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yse, M184V was the most common (81.6%) and TAMs
also observed frequently in 71.4%: M41L (22.4%),
(24.5%), K70R (18.4%), L210W (14.3%), T215F
®), T215Y (28.6%), K219E (12.2%) and K219Q (6.1%),
as K65R (6.1%), L74V (4.1%), Y115F (2.0%) and
ions driven by QI51M complex (4.1%) were relatively
Similar to previous reports on drug resistance in
1_AE [28—30], mutations classified into TAM type 2
-2): D67N, K70R, T215F and K219E/Q, were more
:ntly observed than those of TAM type 1 (TAM-I):
» L210W and T215Y/F (30.6% v.s. 26.5%), except for
:nt having only T215F. With regard to codon 215, T215F
more frequently seen with other TAM-2 mutations (six
" eight sequences that contain T215F), concurring with
evious reports showing the introduction of T215F into
2 backbone increase relative fitness in the presence of
but resulted in decreased viral fitness in TAM-1 back-
[37]. The resistance mutations of NNRTIs in the N-
12l half of RT were detected in 79.6%. The most frequent
“T-resistance mutations were YI8I1C/I/V  (32.7%),
N (26.5%) and G190A (26.5%). In 17 PI experienced
ts, no major mutations were found, but 9 minor muta-
were detected: L10I/V (11.8%), 113V (88.2%), GI6E
%), K20R (17.6%), M36I (100%), L63P (29.4%), H69K
»), V82I (11.8%) and 193L (8.2%). However, the muta-
in protease are considered as consensus amino acids in
non-B subtype HIV-1 (I13V, M361 and H69K) or
on polymorphic mutations (L10V, G16E, K20R, L63P,
and I93L) and could not be determined as mutations that
«ed after treatment.
e frequencies of mutations in the C-terminal half of the
ported previously as NRTI or NNRTI resistance [7—20]
:scribed in Table 2. As shown, G335D (100%), N348I
%), A371V (100%), A376S (5.3%), E399D (28.9%) and
T (97.4%) were detected in the patients failing ART.
ver, as we reported previously [20], G335D and A371V
also commonly observed in untreated patients infected
on-B subtype HIV-1 and the frequencies of G335D and
V in CRFO1_AE subtype shown in the Stanford HIV
Resistance Database are 95.2% and 97.1%, respectively,
those are rare in subtype B (G335D: 1.3%, A371V:
. A400T is also one of the known polymorphisms in
1_AE [16]. Therefore, it is unlikely that G335D, A371V
400T in this population were selected by ART exposure
olved in the resistance mutations.

rug susceptibility assay for mutant recombinant

address whether G335D or A371V have an impact on
susceptibility depending on the pattern of TAMs, we
ucted recombinant viruses containing G335D and/or
V in the background of TAM-1 or TAM-2 by site-
zd mutagenesis. As shown in Table 3, G335D, A371Vor
louble mutant did not increase the resistance levels to all
s by themselves. In contrast, as shown in Table 4, vari-
rith G335D, A371V or both exhibited higher resistance to

Table 2
Frequencies of mutations associated with RTI-resistance in the connection and
RNase H domain of reverse transcriptase of HIV-1.

Mutations® Study participants Stanford database®
(Treatment (RTI-naive)
failure)
CRF01_AE CRF01_AE Subtype B
n =238
% (n % %
G333 100 (38)
D 0 (V) 0 0.7
E 0 (V) 0 7.5
G335 0 ()
C 0 0) 0 0.5
D 100 (38) 92.0 1.3
N348 579 (22)
1 36.8 (14) 0 0.5
T 53 2) 0 0
A360 97.4 37
I 0 0) 0 0
v 0 0) 0 0.7
S 2.6 (€} 1.1 0
V365 100 (38)
I 0 (V) 0 32
T369 94.7 (36)
I 0 (V)] 0 0
A 26 (§)] 19.3 3.3
\% 2.6 (1) 2.8 1.2
A371 0 ()]
v 100 (38) 97.1 3.2
A376 947 (36)
S 5.3 (2) 1.7 5.8
E399 68.4 26)
D 28.9 un 2.6 14
K 2.6 ) 0 0.1
A400 0 (0)
T 97.4 (37 89.2 25.3
L 2.6 (€0} 0 1
Q475 100 (38)
A 0 0) 0 0
Q509 97.4 (37)
L 0 0) 0 0
R 2.6 (1 0 0

? Available from http://hicdb.stanford.edw/index.htmi.

® Resistance mutations reported previously [8—21] are indicated in bold.
Resistance was defined as greater than three fold increase of ECsy compared to
that of NL4-3.

AZT in the background of TAM-1 (8.2- to 23.2-fold) and the
increased resistance level was the greatest in the double
mutant G335D/A371V. Although G335D/A371V  showed
statistical increase in resistance to all the other NRTIs except
3TC, the fold increase from TAM-1 mutant was the greatest in
AZT (Table 4). Similar to TAM-1 background, G335D,
A371V or G335D/A371V with TAM-2 exhibited considerable
increase in susceptibility to AZT (52.7-, 21.1-, 52.6-fold,
respectively). In addition, there were marginal changes in d4T
susceptibility (Table 5) in the three patterns of the mutants,
G335D, A371V or G335D/A371V. In TAM-2 background, we
also found G335D alone increased susceptibility to ABC
(4.2-fold) and to TDF (2.4-fold), and that G335D/A371V
increased susceptibility to ddI (7.2-fold), ABC (3.1-fold) and
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e3
y susceptibilities of HIV-1 variants with G335D or A371V.

ation®  ECsq (uM)® (fold increase)

AZT d4T dd1 3TC ABC TDF
| Type  0.050 £ 0.002 2.55 + 0.07 1.90 &+ 0.17 0.45 % 0.035 248 +0.21 0.020 + 0.0023
D] 0.052£0004 (1) 3.19+£014 (1.3) 456+020 (24) 045+0022 (1) 271 +£017 (I.1) 0018 £ 0.0019 (0.9)
7 0.047 £ 0003 (0.9 326017 (1.3) 530002 (28 055+ 0027 (12) 232+009 (0.9 0027+ 00014 (1.3)
M3TIV. 0052 £ 0010 (1)  352+006 (14) 338+021 (1.8) 0.65+0023 (1.5 239012 (1) 0025+ 00031 (1.2

|, zidovudine; d4T, stavudine; ddI, didanosine; 3TC, lamivudine; ABC, abacavir; TDF, tenofovir.
Jata are mean + SD from at least three independent experiments. Fold increase was the relative change in ECs, value compared with that of HIV-1 WT.

see Materials and Methods for the construction of clones.

F (5.2-fold). Of note, the increased resistance levels to
T, d4T, ddI and TDF were greater in G335D/A371V in
V-2 background than that in TAM-1 background. Our data
gest double mutant G335D/A371V in TAM-2 background
ild have the most impact on NRTI susceptibility.

discussion

n the present study, we described the drug resistance
ations in the entire RT of CRFOI_AE HIV-1-infected
tnamese patients who had high pVL levels despite 6-month
I. According to the criteria used for evaluation of drug
stance proposed by Shafer et al. [38,39], correlations
~veen mutations and treatment should be confirmed by
:nsive resistance surveillance. However, limited sequences
CRFO1_AE in the connection subdomain and RNase H
1ain of the RT have been available so far especially from
tment-experienced patients [40]. Santos et al. [19] previ-
ly compared amino acid variations between treatment-
se and treatment-experienced patients in connection
domain (280 naive vs. 230 treated) and RNase H domain
4 naive vs. 234 treated). Although their study included
stantial number of patients, larger number of cases
»nged to subtype B (80—82% of treatment-experienced
ents) and the unique characteristics of CRFO1_AE,
ounting for only 10% of their study, could not be fully
:;ssed. Since our present study focused on CRFO1_AE
uence alone, the data provide direct information on the
luation of drug resistance mutations in CRFOI_AE,
ough sequences before ART initiation were not available.
: largest study to date exploring treatment-related mutation
T C-terminal site in CRFQO1_AE infection is the report
n Thailand by Saeng-aroon et al. [40], in which signi-
ntly higher frequencies of N348I, E399D, P537S and

ed

I542M in treatment-exposed patients than treatment-naive
patients (76 naive vs. 49 treated) was noted. Although the
former two mutations have already known to be associated
with exposure to NRTI or NNRTI and were detected in our
treatment-experienced patients, the results of P537S and
I542M were different from us: no patients in our study had
P537S and I542M. Further studies are required to determine
the prevalence of drug resistance mutations in the C-terminal
half of RT in CRFQ1_AE.

