHOT A A5 RHEYE
FEATEREL © 300 B

FEITHE : 2013 4E 3 A

gﬁ
i

LR

TARPRED T Y TRIEOIERTE (BEVE)

BT ORER JREI T T —, IRED VUV 7HIEOITEIRYE, {THOT A AR HENE
FEATHEREL 300 EB

FITHE : 2013 4E 3 A

181



M TR \
[V =L VT =T MEICE o T BT VA LMD [V —v v T —2 2]

AARY—T v VU —7 %2, 201343 H. inpress

BRSEE, NIEER, ARERE, HHEA, JIIREE, REET, 4R 4.
HIV 2O EICBE T 5 —& 5
[ESE G #RF i X £ 32(suppl.) : 320-323, 2012.

EEEE, REWHE, MilBZEE, KARCH, BEMZ, R, FIEGEER, INNRET, K E,
BRGVEBRER, B K, FEE O ARG, LEEF, AREE.

UECBITAH 1 B LEERES FFen/) N e of ARk

AT XEL5E 14 ¢ 141-145, 2012.

182



International journal of Infectious Diseases 16 (2012) e172-e177

{For INFECTIOUS DiSEASES]|

ELSEVIER

Trends in early and late diagnosis of HIV-1 infections in Tokyoites
from 2002 to 2010

Tsunefusa Hayashida *>¢, Hiroyuki Gatanaga *“*, Yukiko Takahashi?, Fujie Negishi?,
Yoshimi Kikuchi?, Shinichi Oka *¢
2 AIDS Clinical Center, National Center for Global Health and Medicine, 1-21-1 Toyama, Shinjuku-ku, Tokyo 162-8655, Japan

5 Japan Foundation for AIDS Prevention, Tokyo, Japan
< Center for AIDS Research, Kumamoto University, Kumamoto, Japan

ARTICLE INFO SUMMARY

Article history:

Received 8 August 2011

Received in revised form 5 November 2011
Accepted 12 November 2011

Corresponding Editor: Mark Holodniy,
California, USA

Objective: The objective of this study was to delineate the trends in early and late diagnosis of HIV-1
infection in newly diagnosed Tokyoites.

Methods: The BED assay was used to identify cases diagnosed at an early stage of infection. BED-positive
non-AIDS cases with a CD4 cell count >200/w! were defined as cases with recent infection. The rates of
AIDS and recent infection in 809 newly diagnosed Tokyoites during 2002-2010 were analyzed.
Results: The AIDS rate was 22.5%. AIDS patients were older (40.4 years) than non-AIDS patients (35.0
years), and a smaller proportion were men who have sex with men (MSM) in AIDS patients (81.7%) than

Keywords: in non-AIDS patients (89.9%). The AIDS rate was persistently lower (<14.3%) in <29-year-old than in
BED assay >30-year-old MSM. The rate of recent infection was 24.4%. Individuals with recent infection (33.0 years
Subtype B old) were younger than the others (37.2 years). The rate of recent infection was lower (<18.5%) in MSM
MsM aged >40 years than in those aged <39 years during the study period, except for 2007 and 2008.

]Taoplfy":ﬁi:s Conclusions: Younger MSM Tokyoites appear to be aware of the risk of their sexual behavior, sufficient to

take voluntary HIV testing repeatedly, resulting in early diagnosis. Older MSM did not take HIV testing

frequently enough and may be a good target for campaigns promoting testing.
© 2011 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.

1. Introduction

The overall growth of the global AIDS epidemic appears to have
stabilized. The annual number of new cases of HIV infection has
been in steady decline since the late 1990s.” In Japan, however, the
annual number of newly diagnosed cases has almost doubled
during the most recent decade (791 cases in 2000 and 1544 cases in
2010), although the prevalence of HIV in the adult population
remains <0.1%.2 The distribution of these cases is heavily
concentrated in large cities, and approximately 35% of the newly
diagnosed cases have been identified in Tokyo.?

Early diagnosis of HIV infection is critically important because
some AIDS-defining diseases are fatal, even in the era of combination
antiretroviral treatment (ART); also the introduction of ART after the
development of AIDS is often complicated with immune reconsti-
tution inflammatory syndrome (IRIS)*® In this regard, the
introduction of ART at the early stages seems to significantly reduce
the sexual transmission of HIV-1.%7 Thus, it is important to identify
newly infected individuals and provide early ART to reduce the

* Corresponding author. Tel.: +81 3 3202 7181; fax: +81 3 5273 6483.
E-mail address: higatana@acc.ncgm.go.jp (H. Gatanaga).

incidence of AIDS and transmission of HIV. Knowledge about the
proportion of patients diagnosed at the early stage of an HIV
infection in the newly diagnosed cases is also useful for planning and
evaluation of any prevention program and for resource allocation.?*®
However, it is usually difficult to distinguish recent from long-
standing HIV infections except for acute symptomatic infections.'®
Simple prediction of the infection time from CD4 cell counts appears
inaccurate because the disease progression rate varies enormously
among infected individuals."® The BED HIV-1 capture enzyme
immunoassay (BED assay) uses the branched peptide to detect HIV-
1 IgG antibodies from all subtypes (i.e., HIV-1 B, E, and D gp41
immunodominant sequences are included on a branched peptide
used in the assay) and measures levels of anti-HIV-1 IgG relative to
total 1gG.'? Since the ratio of anti-HIV-1 IgG to total IgG increases
with time shortly after HIV-1 infection, the HIV-1-infected patient is
considered to have recently acquired the infection when the
normalized optical density (ODn) is less than 0.8 on the BED assay
(ODn reaches 0.8 on average 197 days after seroconversion.).
The present study was an attempt to delineate the trends in
early diagnosis of HIV-1 infection in Tokyo from 2002 to 2010 by
using the BED assay. The aim of this analysis was to enhance our
understanding of the status of HIV-1 spread in Tokyo and to help in
the design of strategies to control the HIV-1 epidemic in Japan.
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2. Materials and methods
2.1. Newly diagnosed patients

This study included all ART-naive HIV-1-infected individuals
who met the following criteria: (1) those who visited the AIDS
Clinical Center, National Center for Global Health and Medicine,
Tokyo, between 2002 and 2010 within 30 days of their diagnosis
with an HIV-1 infection and (2) availability of plasma samples
taken at the first visit under signed informed consent for use in
viral, immunological, and epidemiological studies. Participant
information including CD4 count, HIV-1 load, age at the first visit,
gender, nationality, probable HIV-1 transmission route, and
history of HIV testing, were collected from the medical records.
According to the Japanese law for infection control, physicians are
obliged to report newly diagnosed HIV/AIDS cases to the National
AIDS Surveillance Committee (the Ministry of Health, Labor, and
Welfare of the Japanese Government). A total of 11 673 HIV/AIDS
cases nationally, including 4048 cases diagnosed in Tokyo (Tokyo
cases), which were entered into the registry of this committee from
2002 to 2010, were used as the control populations to evaluate the
representativeness of the patients enrolled in the present study
(AIDS Clinical Center cases).>® Plasma samples obtained from the
participants were stored at —80 °C. The viral subtype in each case
was determined from the HIV-1 protease-reverse transcriptase
sequence (which was analyzed for drug resistance genotyping) by
the neighbor-joining method using the Genetic-Win system
(Software Development, Tokyo)."

