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FIG. 4. In vitro selection of Pol283 escape mutants by a Pol283-8-specific CTL clone. T1 cells were infected with paired viruses (NL-432
[Pol283-8I] and a mutant virus [Pol283-8L, -8T, or -8R]) at a ratio of 9:1. The infected cells were incubated with Pol283-8-specific CTL clones at
an E:T ratio of 1:0.05. The population change in the viral mixture was determined by the relative peak height on the sequencing electrogram. From
day 4 to day 7 postinfection, culture supernatants were collected, and the concentration of p24 Ag in these supernatants was measured by an
ELISA. The data obtained by using the mixture of Pol283-8T, -8L, or -8R with Pol283-81I are shown in panels A, B, and C, respectively.

Pol283-8T-specific CD8" T cells after the Pol283-8T mutation
appeared. None of 4 HLA-B*5101" hemophiliac donors car-
rying Pol283-8T (KI-032, KI-121, and KI-127 [Table 2] and 1
ART-treated hemophilic donor, KI-078 [data not shown]) had
detectable Pol283-8-specific CD8 " T cells by analysis using the
specific tetramers. But they may have had very small numbers
of memory CD8™ T cells. To induce Pol283-8-specific CD8" T
cells from a possible Pol283-8-specific memory T-cell source,
we stimulated PBMCs from these patients with the Pol283-8
peptide and then measured the number of Pol283-8-specific
CD8™ T cells in 2-week cultures. The KI-127 and KI-078 cul-
tures indeed showed the presence of Pol283-8-specific CD8" T
cells, but KI-127 lost the detectable memory response by April
2006 (Fig. 5), indicating that these 2 patients could maintain
Pol283-8-specific memory CD8" T cells for more than 20
years. In contrast, Pol283-8T-specific CD8™ T cells were not
detected among PBMCs from any of these 4 donors after 2
weeks in culture (Fig. 5), indicating that the Pol283-8T escape
mutant did not elicit specific CD8" T cells in vivo. These
results support the idea that the Pol283-8T mutant was se-
lected by Pol283-8-specific CTLs in donors first infected with
the wild-type virus. Similarly, Pol283-8R-specific CD8™ T cells
were not detected in KI-007, although this patient had Pol283-
8-specific memory CD8* T cells (Fig. 5), supporting the notion
that the 8R mutant was an escape mutant selected by Pol283-
8-specific CTLs and failed to elicit these escape mutant-spe-
cific CTLs.

DISCUSSION

It is well known that HLA-B*57 and -B*27 are associated
with slow progression to AIDS (19, 37). HLA-B*57-mediated
and HLA-B*27-mediated effects on disease progression are
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seen early and late, respectively, during an infection (6, 14). In
the present study, we analyzed 108 HIV-1-infected Japanese
hemophiliacs. In Japan, 1,439 patients had been infected with
HIV-1 before 1985, mostly around 1983. At present, only 801
of these patients remain alive. Since they had not been treated
with highly active antiretroviral therapy (HAART) before
1997, the survivors would seem to be slow progressors. This
cohort does not include a large number of patients, because it
is not easy to recruit a large number of HIV-1-infected hemo-
philiacs in Japan, where only 800 are still alive. We found that
HLA-B*5101 had effects on the slow progression of the disease
in the late phase (both in 1998 and during the years from 1998
to 2007), even when a small number of samples was analyzed.
Our recent study also revealed that HLA-B*5101™ hemophil-
iacs had lower VLs and higher CD4 counts than HLA-
B*5101™ hemophiliacs but that only the CD4 count was sig-
nificantly higher in HLA-B*5101" than in HLA-B*5101~
hemophiliacs (20). These findings support the idea that HLA-
B*5101-restricted immune responses are associated with slow
progression to AIDS.

Pol283-8, Pol743-9, and Gag327-9 are thought to be immu-
nodominant HIV-1 epitopes, because CTLs specific for them
were frequently detected in chronically HIV-1 infected HLA-
B*51017" individuals (45). A previous study demonstrated that
Pol283-8-specific and Pol743-9-specific CTLs suppress HIV-1
replication strongly but that Gag327-9-specific CTLs suppress
it only weakly in vitro (43), suggesting that HIV-1 replication
can be suppressed in vivo by Pol283-8-specific and Pol743-9-
specific CTLs. In the present study, we demonstrated that a
higher number of Pol283-8-specific CD8™ T cells was detected
predominantly in LTNPs, whereas Pol743-9-specific CD8* T
cells were found at higher levels in all 10 of the SP hemophiliac
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FIG. 5. Induction of Pol283-8-specific CD8" T cells from PBMCs of 2 very slow progressors and 3 slow progressors. PBMCs from 2 very slow
progressors (KI-127 and KI-121) and from 3 slow progressors (KI-032, KI-007, and KI-078) were stimulated with the Pol283-8 epitope peptide or
the Pol283-8T or -8R peptide and were then cultured for 12 to 14 days. The cultured cells were stimulated with C1R-B*5101 cells prepulsed with
the peptide. IFN-y-producing CD8* T cells were measured by using flow cytometry. The percentages of IFN-y-producing CD8" T cells are given

in the upper right quadrants.

patients examined. ART-treated HLA-B*51017" patients also
carried Pol743-9-specific CD8" T cells but not Pol283-8-spe-
cific CD8™ T cells (data not shown). The frequency of Pol283-
specific CD8™ T cells was negatively correlated with the pVL,
whereas the frequencies of the other 3 types of T cells were
positively correlated with the pVL (Fig. 3). The longitudinal
analysis of KI-127 showed that the VL increased after the 8T
mutant appeared. This suggests that Pol283-specific CTLs may
control HIV-1 in this patient, but the possibility that other
CTLs also control HIV-1 cannot be excluded. These results
support the notion that Pol283-8-specific CTLs play a key role
in the control of HIV-1 in chronically HIV-1 infected HLA-
B*5101* hemophiliacs.

Previous studies showed that Gag-specific responses are
negatively correlated with VL in chronically HIV-1 infected
individuals (23, 25, 28, 49). Especially HLA-B*57/5801-, HLA-
B*27-, HLA-B*13-, or HLA-B*63-restricted Gag-specific
CD8™ T-cell responses are related to a low viral load (12, 16,
23, 34, 49). However, these studies had been performed with
Caucasian and African cohorts. Since HLA-B*57/5801, HLA-
B*27, and HLA-B*13 are very rare in Japan, Gag-specific
CD8™ T-cell responses might not be related to a low pVL in
Japanese patients. For the HLA-B*5101" hemophiliacs stud-
ied here, it is striking that Pol283-specific CD8" T-cell re-
sponses were much more effective in the control of HIV
replication than Gag327-specific CD8" T-cell responses. A
previous study revealed that simian immunodeficiency virus
(SIV)-infected cells are recognized earlier by Pol-specific T
cells than by Nef-specific T cells (39). These results suggest
that Pol-specific responses may be important in the control of
HIV-1, and not only in the Japanese population. This is po-
tentially an important result in relation to vaccine design and

the specificity of the CD8" T-cell responses that must be in-
duced to achieve immune control of HIV.