Among the mutations previously reported as drug resistance
in the connection subdomain and RNase H domain of RT, we
found no mutations except G335D, N3481, A371V, A376S,
E399D and A400T in treatment-experienced individuals with
CRFO01_AE infection. Of these mutations, N3481 is one of the
most extensively assessed mutations in the RT connection
domain and has been established as multiclass resistance to both
NRTIs and NNRTIs by being identified in clinical isolates in
treatment-experienced individuals in subtype B and by in vitro
drug susceptibility assay [9,10,12,13]. Since N348I is rare in
treatment-naive of both subtype B and CRF01_AE, N348I
observed in 35.8% of CRFO1_AE sequences in our study was
considered to be treatment-related. The wide use of NVP in Viet
Nam might be one of the causes of the higher prevalence of
N3481 in this population than in subtype B. In addition to N348I,
E399D has been thought to be associated with resistance to AZT
and to EFV when combined with K103R and 179D [41,42].
Although our results of E399D prevalence of in treatment-
exposed patients (28.9%) was relatively higher than those in the
Stanford database (9%), it was similar to the previous study by
Saeng-aroon et al. of treatment-exposed patients with
CRFO1_AE infection (32.7%) and considered to be selected
after treatment. In contrast, A3768S detected in this study was not
clearly identified as a treatment-related mutation because the
frequency (5.3%) was similar to those of treatment-naive

; susceptibilities of HIV-1 variants with G335D or A371V in the TAM-1 background.

ation ECs; (uM) (fold change)

AZT d4T ddI 3TC ABC TDF
| Type 0.050 + 0.002 2.55 £0.07 1.90 £ 0.17 0.45 + 0.035 248 £ 0.21 0.020 £ 0.0023
1-1 0.200 £ 0.016 (4 478 £030 (1.9) 535+0.79 (2.8) 237+£0.017 (53) 4204+025 (1.7) 0.043 + 0.0030 (2.2)
1-1/335D 0411 £ 0.028 (8.2 6.63 £0.05 (26) 571+057 (3.0) 214+0099 (4.8) 3.17 £ 023 (1.3) 0.024 + 0.0026 (1.2)
1-1/371vV 0473 £0.052 (9.4)* 6.07 £0.12 (24) 630+ 048 (3.3) 24540110 (5.5) 3.82+032 (1.6) 0.046 + 0.0018 (2.3)
1-1/335D/371V  1.160 + 0.078 (23.2)* 9.01 £ 020 (3.5 7.87 £ 035 (4.1)" 240+ 0.016 (54) 7.57 £0.57 (3.1)* 0.056 £ 0.0004 (2.8)
Iface indicates an increase greater than threefold.
ncreases in fold change were significant compared to TAM-1 without G335D or A371V.
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1sceptibilities of HIV-1 variants with G335D or A371V in the TAM-2 background.

m ECsp (M) (fold increase)
AZT d4T ddI 3TC ABC TDF
ype 0.050 4 0.002 2.55 + 0.07 1.90 = 0.17 0.45 + 0.035 2.48 £+ 0.21 0.020 4+ 0.0023

0.3960 + 0.076 (7.9)
26390 + 0396 (52.7)*
1.0600 £ 0.131 (21.1)*

6.18 £ 0.11 (24)
797 £ 047 (3.1)*
829 £0.23 (3.3)°

/335D
1371V

6.71 £ 0.57 (3.5)
574 £0.63 (3)

6.00 £ 0.64 (3.2)
/335D/371V 26340 £+ 0.132 (52.6)* 13.71 £ 0.76 (5.4)* 13.76 £ 0.51 (7.2)" 2.45 £ 0.062 (5.5)

257 +0.080 (8.7) 297 £0.29 (1.2) 0.033 £0.0026 (1.7)
237 £0.082 (5.3) 1043 £ 041 (4.2)° 0.049 + 0.0014 (2.4)°
258 £0.072 (5.8) 343 £0.21 (1.4) 0.036 £ 0.0012 (1.8)
7.57 £ 021 (3.1)* 0.105 £ 0.0030 (5.2)°

:e indicates an increase greater than threefold.

-eases in fold change were significant compared to TAM-2 without G335D or A371V.

se B (5.8%) and CRFO1_AE (1.7%) infected individuals
Stanford database. On the other hand, G335D, A371Vand
I' were found in almost all the patients in our study.
ugh these three mutations are thought to be related to
resistance in subtype B [7,11,16], they are common
orphisms of wild-type CRFO1_AE HIV-1 with preva-
of more than 90% in our previous study [20] and in the
rd database. Therefore, we conclude that G335D, A371V
400T detected in the present study were not selected after
1ent but had existed before the introduction of treatment.
:quently, N3481 was the only drug resistance mutation in
terminal half of RT observed in our cohort of treatment-
lenced Vietnamese infected with CRFO1_AE HIV-1.
r results demonstrated that common CRFO1_AE poly-
iisms G335D and A371V play considerable role in drug
ince to NRTIs. Recent studies suggested that each of
D or A371V is associated with drug resistance; G335D
ied after AZT exposure exhibits greater AZT resistance (8
fold over WT) when combined with TAM[11]and A371V
ed in the background of D67N and K70R by high
ntrations of AZT invitro shows strong resistance to AZT in
esence of TAMs [7]. In agreement with those reports, our
; showed that mutant containing G335D or A371V did not
se the resistance levels to NRTIs by themselves but they
Ted higher resistance when combined with TAMs, espe-
to AZT (8.2—52.7 fold increase). Furthermore, we found
1e dual mutation G335D/A371V had the greater impact
ach single mutation on resistance in the presence of TAM.
335D and A371V always appear together in treatment-
CRFO1_AE, this finding is more critical for CRFO1_AE
infection than for subtype B infection. In addition, the
hange increased by G335D and A371V was greater with
2 than that with TAM-1. Since TAM-2 is more frequent in
1_AE than in subtype B [28—30], this data is important for
1_AE HIV-1. Although the impact of G335D and A371V
1e greatest in AZT resistance and seemed to be minor
1er NRTIs’ resistance, the fold-increase in TDF of
D/A371V plus TAM-2 variant were above the clinical
f values [43], which can cause treatment failure. As TDF
en used in second line ART [2], this data is crucial
cisions on the next therapeutic strategies for CRFO1_AE
-infected patients failing first line ART. Since our
ibinant viruses were created with pBS-RTyr, which was
«d from subtype B RT but not from CRFO1_AE RT, our
; cannot be applied directly to CRFO1_AE infection.

CRFO01_AE/B recombinants have been emerged and highly
prevalent in Southeast Asian countries [32,44,45] and the
breakpoint analysis showed some CRFO1_AE/B recombinants
consisted of subtype B N-terminal site and CRFO1 AE
C-terminal sites [45]. Therefore, our data suggests the potential
influence of those CRFO1_AE/B recombinants as well as
CRFO1_AE strain on the selection of second line therapy in
Southeast Asia.

In summary, we reported the frequencies of drug resistance
mutations in the connection subdomain and RNase H domain
of RT in CRFO1_AE HIV-1-infected Vietnamese who expe-
rienced ART. Then we demonstrated that the combination of
G335D and A371V, a common pattern of polymorphisms in
wild-type CRFO1_AE, confer significant resistance to various
NRTIs in the presence of TAMs. Our findings emphasize the
important role of polymorphisms in C-terminal half of RT in
CRF01_AE HIV-1 on drug resistance, especially in consider-
ation of the second line therapy. Further investigation is
needed on drug resistance mutations in widely prevailing non-
subtype B HIV-1.
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1. Introduction

The emergence of drug-resistant human immunodeficiency
virus type 1 (HIV-1) among patients under highly active antiretro-
viral therapy (HAART) limits the successful suppression of HIV-1
replication. Several years after the introduction of HAART, drug-
resistant strains are being detected among newly diagnosed
HAART-naive patients, suggesting the transmission of drug-
resistant HIV-1 from the treatment-exposed population. Thus,
treatment-naive patients have been recommended by the US
Department of Health and Human Services, International AIDS
Society-USA, and other drug-resistance testing guidelines to
undergo drug resistance testing at diagnosis and before initiation
of HAART (DHHS, 2009; Hirsch et al., 2000, 2008). Indeed, choos-
ing effective antiretrovirals according to the results obtained from
this testing has led to successful control of HIV-1 infection. Further-
more, the drug resistance testing at diagnosis helps to understand
transmission of drug-resistant HIV-1 in HAART-naive individuals
which in turn may help prevent transmission events.