This study was conducted according to the principles of the
Declaration of Helsinki and was approved by the ethics committee
of the National Center for Global Health and Medicine.

2.2. BED assay

The BED HIV-1 capture enzyme immunoassay (BED assay;
Calypte Biomedical Corp., Portland, OR, USA) was used to estimate
the time of HIV-1 infection.'? In accordance with the manufac-
turer’s instructions, 5 pl of plasma was diluted with 500 .l of the
diluent in the kit, and the proportion of anti-HIV-1-specific IgG to
the total IgG in the sample was measured by optical density (OD).
The OD values of the test specimens were normalized (ODn)
relative to the value of a calibrator (specimen OD/calibrator OD) to
minimize inter-run variation. Samples with ODn <0.8 were
considered to be from individuals who had seroconverted within
197 days and were defined as BED-positive.’®> BED-positive non-
AIDS cases with CD4 cell counts >200/ul were defined as
individuals with recent infection. The others were defined as
chronic infection.

2.3. Statistical analysis

Differences in demographic data including age, gender, risk
behavior, nationality, and AIDS development among the AIDS
Clinical Center cases, national cases, and Tokyo cases, were
examined for significance using one-way analysis of variance
(ANOVA) and the Tukey test, or Pearson’s Chi-square test.
Differences in demographic data including age, CD4 count,
logarithmic HIV-1 viral load, nationality, transmission category,
HIV-1 subtype, cue for HIV diagnosis, and history of HIV testing,
between AIDS and non-AIDS patients and between recent and
chronic infection, were examined for significance using the t-test
or Pearson’s Chi-square test. To estimate the correlation with the
development of AIDS, binominal logistic regression analysis
including age, nationality (Japanese or not), and transmission
category (men having sex with men (MSM) or not) was performed.
A p-value of less than 5% denoted statistical significance. Statistical
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analyses were performed with SPSS Statistics 17.0 (IBM Japan Inc.,
Tokyo, Japan) and Stat Mate If (NANKODO, Tokyo).

3. Results
3.1. Newly diagnosed cases of HIV-1 infection

The study subjects were 809 ART-naive HIV-1-infected
patients. All of them had visited the AIDS Clinical Center, National
Center for Global Health and Medicine, Tokyo, within 30 days of
the diagnosis of HIV-1 infection (median 8 days) between 2002 and
2010. They included 741 Japanese, 35 Asians other than Japanese,
and 33 from other countries. They represented 20.0% of the total
number of newly diagnosed Tokyoite cases during the same period
(Table 1). There were no significant differences in the proportion of
AIDS (22.5% vs. 21.9%), percentage of males (96.2% vs. 94.3%), or
proportion of Japanese (91.6% vs. 90.7%) between our study
patients and those of the Tokyo registry, although our patients
included a significantly smaller proportion of AIDS cases (22.5% vs.
30.4%) and significantly larger population of male patients (96.2%
vs. 91.8%) and Japanese patients (91.6% vs. 88.5%) compared with
the patients of the national registry. Furthermore, our patients
were significantly younger than the patients of the Tokyo and
national registries (36.2 vs. 37.7 and 38.0 years), and the
proportion of MSM among male patients was significantly higher
than in the Tokyo and national registries (88.0% vs. 72.8% and
59.8%).

Subtype analysis successfully determined the HIV-1 subtype in
807 patients (99.8%); the majority were infected with HIV-1
subtype B (742 patients, 91.9%), while 5.7% were infected with
HIV-1 subtype AE, which is comparable to previously published
subtype data in Japan.'* The HIV-1 subtype could not be
determined in two patients because the viral load was below
the detection limit (<40 copies/ml), although they were not being
treated with anti-HIV drugs.

3.2. Features of AIDS patients

Among the 809 cases, 182 (22.5%, 95% confidence interval (95%
CI) 19.6-25.4) had already developed AIDS at the first visit, while
the other 627 were non-AIDS cases (Table 2). AIDS cases were
significantly older (40.4 years, 95% CI 38.8-41.9 vs. 35.0 years, 95%
C134.2-35.9), and as expected, had lower CD4 counts (61.7/l, 95%
Cl 50.6-72.8 vs. 318.0/p.l, 95% CI 303.0-333.0) and higher viral
loads (5.22 log VL/ml, 95% CI 5.13-5.31 vs. 4.63 log VL/ml, 95% CI
4.56-4.70) than non-AIDS patients. There were no significant
differences in nationality (Japanese 91.8%, 95% CI 87.8-95.8 vs.
91.5%, 95% CI1 89.4-93.7) or HIV-1 subtype (subtype B 89.0%, 95% CI
84.5-93.6 vs. 92.5%, 95% C1 90.4-94.6) between AIDS and non-AIDS

Table 1
New cases of HIV-1-infected patients diagnosed between 2002 and 2010
Japan® Tokyo® This study
Number of cases 11 673 4048 809
Age, years (mean + SD) 38.0+11.8° 37.74+11.9¢ 36.2+11.0
Males 10 721 (91.8%)° 3819 (94.3%) 778 (96.2%)
Men having sex 6408 (59.8%)° 2780 (72.8%)° 685 (88.0%)
with men

Japanese 10 335 (88.5%)¢ 3673 (90.7%) 741 (91.6%)
AIDS cases 3551 (30.4%)° 885 (21.9%) 182 (22.5%)

Statistical analyses were performed by one-way ANOVA and Tukey test, or Chi-
square test.

2 Provided by the National AIDS Surveillance Committee (the Ministry of Health,
Labor, and Welfare of the Japanese Government).

b provided by the Bureau of Social Welfare and Public Health, Tokyo.

¢ p<0.001, compared with the study participants.