Our recent study using 9 cohorts showed that there are 4
mutations (8T, 8R, 8L, and 8V) at position 8 of the Pol283
epitope, that the frequency of the 8T variant is significantly
higher in HLA-B*5101" donors than in HLA-B*5101~ do-
nors, and that some acutely infected HLA-B*5101™ subjects
who had been infected with the wild-type virus had the 8T virus
at only 6 or 12 months after the first test (20), indicating that
the 8T mutant is selected by Pol283-specific CTLs. In the
present study, we revealed that the Pol283-8T escape mutation
was detected for the first time approximately 20 years post-
HIV-1 infection in KI-127, indicating that this mutation had
been slowly selected by Pol283-8-specific CTLs in this donor.
Pol283-8R and Pol283-8L were also apparently escape mu-
tants, because Pol283-8-specific CTLs failed to suppress the
replication of HIV-1 carrying these mutants. However, the
frequency of these mutations is not significantly higher in
HLA-B*5101" donors than in HLA-B*5101~ donors (20),
suggesting that other, non-HLA-B*5101-restricted CTLs may
also select these particular mutants. Nonetheless, it is clear
that the HLA-B*5101-restricted Pol283-specific CTLs select
the 8R mutant, because KI-007, who had the 8R mutant virus,
possessed Pol283-specific memory T cells (Fig. 5), and one
HLA-B*5101* subject with an acute HIV infection who had
been infected with the wild-type virus had the 8R mutant 12
months after the first test (20).

The Pol283-8V mutant was found in only 6 of 60 HLA-
B*5101" donors, including 3 LTNP hemophiliacs (data not
shown). Of the 3 nonhemophiliacs, 2 were progressors and 1
was a slow progressor. Since this mutation is rare and it is
speculated that the mutations had not accumulated 25 years
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ago, it is unlikely that the 3 LTNP hemophiliacs had been
infected with this mutant virus. On the other hand, the 3
nonhemophiliacs may have been infected with the 8V mutant.
The 8V mutation did not influence the Kkilling activity of
Pol283-8-specific CTLs toward target cells infected with the
HIV-1 mutant, whereas the ability of CTLs to suppress repli-
cation was significantly weaker for the Pol283-8V mutant than
for the wild-type virus. Previous studies showed that HIV-1-
specific CTL clones can partially suppress HIV-1 replication
but fail to kill HIV-1-infected CD4™ T cells (42, 45), indicating
that the replication suppression assay is more sensitive than the
CTL assay. Since Pol283-8-specific CTLs cannot completely
suppress the replication of the 8V mutant virus, and since the
8V virus has a higher fitness cost than the wild-type virus, the
donors selecting this mutant virus can be LTNP hemophiliacs.
However, it still remains unclear why the 8V virus appears in
both LTNPs and progressors. We are now analyzing the HLA-
B*5101" nonhemophiliacs carrying the 8V mutants in order to
compare them with the LTNPs carrying the 8V mutant.

Our previous study on the crystal structure of the HLA-
B*5101-Pol283-8 peptide complex showed that the C-terminal
anchor (PC) pocket is hydrophobic and relatively small com-
pared with those of the serologically close alleles, HLA-
B*3501 and -B*5301, whose C-terminal preferential amino
acids include aromatic amino acids (30). Those findings explain
why the PC residues for HLA-B*5101 are preferably aliphatic
amino acids and not bulky aromatic amino acids. The PC
residue is tethered with well-ordered polar and hydrophobic
interactions, as observed in other major histocompatibility
complex (MHC) class I molecules (Fig. 6A). Thus, the amino
acid substitutions of the PC residue did not likely lead to large
rearrangements of this network, and so the orientations of the
side chains were presumably maintained. In the case of the 8R
mutation, the PC pocket was not large enough to accommo-
date the Arg residue (Fig. 6B), conferring structural changes
around the PC pocket that could possibly result in a lack of
binding activity toward HLA-B*5101 (2). The 8L mutant ex-
hibited slightly reduced binding activity toward HLA-B*5101
and CTL recognition for 8L peptide-pulsed target cells but no
CTL response to 8L mutant-infected cells, suggesting that the
mutation had a deleterious effect on antigen presentation in
the system for export to the cell surface. The 8V mutation
would delete only one methylene group from the Ile residue
and thus would presumably have only a small influence on the
binding to HLA-B*5101 as well as on its specific T-cell recep-
tor (TCR) recognition. On the other hand, the Pol283-8T
mutation likely introduces a hydrophilic OH group that prob-
ably is not appropriate for the hydrophobic pocket, resulting in
diminished binding activity (43). Furthermore, the Pol283-8T
mutation was detrimental to the CTL response and thus may
also have induced a structural rearrangement that had a neg-
ative effect on TCR recognition.

A higher accumulation of Pol283-8 escape mutations is
found in the Japanese population than in other populations,
because the frequency of HLA-B*51 is much higher in Japan
than in other countries (20). The fitness of the 8T, 8R, and 8L
viruses is similar to that of the wild-type virus, and these escape
mutants do not revert to wild-type viruses in HLA-B*5101~
donors (20). The donors with escape mutant viruses failed to
elicit escape mutant-specific CTLs. These findings suggest a
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FIG. 6. Binding model of HLA-B*5101 mutant peptides. (A) Polar
interactions around the PC residue in the HLA-B51-Pol283-8 com-
plex. The Pol283-8 peptide and the HLA-B51 heavy chain are shown
as yellow and cyan stick models, respectively (N and O atoms are
shown as blue and red, respectively). The dotted lines indicate hydro-
gen bonds or salt bridges. (B) (Left) Surface representation (gray) of
the HLA-B51 heavy chain with the stick model of the Pol283-8 peptide
(with the same coloring as in panel A). 81 (PC) penetrates into the
small pocket. (Right) The sliced image of the small PC pocket (right)
explains why bulky and long amino acids are not preferential.

difficulty in controlling the replication of these mutant viruses
in HLA-B*51017 individuals initially infected with the mutant
virus. We showed previously that recently infected HLA-
B*5101" donors have no advantage in the control of HIV-1
(20). Thus, the association between HLA-B*5101 and slow
progression to AIDS may disappear in newly HIV-1 infected
Japanese donors.

HLA-B*57-mediated immune pressure early selects an es-
cape mutant of the TW10 epitope, which has a low viral fitness
(29, 32). Escape mutations (K, G, Q, and T at position 242) of
the KK10 epitope selected by HLA-B*27-mediated immune
pressure impair viral replication, but the compensatory S173A
mutation restores viral replication (40, 41). Pol283-8 escape
mutations (T, L, and R) are different from those escape mu-
tations, because these Pol283-8 mutations do not influence
viral fitness (43). HLA-B*5701 is highly associated with
LTNPs, but the mechanism of suppression of HIV-1 replication
by epitope-specific CTLs still remains unknown (35, 36). On
the other hand, several reports indicate that epitope-specific
CTLs in HLA-B*57" LTNPs have the ability to cross-recog-
nize variant epitopes (4, 13, 46), suggesting the control of
escape mutants by these CTLs. In the present study, we dem-
onstrated the selection of escape mutations by HLA-B*5101-
mediated immune pressure and showed that 2 kinds of muta-
tions, escape mutations for slow progressors and a mutation
reducing viral fitness and weakly affecting T-cell recognition
for LTNPs, were selected in slow-progressing and LTNP he-
mophiliacs.