The prevalence of drug-resistant HIV-1 among treatment-naive
patients has been closely monitored and reported from many coun-
tries. Before and early in the HAART era, when only mono or
dual therapy was available, the prevalence was as high as 10-20%
(Boden et al., 1999; Gémez-Cano et al., 1998; Tambussi et al., 1998).
However, after the introduction of antiretrovirals with better phar-
macokinetics, such as ritonavir-boosted protease inhibitor (PI), the
emergence of drug-resistant viruses seemed to decrease (Gallego
et al., 2001; Maia Teixeira et al., 2006).

Furthermore, despite the great number of HIV-1-infected
patients, the prevalence tended to be low in developing countries
where patients had limited or no access to antiretroviral drugs, e.g.,
0-4.2% in Africa (Bartolo et al,, 2009; Mintsa-Ndong et al., 2009;
Ndembi et al., 2008; Pillay et al., 2008), 1.5% in Cambodia (Nouhin
et al., 2009), and 2.6% in Vietnam (Ishizaki et al., 2009). In contrast,
in countries where antiretroviral drugs are more accessible, the
prevalence has been higher, e.g., 5.2% in Thailand (Apisarnthanarak
etal., 2008), 9.4% in Taiwan (Chang et al., 2008), 10.0% in India (Lall
et al., 2008), 7.8% in Portugal (Palma et al., 2007), 9.0% in Germany
(Sagiretal., 2007), 9.5% in Belgium (Vercauteren et al., 2008), 10.9%
in France (Chaix et al., 2009), and 15.9% in the US (Eshleman et al.,
2007).

In Japan, since the first HIV-1-infected case was identified in
1985, the annual number of reported cases has been increasing
every year, reaching 15 451 by the end of 2008. With more people
getting infected, larger numbers of patients are starting anti-HIV-1
treatment and the risk of emerging drug-resistant HIV-1 is increas-
ing. To understand the trends in drug-resistant HIV-1 in Japan, a
nationwide surveillance project has been in effect since 2003. In
our previous report of surveillance results from 2003 to 2004, the
prevalence of drug-resistant HIV-1 in newly diagnosed patients
was 4.0% (Gatanaga et al., 2007). We have continued collecting and
analyzing data from newly diagnosed HIV-1-infected patients at
participating clinical and research facilities in Japan. We report here
the prevalence of drug-resistant HIV-1 among newly diagnosed
therapy-naive patients between 2003 and 2008.

2. Materials and methods
2.1. Sample

The study population included all the HIV-1-infected patients
newly diagnosed between January 2003 and December 2008 at
any of the participating HIV/AIDS clinics. Drug resistance geno-
typic tests were performed at 12 laboratories including 8 clinical
laboratories at HIV/AIDS clinics, 3 public health laboratories, and

the National Institute of Infectious Diseases. After patients agreed
to participate in our surveillance project and gave informed con-
sent, peripheral blood was drawn with EDTA added, and their
demographicand clinical information were collected. Demographic
information included age, gender, nationality, and risk behavior.
Clinical data included HIV-1 viral loads, CD4* T cell counts, status of
hepatitis B and C virus (HBV, HCV) co-infection, baseline sequence
data, and drug-resistant amino acid mutations.

This study was conducted according to the principlesin the Dec-
laration of Helsinki, and was approved by the ethical committee
of the National Institute of Infectious Diseases, Japan. By Japanese
law, HIV-1-infected patients must be reported to the Japanese Min-
istry of Health, Labour, and Welfare upon diagnosis. The numbers
reported to the Ministry are considered the “official numbers” of
newly diagnosed HIV/AIDS cases, and were used as comparison
controls to evaluate our study population.

2.2. Drug resistance genotypic testing

Drugresistance genotypic testing was performed using in-house
protocols. Briefly, viral RNA was extracted from patient plasma
samples. HIV-1 protease (PR, 1-99 amino acids) and the N-terminal
region of reverse transcriptase (RT, 1-240 amino acids) were ampli-
fied in reverse transcription polymerase chain reaction (RT-PCR)
followed by nested PCR using in-house primer sets. Subsequently,
the amplified PCR products were purified and their sequences
were analyzed by direct sequencing method using an automated
sequencer. The resulting electropherograms were analyzed using
commercially available software. The quality of testing methods
used at each participating facility was assessed and confirmed for
detection of drug-resistant mutations (Fujisaki et al., 2007). Thus,
detection of drug-resistant mutations was consistent among facil-
ities.

2.3. Determination of HIV-1 subtypes and drug-resistant HIV-1

HIV-1 subtypes were determined using the sequences of HIV-1
PR and RT genes obtained in the drug resistance genotypic testing
explained above. Each sequence was aligned with the reference
sequences of HIV-1 subtypes A through K, and circulating recombi-
nant forms (CRFs), all of which were obtained from the Los Alamos
HIV Databases (Los Alamos, 2010), using ClustalW, and phyloge-
netic trees were constructed using the neighbor-joining method
with bootstrap value of 1000.

The resulting sequences were compared to that of HXB2 to
judge the presence of amino acid mutations. The drug-resistant
mutations were determined according to criteria of the HIV
Drug Resistance Database of Stanford University (Bennett et al.,
2009). Thus, a sample was considered to harbor drug-resistant
HIV-1 if it possessed any of the following mutations: in the PR
gene, L231, L24], D30N, V32I, M46I/L, 147V/A, G48V|M, I50V/L,
F53L/Y, 154V/LIM/A/T/S, G73S/T/C/A, L76V, V82A/T/F/S/C/M/L,
N83D, 184V/A/C, 185V, N88D/S, and L90M (indicating PI resis-
tance); in the RT gene, M41L, K65R, D67N/G/E, T69D/insertion,
K70R[E, L74V/[I,V75M/|T/A[S,F77L,Y115F, F116Y,Q151M, M184V/I,
L210W, T215Y/F/I/S/C/D/V/E, K219Q/E/N/R (indicating nucleoside
RT inhibitor [NRTI] resistance), and L100I, K101E/P, K103N/S,
V106M/A,V179F, Y181C/I/V,Y188L/H/C,G190A/S/E, P225H, M230L
(indicating non-nucleoside RT inhibitor [NNRTI] resistance).

2.4. BED assay
The time of HIV-1 seroconversion was estimated in randomly
selected samples as recent (within 155 days) or not recent using the

BED assay (Calypte HIV-1 BED Incidence EIA, BioRad) according to
the Manufacturer’s instruction. Briefly, 5 j.L of plasma was diluted
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with 500 pL of sample diluent in the kit, and the proportion of anti-
HIV-1 IgG to a total IgG in the sample was measured by optical
density.

2.5. Statistical analysis

Statistical analyses were performed using R software (SAS Insti-
tute). Chi-square or Fisher’'s exact probability tests were used to
determine associations among patients’ demographic character-
istics, nationality, BED assay results, and transmission of drug
resistance. The odds ratio (OR) and 95% confidence intervals (CI)
were calculated for all the variables. Recent and not-recent sero-
conversion groups were examined for differences in HIV-1 viral
loads by analysis of covariance (ANCOVA), with CD4* T cell count
as the covariate.

3. Results

3.1. Majority of treatment-naive patients are Japanese men who
have sex with men (MSM) in mid-30s

The demographics of the 2573 newly diagnosed HIV-1-infected
patients enrolled between 2003 and 2008 are summarized in
Table 1. Male (n=2397,93.2%), Japanese (90.1%), and those infected
through male-to-male sexual contact (68.9%) predominated, and
the median age was 35. For the female cases (n=170), high-risk
heterosexual contact was the major risk factor (n=152, 89.4%), and
approximately half were non-Japanese (n=63,41.4%). Further anal-
ysis showed a significant association between the transmission
route and nationality, i.e., most Japanese patients were infected
through male-to-male sexual contact, while non-Japanese patients
were infected by other routes (OR=5.60; 95% Cl14.14-7.63; p<0.01)
(Table 2). It should be noted that sexual contacts (92.1%) are the
major risk factor for HIV-1 infection in Japan. On the other hand,
injecting drug usage, one of the high risk factors in other countries,
accounts for only 0.4%.