d p<0.01 compared with the study participants.
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Table 2
Demographics of participants with and without AIDS
AIDS (n=182) Non-AIDS (n=627) p-Value®
Mean (95% CI) Mean (95% CI)
Age (years) 40.4 (38.8-41.9) 35.0 (34.2-35.9) <0.001
CD4 count [l 61.7 (50.6-72.8) 318.0 (303.0-333.0) <0.001
Log viral load/ml 5.22 (5.13-5.31) 4.63 (4.56-4.70) <0.001
n % (95% CI) n % (95% CI)
Nationality 0.424
Japan 167 91.8 (87.8-95.8) 574 91.5 (89.4-93.7)
Asia other than Japan 11 6.0 (3.3-10.8) 24 3.8 (2.6-5.7)
North and South America 2 1.1 (0.2-4.0) 17 2.7 (1.7-4.3)
Africa 2 1.1 (0.2-4.0) 6 1.0 (0.4-2.1)
East and West Europe 0 0 (0-2.0) 4 0.6 (0.2-1.6)
Oceania 0 0 (0-2.0) 2 0.3 (0-1.1)
Transmission category
Male 175 96.2 (93.4-98.9) 603 96.2 (94.7-97.7) 0.024
MSM 143 81.7 (76.0-87.4) 542 89.9 (87.5-92.3)
Heterosexual 21 12.0 (7.2-16.8) 43 7.1 (5.4-9.6)
DU 1 0.6 (0-3.2) 2 0.3 (0.1-1.2)
Unknown 10 5.7 (3.0-10.5) 16 2.7 (1.6-4.3)
Female 7 3.8(1.7-7.9) 24 3.8 (2.6-5.7) -
Heterosexual 7 100 (46.8-100) 24 100 (100-100)
Subtype 0.351
B 162 89.0 (84.5-93.6) 580 92.5 (90.4-94.6)
AE 16 8.8 (5.4-14.3) 30 4.8 (3.4-6.8)
C 1 0.5 (0-3.0) 7 1.1 (0.5-2.3)
G 2 1.1 (0.2-4.0) 3 0.5 (0.1-1.4)
AG 1 0.5 (0-3.0) 3 0.5 (0.1-1.4)
A 0 0 (0-2.0) 2 0.3 (0-1.1)
Unknown 0 0(0-2.0) 2 0.3 (0-1.1)
Cue for HIV diagnosis <0.001
Voluntary testing 12 6.6 (3.7-11.5) 283 45.1 (41.2-49.0)
Provider-initiated testing 167 91.8 (87.8-95.8) 338 53.9 (50.0-57.8)
Unknown 3 1.6 (0.4-4.8) 6 1.0 (0.4-2.1)
Previous testing <0.001
Yes 29 15.9 (10.6-21.3) 282 45.0 (41.1-48.9)
No 65 35.7 (28.8-42.7) 254 40.5 (36.7-44.4)
Unknown 88 48.4 (41.1-55.6) 91 14.5 (11.8-17.3)
BED assay <0.001
Recent (ODn <0.8) 47 25.8 (19.5-32.2) 255 40.7 (36.8-44.5)
Chronic (ODn >0.8) 135 74.2 (67.8-80.5) 372 59.3 (55.5-63.2)

Cl, confidence interval; MSM, men who have sex with men; IDU, intravenous drug user; ODn, normalized optical density.

@ By t-test or Pearson’s Chi-square test.

cases (Pearson’s Chi-square test). MSM activity was the most
frequent transmission route in both groups, and still more frequent
in non-AIDS cases (89.9%, 95% Cl 87.5-92.3) than in AIDS cases
(81.7%, 95% CI 76.0-87.4). A larger proportion of patients in the
non-AIDS group than in the AIDS group had undertaken previous
HIV testing (45.0%, 95% CI 41.1-48.9 vs. 15.9%, 95% CI 10.6~21.3)
and had been diagnosed with HIV-1 infection by voluntary testing
(45.1%,95% C1 41.2-49.0 vs. 6.6%, 95% C1 3.7-11.5), suggesting that
repeated voluntary testing may prevent disease progression to
AIDS in the high-risk groups.

Binominal logistic regression analysis of age, nationality
(Japanese or not), and transmission category (MSM or not)
identified age as the most significant factor associated with the
development of AIDS (per 1-year increment, (hazard ratio) HR
1.041, 95% CI 1.026-1.057; p < 0.001).

To delineate the trends in late diagnosis of HIV-1 infection, the
annual rates of AIDS cases in newly-diagnosed HIV-1-infected
patients were plotted through the study period. The rate of AIDS
cases remained around 30% between 2002 and 2004. It decreased
to 15.0% in 2005, but then showed a gradual increase annually,
reaching 24.8% in 2010 (Figure 1). To identify the population that
influenced the increase in the rate of AIDS cases in the most recent
years, we selected and categorized the study participants based on
their features. Specifically, we focused on MSM patients, because
85% of our patients were MSM. Based on the above results of the

significance of age in the binominal logistic regression analysis in
the development of AIDS, we examined the effect of age in more
detail by dividing the MSM patients into three age groups: those
aged <29 years (217 patients, 31.7%), 30-39 years (273 patients,
39.9%), and >40 years (195 patients, 28.5%). In the >40 years MSM
group, the rate was higher than 50% between 2002 and 2004, but
decreased to 21.4% in 2005 and further decreased to 14.3% in 2006,
but gradually increased and reached ~30% in 2009 and 2010
(Figure 1). On the other hand, in the <29 years MSM group, the
AIDS rate was steadily lower than 20%, indicating that most young
HIV-1-infected MSM were diagnosed before the development of
AIDS throughout the study period. The AIDS rate in the 30-39 years
MSM group was between those of the other two groups during
most of the study period. A significantly larger proportion of
patients in the <29 years MSM group had undergone voluntary
HIV testing (43.8%, p=0.002, Pearson’s Chi-square test) and
diagnosis with HIV (48.8%, p < 0.001, Pearson’s Chi-square test),
compared with the 30-39 years MSM group (43.6% and 36.6%,
respectively) and the >40 years MSM group (34.9% and 32.3%,
respectively). These results suggest that repeated voluntary testing
may have prevented disease progression to AIDS in the younger
MSM groups. The high rate of AIDS in all the study participants
observed in 2002-2004 seemed mainly due to the >40-year-old
MSM. Furthermore, the gradual increase in the AIDS rate in the
>40-year-old MSM since 2006 also seemed to have contributed to
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Figure 1. Annual rate of AIDS in newly diagnosed HIV-1-infected individuals. The annual AIDS rate for all study participants (809 patients; left panel), and men who have sex
with men (MSM) categorized by age: <29 years (n =217),30-39 years (n = 273), and >40 years (n = 195) (right panel). The 95% confidence intervals are also shown in the left
panel. Data including 95% confidence intervals for the MSM are provided in the Supplementary Information (Table S1).

the rising AIDS rate in all, suggesting that older MSM should be the
main target for interventions aimed at promoting HIV testing for
early diagnosis and prevention of the development of AIDS.

3.3. Trends in early HIV diagnosis

To identify individuals with recent HIV-1 infection, we
performed a BED assay for the 809 study participants. Before
analysis of the results, we dealt with the problem of potential

Table 3

Demographics of participants with recent and chronic infection

misclassification. Previous studies reported small levels of anti-
HIV-1-specific IgG relative to the total IgG in cases with both
recent HIV-1 infection and long-standing chronic cases with
severe immunodeficiency, which could result in false classifica-
tion of chronic cases as recent infection.'>'>16 To tackle this
problem, previous studies classified AIDS cases and cases with
CD4 cell counts <200/l as chronic infection cases, in accordance
with the Joint United Nations Programme on HIV/AIDS (UNAIDS)/
World Health Organization (WHO) guidelines.’’~?! We applied