In the present study, we showed that HLA-B*5101* hemo-
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philiacs exhibited significantly slow progression during the
years 1998 to 2007. Furthermore, we demonstrated that the
control of HIV-1 over approximately 25 years in HLA-B*5101-
positive hemophiliacs was associated with a Pol283-8-specific
CD8™ T-cell response. This is the first study finding that a
Pol-specific CTL response is more effective in the control of
HIV-1 than a Gag-specific CTL response. Our findings provide
a novel mechanism for understanding the long-term control of
HIV-1 in LTNPs and slow progressors.
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Abstract

Certain mutations in the connection subdomain and RNase H domain of reverse transcriptase (RT) of subtype B HIV-1 contribute to
resistance to nucleoside reverse transcriptase inhibitors (NRTIs). However, the impact of non-B subtype polymorphisms in this region on drug
resistance remains unclear. In this study, we determined the frequencies of drug resistance mutations of the entire RT in patients with treatment
failure from a cohort of Circulating recombinant form (CRF) 01_AE HIV-1-infected patients in Hanoi, Viet Nam. Subsequently, we assessed the
impact of CRF01_AE polymorphisms G335D and A371V with or without thymidine analogue mutations (TAMs) on susceptibility to NRTI with
recombinant viruses. In 49 patients with treatment failure, resistance mutations to NRTTs in the N-terminal half of RT were observed in 89.8%. In
the C-terminal half, G335D (100%), N348I (36.8%), A371V (100%), A376S (5.3%) and A400T (97.4%) were detected, although G335D,
A371V and A400T were considered polymorphisms of CRF01_AE. Drug susceptibility showed G335D, A371V, or both did not confer resistance
by themselves but conferred significant resistance to NRTIs with TAMs, especially in mutants containing G335D, A371V and TAM type 2. Our
results suggest the important role of CRFO1_AE polymorphisms in the C-terminal half of RT in drug resistance.
© 2010 Institut Pasteur. Published by Elsevier Masson SAS. All rights reserved.

Keywords: Druvg resistance; Reverse transcriptase; G335D; A371V; CRFO1_AE

1. Introduction implemented with two nucleoside reverse transcriptase

inhibitors (NRTT) and one non-nucleoside reverse transcriptase

In Viet Nam, where the epidemic of human immune defi-
ciency virus type 1 (HIV-1) has been in a rapid growth phase
with an estimated number of HIV-1-infected individuals rising
from 122 x 10° in 2000 to 283 x 10° in 2006, the intensive
introduction of antiretroviral therapy (ART) has been
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Japan. Tel.: +81 3 3202 7181x5642; fax: +81 3 3202 7198.
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inhibitor (NNRTTI) [1,2] and ART coverage of HIV-1-infected
individuals has increased from 1% in 2003 to 28.4% in 2007
[3—5]. At the same time, concern regarding drug resistance
has emerged [6].

HIV-1 reverse transcriptase (RT) is a heterodimer of two
subunits: a 66-kDa subunit (p66) and a 51-kDa subunit and the
p66 contains the N-terminal polymerase (codons 1—321), the
connection subdomain (codons 322—440) and RNase H
(codons 441—560). Although the majority of commercially
available genotypic and phenotypic assays have not targeted

1286-4579/$ - see front matter © 2010 Institut Pasteur. Published by Elsevier Masson SAS. All rights reserved.
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the C-terminal half of RT: the connection subdomain and
RNase H domains, certain mutations in this region have been
recently found to be associated with resistance to NRTIs and
NNRTIs [7—20]. Despite the accumulation of data on the
prevalence and mechanisms of mutations in the C-terminal
half of RT, most data are from subtype B viruses and little
information is available on those of non-B subtype. Since
amino acid sequence diversity in the pol gene is 10—15%
among subtypes [21—23] and the subtype have an impact on
drug resistance mutations [19—31], there is a need to deter-
mine whether inter-subtype diversity influences the spectrum
of drug resistance mutations in the C-terminal half of RT as
well.

Circulating recombinant form (CRF) O1_AE is the most
predominant subtype in Viet Nam [32—34] and accounting for
83% of all HIV-1 infections in Southeast Asia [28—34].
Recently, Delviks-Frankenberry demonstrated that the substi-
tution A400T, a common polymorphism in RNase H of
CRFO1_AE, is responsible for the high AZT resistance [16],
although A400T usually emerged after AZT exposure in
subtype B [19]. As well as A400T, we found a high frequency
of G335D and A371V in treatment-naive CRFO1_AE patients
[20]. Although G335D and A371V are assumed as common
polymorphisms in CRFO1_AE in the Stanford HIV Drug
Resistance Database [http://hivdb.stanford.edu/index.html,
accessed as late as July 20th 2010], they are thought to be
associated with AZT resistance in subtype B [7,11]. However,
the role of substitutions G335D and A371V in drug resistance
to NRTTIs has not been well characterized.

In the present study, we first investigated drug resistance
mutations of CRFOI_AE HIV-1 including the connection
subdomain and RNase H domain of RT from HIV-1-infected
patients failing ART. In addition, since we again found high
frequencies of the double mutation of G335D and A371V in
this population, we examined phenotypic resistance levels of
these mutations by using mutant recombinant viruses con-
taining G335D, A371V or both with or without TAMs, to
determine the impacts of these mutations on drug resistance.

2. Materials and methods
2.1. Study population

HIV-1-infected patients who had taken antiretroviral
therapy for more than 6 months at the National Hospital for
Tropical Diseases (NHTD) in Hanoi between October 1, 2007
and June 30, 2008, were enrolled in this study. Each partici-
pant provided a written informed consent. Plasma viral load
(pVL) was measured by the Cobas AmpliPrep-Cobas TagMan
system (Roche Diagnostics, Tokyo, Japan) and plasma
samples were stored at —80 °C for genotypic resistance
testing. When pVL was >1000 copies/ml, the patient was
defined as treatment failure and the frozen plasma was shipped
to the National Center for Global Health and Medicine
(NCGM) in Tokyo for genotypic resistance testing.

The study protocol was approved by the institutional ethical
review boards of NTHD and NCGM (IMCJ-H18-360) and by
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the ethics committee of the Vietnamese Ministry of Health
(#1468,1469/QD-BYT dated April 19, 2007).

2.2. Reagents and cells

AZT, stavudine (d4T) and didanosine (ddI) were purchased
from Sigma (St. Louis, MO). Lamivudine (3 TC) and tenofovir
(TDF) were purchased from Moravek Biochemicals, Inc.
(Brea, CA). Abacavir (ABC) was generously provided by
GlaxoSmithKline (Philadelphia, PA). Cos-7 and MAGIC-5
cells (CCRS5-transduced Hela-CD4/LTR-B-Gal cells) were
cultured and used as described previously [35].