HBV and/or HCV co-infection, an important clinical factor affect-
ing prognosis and treatment of HIV infection (Ockenga et al., 1997;
Piroth et al., 2000), was found to have a prevalence of 8.4% of 2101
patients, and 4.7% of 2071, respectively (Table 1). These preva-
lencerates did not change significantly throughout the study period
(supplementary Table 1). HBV co-infection was found to be signif-
icantly associated with subtype B (OR=2.04; p<0.05) or infection
through male-to-male sexual contact (OR=1.66; p<0.05).

3.2. Subtype B HIV-1 predominates in Japan

Of 2573 plasma samples collected during the study period, the
sequences of PR and RT genes were successfully amplified and ana-
lyzed in 2536 (98.6%) and 2534 (98.5%) samples, respectively. Of
these, we examined sequences of the PR-RT region from 2496 cases
by phylogenetic tree analysis to determine the distribution of HIV-
1 subtypes in Japan. Subtype B HIV-1 was found to predominate
among the study population (n=2194, 87.9%). The remaining non-
B subtypes included 210 (8.4%) CRFO1_AE, 30 (1.2%) C, 19 (0.8%)
CRF02_AG, 18 (0.7%) A,9(0.4%) G, 7(0.3%)F,5(0.2%) D,and 1 (0.04%)
CRF08_BC (Table 1). In addition, 1 recombinant case of K/C, A/K,
and D/B was detected in 2005, 2006, and 2007, respectively. These
non-B subtype viruses were found mostly among the heterosex-
ually infected population (223/302, 73.8%). In contrast, subtype B
HIV-1 was found in the vast majority of MSM (1700/1773, 95.9%). In
terms of nationality, Japanese patients, most of whom were MSM,
were infected with subtype B HIV-1. On the other hand, only about
a half of non-Japanese patients harbored subtype B HIV-1, and the
remaining half were infected with non-B HIV-1, such as CRFO1_AE
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Table 1
Demographic characteristics of newly diagnosed HIV/AIDS patients.

6-Year total (2573)

Age
Average 37.4
Median 35
Mode 35
Quartile (Q1, Q3) 29,43
Nationality n (%)
Japanese 2319 (90.1)
Non-Japanese 225 (8.7)
Asian 83 (3.2)
Oceanian 4 (0.2)
North American 17 (0.7)
South American 58 (2.3)
European 10 (0.4)
African 26 (1.0)
Unspecified? 27 (1.0)
Unknown 29 (1.1)
Transmission category
Male 2397 (93.2)
Male-to-male sexual contact 1773 (68.9)
High-risk heterosexual contact 369 (14.3)
Sexual contact 75 (2.9)
DU 8 (0.3)
Other® 26 (1.0)
Unidentified 146 (5.7)
Female 170 (6.6)
High-risk heterosexual contact 152 (5.9)
1DU 3 (0.1)
Other® 5 (0.2)
Unidentified 11 (0.4)
Unknown 6 (0.2)
Unidentified 6 (0.2)
Hepatitis co-infection®
HBV
(+) 176 (8.4)
(=) 1925 (91.6)
Unknown 472
HCV
+) 98 (4.7)
(=) 1973 (95.3)
Unknown 502
HIV-1 subtype®
B 2194 (87.9)
non-B 302 (12.1)
AE 210 (8.4)
C 30 (32)
AG 19 (0.8)
A 18 (0.7)
G 9 (0.4)
F 7 (0.3)
D S (0.2)
Other 4 (0.2)
Unidentified 77

@ Unspecified individuals in the nationality category were identified only as of
non-Japanese origin.

b Other transmission categories include mother-to-child, blood products, trans-
fusion, and needle stick.

¢ Prevalence of subtypes, HBV, and HCV was calculated after omitting the uniden-
tified or unknown data. DU, intravenous drug user; HBV, hepatitis B virus; HCV,
hepatitis C virus; HIV-1, human immunodeficiency virus type 1.

(OR=8.85; 95% CI 6.46-12.1; p<0.01) (Table 2). This result is rea-
sonable considering that the predominant HIV-1 subtype differs
by country, and our study population included many Thais and
Malaysians. In addition, this result suggests that subtype B HIV-1 is
transmitted in a closed community of MSM, while non-B subtype
strains are spread in wider areas among those infected through
high-risk heterosexual contacts.

3.3. Prevalence of drug-resistant HIV-1 is increasing in Japan

Atotal of 194 cases (7.7%) in the 6-year study period were found
to harbor HIV-1 strains with at least one major drug-resistant muta-
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Table 2
Characteristics of newly diagnosed Japanese and non-Japanese HIV/AIDS patients.
Nationality (n) Odds ratio
Japanese Non-Japanese Unknown

Gender
Male 2224 151 22 11.45"
Female 95 74 1
Unknown® 6

Transmission category
Male-to-male sexual contact 1691 73 9 5.60%"
High-risk heterosexual contact 399 114 7
Sexual contact 72 4 0
Other 29 10 2
Unidentified® 128 24 11

Subtype
B 2051 118 25 8.85
Non-B 198 101 3
Unidentified® 70 6 1

BED assay (n=640)
Recent 220 13 0 231
Not recent 351 48 8

Drug-resistant HIV-1
Detected 173 16 5 1.05
Not detected 2146 209 24

@ 0dds ratios for the transmission category were calculated between male-to-male sexual contact and other categories which include high-risk heterosexual contact,

sexual contact, and other.
b Unknown and Unidentified cases were omitted in calculation of odds ratio.
" p<0.01.

tion conferred by Pls, NRTIs, or NNRTIs. The annual prevalence of
drug-resistant mutations shown in Fig. 1 had an overall tendency
to increase from 5.9% (16/273) in 2003 to 8.3% (50/605) in 2008.
The most prevalent mutation in each year was NRTI-associated
resistance, with 11 (4.0%), 12 (4.0%), 21 (5.0%), 23 (5.2%), 28 (5.9%),
and 23 (3.7%) cases, followed by PI- and NNRTI-associated muta-
tions. Pl-resistant major mutations were detected in 63 cases (2.5%),
and NNRTI-associated mutations were detected only in 20 cases
(0.8%). These data reflect the type of antiretrovirals being pre-
scribed in treated population. In other words, NRTIs have a long
history of being prescribed including the period of mono and dual
therapy; thus, NRTIs have been more frequently used. As a conse-
quence, NRTI-resistant HIV-1 has emerged and been transmitted

1%

Prevalence (%)

2003 2004 2005 2006 2007 2008

i <~ Drug resistant HIV . WRTIeststant muitation %‘Nmmum: mutation ﬁr Floresistant mutation

Fig. 1. Annual overall prevalence of drug-resistant HIV-1 (solid circles) in Japan
increased in treatment-naive patients in Japan from 2003 to 2008. The most preva-
lent mutation in each year was associated with resistance to nucleoside reverse
transcriptase inhibitor (NRTI) treatment. Annual prevalence of drug-resistance
mutations was categorized by antiretroviral drug class (NRTIs, solid black bars;
non-nucleoside reverse transcriptase inhibitors [NNRTIs], horizontally striped bars;
protease inhibitors [PIs], solid white bars). Drug-resistant HIV-1 was counted once
even when the strain contained multiple drug-resistant mutations. Each drug-
resistant mutation was counted even when multiple mutations were detected in
one patient.

more frequently to treatment-naive patients. Regarding the drug-
resistant mutations shown in Table 3, T215 revertants (T215X)
(3.2%), M1841/V (0.5%), K103N (0.6%), and M46I/L (1.7%) accounted
for the majority of detected mutations in contrast to other muta-

Table 3
Drug-resistant mutations in newly diagnosed HIV/AIDS patients, by class of
antiretroviral drugs.