Recent (n=197) Chronic (n=612) p-Value®
Mean (95% CI) Mean (95% CI)
Age (years) 33.0 (31.7-34.3) 37.2 (36.3-38.1) <0.001
CD4 count [l 4232 (399.2-447.3) 207.9 (193.3-222.4) <0.001
Log viral load/ml 4.61 (4.46-4.76) 4.81 (4.74-4.87) 0.005
n % (95% CI) n % (95% CI)
Nationality 0.101
Japan 189 95.9 (93.2-98.7) 552 90.2 (87.8-92.6)
Asia other than Japan 2 1.0 (0.2-3.7) 33 5.4 (3.9-7.6)
North and South America 3 1.5 (0.4-4.4) 16 2.6 (1.6-4.2)
Africa 1 0.5 (0-2.8) 7 1.1 (0.5-2.4)
East and West Europe 1 0.5 (0-2.8) 3 0.5 (0.1-1.4)
Oceania 1 0.5 (0-2.8) 1 0.2 (0-0.9)
Transmission category
Male 192 97.5 (95.3-99.7) 586 95.8 (94.2-97.3) 0314
MSM 177 92.2 (88.4-96.0) 508 86.7 (83.9-89.4)
Heterosexual 11 5.7 (3.1-10.2) 53 9.0 (7.0-11.8)
DU 0 0 (0-1.9) 3 0.5 (0.1-1.5)
Unknown 4 2.1 (0.7-5.3) 22 3.8 (2.5-5.7)
Female 5 2.5(1.0-5.9) 26 4.2 (2.9-6.2) -
Heterosexual 5 100 (34.4-100) 26 100 (81.5-100)
Subtype 0.029
B 188 95.4 (92.5-98.3) 554 90.5 (88.2-92.8)
AE 4 2.0(0.7-5.2) 42 6.9 (5.2-9.3)
C 1 0.5 (0-2.8) 7 1.1 (0.5-2.4)
G 1 0.5 (0-2.8) 4 0.7 (0.2-1.7)
AG 1 0.5 (0-2.8) 3 0.5(0.1-1.4)
A 0 0(0-1.9) 2 0.3 (0-1.2)
Unknown 2 1.0 (0.2-3.7) 0 0 (0-0.6)
Cue for HIV diagnosis <0.001
Voluntary testing 102 51.8 (44.8-58.8) 193 31.5 (27.9-35.2)
Provider-initiated testing 94 47.7 (40.7-54.7) 411 67.2 (63.4-70.9)
Unknown 1 0.5 (0-2.8) 8 1.3 (0.6-2.6)
Previous testing <0.001
Yes 116 58.9 (52.0-65.8) 195 31.9 (28.2-35.6)
No 57 28.9 (22.6-35.3) 262 42.8 (38.9-46.7)
Unknown 24 12.2 (7.6-16.8) 155 25.3 (21.9-28.8)

Cl, confidence interval; MSM, men who have sex with men; IDU, intravenous drug user.
@ By t-test or Pearson’s Chi-square test.
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Figure 2. Annual rate of recent infection in newly diagnosed HIV-1-infected cases. The annual rate of recent infection in all study participants (809 patients; left panel), and in
men who have sex with men (MSM) categorized by age: <29 years (n=217), 30-39 years (n = 273), and >40 years (n = 195) (right panel). The 95% confidence intervals are
also shown in the left panel. Data including 95% confidence intervals for the MSM are provided in the Supplementary Information (Table S2).

the same strategy in this study and thus defined only BED-
positive non-AIDS cases with CD4 cell counts >200/.] as recent
infection.

In the 456 non-AIDS cases with CD4 cell counts >200/ul, 197
cases were BED-positive and classified as recent infection (43.2%;
24.4% of the total cases) (Table 3). BED-negative cases, AIDS cases,
and cases with CD4 cell counts <200/l were classified as chronic
infection. Patients with recent infection were younger (33.0 years,
95% ClI 31.7-34.3 vs. 37.2 years, 95% ClI 36.3-38.1) and had higher
CD4 counts (423.2/pl, 95% ClI 399.2-447.3 vs. 207.9/pl, 95% CI
193.3-222.4), as expected, and lower viral load (4.61 log VL/ml,
95% C14.46-4.76 vs.4.81 log VL/ml, 95% C14.74-4.87), compared to
patients with chronic infection. A larger proportion of recent
infection (95.4%, 95% C1 92.5-98.3) was caused by HIV-1 subtype B
than in those with chronic infection (90.5%, 95% Cl 88.2-92.8).
There were no significant differences in the nationality and
transmission category between recent and chronic infection cases
(Pearson’s Chi-square test), although the proportion of Japanese
patients was higher in recent infection (95.9%, 95% Cl 93.2-98.7)
than in chronic infection (90.2%, 95% CI 87.8-92.6) (p = 0.012, Chi-
square test). A significantly larger proportion of patients under-
went previous HIV testing (58.9%, 95% CI 52.0-65.8 vs. 31.9%, 95%
Cl 28.2-35.6) and were diagnosed with HIV-1 infection by
voluntary testing (51.8%, 95% Cl 44.8-58.8 vs. 31.5%, 95% CI
27.9-35.2) among recent infection cases than chronic infection
cases (p < 0.001 in both, Pearson’s Chi-square test).

To delineate the trends in early diagnosis of HIV-1 infection,
the annual rate of recent infection in all 809 study participants
was plotted over the study period (Figure 2). The rate was stable at
~20% between 2002 and 2010, except for 2007 (26.1%) and 2008
(31.9%), when a slight increase was evident. In order to identify
the population that influenced the annual trends of early
diagnosis, we focused on MSM patients and again divided them
into three age groups: <29 years, 30-39 years, and >40 years. The
rates of recent infection in the <29 and >40 years MSM groups
were the highest and the lowest, respectively, in most years of the
study period. The rate in the <29 years MSM group was high,
ranging from 25.0% to 46.2% between 2002 and 2005, but it
decreased to 19.0% in 2006, and increased again in 2007 and
remained around 35% between 2007 and 2010. The rate of recent
infection in the >40-year-old MSM group was steadily low at
~10% between 2002 and 2006, but increased in 2007 to 25.9% and
2008 to 35.3%, then decreased to around 15% in 2009 and 2010.
The rate in the 30-39-year-old MSM ranged between those of the
other two groups during most part of the study period. These
results suggest that younger MSM tend to be diagnosed
persistently earlier, whereas older MSM are usually diagnosed
at a later stage of the HIV disease.

4. Discussion

The present study analyzed the trends in the proportion of AIDS
patients and patients with recent infection among 809 new cases
of HIV-1-infection diagnosed between 2002 and 2010. This group
recruited from our AIDS Clinical Center represents 20.0% of the
total number of newly diagnosed Tokyoites during the same
period. We found that MSM, especially younger MSM, tend to be
diagnosed at an earlier stage before the development of AIDS,
probably because of frequent voluntary HIV testing. The propor-
tion of AIDS cases remained at a steady low level and the rate of
recent infection remained at a high level in younger MSM patients,
indicating that younger MSM are aware of the risk of their sexual
behavior sufficient to take HIV testing repeatedly. On the other
hand, in the older MSM, the rate of AIDS was relatively high and the
rate of recent infection comparatively low, but transiently
increased in 2007 and 2008, suggesting that older MSM with a
high-risk of HIV infection usually do not take HIV testing
frequently and may respond to campaigns that promote such
tests. Interestingly, the Japan Foundation for AIDS Prevention
conducted several campaigns to promote voluntary HIV-1 testing
in 2007. A popular male Japanese singer took part in one such
campaign in July 2007, which was a great surprise among the
Japanese in general, and this was followed by an increase in
the number of voluntary HIV tests performed in 2007 and 2008.?
The event may have prompted older MSM at high risk to take
voluntary HIV testing, resulting in the transient increase in the rate
of early diagnosis for 2007 and 2008. The sharp decline in the rate
of early diagnosis observed in 2009 and 2010 in the older MSM
group coincided with reductions in the number of voluntary tests,?
and could be an omen of future increases in the number of AIDS
patients in this population. Early diagnosis followed by early
introduction of ART may reduce the spread of HIV-1 among MSM,
which could help to prevent an HIV epidemic in this popula-
tion.>7? A strategy based on the promotion of voluntary testing
needs to be formulated, similar to the 2007 campaigns that
resulted in significant increases in the rate of early diagnosis in
older MSM.