2.3. Genotypic resistance and subtype analysis

Drug resistance genotyping was carried out by in-house
protocols in NCGM. In brief, total RNA was extracted from
plasma with a High Pure Viral RNA kit (Boehringer Mannheim,
Mannheim, Germany), followed by reverse transcription-poly-
merase chain reaction (PCR) with a One Step RNA PCR kit
(TaKaRa Shuzo, Otsu, Japan). Nested PCR was subsequently
conducted with a Prime STAR Max Premix kit (TaKaRa Shuzo,
Otsu, Japan) to amplify nearly the entire RT region (codons
1-560) and protease region. The primer sets for amplification of
the N-terminal half of RT (codons 1—318) were TI1-AE
[5'-AGGGGGAATTGGAGGTTT; nucleotides (nt) 2393—2410]
and T4-AE (5-TTCTGTTAGTGCTTTGGTT; nt 3422—3404)
for the first PCR, and T12-AE (5'-CCAGTAAAATTAAAGC-
CAG; nt 2574-2592) and TI5-AE (5-TCCCAC-
TAACTTCTGTATGTC; nt 3335—3315) for the second PCR.
The primer sets for amplification of the C-terminal half of RT
(codons 319—560) were 3120F-AE (5-TCTGATTTAGAAA-
TAGGGCAG; nt 3120—3140) and 4428R-AE (5'-GTGTGC
AATCTAATTGCCATAT; nt 4428—4407) for the first PCR, and
3240F-AE (5'-GGATATGAACTCCATCCTGA; nt 3240—3259)
and 4316R-AE (5'-GTGGCAAATTAAAATCACTAGCC; nt
4316—4295) for the second PCR. Primer sets for amplification of
protease were PRO1-AE (5'-CCAACAGCCCCACCAGC; nt
2152-2168) and PRO2AE (5-ATTTTCAGGCCCAATT
TTTGA,; nt 2711—2691) for the first PCR, and PRO3-AE (5'-
AGCAGGAGCAGAAAGACAAGG; nt 2213 to) and PRO4-AE
(5-CTGGCTTTAATKTTACTGGTA; nt 2592—2572) for the
second PCR. The PCR products were purified with QIAquick
PCR Purification Kit (Qiagen, Valencia, CA) and subjected to
direct sequencing with an ABI PRISM 3730 automated DNA
sequencer (Applied Biosystems, Foster City, CA). Amino acid
sequences were deduced with the Genetyx-Win program version
8.0 (Software Development, Tokyo).

Resistance-associated mutations in the N-terminal half of
RT were identified according to the International AIDS
Society Resistance-USA Panel revised in December 2009 [36]
and subtypes of HIV-1 in RT gene were determined by soft-
ware “Genotyping/NCBI” using BLAST algorithm [http://
www.ncbi.nlm.nih.gov/projects/genotyping/formpage.cgi].
Resistant mutations in the connection subdomain and the
RNase H domain of RT in the previous reports were deter-
mined if greater than three-fold increase of ECsy compared to
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that of NL4-3 was noted in the reports. Since all sequences of
the study participants belonged to CRF01_AE subtype, data
on frequencies of each mutation in the C-terminal half of RT
in CRFO1_AE and subtype B in treatment-naive patients was
obtained from the Stanford HIV Drug Resistance Database
[http://hicdb.stanford.edu/index.html, accessed as late as July
20th, 2010] for reference. Nucleotide sequences of the
C-terminal half of CRFO1_AE RT from 38 patients have been
deposited in the DDBJ database (accession numbers
AB545813—AB545850).

2.4. Construction of recombinant HIV-1 harboring
G335D and/or A371V with or without TAMs

To examine the influence of G335D and A371V on drug
susceptibility to NRTIs, we constructed mutant HIV-1
recombinants that included G335D, A371V or both with or
without TAMs. TAM-1 virus was constructed as combina-
tion of M41L, L210W and T215Y and TAM-2 as combina-
tion of D67N, K70R and T215F. Mutant recombinant
plasmid clones of the virus were generated by oligonucleo-
tide site-directed mutagenesis as described previously [10],
using pBS-RTwr, which contains the entire RT coding
sequences (amino acid position 14—560) and three silent
restriction sites (Xmal, Nhel and Xbal from the 5’ to 3’ end
of RT at codons 15, 267, and 560). After site-directed
mutagenesis, the mutated RT was ligated into pNIL4-3,
which contains the entire genome of HIV-1 and the same
silent restriction sites as pBS-RTwrt. The infectious virus
was generated by transfection of each molecular clone into
Cos-7 cells, harvested and stored at —80 °C until use.
Infectivity was measured as blue cell-forming units (BFU)
of MAGIC-5 cells. All mutations in recombinant viruses
were confirmed by full-length sequencing of the entire RT
coding region.

2.5. Drug susceptibility assay

Susceptibility to NRTIs was determined by using MAGIC-
5 cells as described previously [35] in more than three
experiments. MAGIC-5 cells were infected with diluted virus
stock (100 BFU) in the presence of increasing concentrations
of RTIs, cultured for 48 h, fixed and stained with X-Gal (5-
bromo-4chloro-3-indolyl-BD-galactopyranoside). The stained
cells were counted under a light microscope. Drug concen-
trations that reduced the cell count to 50% of that of the drug-
free control (ECsq) were determined by referring to the
dose—response curve.

2.6. Statistical analysis

Data are expressed as mean + SD. The Student’s t-test was
used to compare two groups of continuous variables and
a p-value less than 0.05 was considered statistically signifi-
cant. Statistical analyses were performed using SPSSII soft-
ware package for Windows, version 11.0J (SPSS Japan Inc,
Tokyo, Japan).

3. Results

3.1. Characteristics of patients failing antiretroviral
therapy

A total of 416 individuals on ART were consecutively
enrolled in the present study and their pVLs were assayed
between October 1, 2007 and June 30, 2008 at the NTHD in
Hanoi. Among them, 49 individuals were confirmed as treat-
ment failure by the definition described above and assigned for
genotypic resistance analysis. The characteristics of the 49
individuals are listed in Table 1. All patients had received AZT
or d4T plus 3TC combined with NVP, EFV or lopinavir/rito-
navir (LPV/r) at the time of enrollment. The most frequently
used combination was AZT, 3TC, and NVP, followed by d4T,
3TC and NVP. Protease inhibitors (PIs) were used by 17
(34.7%) patients, while the Vietnamese national ART guide-
line recommends d4T, 3TC plus 1 NNRTI for the first line
regimen [2]. This was probably due to the inclusion of patients
who had started ART when the guideline had not been issued
yet. The median duration of ART exposure was 2.98 years
(IQR 2.17-4.00).

3.2. Genotypic resistance patterns including C-terminal
domain of RT

We successfully amplified the N-terminal half of RT and
protease of all the 49 patients and C-terminal region of RT of
38 patients. The proportion of patients with at least one NRTI
resistance mutation in the N-terminal half of RT was 89.8%.

Table 1
Characteristics of patients failing antiretroviral therapy.
n =49 (%)
Sex, n (%)
males 33 (67.3)
females 16 (32.7)
Median Age, years (range) 31 (21—-50)
Risk of HIV-1 infection (multiple choice), n (%)
sexual contact 46 93.9)
intravascular drug use 20 (40.8)
CD4 count, median cells/mm?® (IQR) 145 (84—195)
Plasma viral load, median log copies/ml 4.23 (3.59—4.94)
(IQR),
Duration of prior ART, median years (IQR) 2.98 (2.17—4.00)
Experienced ART, n (%)
NRTI AZT 39 (79.6)
d4T 24 (49.0)
3TC 49 (100)
ddIl 7 (14.3)
ABC 2 4.1
TDF 2 4.1
NNRTI NVP 43 (87.8)
EFV 15 (30.6)
PI IDV 12 (24.5)
SQvV 6 (12.2)
LPVr 3 6.1)