6-Year total (2573)

n (%)
NRTI®
M41L 11 (0.4)
K65R 1 (0.0)
D67N/GJE 7 (0.3)
T69D 8 (03)
69INS 1 (0.0)
K70R/E 2 (0.1)
L74V/1 3 (0.1)
V75A/M 2 (0.1)
Y115F 3 (0.1)
M184V/I 12 (0.5)
L210W 5 (0.2)
T215X 81 (32)
K219Q/E/N/R 4 (0.2)
NNRTE
L1001 1 (0.0)
K101E 2 (0.1)
K103N 14 (0.6)
V106A/M 1 (0.0)
Y181C/IV 3 (0.1)
P225H 1 (0.0)
P236L 1 (0.0)
P2
L241 1 (0.0)
D30N 5 (0.2)
V321 3 (0.1)
M461/L 44 (1.7)
147V/A 2 (0.1)
V82A/L 2 (0.1)
185V 5 (0.2)
N88D/S 7 (0.3)
L90M 4 (0.2)

2Numbers of cases and the proportions in parentheses are listed.
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Table 4
Predictive factors for transmission of drug-resistant HIV-1.
Drug-resistant HIV-1(n)  Odds ratio
(+) (=)

Gender
Male 183 2214 1.92
Female s 163

Nationality
Japanese 173 2146 1.05
Non-Japanese 16 209

Transmission category
Male-to-male sexual contact 130 1643 0.91
High-risk heterosexual contact 37 484
Sexual contact 15 60
Other 1 40
Unidentified® 11 152

Subtype
B 180 2014 236"
Non-B 11 291
Unidentified 3 77

@ For calculation of odds ratio, unidentified cases were omitted.
" p<001.

tions that were detected only sporadically throughout the study
period (supplementary Table 2).

Analysis of possible predictive factors for transmission of drug-
resistant HIV-1 showed that individuals infected with subtype B
HIV-1 had a significantly higher tendency to harbor drug-resistant
HIV-1 than non-B subtypes (OR =2.36; 95% Cl=1.27-4.88; p<0.01)
(Table 4). Other possible predictive factors, including male gen-
der (OR=1.92; 95% CI=0.89-4.93; p=0.1), Japanese nationality
(OR=1.05;95%CI=0.62-1.92; p=1),and MSM behavior (OR=0.91;
95% CI 0.66-1.26; p=0.57), were not significant predictive factors
in our study population. These results indicate that the chance of
getting infected with drug-resistant HIV-1 was the same for anyone
regardless of gender, nationality, or risk behavior.

3.4. MSM are diagnosed earlier than heterosexually infected
individuals

To examine awareness of HIV infection, especially of risk
behavior, and to characterize HIV-testing patterns among the HIV-
infected population, we estimated the time of seroconversion
by quantifying the amount of anti-HIV antibody in plasma sam-
ples. Of 640 randomly selected samples in 2007 and 2008, 233
(36.4%) were classified by BED assay with a cut-off value of 0.8 as
recently infected (<155-day seroconversion), while the remaining
407 (63.4%) were classified as not recently infected (Table 5). For
the recently and not recently infected groups, the average CD4*
T cell count and HIV-1 viral load were 285 and 215 cells/pL and
5.1 x 10° and 1.4 x 10° copies/mL, respectively. Recently infected
individuals were shown by ANCOVA with CD4" T cell counts as the
covariate, to have significantly higher HIV-1 viral loads than not
recently infected cases (Fig. 2). These data support that the BED
assay had precisely determined early infected cases.

With respect to risk behavior, the highest rate of recent infec-
tion was in MSM (39.2%), followed by either homo- or heterosexual
contacts (38.9%), and heterosexual contacts (25.0%). No patients
infected through a risk behavior other than sexual contacts were
categorized as recently infected. Whereas 37.8% of male patients
were determined to be recently infected, only 13.8% of female
patients were categorized as recently infected. These findings were
reinforced by statistical analysis. Recent HIV-1 infection was sig-
nificantly predicted by male gender (OR=3.79; 95% CI 1.29-15.17;
p<0.01), MSM behavior (OR=1.67; 95% CI=1.11-2.54; p=0.01),
Japanese nationality (OR=2.31; 95% CI 1.20-4.76; p<0.01), and
infection with subtype B HIV-1 (OR=5.64; 95% CI=2.37-16.33;
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Table 5
Predictive factors for recent or not-recent seroconversion determined by BED assay,
n=640.

Seroconversion (n) Odds ratio
Recent Not recent
(n=233) (n=407)
Gender
Male 229 377 3.79"
Female 4 25
Unknown® 0 5
Nationality
Japanese 220 351 2.317
Non-Japanese 13 48
Unknown® 0 8
Transmission category
Male-to-male sexual contact 189 293 1.672"
High-risk heterosexual contact 24 70
Sexual contact 7 11
Other 0 4
Unidentified® 13 29
Subtype
B 224 350 5.64"
Non-B 6 53
Unidentified® 3 4
Drug-resistant HIV
Detected 14 37 0.64
Not detected 219 370

@ 0Odds ratio for the transmission category was calculated between male-to-male
sexual contact and other categories which include high-risk heterosexual contact,
sexual contact, and other.

b Unknown or unidentified cases were omitted in calculation of odds ratio.

" p<0.05.

" p<0.01.

p<0.01) (Table 5). In other words, Japanese males, especially those
who were MSM, were more aware of being at high risk of HIV-1
infection and got tested more often than non-Japanese. In con-
trast, females, individuals of non-Japanese origin, heterosexuals,
and non-subtype-B-infected persons, had low awareness of the
risks of HIV-1 infection.

Regarding associations between the time of diagnosis and
drug-resistant HIV transmission event, time of diagnosis did not
differ significantly between those harboring and those not harbor-
ing drug-resistant HIV-1 (OR=0.64; 95% CI=0.31-1.24; p=0.18)
(Table 5), suggesting that transmission of drug-resistant HIV-1 is
not a recent trend, but has been ongoing since the first antiretrovi-
ral, AZT, was introduced in 1986.

4. Discussion

Our study results show that the proportion of drug-resistant
HIV-1 among newly diagnosed cases in Japan increased slightly
(by 2.4%) from 2003 to 2008, with fluctuations from year to year.
Drug-resistant HIV-1in HAART-naive patients are transmitted from
HAART-experienced patients with inadequate adherence or from
other treatment-naive individuals with drug-resistant strains, but
not yet diagnosed or tested for drug-resistant HIV-1 (de Mendoza
etal., 2005). Hence, drug-resistant mutations detected in the naive
population should be tightly related to trends in antiretroviral use
in the treated population. Antiretrovirals available in the early
days of the HAART era, especially, had short half-lives and low
genetic barriers for drug resistance acquisition, making the viruses
easily resistance prone. On the other hand, new antiretroviral
drugs, such as lopinavir, atazanavir, amprenavir and darunavir,
have been developed so that they have improved pharmacokinet-
ics and higher genetic barriers, thus the viruses have less chance
of developing drug resistance (Dunn et al., 2008; Lima et al., 2008;
Zajdenverg et al., 2009). In the present study, we found that drug-
resistant mutations detected among treatment-naive patients were
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Fig. 2. Scatter plots of viral load and CD4+ T cell counts for (A) recently seroconverted patients (O), and (B) not recently seroconverted patients (*) determined by BED assay.

Regression curves and their equations are shown for each group.

associated especially with antiretrovirals used prior to and early in
the HAART era. It should be noted that contrary to the reports from
the United States and many of European countries (Audelin et al.,
2009; Vercauteren et al., 2009; Wheeler et al., 2010), the preva-
lence of NNRTI-resistant variants have been determined to be low
in Japan, less than 1% in the study period 2003-2007 and 1.3% in
2008 being the highest. This difference is due to the situation in
Japan that delavirdine had never been used and even nevirapine is
only rarely prescribed. Nonetheless, strains with T215X, M46I/L,
K103N, and M184V/l mutations were detected every year, sug-
gesting that these strains are stably maintained in individuals and
in high-risk populations even under antiretroviral drug-free envi-
ronments. This finding is supported by the insignificant difference
in prevalence of drug-resistant HIV-1 between recently and not
recently infected groups. These results raise the concern that such
drug-resistant strains may have become some epidemic strains
actively transmitted among newly diagnosed HIV/AIDS patients.
Furthermore, considering the presence of low frequent variants,
the prevalence of drug-resistant mutations in this report may be
higher if more sensitive techniques, such as allele-specific PCR and
ultra-deep sequencing, are applied to test the samples (Halvasetal.,
2010; Varghese et al., 2009). Further studies employing such tech-
niques are needed to understand the detailed epidemic in Japan.

In investigating predictive factors for transmission of drug-
resistant strains, we found that the only predictive factor was
subtype B HIV-1 (OR=2.36, p<0.01). The lower transmission risk
of drug-resistant strains in non-B HIV-1 can be explained by
patients’ countries of origin. We observed a significant relation-
ship between non-B subtype HIV-1 and non-Japanese patients,
most of whom were from developing countries with limited access
to antiretrovirals. Thus, our finding agrees with reports of low
prevalence drug-resistant HIV-1 transmission in developing coun-
tries (Bartolo et al., 2009; Ishizaki et al., 2009; Mintsa-Ndong et
al.,, 2009; Ndembi et al., 2008; Nouhin et al., 2009; Pillay et al.,
2008).