Discordant shifts were observed between the rates of AIDS and
recent infection. The reasons may be that AIDS usually develops
several years after HIV infection and that disease progression
varies enormously among infected individuals. Therefore, the
variable length of time during which HIV infection was ignored
resulted in the development of AIDS, the proportion of which does
not always correlate with the rate of recent infection in the same
year.!! Furthermore, disease progression has been suggested to
have become faster in a significant portion of Japanese patients,
probably because the prevailing HIV-1 strains in Japan have
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adapted to the Japanese population by acquiring escape mutations
from immune pressure restricted by human leukocyte antigens
(HLAs) popular among the Japanese.?>?* Based on this point of
view, early diagnosis is even more important due to the shorter
asymptomatic period before the development of AIDS.

The majority of our study participants were infected with HIV-1
subtype B, and HIV-1 subtype B infection correlated significantly
with MSM (crude odds ratio 37.9, p < 0.001; Chi-square test). The
non-AIDS patients were more likely to be infected with subtype B
than AIDS patients (crude odds ratio 1.59, p = 0.098). The same was
true for recent infection than chronic infection (crude odds ratio
2.81, p = 0.009). A previous Japan-wide survey also showed a close
relationship between subtype B and MSM in Japan; all cases
diagnosed with primary HIV-1 infection (n = 45) were caused by
subtype B, and such primary infections were significantly frequent
among MSM.' Considered together, the results indicate that
subtype B is the major currently prevalent strain in Japan,
especially among MSM, and such strains are probably adapting
to the Japanese population by repeated exposure to immune
pressure of the Japanese.

This study used case reporting-based surveillance to estimate
the number of new HIV-1 infections in Tokyoites between 2002
and 2010. The data were collected at a single center and thus may
have included some institutional bias. The study participants were
statistically younger and were more likely to be MSM than those of
the Tokyo registry. The BED assay was used in this study to
determine the rate of recent infection in the selection study group
and not to determine the national incidence rate. However, the
data from this study suggest the following target-specific
differential strategies for controlling the HIV epidemic and for
AIDS prevention in Tokyo: campaigns aimed at promoting testing
should be directed at older MSM for early diagnosis to prevent/halt
the progression of AIDS; commencement of ART for HIV-infected
younger MSM at early stages of the disease may effectively reduce
the number of new cases based on the control of current hot-spots
of HIV transmission among this group.
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Introduction

Tenofovir disoproxil fumarate (TDF) and abacavir sulfate
(ABC) are widely used nucleot(s)ide reverse transcriptase inhibitors
(NRTIs) as part of the initial antiretroviral therapy for patients
with HIV infection in the developed countries (URL:http://www.
aidsinfo.nih.gov/ContentFiles/ AdultandAdolescentGL.pdf) (URL:
http://www.europeanaidsclinicalsociety.org/images/stories/ EACS-
Pdf/1_treatment_of_hiv_infected_adults.pdf). TDF is generally pre-
ferred to ABC, since ABC is reported to cause serious hypersensitivity

@ PLoS ONE | www.plosone.org

reaction in 5-8% of the patients and its efficacy in viral suppression is
reported to be inferior to TDF among patients with baseline HIV
viral load of >100,000 copies/ml [1,2]. On the other hand, renal
proximal tubular damage and renal dysfunction are well-known
adverse effects of TDF [3-9]. A meta-analysis study that compared
TDF and other NRTIs concluded that the decline in renal function
with TDF use is significant but modest, and the ASSERT study
conducted in Europe compared randomly-selected treatment naive
patients who commenced treatment with either TDF or ABC with
efavirenz and showed no difference in estimated glomerular filtration
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rate (¢GFR) between the two groups at 48 weeks [9,10]. To date, the
nephrotoxicity of TDF have been regarded as mild and tolerable
[2,5-7,9-11].

However, the TDF-related nephrotoxicity has hardly been
evaluated in patients with small body weight, who are potentially
at higher risk for larger drug exposure and thus, more severe
toxicity [12-15]. Indeed, some recent studies including ours
reported a higher incidence of TDF-related renal dysfunction
among Asian patients with low body weight compared with
previous studies on mostly Whites and African Americans with
larger body weight [13,16]. Thus, it is important to provide more
evidence in support of TDF-associated nephrotoxicity in patients
with low body weight since such data can elucidate whether TDF-
related nephrotoxicity is as mild in low-body-weighted patients as
previously reported in Europe and the USA. This is also important
because there is increasing use of TDF in resource-limited settings,
where patients are often of relatively small body weight, following
the revised 2010 WHO guidelines that recommend TDF as one of
the components of first line therapies (URL:http://whglibdoc.
who.int/publications/2010/9789241599764_eng.pdf)[13,16-19].
To our knowledge, there are no studies that compared renal
function in treatment naive Asian patients who commenced
treatment with TDF or ABC.

Based on the above background, the present study was designed
to compare the incidence of renal dysfunction and change in
e¢GFR between treatment-naive Japanese patients with low body
weight who started either TDF or ABC as part of the antiretroviral
regimen.

Methods

Ethics Statement

This study was approved by the Human Research Ethics
Committee of National Center for Global Health and Medicine,
Tokyo. All patients included in this study provided a written
informed consent for their clinical and laboratory data to be used
and published for research purposes. This study has been
conducted according to the principles expressed in the Declaration
of Helsinki.

Study Subjects

We performed a retrospective, single-center cohort study of
HIV-infected Japanese patients using the medical records at the
National Center for Global Health and Medicine, Tokyo, Japan.
Our facility is one of the largest clinics for patients with HIV
infection in Japan with more than 2,700 registered patients. The
study population was treatment-naive patients with HIV infection,
aged >17 years, who commenced treatment with either the
recommended 300 mg/day dose of TDF or 600 mg/day dose of
ABC-containing antiretroviral regimen at our clinic between
January 1, 2004 and March 31, 2009. During this inclusion
period, all except two patients at our clinic started ART with
either ABC or TDF. Patients with an eGFR of >60 ml/min/1.73
m? were enrolled. Patients were followed up until March 31, 2011.
They were excluded if they started ART with both TDF and ABC,
their follow-up period at our facility was less than 24 weeks after
commencement of ART, or if they had started ART at other
facilities. Only Japanese patients were included in order to
examine a population with comparatively homogenous basic
demographics and background. The attending physician selected
either TDF or ABC at baseline, and the use of these two drugs was
based on the Japanese guidelines, which place both ABC and TDF
as the preferred NRTIs (http://www.haart-support.jp/guide-
line2011.pdf. in Japanese). The attending physician also selected
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the key drug [non-nucleoside reverse transcriptase inhibitor
(NNRTT), protease inhibitor (PI), or integrase inhibitor (INI)].
All patients received standard ART with two NRTIs combined
with either PI, NNRTI, or INI.