IQR: interquartile range. ART: antiretroviral therapy. NRTI: nucleoside
reverse transcriptase inhibitor. NNRTI: non-nucleoside reverse transcriptase
inhibitor. PI: protease inhibitor.
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Of those, M184V was the most common (81.6%) and TAMs
were also observed frequently in 71.4%: M41L (22.4%),
D67N (24.5%), K70R (18.4%), L210W (14.3%), T21SF
(16.3%), T215Y (28.6%), K219E (12.2%) and K219Q (6.1%),
whereas K65R (6.1%), L74V (4.1%), Y115F (2.0%) and
mutations driven by Q151M complex (4.1%) were relatively
rare. Similar to previous reports on drug resistance in
CRFO01_AE [28—30], mutations classified into TAM type 2
(TAM-2): D67N, K70R, T215F and K219E/Q, were more
frequently observed than those of TAM type 1 (TAM-1):
M41L, L210W and T215Y/F (30.6% v.s. 26.5%), except for
a patient having only T215F. With regard to codon 215, T215F
were more frequently seen with other TAM-2 mutations (six
out of eight sequences that contain T215F), concurring with
the previous reports showing the introduction of T215F into
TAM-2 backbone increase relative fitness in the presence of
AZT but resulted in decreased viral fitness in TAM-1 back-
bone [37]. The resistance mutations of NNRTIs in the N-
terminal half of RT were detected in 79.6%. The most frequent
NNRTI-resistance mutations were YI81C//V  (32.7%),
K103N (26.5%) and G190A (26.5%). In 17 PI experienced
patients, no major mutations were found, but 9 minor muta-
tions were detected: L10I/V (11.8%), 113V (88.2%), G16E
(11.8%), K20R (17.6%), M361 (100%), L63P (29.4%), H6OK
(100%), V821 (11.8%) and 193L (8.2%). However, the muta-
tions in protease are considered as consensus amino acids in
most non-B subtype HIV-1 (I13V, M36] and H69K) or
common polymorphic mutations (L.10V, G16E, K20R, L63P,
V82I and 193L) and could not be determined as mutations that
emerged after treatment.

The frequencies of mutations in the C-terminal half of the
RT reported previously as NRTI or NNRTI resistance [7—20]
are described in Table 2. As shown, G335D (100%), N348I
(36.8%), A371V (100%), A376S (5.3%), E399D (28.9%) and
A400T (97.4%) were detected in the patients failing ART.
However, as we reported previously [20], G335D and A371V
were also commonly observed in untreated patients infected
with non-B subtype HIV-1 and the frequencies of G335D and
A371V in CRFO1_AE subtype shown in the Stanford HIV
Drug Resistance Database are 95.2% and 97.1%, respectively,
while those are rare in subtype B (G335D: 1.3%, A371V:
3.2%). A400T is also one of the known polymorphisms in
CRFO1_AE [16]. Therefore, it is unlikely that G335D, A371V
and A400T in this population were selected by ART exposure
or involved in the resistance mutations.

3.3. Drug susceptibility assay for mutant recombinant
HIV-1

To address whether G335D or A371V have an impact on
NRTT susceptibility depending on the pattern of TAMs, we
constructed recombinant viruses containing G335D and/or
A371V in the background of TAM-1 or TAM-2 by site-
directed mutagenesis. As shown in Table 3, G335D, A371V or
their double mutant did not increase the resistance levels to all
NRTIs by themselves. In contrast, as shown in Table 4, vari-
ants with G335D, A371V or both exhibited higher resistance to

68

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 CRFOI_AE Subtype B
n = 38
% (n) % %
G333 100 (38)
D 0 () 0 0.7
E 0 (] 0 7.5
G335 0 ()]
C 0 (V] 0 0.5
D 100 (38) 92.0 1.3
N348 57.9 (22)
I 36.8 14 0 0.5
T 53 2) 0 0
A360 97.4 €0
1 0 ) 0 0
\% 0 ()] 0 0.7
S 2.6 m 1.1 0
V365 100 (38)
I 0 (V)] 0 32
T369 94.7 (36)
I 0 0) 0 0
A 2.6 (€)) 19.3 33
A% 2.6 (€] 2.8 12
A371 0 )
v 100 (38) 97.1 32
A376 94.7 (36)
S 53 2) 1.7 5.8
E399 68.4 (26)
D 28.9 1) 2.6 14
K 2.6 ) 0 0.1
A400 0 )
T 974 (37) 89.2 253
L 2.6 (¢))] 0 1
Q475 100 (38)
A 0 ()] 0 0
Q509 974 37
L 0 ) 0 0
R 2.6 (€] 0 0

# Available from http://hicdb.stanford.edu/index.html.

® Resistance mutations reported previously [8—21] are indicated in bold.
Resistance was defined as greater than three fold increase of ECsg 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 ddl (7.2-fold), ABC (3.1-fold) and
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Drug susceptibilities of HIV-1 variants with G335D or A371V.

Mutation® ECso (uM)® (fold increase)

AZT d4T ddI 3TC ABC TDF
Wild Type 0.050 + 0.002 2.55 + 0.07 1.90 £ 0.17 0.45 £ 0.035 248 £ 0.21 0.020 £ 0.0023
335D 0.052 &£ 0.004 (1) 3.19+£0.14 (1.3) 456 +£020 (24) 04540022 (1) 2.71 +0.17 (1.1) 0.018 £0.0019 (0.9)
371V 0.047 £0.003 (0.9) 326+£0.17 (1.3) 530+0.02 (28 055+0.027 (1.2) 232+009 (0.9 0.027 & 0.0014 (1.3)'
335D/371V  0.052 £ 0.010 (1) 352 +£0.06 (1.4) 338021 (1.8) 0.65+£0.023 (1.5 239+012 (1) 0.025 4+ 0.0031 (1.2)

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

# See Materials and Methods for the construction of clones.

TDF (5.2-fold). Of note, the increased resistance levels to
AZT, d4T, ddI and TDF were greater in G335D/A371V in
TAM-2 background than that in TAM-1 background. Our data
suggest double mutant G335D/A371V in TAM-2 background
would have the most impact on NRTT susceptibility.

4. Discussion

In the present study, we described the drug resistance
mutations in the entire RT of CRF0I_AE HIV-1-infected
Vietnamese patients who had high pVL levels despite 6-month
ART. According to the criteria used for evaluation of drug
resistance proposed by Shafer et al. [38,39], correlations
between mutations and treatment should be confirmed by
extensive resistance surveillance. However, limited sequences
of CRFO1_AE in the connection subdomain and RNase H
domain of the RT have been available so far especially from
treatment-experienced patients [40]. Santos et al. [19] previ-
ously compared amino acid variations between treatment-
naive and treatment-experienced patients in connection
subdomain (280 naive vs. 230 treated) and RNase H domain
(334 naive vs. 234 treated). Although their study included
substantial number of patients, larger number of cases
belonged to subtype B (80—82% of treatment-experienced
patients) and the unique characteristics of CRFO1_AE,
accounting for only 10% of their study, could not be fully
assessed. Since our present study focused on CRFO1_AE
sequence alone, the data provide direct information on the
evaluation of drug resistance mutations in CRFO1_AE,
although sequences before ART initiation were not available.
The largest study to date exploring treatment-related mutation
in RT C-terminal site in CRFO1_AE infection is the report
from Thailand by Saeng-aroon et al. [40], in which signi-
ficantly higher frequencies of N348I, E399D, P537S and

Table 4

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
1542M were different from us: no patients in our study had
P537S and 1542M. Further studies are required to determine
the prevalence of drug resistance mutations in the C-terminal
half of RT in CRFO1_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, N348I, A371V, A376S,
E399D and A400T in treatment-experienced individuals with
CRFO1_AE infection. Of these mutations, N348]I 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 CRFO1_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, A376S 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

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

Mutation ECsp (uM) (fold change)