Interestingly, a high proportion of Japanese MSM was diag-
nosed as recently infected compared to patients of non-Japanese
origin, and females determined by BED assay. This result may be
due to successful prevention programs targeting the MSM com-

munity, so that they have become more aware of their risks of
HIV-1 infection. On the other hand, many of non-Japanese patients
are seen at hospitals long after HIV infection is established. In
addition, women tend to be ignorant of the risks of HIV infec-
tion, thus they are often diagnosed upon a prenatal HIV screening
test.

Although MSM was not a predictive factor for transmission,
this group included 130 cases with drug-resistant HIV-1, the high-
est prevalence among all the transmission categories. Therefore,
those who are involved in prevention programs should take one
step further to remind the MSM community about drug-resistant
HIV-1 and the limited choice of effective antiretrovirals. HIV-1
transmission has been reported to be prevented in models that
assessed the effect of HIV-1 testing for wider populations and
immediate initiation of antiretroviral therapy (Granich et al., 2009).
Although this model seems very appealing, our results suggest
the importance of not forgetting the emergence and transmission
of drug-resistant HIV-1 and the limited selection of antiretrovi-
ral drugs. It is important to continue surveying newly diagnosed
HIV/AIDS patients to keep track of trends in drug-resistant HIV-1
transmission, to reveal high-risk populations with low aware-
ness of HIV infection, to propose effective programs to prevent
transmission of drug-resistant HIV-1, and to develop antiretro-
viral drugs with improved pharmacokinetics/pharmacodynamics.
All these efforts may bring us one step closer to eradicating
HIV-1.
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CASE REPORT

Emergence of raltegravir-resistant HIV-1 in the central

nervous system

K Watanabe vp, M Honda mp, T Watanabe mp, K Tsukada mp php, K Teruya mp Php, Y Kikuchi MD PhD,

S Oka mp php and H Gatanaga mp PhD

AIDS Clinical Center, National Center for Global Health and Medicine, Tokyo, Japan

Summary: Integrase inhibitor-resistant HIV-1 was detected in the cerebrospinal fluid, but not in the plasma of a 42-year-old man
with HIV encephalopathy treated with a raltegravir (RAL)-containing regimen. Raltegravir resistance may develop in the central
nervous system when the virus is already multi-drug resistant because of different penetration into cerebrospinal fluid of individual

antiretroviral agents.

Keywords: integrase, resistant, cerebrospinal fluid, Q148R, HIV, raltegravir

INTRODUCTION

Raltegravir (RAL) is the first approved HIV-1 integrase inhibitor
that has demonstrated potent antiretroviral activity in combi-
nation with an optimized background regimen in treatment-
experienced patients.! However, RAL resistance develops
relatively easily after virologic failure.>® We describe here a
case of HIV encephalopathy, in whom a major resistance
mutation of integrase inhibitors was detected in the cerebrosp-
inal fluid (CSF) but not in the plasma during RAL-containing
antiretroviral treatment.

CASE REPORT

A 42-year-old man infected with HIV-1 presented with asthe-
nia, skin hyperesthesia, loss of memory and psychomotor
slowing. Magnetic resonance imaging (MRI) of the brain
revealed diffuse bilateral and symmetrical increase in
T2-weighted signal in the periventricular matter of the frontal
and parieto-occipital regions. He was diagnosed with HIV
encephalopathy based on the MRI findings and negative test
results for other viral and bacterial infections, supported by a
higher HIV-1 load in the CSF than in the plasma. During
eight years of combination antiretroviral treatment (cART)
(including zidovudine, didanosine, abacavir, efavirenz (EFV),
indinavir and nelfinavir), multiple drug-resistance mutations
were detected in plasma HIV-1, including A62V, V751, F77L,
Y115F, F116Y, Q15IM, M184V and Y188L in reverse-
transcriptase, and L10I, K20R, E35D, M36I, M46l, H69K, V82F
and 193L in protease (at day —505).* The CD4 count was
246 cells/uL and the HIV-1 load was incompletely suppressed
in the plasma (70-1200 copies/mL) over the preceding 15
months with cART of tenofovir (TDF), stavudine (d4T),

Correspondence to: H Gatanaga, AIDS Clinical Center,
National Center for Global Health and Medicine, 1-21-1,
Toyama, Shinjuku-ku, Tokyo 162-8655, Japan

Email: higatana@acc.ncgm.go.jp

lamivudine (3TC) and ritonavir-boosted lopinavir (LPVr),
whereas active HIV-1 replication seemed to continue in the
central nervous system (CNS) (120,000 copies/mL in CSF;
Figure 1). In order to control HIV-1 replication, the cART
regimen was modified to the combination of TDF, emtricitabine
(FTC), EFV, darunavir (DRV), ritonavir (RTV), RAL and enfu-
virtide (ENF) (day 0), resulting in successful HIV-1 suppression
to below the level of detection (50 copies/mL) in both plasma
and CSF on day 33, and the patient’s CNS symptoms improved.
ENF injection was stopped on day 58 though the other antiretro-
viral agents were continued. The CNS symptoms gradually dete-
riorated, although the plasma HIV-1 load was persistently
suppressed below the level of detection (50 or 40 copies/mL),
but the CSF HIV-1 load was found to have rebounded to a
level of 440 copies/mL on day 224. ENF treatment was
re-introduced, which resulted in the suppression of the CSF
viral load to below the level of detection on day 253, and improve-
ment of CNS symptoms; however, the patient showed gradual
mood changes and developed psychiatric symptoms. ENF injec-
tion became difficult and it was stopped on day 358. By day
371, the HIV-1 load in the CSF was 4300 copies/mL but still
undetectable in the plasma. Direct sequencing of the HIV-1 inte-
grase gene identified a major mutation of RAL resistance
(Q148R) in CSF, which was not detected by sequencing of
earlier plasma (day —8) and CSF (day 224) samples. The
above resistance mutations in reverse transcriptase and protease
genes were detected in all successfully polymerase chain
reaction-amplified samples. The antiretroviral treatment was
stopped on day 371 because of potential choking by the patient
during swallowing. The HIV-1 load rebounded to 18,000 copies/
mL in the plasma and 28,000 copies/mL in the CSF by day 405, in
both of which no major RAL-associated mutation was detected.

DISCUSSION

In the present case of HIV encephalopathy HIV-1 load was per-
sistently higher in CSF than in plasma, suggesting active viral
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Figure 1 HIV-1 resistance mutations in the integrase gene and
changes in viral loads (VL) in plasma and cerebrospinal fluid
(CSF). HIV-1 integrase sequence was successfully analysed in
two plasma samples (days -8, and 405) and three CSF samples
(days 224, 371 and 405). A major mutation of raltegravir resist-
ance (Q148R) was detected in only one CSF sample (day 371)
which reverted to wild-type (Q148) after cessation of RAL-contain-
ing regimen (day 405). HIV-1 integrase gene could not be ampli-
fied from the plasma sample taken at day 371. No other
integrase mutations listed in mutations figures or described in
user notes of the International AIDS Society-USA Drug Resistant
Mutation Groups were detected.® Multiple drug resistance
mutations in reverse transcriptase (A62V, V75l, F77L, Y115F,
F116Y, Q151M, M184V and Y188L) and protease genes (L10l,
K20R, E35D, M36l, M461, H69K, V82F and I93L) were persistently
detected in all successfully amplified samples

replication in the CNS, which continued under RAL-containing
regimen. RAL has a lower genetic barrier to resistance com-
pared with protease inhibitors (PIs) to which multiple
mutations are necessary for HIV-1 to attain significant resist-
ance.”> Recently, RAL was reported to penetrate well into
CSF, whereas the penetration of DRV and EFV are extremely
limited.”>~” In the present case, the altered cART seemed to sup-
press multidrug resistant HIV-1 replication successfully in the

Watanabe et al. RAL resistance in cerebrospinal flud 841

systemic circulation and lymph nodes in the presence of effec-
tive concentrations of RAL, DRV, and EFV. However, in the
CNS, active replication was suppressed only imperfectly,
most likely due to lower concentrations of DRV and EFV in
the CSF, which induced the emergence of HIV-1 variants resist-
ant to RAL, the only drug fully active against the previous
HIV-1 variants. This case study illustrates the potential for
RAL resistance developing in the CNS when the virus is
already multi-drug resistant.
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Context: Various autoimmune diseases, especially autoimmune thyroid disease, are known to
occur in HIV-infected patients on highly active antiretroviral therapy (HAART). However, no reports
have described the development of autoimmune diabetes during HAART.