Measurements

We defined renal dysfunction as more than 25% decrease in
eGFR relative to the baseline [13,16,20,21]. The baseline eGFR
was estimated for each patient from the average of two successive
serum creatinine measurements made closest to and preceding the
commencement of antiretroviral therapy by no more than 90 days.
Changes in eGFR were plotted from the baseline measurement
until the average value of two successive measurements diminished
to less than 75% of the baseline, discontinuation of TDF or ABC,
or at the end of the follow-up period. Discontinuation of TDF and
ABC was the choice of the attending physician, and was based on
virologic failure or ART-related side effects other than renal
dysfunction. Before the initiation of ART and until suppression of
HIV-1 viral load, patients visited our clinic every month.
However, after viral load suppression, the visit interval was
extended up to every three months. Serum creatinine and eGFR
were measured in every visit, and the frequency of measurements
was similar in patients on TDF and ABC. eGFR was calculated
using the equation from the 4-variable Modification of Diet in
Renal Disease (MDRD) study, eGFR=186x [serum creati-
nine] "1 x [age] T x [0.742 if patient is female] x [1.212 if
patient is African American] [22]. In this study, the primary
exposure variable was TDF use over ABC as part of the initial
ART.

The potential risk factors for renal dysfunction were determined
according to previous studies and collected together with the basic
demographics from the medical records [15,23-25]. They
included age, sex, body weight, body mass index, (BMI) = {body
weight (kg) / [(height (m)]Q}, baseline laboratory data (CD4 cell
count, HIV viral load, and serum creatinine), and presence or
absence of other medical conditions (concurrent use of ritonavir-
boosted protease inhibitors, concurrent nephrotoxic drugs such as
ganciclovir, sulfamethoxazole/trimethoprim, and non-steroidal
anti-inflammatory agents, diabetes mellitus defined by using
anti-diabetic agents or fasting plasma glucose >126 mg/dl or
plasma glucose >200 mg/dl on two different days, co-infection
with hepatitis B defined by positive hepatitis B surface antigen, co-
infection with hepatitis C defined by positive HCV viral load,
hypertension defined by current treatment with antihypertensive
agents or two successive measurements of systolic blood pressure
>140 mmHg or diastolic blood pressure >90 mmHg at the clinic,
dyslipidemia defined by current treatment with lipid-lowering
agents, and current smoking). At our clinic, weight and blood
pressure were measured on every visit whereas other variables
were measured in the first visit and at least once annually. We used
the data on or closest to and preceding the day of starting ART by
no more than 90 days.

Statistical analysis

The time to 25% decline in eGFR from the baseline was
calculated from the date of commencement of treatment to the
date of diagnosis of the above-defined renal dysfunction. Censored
cases represented those who discontinued ABC or TDF, dropped
out, were referred to other facilities, or at the end of follow-up
period. The time from the start of ART to >25% decrease in
eGFR was analyzed by the Kaplan Meier method for patients who
started TDF (TDF arm) and ABC (ABGC arm), and the log-rank
test was used to determine the statistical significance. The Cox
proportional hazards regression analysis was used to estimate the
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impact of TDF use over ABC on the incidence of more than 25%
decrease in eGFR relative to the baseline. The impact of each
basic demographics, baseline laboratory data, and other medical
conditions listed above was also estimated with univariate Cox
proportional hazards regression.

To estimate the unbiased prognostic impact of TDF use over
ABC for renal dysfunction, we conducted three models using
multivariate Cox proportional hazards regression analysis. Model
1 was the aforementioned univariate analysis for TDF use over
ABC. Model 2 included age and weight plus model 1 in order to
adjust for basic characteristics. In model 3, we added variables
with P values <0.05 in univariate analysis for adjustment (these
included age per 1 year, weight per 1 kg decrement, CD4 count
per 1 /pl decrement, HIV viral load per logl0/ml, serum
creatinine per 1 mg/dl, concurrent use of nephrotoxic drug(s),
hepatitis B infection, and diabetes mellitus). The eGFR and the
BMI were excluded from multivariate analysis because of their
multicollinearity with age and serum creatinine, and weight,
respectively, since eGFR and BMI are gained by the equation of
those variables [22,26]. We chose to add weight instead of BMI
because our previous work showed that weight was more useful
and handy information to estimate the risk for TDF-related
nephrotoxicity than BMI [16].

As a sensitivity analysis, creatinine clearance was similarly
calculated with Cockecroft-Gault equation for each patient,
creatinine clearance = [(140 - age) X weight (kg)] / (serum
creatinine x72)(x0.85 for females) [27]. Actual body weight was
used for the calculation. The impact of TDF use over ABC for
>25% decrement of creatinine clearance from the baseline was
estimated in univariate analysis and multivariate analysis adjusted
with the before mentioned variables with Cox proportional
hazards model.

To estimate the impact of weight on TDF-related nephrotox-
icity, we did subgroup analysis for intertertile baseline body weight
categories: =60, 61-68, and >68 kg. Then, the abovementioned
multivariate analysis with eGFR was conducted for each
subgroup.

We also used a repeated measures mixed model to estimate and
compare changes in ¢eGFR between ABC and TDF from baseline
to 2 years after initiation of ART by 6-month intervals adjusted for
baseline eGFR and weight [10]. For each patient, the eGFR
values at closest to and preceding 24, 48, 72 and 96 weeks after
commencement of ART were collected. In this analysis, censoring
occurred at discontinuation of TDF or ABC, leaving care, or
reaching the end of the observation period before 96 weeks.
Sensitivity analysis with creatinine clearance calculated by
Cockeroft-Gault equation was similarly conducted.

Statistical significance was defined at two-sided p values <0.05.
We used hazard ratios (HRs) and 95% confidence intervals (95%
ClIs) to estimate the impact of each variable on renal dysfunction.
All statistical analyses were performed with The Statistical Package
for Social Sciences ver. 17.0 (SPSS, Chicago, IL).

Results

The study subjects were 199 patients in the TDF arm and 304
patients in the ABC arm who fulfilled the abovementioned criteria.
Table 1 shows the demographics, laboratory data, and medical
conditions of the study population at baseline. The majority of the
study population was males, comparatively young and had a small
stature (median weight, 64 kg, median BMIL, 22.2 kg/m?). More
than 80% of the patients in the two arms had ritonavir-boosted PI.
In the ABC arm, patients had significantly lower CD4 count
(p=0.006), were significantly more likely to have hypertension
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(p<<0.001), and tended to use more nephrotoxic drugs (p = 0.109).
On the other hand, in the TDF arm, patients had marginally
higher baseline ¢eGFR (p=0.098) and were significantly more
likely to have hepatitis B virus infection (P<<0.001). However, all
other major background parameters were similar in the two
groups (Table 1).