AZT d4T ddI 3TC ABC TDF
Wild Type 0.050 =+ 0.002 2.55 £0.07 1.90 £ 0.17 0.45 £+ 0.035 2.48 +0.21 0.020 + 0.0023
TAM-1 0.200 £ 0.016 4) 478 £030 (1.9) 535079 (2.8) 237 +£0.017 (5.3) 420£025 (1.7) 0.043 +0.0030 (2.2)
TAM-1/335D 0411 +£0.028 (8.2 6.63+0.05 (2.6) 5714057 (3.0) 2144009 (48) 3.17+0.23 (1.3) 0.024 &+ 0.0026 (1.2)
TAM-1/371V 0473 £ 0.052 (9.4)* 607 £0.12 (24) 630+048 (3.3) 245:+0.110 (55) 3.88:+£0.32 (1.6) 0.046 & 0.0018 (2.3)
TAM-1/335D/371V  1.160 + 0.078 (23.2)* 9.01 £0.20 (3.5)* 7.87 £ 0.35 (4.1)* 240 £ 0016 (5.4) 7.57 £057 (3.1)* 0.056 £ 0.0004 (2.8)

Boldface indicates an increase greater than threefold.
# Increases in fold change were significant compared to TAM-1 without G335D or A371V.
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Table 5

Drug susceptibilities of HIV-1 variants with G335D or A371V in the TAM-2 background.

Mutation ECsq (uM) (fold increase)

AZT d4T ddI 3TC ABC TDF
Wild Type 0.050 + 0.002 2.55 £ 0.07 1.90 £ 0.17 0.45 £ 0.035 248 +0.21 0.020 £ 0.0023
TAM-2 0.3960 4+ 0.076 (7.9) 6.18 £0.11 (24) 671 £057 (3.5 257 £0.089 (5.7) 297 £029 (1.2) 0.033 £ 0.0026 (1.7)
TAM-2/335D 2.6390 £ 0.396 (52.7)" 7.97 £047 3.1)* 574 +0.63 (3) 2.37 £ 0.082 (5.3) 10.43 + 041 (4.2)* 0.049 & 0.0014 (2.4)*
TAM-2/371V 1.0600 £ 0.131 (2L.1)* 829 £0.23 (3.3)* 6.00+0.64 (3.2) 2.58 £0.072 (5.8) 343 +021 (1.4) 0.036 & 0.0012 (1.8)

TAM-2/335D/371V  2.6340 + 0.132 (52.6)* 13.71 £ 0.76 (5.4)" 13.76 = 0.51 (7.2)" 2.45 + 0.062 (5.5)

7.57 £ 021 (3.1)* 0.105 £ 0.0030 (5.2)

Boldface indicates an increase greater than threefold.

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

subtype B (5.8%) and CRFO1_AE (1.7%) infected individuals
in the Stanford database. On the other hand, G335D, A371Vand
A400T were found in almost all the patients in our study.
Although these three mutations are thought to be related to
NRTI resistance in subtype B [7,11,16], they are common
polymorphisms of wild-type CRFO1_AE HIV-1 with preva-
lence of more than 90% in our previous study [20] and in the
Stanford database. Therefore, we conclude that G335D, A371V
and A400T detected in the present study were not selected after
treatment but had existed before the introduction of treatment.
Consequently, N348I was the only drug resistance mutation in
the C-terminal half of RT observed in our cohort of treatment-
experienced Vietnamese infected with CRFO1_AFE HIV-1.

Our results demonstrated that common CRFO1_AE poly-
morphisms G335D and A371V play considerable role in drug
resistance to NRTIs. Recent studies suggested that each of
G335D or A371V is associated with drug resistance; G335D
emerged after AZT exposure exhibits greater AZT resistance (8
to 53-fold over WT) when combined with TAM [11] and A371V
selected in the background of D67N and K70R by high
concentrations of AZT in vitro shows strong resistance to AZT in
the presence of TAMs [7]. In agreement with those reports, our
results showed that mutant containing G335D or A371V did not
increase the resistance levels to NRTIs by themselves but they
conferred higher resistance when combined with TAMs, espe-
cially to AZT (8.2—52.7 fold increase). Furthermore, we found
that the dual mutation G335D/A371V had the greater impact
than each single mutation on resistance in the presence of TAM.
As G335D and A371V always appear together in treatment-
naive CRFO1_AE, this finding is more critical for CRFO1_AE
HIV-1 infection than for subtype B infection. In addition, the
fold change increased by G335D and A371V was greater with
TAM-2 than that with TAM-1. Since TAM-2 is more frequent in
CRFO01_AE than in subtype B [28—30], this data is important for
CRFO1_AE HIV-1. Although the impact of G335D and A371V
was the greatest in AZT resistance and seemed to be minor
in other NRTIs’ resistance, the fold-increase in TDF of
G335D/A371V plus TAM-2 variant were above the clinical
cut-off values [43], which can cause treatment failure. As TDF
is often used in second line ART [2], this data is crucial
for decisions on the next therapeutic strategies for CRFO1_AE
HIV-1-infected patients failing first line ART. Since our
recombinant viruses were created with pBS-RTwr, which was
derived from subtype B RT but not from CRFO1_AE RT, our
results cannot be applied directly to CRFO1_AE infection.
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CRF0O1_AE/B recombinants have been emerged and highly
prevalent in Southeast Asian countries [32,44,45] and the
breakpoint analysis showed some CRF0O1_AE/B recombinants
consisted of subtype B N-terminal site and CRFOI_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 CRF01_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 CRF01_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
CRFO1_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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Abstract

Background The natural course of HIV-1 infection includes 10 years of an asymptomatic period before the
development of AIDS. However, in Japan, the disease progression process seems faster in recent years.
Methods The study subjects were 108 new patients with primary HIV-1 infection during the period from
1997 through 2007. We evaluated their clinical symptoms and laboratory data, and then analyzed disease pro-
gression in 82 eligible patients. Disease progression was defined as a fall in CD4 count below 350/uL. and/or
initiation of antiretroviral therapy.

Results Ninety percent of the patients were infected via homosexual intercourse. All patients had at least
one clinical symptom (mean; 4.75+1.99) related to primary HIV-1 infection, with a mean duration of 23.2
days (+14.8) and 53.3% of them had to be hospitalized due to severe symptoms. The mean CD4 count and
viral load at first visit were 390/uL (£220.1) and 4.81 logl10/mL (+0.78), respectively. None developed AIDS
during the study period. Estimates of risk of disease progression were 61.0% at 48 weeks and 82.2% at 144
weeks. In patients who required antiretroviral therapy, the median CD4 count was 215/pL (range, 52-858) at
initiation of such therapy. Among the patients with a CD4 count of <350/uL at first visit, 53% never showed
recovery of CD4 count (>350/uL) without antiretroviral therapy.

Conclusion Despite possible bias in patient population, disease progression seemed faster in symptomatic
Japanese patients with recently acquired primary HIV-1 infection than the previously defined natural course
of the disease.