Objective: Our objective was to investigate the clinical course of the development of autoanti-
bodies and diabetes during HAART.

Patients and Methods: Based on their high antiislet autoantibody titers and requirement forinsulin
therapy, we diagnosed three HIV-infected patients with autoimmune diabetes. To clarify the
relationship between the development of an autoimmune reaction against pancreatic g-cells and
recovery of CD4* T lymphocyte (CD4) counts, we retrospectively assayed stored samples of the
patients’ plasma for antiglutamic acid decarboxylase antibody (GAD-Ab).

Results: No GAD-Ab was detected in the plasma samples of any of the three patients prior to
HAART, and their CD4 counts were below 20 cells/ul at their nadir. The GAD-Ab tests became
positive from 6 to 38 months after the start of HAART, and their conversion to positive followed
a dramatic increase in the patients’ CD4 count. Two patients developed diabetes after testing
positive for GAD-Ab. Although one patient had mild diabetes prior to testing positive for GAD-ADb,
the rapid worsening of glycemic control and introduction of insulin therapy almost coincided with
the detection of GAD-Ab. The high magnitude of the CD4 increase during HAART and the timing
of the detection of autoantibody were similar to the magnitude and timing reported in HAART-
associated autoimmune thyroid disease.

Conclusions: Autoimmune diabetes develops in some HIV-infected patients after immune resto-
ration during HAART. (J Clin Endocrinol Metab 95: 0000-0000, 2010)

utoimmune diabetes is characterized by the presence
A of antiislet autoantibodies and is caused by autoim-
mune-mediated destruction of pancreatic B-cells (1). Al-
though a high prevalence of diabetes has been reported in
HIV-infected patients, most cases are considered attrib-
utable to insulin resistance induced by antiretroviral drugs
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(2, 3). The immunodeficiency of HIV-infected patients is
characterized by alow CD4™ T-lymphocyte (CD4) count,
but highly active antiretroviral therapy (HAART) can re-
duce the HIV plasma viral load (pVL), and the CD4 count
sometimes increases dramatically (immune restoration).
As a result, some patients experience clinical deterioration

Abbreviations: AITD, Autoimmune thyroid disease; CD4, CD4™ T lymphocyte; GAD-ADb,
glutamic acid decarboxylase antibody; HAART, highly active antiretroviral therapy; HbA,,
glycosylated hemoglobin; HLA, human leukocyte antigen; IA2-Ab, insulinoma-associated
antigen-2 antibody; pVL, plasma viral load; T1D, type 1 diabetes; T2D, type 2 diabetes.

J Clin Endocrinol Metab, August 2010, 95(8):0000-0000 jcem.endojournals.org 1

Copyright (C) 2010 by The Endocrine Society

240




2 Takarabe et al. Autoimmune Diabetes on HAART

due to restoration of an inflammatory immune response
against both infectious and noninfectious antigens (4).
Various autoimmune diseases have been reported after
immune restoration (5, 6), especially autoimmune thyroid
disease (AITD) (7-11), but none have described the de-
velopment of autoimmune diabetes during HAART. We
report the cases of three HIV-infected patients who devel-

oped autoimmune diabetes after immune restoration dur-
ing HAART.

Ethics

This report was approved by the local ethics committee
of the National Center for Global Health and Medicine.
We obtained written informed consent from all three
patients.

Case reports
The characteristics and laboratory findings of the three
patients are indicated in Table 1. All of the three patients

J Clin Endocrinol Metab, August 2010, 95(8):0000—0000

are currently on intensive insulin therapy, and recent doses
of insulin are shown. The diagnosis of diabetes was made
on the basis of repeated measurements of fasting and/or
casual plasma glucose levels. To investigate the clinical
course of immune restoration and development of auto-
immunity, we retrospectively measured the titers of sev-
eral autoantibodies sequentially by RIA of plasma samples
that had been stored frozen.

Patient 1 was a 30-yr-old Japanese man who had been
diagnosed with HIV infection and hepatitis C virus infec-
tion at 19 yr of age. Although HAART had been started
then, the HAART regimen had often been suspended and
switched to other regimens because of adverse effects, and
his CD4 count and pVL had been uncontrolled for years.
Although the patient was overweight and had a family
history of type 2 diabetes (T2D), he had never been diag-
nosed with diabetes until he was 29 yr old. At29 yr of age,
HAART was resumed with a new regimen, which the pa-

TABLE 1. Characteristics and laboratory findings at the diagnosis of autoimmune diabetes

Patient 1 Patient 2 Patient 3
Age (yr) 30 31 68
Sex Male Male Female
Body mass index (kg/m?) 24.2 20.0 19.1
Weight loss within 3—6 months (%) 20 11 27
Family history of diabetes + = =
Regimen of the tolerated HAART 37C 3TC 3TC, ETR
TDF daT RTV, DRV
LPVr LPVr RAL
Duration of the tolerated HAART (months)? 18 10 55
Duration of HIV infection (yr)? 11 17 5
Recent dose of insulin injection (U/kg) 0.9 0.7 0.9
Data related to HIV infection
pVvL Undetectable Undetectable Undetectable
CD4 count (cells/ul) 311 172 316
CD4 count at nadir (cells/ul) 12 14 19
Data related to diabetes
Casual plasma glucose (mmol/liter) 26.6 9.2 8.1
HbA, . (%) 10.8 10.9 12.2
HbA, . increment within 3—6 months (%) 53 5.5 5.8
Fasting serum insulin (pmol/liter) 20.1 15.3 16.0
Fasting serum C-peptide (nmol/liter) 0.33 0.22 0.13
Urinary C-peptide (nmol per 24 h) 40.5 3.8 93
Urine ketone body + — —
Autoantibody tests [positive test after the start of HAART
regimen (months)]®
GAD-ADb (U/ml) 606 (6) 26000 (7) 1023 (38)
I1A2-Ab (U/ml) 22.5(9) <0.4 5.9 (38)
TSHR-Ab (IU/liter) 12.6 (13) <1.0 <1.0 (64)°
TPO-Ab (U/ml) 33.4(6) 29.3(4) >60.0 (26)
Tg-Ab (U/ml) 1.6 (6) <0.3 13.2(38)
Antiadrenal cortex antibody (fold) <10 <10 <10

3TC, Lamivudine; TDF, tenofovir; LPVr, lopinavir/ritonavir; d4T, sanilvudine; ETR, etravirine; RTV, ritonavir; DRV, darunavir; RAL, raltegravir; TSHR-
Ab, anti-TSH receptor antibody; TPO-Ab, antithyroid peroxydase antibody; Tg-Ab, antithyroglobulin antibody.

? Interval before the diagnosis of autoimmune diabetes.

> Normal ranges include the following: GAD-ADb, less than 1.4 U/ml; 1A2-Ab, less than 0.4 U/ml; TSHR-ADb, less than 1.0 [U/liter; TPO-Ab, less than
0.3 U/ml; Tg-Ab, less than 0.3 U/ml; antiadrenal cortex antibody, less than 10-fold.

€ TSHR-Ab test became positive after the diagnosis of autoimmune diabetes.
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tient tolerated, and his CD4 count gradually rose, but
about 9 months later he was diagnosed with diabetes. At first,
he was thought to have antiretroviral drug-induced diabetes,
and his glycosylated hemoglobin (HbA,_) levels (standard-
ized by the Japan Diabetes Society) remained less than 5.5%
in the absence of treatment with any antidiabetic agents.
However, 18 months after resuming HAART, the patient’s
HbA,_ level began to increase, sometimes reaching as high as
10.8%. Insulin secretion gradually decreased, and the pa-
tient required intensive insulin therapy. He also had a high
antiglutamic acid decarboxylase antibody (GAD-ADb) titer
and a high insulinoma-associated antigen-2 antibody (IA2-
Ab) titer (Table 1). A retrospective GAD-AD test revealed
that the patient had become GAD-Ab-positive in the period
between the recovery of his CD4 count and the diagnosis of
diabetes (Fig. 1A). Thus, the autoimmune response against
B-cells actually began before the diagnosis of antiretroviral
drug-induced diabetes, and we concluded that the patient’s
diabetes was caused by autoimmune mechanism. At 34 yr of
age, the patient was admitted to our hospital because of ke-
toacidosis after omitting insulin on a sick day.