More than 25% decrement in eGFR from baseline occurred in
44 patients (22.1%) in the TDF arm and 41 (13.5%) in the ABC
arm, with an estimated incidence of 9.84 and 4.55 per 100 person-
years, respectively. Figure 1 shows the time from ART initiation to
>25% decrease in eGFR by the Kaplan Meier method in the two
groups. Patients who started TDF-containing ART were signifi-
cantly more likely to develop renal dysfunction, compared to the
ABGC group (p=0.001, Log-rank test). The median time from
commencement of ART to occurrence of >25% decrement in
eGFR was 246 days (range, 1-1,339 days) for the TDF arm and
501 days (range, 7-2,022) for ABC arm. The total observation
period was 447.2 patient-years [median, 839 days, interquartile
range (IQR), 3571137 days] for the TDF arm and 901.7 patient-
years (median, 1,119 days, IQR, 660.5-1509 days) for the ABC
arm.

Univariate analysis showed a significant relationship between
TDF use and >25% decrement in eGFR (HR =1.747; 95%CI,
1.152-2.648; p=0.009) (Table 2). Furthermore, old age, small
body weight, low baseline CD4 count, high HIV viral load, high
eGFR, low serum creatinine, concurrent use of nephrotoxic drugs,
hepatitis B infection, and diabetes mellitus were associated with
renal dysfunction. On the other hand, concurrent use of ritonavir
boosted PIs was not associated with renal dysfunction
(HR =1.220; 95%CI, 0.663-2.244; p = 0.523). Multivariate anal-
ysis identified TDF use as a significant risk for >25% decrement in
eGFR after adjustment for age and weight (adjusted HR = 1.893;
95%CI, 1.243-2.881; p<<0.003) (Table 3, Model 2), and also after
adjustment for other risk factors (adjusted HR =2.080; 95%CI,
1.339~3.232; p<<0.001) (Table 3, Model 3). We also conducted a
sensitivity analysis using BMI decrement instead of weight as a
variable in Table 3, Model 3. The results were almost identical;
TDF use over ABC use was a risk for renal dysfunction (adjusted
HR 1.957, 95% CI 1.262-3.036, p=0.003).

Sensitivity analysis with creatinine clearance confirmed the
abovementioned findings: both univariate and multivariate
analyses showed that TDF use was significantly associated with
>25% decrement in ¢GFR (univariate analysiss HR =2.212;
95%CI, 1.340-3.653; p=0.002) (multivariate analysis: adjusted
HR =2.544; 95%CI, 1.493-4.335; p=0.001).

Subgroup analysis of the patients stratified by intertertile
baseline body weight showed that the lower the baseline body
weight, the more evident the impact of TDF on renal dysfunction
(=60 kg: adjusted HR =2.771; 95%CI, 1.494-5.139; p=0.001)
(61-68 kg: adjusted HR = 1.908; 95%CI, 0.764—4.768; p=0.167)
(>68 kg: adjusted HR =0.997; 95%CI, 0.318-3.121; p=0.995)
(Table 4). These findings suggest that there is the effect
modification by baseline body weight on TDF-associated renal
dysfunction.

Data analysis by repeated measures mixed models showed a
significant decrease in adjusted mean eGFR from the baseline to
96 weeks in both groups (TDF: -9.984 ml/min/1.73m? 95%CI -
12.05 to -7.914 ml/min/1.73m? p<0.001; ABC: -5.393 ml/min/
1.73m% 95%CI -7.087 to -3.699 ml/min/1.73m?, p<0.001)
(Figure 2). There was a statistically significant interaction between
the two arms over time (p = 0.003), indicating that adjusted mean
eGFR decreased more significantly in the TDF group than in the
ABC group after initiation of ART. Analysis of ¢GFR in each
group demonstrated a rapid decrease during the first 24 weeks,
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Table 1. Baseline demographics and laboratory data of patients who received tenofovir- and abacavir-based antiretroviral therapy
(n=503).

TDF (n=199) ABC (n=304) P value

36 (31-44) 37 (31-43)

Median (IQR) BMI (kg/m?) 22.1 (20.4-23.9) 22.2 (20.3-24.6) 0.321

Median (IQR) serum creatinine (mg/dl) 0.74 (0.67~0.84) 0.75 (0.68-0.83) 0.250

Median (IQR) HIV RNA viral load (log10/ml) 4.63 (4.20-5.20) 4.74 (4.23-5.20) 0.731

Protease inhibitors (unboosted), n (%) 5(2.5) 20 (6.6) 0.038

5(2.5) 2(0.7) 0.119

Dyslipidemia, n (%)

Concurrent use of nephrot

ic drugs, n (%

Hepatitis C, n (%) 7 (3.5) 7 (2.3) 0.421

TDF: tenofovir, ABC: abacavir, IQR: interquartile range, BMi: body mass index, eGFR: estimated glomerular filtration rate, NNRTI: non- nucleoside reverse transcriptase
inhibitor, INI: integrase inhibitor.
doi:10.1371/journal.pone.0029977.t001
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Figure 1. Kaplan-Meier curve showing the time to renal dysfunction in patients treated with TDF or ABC. Compared to treatment-naive
patients who commenced treatment with ABC, those on TDF were more likely to develop >25% fall in eGFR (p =0.001, Log-rank test). TDF: tenofovir,
ABC: abacavir, ART: antiretroviral therapy, eGFR: estimated glomerular filtration rate.

doi:10.1371/journal.pone.0029977.g001
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Table 2. Univariate analysis to estimate the risk of various
factors in inducing more than 25% fall in eGFR.

Hazard ratio 95% Cl

P value

1.023-1.072  <0.001

Weight per 1 kg decrement 1.047

CD4 count per 1 /ul decrement 1.006 1.004-1.008 <0.001

Ritonavir-boosted protease inhibitors ~ 1.220 0.663-2.244 0.523

Baseline serum creatinine per Tmg/dl  0.016 0.003-0.086 <<0.001

1.038-3.356

Hepatitis B

Diabetes mellitus

0.657-1.489 0.958

Current smoking 0.989

eGFR: estimated glomerular filtration rate, Cl: confidence interval, TDF:
tenofovir, ABC: abacavir, BMI: body mass index.
doi:10.1371/journal.pone.0029977.t002

followed by a plateau until 96 weeks. In sensitivity analysis with
creatinine clearance calculated by Cockcroft-Gault equation, the
result was the same; a significant decrease from the baseline to 96
weeks in both groups (TDF: -10.62 ml/min, 95%CI -13.78 to
-7.458 ml/min; ABGC: -4.325 ml/min, 95%CI -6.893 to
-1.756 ml/min) and significantly more eGFR decrement in the
TDF group (p=0.019).

Discussion

In this observational Japanese cohort, treatment-naive patients
who started TDF-containing ART experienced eGFR decline of
>25% approximately twice as likely compared to those treated
with ABC-containing regimen. Univariate and multivariate
analyses identified TDF use as an independent risk factor for

eGFR.