Key words: HIV-1, primary infection, disease progression
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ease progression depends on various factors such as HLA

Introduction

The natural course of HIV-1 infection has been well de-
scribed in large cohorts from the United States and Europe
before the introduction of highly active antiretroviral therapy
(HAART); primary HIV-1 infection (PHI) is followed by a
clinical latency, usually lasting around 10 years, which pre-
cedes the eventual collapse of the immune system (1, 2).
However, there is a common feeling among clinicians at
present that the natural disease progression of recently in-
fected patients is faster than in previous years (3, 4). Dis-

type (5), concomitant infections (6, 7), and available medi-
cal resources (8). In addition to these factors, events occur-
ring during PHI could also determine the natural course of
the disease. Initial studies suggested that patients with more
symptoms related to primary PHI and longer duration of ill-
ness exhibit faster rates of progression to AIDS (9-13).
Plasma viral load at a set point is also an independent pre-
dictor of disease progression (14, 15). However, to deter-
mine the viral set point is sometimes difficult. Therefore, for
clinicians, the severity of clinical symptoms is the only pre-
dictor of subsequent disease progression. The latency be-
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tween the development of PHI and commencement of
HAART is also important in the present HAART era.

The main aim of this study was to evaluate the natural
disease progression of recently infected Japanese patients.
To determine whether or not the disease progression of re-
cently infected patients is accelerated, their CD4 decline was
compared with that of hemophiliacs infected before 1985 as
the first HIV-1 infection in Japanese.

Furthermore, we also evaluated the correlation between
initial CD4 count, viral load, and clinical events and subse-
quent changes in CD4 and/or time to start HAART in symp-
tomatic Japanese patients with PHIL

Patients and Methods

Study site and patients with PHI

This study was conducted at the AIDS Clinical Center
(ACC), National Center for Global Health and Medicine
(NCGM: formerly International Medical Center of Japan).
The NCGM (925 beds) is a tertiary general hospital located
in central Tokyo and the ACC is the main referral clinic for
treatment of HIV infected patients in Japan. As part of the
follow-up service, HIV-1 infected patients usually visit the
ACC on a monthly basis and CD4 count and viral load are
measured at each visit. In the present retrospective study, we
reviewed the medical records of 108 patients with PHI who
were newly diagnosed with PHI between 1997 through 2007
at the ACC. We had conducted a clinical trial of structured
treatment interruptions in patients with PHI from November
2000 through December 2002 and 26 patients were enrolled
in that trial (16, 17). In terms of the data of these 26 pa-
tients, only the initial clinical and laboratory data were in-
cluded in the present analysis, while all other data, such as
time to events, were excluded from this study. To compare
the natural CD4 decline of previously and recently infected
patients, CD4 counts of 42 Japanese hemophiliacs recorded
in the database in 1988 were analyzed as a previous control.
Japanese hemophiliacs were infected with HIV-1 through
contaminated blood products before 1985 (the estimated
mean year of infection was 1983). Therefore, CD4 counts at
the end of 1988 were the data at least 3 years after infec-
tion. In this comparison, the number of eligible recently in-
fected patients was 59 patients; untreated and CD4 count at
3 years after infection was available.

Definition of PHI

PHI was diagnosed based on the presence of the follow-
ing three criteria: 1) negative or incomplete western blot
finding at the first visit with subsequent change to positive,
2) negative or weakly reactive enzyme-linked immunosorb-
ent assay (ELISA) result for plasma HIV-1 RNA, and 3)
confirmed HIV-1 infection on the first visit with documenta-
tion of negative ELISA result within 6 months. Sympto-
matic PHI was defined as PHI accompanied by at least one
symptom related to acute retroviral syndrome, such as fever,
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lymphadenopathy, or skin rash.
Definition of disease progression

Disease progression was defined as fall in CD4 count be-
low 350/uL. and/or initiation of antiretroviral therapy. Spe-
cifically, patients with an AIDS-defined illness [listed under
Centers for Disease Control and Prevention (CDC) category
C], patients with AIDS requiring initiation of HAART, and
those with severe symptomatic PHI on HAART were de-
fined to have disease progression. The selection of a cutoff
value of 350/ul. for CD4 count was based on the fact that
treatment is generally indicated during the chronic phase of
infection when CD4 count falls below 350/uL (18). Patients
were considered to be in immunologic progression at the
first visit when the initial CD4 count was <350/ul. and
never subsequently reached 350/ul. For patients who
showed a spontaneous increase in subsequent CD4 counts to
=350/uL. (such recovery occurred within 3 months from the
first visit in all such patients), disease progression was set to
have started at the time when such change in CD4 count oc-
curred.

Statistical analysis

Continuous variables are presented as mean value = SD.
Categorical variables were presented as absolute numbers
and proportions. Time to events was analyzed by the
Kaplan-Meier survival curves, and compared using log-rank
test. For patients who did not experience the events de-
scribed above, data were censored at their last visit. To
evaluate the differences between patients groups, the Student
t test and ¥ test were used when appropriate. The relation-
ships between variables were analyzed by the Spearman
rank-over correlation test. Statistical significance was de-
fined as p<0.05. Data were analyzed using SPSS for Win-
dows (version 15, SPSS, Inc., Chicago, IL).

Results

Table 1 lists the demographics of the enrolled patients
with PHI. All patients had at least one documented symp-
tom consistent with PHI (median 5; range 1-11). Fever, cer-
vical lymphadenopathy, pharyngitis, and rash were found in
more than 50% of patients (Table 2). The mean duration of
symptoms was 23.2 days (SD +14.8). Fifty-eight (53.7%)
patients had to be hospitalized due to severe clinical symp-
toms. The initial viral loads in hospitalized patients were
significantly higher than those of non-hospitalized patients.
A longer duration of symptoms was associated with higher
initial viral load (R=0.31, p=0.002) (Fig. 1A), and lower CD
4 count (R=-0.22, p=0.03) (Fig. 1B). Consequently, a higher
viral load slightly was correlated with a lower CD4 count at
the first visit (R=-0.22, p=0.033) (Fig. 1C).

Disease progression was analyzed in 82 patients. None of
the patients had AIDS-defining events. Estimates of the risk
of disease progression were 50.6% at 24 weeks, 61.0% at
48 weeks, 67.0% at 96 weeks, and 82.2% at 144 weeks
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Baseline Characteristics of 108 Patients with Primary HIV-1

Infection in this Study
Total number  Hospitalized  Non-hospitalized
or mean (£5D) patients patients
Characteristics or % (n=58) (n=50) p
Age (year) 31.8+8.48 3249.07 314+7.82 NS
Sex
Male 102 56 46 NS
Female 6 2 4 NS
Predisposing factor
MSM 97 53 44 NS
Heterosexual 8 3 5 NS
IDU 1 0 1 NS
Unknown 2 2 0 NS
PMH of STD 75 (69.7) 44 (40.4) 31(29.3) NS
Syphilis 49 (45.5) 27 (25.3) 21(20.2) NS
Acute hepatitis A 11 (10.1) 6(6.1) 5(4.0) NS
Acute hepatitis B 36(33.3) 22 (20.2) 14 (13.1) NS
Amebiasis 10(9.1) 9 (8.0) 1D 0.035
Others 7(6.1) 2(2.0) 5(4.1) NS
No. of symptoms 4.75+1.99 4.98+1.94 4.48+2.04 NS
Duration of
symptoms (days) 23.2+14.8 27.8+13.1 18.0+15.1 0.001
Laboratory findings
CD4 count/uL 390.0:220.1 356.1£204.1 443,7+236.0 0.06
HIV RNA logio/mL 4.81+0.78 5.03+0.68 4.48+0.81 0.001
STI trial* 26 12 14 NS