Patient 2 was a 31-yr-old Japanese man who had been
diagnosed with HIV infection and hepatitis C virus infec-
tion at 13 yr of age. HAART was instituted then, but the
HAART regimen had often been suspended and switched
to other regimens because of the emergence of drug-resis-
tant HIV and the occurrence of adverse effects, and his
CD4 count and pVL had been uncontrolled for years. At
19 yr of age, the patient was diagnosed with diabetes,
which was thought to be antiretroviral drug-induced diabe-
tes or T2D. Good glycemic control had been maintained
(HbA,. < 5.5%) for more than 10 yr with an a-glucosidase
inhibitor. At 30 yr of age, HAART was resumed with a
regimen that was tolerated, and his CD4 count gradually
rose. Nine months later, however, his glycemic control rap-
idly deteriorated (HbA,. 10.9%), and the GAD-AD test be-
came positive at that time (Table 1). The diabetes was not
insulin dependent, but an iv glucagon challenge test demon-
strated severely impaired insulin secretion. The patient re-
quired intensive insulin therapy, and the insulin dose was
gradually increased. A retrospective GAD-ADb test revealed
that the patient had become GAD-Ab positive in the period
between the recovery of his CD4 count and the rapid dete-
rioration of his glycemic control (Fig. 1B). We therefore
concluded that his diabetes had worsened because of auto-
immune destruction of B-cells, although he basically had
antiretroviral drug-induced diabetes or T2D.

Patient 3 was a 68-yr-old Japanese woman who had
been diagnosed with HIV infection at 63 yr of age, and
HAART had been started then. She had tolerated the reg-
imen from the beginning, and her CD4 count and pVL
remained well controlled. About 36 months after the start
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FIG. 1. Clinical courses of three patients before autoimmune
diabetes diagnosis. Course of CD4 counts, pVL values, and GAD-Ab
titers (units per milliliter) in patient 1 (A), patient 2 (B), and patient
3 (C) after the introduction of HAART. Black arrows indicate the
time of the initial diagnosis of diabetes. White arrows indicate the
beginning of progressive worsening of glycemic control. Because the
initial diagnosis of diabetes in patient 2 was made several years before the
introduction of HAART, the time of the diagnosis is not indicated.

of HAART, however, the patient was diagnosed with dia-
betes, which was thought to be antiretroviral drug-induced
diabetes or T2D. She was treated with a sulfonylurea, and her
glycemic control improved for approximately 5 months (rep-
resentative HbA, . value 6.1%). However, 55 months after
the start of HAART, her HbA,_ level rapidly increased to as
high as 12.2% and was accompanied by a marked decrease
in insulin secretion, and she required intensive insulin ther-
apy. Both GAD-ADb test and IA2-Ab test were positive (Table
1), and retrospective examination showed that GAD-Ab had
appeared between the recovery of her CD4 count and the
diagnosis of diabetes (Fig. 1C). Based on these findings, the
diagnosis was changed to autoimmune diabetes.
Follow-up examination revealed a fasting plasma glu-

cagon level in patients 1,2,and 3 of 57, 82, and 61 pg/ml,




4 Takarabe et al. Autoimmune Diabetes on HAART

respectively, and the corresponding plasma glucose level
was 12.3, 6.3, and 13.6 mmol/liter. Although data on glu-
cagon response to hypoglycemia were unavailable, these
values suggested that glucagon secretion did notseem to be
severely impaired.

Other autoimmune endocrine diseases

The three patients had from one to three types of antithy-
roid antibodies (Table 1). In fact, patient 1 had thyrotoxi-
cosis that showed spontaneous remission, and patient 3 was
diagnosed with Graves’ disease after the development of
autoimmune diabetes (Rokukawa Y., Y. Takahashi,
and M. Noda, et al., manuscript in preparation).

The patients’ serum cortisol levels indicated normal ad-
renal function. We measured the titer of antiadrenal cor-
tex antibody, but none of the patients were positive or had
any evidence of other endocrinological disorders. Thus,
none of the three patients met the diagnostic criteria for
autoimmune polyendocrine syndrome (12).

Human leukocyte antigen (HLA) genotyping

The HLA genotyping of these patients showed that pa-
tient 1 was heterozygous for DRB1*0405-DQB1*0401*
and DRB1*0901-DQB1*0303"*, patient 2 was heterozy-
gous for DRB1*0803-DQB1*0601 and DRB1*0901-
DQB1*0303*#, and patient 3 was heterozygous for
DRB1*0403-DQB1*0302 and DRB1*0406-DQB1*0302
(* and ** are haplotypes for increased susceptibility to type 1
diabetes (T1D) among Japanese (13)].

Discussion

We diagnosed the three patients with autoimmune diabe-
tes because they had high GAD-ADb titers, which had never
been observed in T2D with B-cell failure and because they
required intensive insulin therapy for glycemic control.
Antiislet antibodies are not always specific for T1D, and
previous reports have stated that combined assays for mul-
tiple antiislet autoantibodies are more sensitive for the
diagnosis of T1D (14, 15). In fact, patients 1 and 3 were
positive for both GAD-Ab and IA2-Ab. The limitation of
our study is that direct evidence of autoimmune destruc-
tion of B-cells such as histological findings was not avail-
able in our cases. Classic T1D, which is commonly ob-
served in children, progress rapidly, whereas the slowly
progressive form generally occurs in adults and is some-
times referred to as latent autoimmune diabetes in adults
(16) or slowly progressive insulin-dependent diabetes mel-
litus (17). Insulin secretion decreased slowly and progres-
sively in our patients, suggesting that their course of dia-
betes was close to the latent autoimmune diabetes in
adults/slowly progressive insulin-dependent diabetes mel-
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litus type. Hampe et al. (18) have shown that the charac-
teristics of amino-terminal-specific GAD65 autoantibod-
ies can be used to differentiate between severe and milder
phenotypes of patients with GAD-Ab and ketosis-prone
diabetes. Because we were not able to explore the bio-
chemical nature of the patients’ GAD-Ab, we cannot
exclude the possibility that the characteristics of the
GAD-AD are different in the present cases and in classic
T1D. Although we cannot draw conclusions as to whether
insulin resistance caused by the antiretroviral drugs or
obesity really existed in our patients, we have to consider
a possibility that insulin resistance may have affected their
clinical course because the acceleration mechanism of the
autoimmunity against B-cells via insulin resistance-asso-
ciated B-cell stress is proposed (19).

Zandman-Goddard and Shoenfeld (5) suggested that
autoimmune diseases in HIV-infected patients may de-
velop as a result of molecular mimicry in the acute phase
of HIV infection as well as due to altered autoimmune
regulation in the phase when the CD4 count has been
restored by HAART. Autoimmune diabetes did not de-
velop in the acute phase of the HIV infection in our pa-
tients, and pVL was undetectable for more than 2 months
before the first positive test for GAD-Ab. Moreover, ex-
aminations did not detect evidence of other viral infections
that are thought to be associated with T1D (20). Thus,
molecular mimicry by HIV itself or other viruses was un-
likely to have caused the autoimmune diabetes in our
patients.

In most of the cases of HAART-associated AITD, there
was a severe decline in the CD4 count at the nadir that was
followed by a marked increase in the CD4 count before the
development of AITD (7-11), and the large magnitude of
the increase may be a risk factor for AITD (8). The changes
in the CD4 counts of our patients seemed consistent with
those in HAART-associated AITD (Fig. 1). Chen et al. (8)
suggested that the T-cell repopulation induced by HAART
is biphasic and that AITD develops in the second phase,
when a substantial increase in naive CD4 occurs (~6
months after the first phase). Although we did not analyze
the T-cell population in detail, the emergence of GAD-Ab
and onset of the autoimmune diabetes in our patients were
likely to have occurred in the second phase.

Patients 1 and 2 both had HLA haplotypes that has been
reported to increase susceptibility to T1D in Japanese. Pa-
tient 3, however, did not have any of the known HLA hap-
lotypes associated with increased susceptibility to diabetes in
Japanese. No role of HLA in the development of HAART-
associated autoimmune diseases has yet been established (6),
and further investigation is warranted at this point.

In conclusion, autoimmune diabetes develops in some
HIV-infected patients after immune restoration induced
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by HAART, and some of the patients require insulin ther-
apy. Testing for GAD-AD is important in HIV-infected
patients whose glycemic level deteriorates after immune
restoration.
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