TDF Renal Dysfunction in Low Body Weight Patients

Table 4. Multivariate analysis to estimate the risk of TDF-
over ABC-based antiretroviral therapy in the induction of
more than 25% fall in eGFR according to baseline body
weight.

P

95% Ci value

Adjusted HR

TDF vs. ABC use 2.771 1494-5139  0.001

TDF vs. ABC use

TDF vs. ABC use 0.997

0.318-3.121  0.995

TDF use was adjusted with the same variables indicated in Model 3, Table 3: age
per 1 year, weight per 1 kg decrement, CD4 count per 1 /ul decrement, HIV viral
load per log10/ml, serum creatinine per 1 mg/dl, concurrent use of nephrotoxic
drugs, hepatitis B infection, and diabetes mellitus.
doi:10.1371/journal.pone.0029977.t004

renal dysfunction. Subgroup analysis showed that the effect of
TDF on renal dysfunction was more evident in patients with lower
body weight. Furthermore, eGFR decrement was significantly
larger in the TDF group than in ABC group over the 2-year
observation period.

In our previous study, we demonstrated a high incidence of
TDF-associated nephrotoxicity in patients with low body weight,
and the use of a robust statistical model indicated a greater decline
in renal function in patients of low body weight treated with TDF
[16]. The results of the present study further emphasize the
importance of low body weight as a risk factor for TDF-related
nephrotoxicity by showing that in a cohort of patients with low
body weight, the incidence of renal dysfunction was twice higher
with TDF use than with ABC use.

Among the studies designed to compare renal function after the
commencement of TDF and ABC-containing ART for treatment-
naive patients, our cohort had the lowest median body weight (64
kg). This is lower than the median body weight of patients of the
ASSERT study conducted in European countries (72 kg) [10]. The

Table 3. Multivariate analysis to estimate the risk of TDF- over ABC-based antiretroviral therapy in inducing more than 25% fall in

Model 1 Crude

TDF vs. ABC use 1.747 1.152-2.648
Weight per 1 kg decrement’

HIV viral load per log10/mi

Use of nephrotoxic drug

Diabetes mellitus

Model 2 Adjusted

1.893 1.243-2.881 2.080

1.046 1.022-1.071 1.028

Model 3 Adjusted

1.339-3.232

1.005-1.052

1.048 0.749-1.466

1.565 0.684-3.582

7P<0.05 in Model 3.

doi:10.1371/journal.pone.0029977.t003
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TDF: tenofovir, ABC: abacavir, eGFR: estimated glomerular filtration rate, HR: hazard ratio, Cl: confidence interval.
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Figure 2. Changes in eGFR in patients treated with TDF or ABC between baseline and 96 weeks. The fall in eGFR was significantly greater
in the TDF group than the ABC group (p =0.003). Data are adjusted mean *£95% confidence interval. eGFR: estimated glomerular filtration rate, TDF:

tenofovir, ABC: abacavir.
doi:10.1371/journal.pone.0029977.9002

results of the present study on TDF-related nephrotoxicity differ
from the findings of randomized clinical trials that demonstrated
no major change in renal function of TDF- and ABC-treated
patients over 48-96 week follow-up [2,10,11]. The discrepant
results might arise from differences between observational cohort
and clinical trials, since observational studies tend to express the
results in “real world setting” whereas clinical trials include
patients who fulfill more strict criteria, therefore with better profile
[9]. The discrepant results could be also due to the use of different
definitions for renal dysfunction in these studies. However, the
discrepant results could also reflect the difference in median body
weight between the present study and these clinical trials. The
results of our subgroup analysis support this hypothesis by showing
that the effect of TDF on renal dysfunction was more evident in
patients with low body weight. Apart from being low-body-
weighted, the patients in this study did not appear to have many of
other established risks for TDF-related nephrotoxicity; they were
comparatively young, had relatively stable CD4 count, and had
only a few co-morbidities (Table 1). Although the majority
concurrently used ritonavir-boosted Pls, which are a probable risk
for TDF-related nephrotoxicity, ritonavir-boosted PIs were not
significantly associated with renal dysfunction in our cohort
(Table 2) [24].

Changes in eGFR in those patients treated with TDF-
containing ART were characterized by a rapid decline during
the first 24 weeks of therapy, followed by a plateau until 96 weeks
(Fig. 2). This finding is consistent with that reported from the
Johns Hopkins group [9,28]. Together with the finding that the
median time from commencement of ART to the >25% decline
in eGFR in the TDF-treated patients was 246 days, these results
suggest that careful monitoring of renal function is particularly
warranted in the first year of TDF-based therapy. Thus, we
suggest that renal function should be monitored by measurement
of serum creatinine at least once annually in resource-limited
settings and twice annually in resource-rich settings in patients
starting TDF-containing ART, especially those with baseline body
weight <60 kg.

The Department of Health and Human Services guideline for
the treatment of HIV infection in the U.S. lists ABC as an
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alternative NRTI because it can potentially cause serious
hypersensitivity reaction and cardiovascular diseases (URL:http:
/ /www.aidsinfo.nih.gov/ContentFiles/ AdultandAdolescentGL.pdf).
However, some international guidelines consider both TDF and
ABC as the preferred NRTIs under the condition that ABC should
be used with caution in patients with viral load >100,000 copies/mL,
based on the low incidence of ABC-related hypersensitivity among
HILA-B*5701-negative population and the controversial associ-
ation between ABC and cardiovascular diseases [1,29-32] (URL:
http://www.europeanaidsclinicalsociety.org/images/stories/ EACS-
Pdf/1_treatment_of hiv_infected_adults.pdf) (http:/ /www.haart-support.
jp/guideline2011.pdf. in Japanese). The present study, together
with our previous analysis that demonstrated preferential TDF-
related nephrotoxicity in patients with low body weight,
emphasize the advantage of ABC over TDF with regard to
prognosis of renal function in low body weight patients [16].

TDF is the prodrug of acyclic nucleotide analog tenofovir,
which is excreted by both glomerular filtration and active tubular
secretion. Tenofovir is considered to cause mitochondrial damage
in proximal renal tubular cells [33]. The concentration of
tenofovir in the proximal renal tubules could be augmented with
the complex interactions of pharmacological, environmental, and
genetic factors, including small body weight, consequently
resulting in renal tubular dysfunction [34]. Body weight has been
identified as an important factor in TDF-related nephrotoxicity
not only in clinical trials, but also in i vitro and pharmacokinetic
studies [35-37].

The present study has several limitations. First, because of its
retrospective nature, it was not possible to control the baseline
characteristics of the enrolled patients. Thus, it is possible that
patients with potential risk for TDF-related nephrotoxicity were
not prescribed TDF. A proportion of patients treated with ABC
had low CD#4 count and others were hypertensive, both conditions
are known risk factors for renal dysfunction [23,25]. However, for
these reasons, the incidence of TDF-associated renal dysfunction
might have been underestimated. Second, the definition of TDF-
related nephrotoxicity, especially the criteria used to evaluate
proximal renal tubular damage, is not uniformly established in the
field and is different in the published studies. Accordingly, we
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