*Patients enrolled in a clinical trial of structured treatment interruptions in recently
HIV-1-infected patients. Abbreviations; MSM: men who have sex with men, PMH of STD:
past medical history of sexual transmitted diseases, STI: structured treatment interpretations,
IDU: intravenous drug user, Others: genital herpes infection, chlamydial urethral infection

condyloma acuminata, NS: not significant

Data are presented as mean = SD or percentage (%) unless otherwise indicated

Table 2. Symptoms and Physical Find-
ings Observed in the Patients with >10%
Freguencies (n=108)

Symptoms and physical findings  frequency (%)
Fever 91
Lymphadenopathy 63
Pharyngitis 53
Rash 50
Diarrhea 37
Fatigue 32
Headache 26
Myalgia 20
Weight loss 19
Nausea 16
Appetite loss 14
Neurological sign 13
Hepatomegaly 13
Thrush 12

(Fig. 2). Eighteen of 34 (53.3%) patients with an initial CD
4 cell count below 350 cells/ul. had immunologic progres-
sion at the first visit. Their CD4 counts never increased
above 350/uL until initiation of HAART. Forty-eight
(58.5%) required initiation of HAART in this study. The
reasons for the initiation of HAART were severe clinical

symptoms related to PHI in 16 patients and immunologic
progression in 32 patients. The median CD4 count of those
patients at initiation of HAART was 215/uL (range, 52-858).

We analyzed the clinical course in 66 patients (excluding
26 patients who enrolled in a clinical trial of structured
treatment interruptions in PHI and 16 patients who received
HAART for PHI) to determine the factors associated with
disease progression. Half of these patients (33 patients) re-
quired hospitalization. As shown in Fig. 3A, the mean time
to disease progression of the hospitalized patients [57.4
weeks, 95% confidence interval (95%CI); 34.9-79.8 weeks]
was shorter than that of the non-hospitalized (33 patients,
94 4 weeks, 95%CI; 71-117 weeks, p=0.002). Among the 32
patients with CD4 count >350/ul at first visit, 24% had
documented disease progression within 1 year, whereas
among 34 patients with CD4 count <350/uL at first visit,
76.4% showed disease progression (Fig. 3B). The mean
times to disease progression for the two groups were 111.9
weeks (95%CIL; 92.8-131) and 395 weeks (95%CIL; 18.6-
60.5), respectively (p<0.001). Disease progression in 39 pa-
tients with high viral load (=5.0 logi/mL) was not signifi-
cantly different (p=0.41) from that in 27 patients with low
viral load (<5.0 logw/mL) (Fig. 3C). The number of symp-
toms was not significantly different in each group (Fig. 3D).
The mean time to disease progression was 69.8 weeks (95%
CI; 47.2-92.5) in patients with a high viral load and 80.4
weeks (95%CI; 54.9-105.8) in those with a low viral load.
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Figure 1.

Duration of symptoms (days)

Correlations among plasma viral load, CD4 count, and clinical symptoms. A; Plasma vi-

ral load correlated with duration of symptoms (R=0.31, p=0.002). B; CD4 count correlated inversely
with duration of symptoms (R=-0.22, p=0.033). C; plasma viral load correlated inversely with CD4

count (R=-0.2

2, p=0.033).
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Figure 3,

Progression-free survival among 66 patients according to rate of hospitalization, base-

line CD4 count, and viral load. No. at risk: the number of CD4 count >350/uL. or HAART naive pa-
tients. A; Solid line: patients who required hospitalization due to PHI, dashed line: patients who did
not require hospitalization (p=0.02, by log-rank test). B; Solid line: patients with CD4 count >350/
uL at first visit, dashed line: patients with CD4 count <350/uL (p<0.001). C; Solid line: patients with
viral load <5.0 logie/mL, dashed line: patients with viral load 25.0 logy/mL (p=0.41). Disease pro-
gression was defined as CD4 count <350/uL or initiation of HAART. D; Solid line: patients with the
number of PHI symptoms <4, dashed line: patients with the number of PHI symptoms 25 (p=0.7, by

log-rank test).

Comparison of percentage of recently infected patients with
CD4 counts >350/ul. at 3 years after infection and that of
hemophiliacs as the first HIV-1 infected population in Japa-
nese is shown in Fig. 4. The percentage (13.5%) of recently
infected patients was significantly lower than that (47.6%)
of Japanese hemophiliacs (p<0.001), clearly indicating the
rapid decline of CD4 count in recently infected patients.

Discussion

In this study, we demonstrated rapid disease progression
of symptomatic PHI Japanese patients in this decade. How-
ever, when we divided our study subjects into two groups
according to the first half (1997-2002) and the latter half
(2003-2007), disease progression of each group was not dif-
ferent (data not shown). In contrast, disease progression sur-
rogated with natural CD4 decline of recently infected pa-
tients was significantly accelerated compared with Japanese
hemophiliacs infected with HIV-1 before 1985. However,
there are two quite different backgrounds; one is the route
of infection and the other is the year of infection. Almost all

hemophiliac patients are also co-infected with hepatitis C
but do not have other sexually transmitted diseases (STDs).
In contrast, most patients in the present study were infected
via homosexual intercourse with many other STDs that may
facilitate acceleration of the disease progression (7). In the
present study, 69.7% patients had a past medical history of
STDs, and the mean number of STDs was 1.08/patient (0:
31.3%, 1: 374%, 2: 23.2%, 3: 8.1%). In this regard, most
published data on disease progression were obtained from
men who have sex with men (MSM) cohorts (1, 2). There-
fore, it is unlikely that the recent rapid disease progression
is due to Japanese MSM. Whether or not the rapid disease
progression in the recently HIV-1-infected Japanese can be
generalized is to be elucidated in future studies.

Some HLA types are protective against disease progres-
sion such as HLA-B57 (19) and HLA-B51 (20) because
HILA-restricted cytotoxic T Iymphocytes (CTLs) play an im-
portant role on viral control. On the other hand, virus can
easily escape from CTLs (17, 21). In some prevalent HLA
types, escape virus can transmit and accumulate in the popu-
lation (21). In this situation, some HLA types are no more
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Figure 4. Comparison of percentage of previously and re-
cently infected patients with CD4 counts >350/uL at 3 years
after infection. In this analysis, Japanese hemophiliacs (desig-
nated “hemophilia” in the figure) were regarded as a previ-
ously infected patient, because they were infected with HIV-1
before 1985. The number of hemophiliacs was 42 patients. The
eligible number of recently infected patients (designated *“re-
cent” in the figure) was 59 patients; infected with HIV-1 after
1997, unireated, and CD4 count at 3 years after infection.

protective. The HLA distribution is different in Americans
compared to Japanese. Another possible hypothesis for the
different disease progression is that Japanese hemophiliacs
were exposed to HIV-1 through contaminated blood prod-
ucts imported from US as the first Japanese population in-
fected with the virus around 1983. However, in recent years,
most HIV-1 infection in Japanese is transmitted from Japa-
nese patients. It can be postulated that current HIV-1 in Ja-
pan has adapted to the Japanese population, indicating ac-
quisition and accumulation of escape virus from immune
pressure of the otherwise protective HLA in Japanese popu-
lation (21). From a negative point of view, the situation is
similar to the epidemic of drug-resistance virus in treatment
of naive patients (22). The clinical relevance of the preva-
lence of immune escape virus in Japanese is a potentially
serious matter in terms of the natural course of HIV-1 infec-
tion.

In the present study, all patients have had at least one
symptom associated with PHI. During the follow-up period,
no patient developed AIDS, whereas around 70% of the pa-
tients experienced immunologic progression as defined by a
CD4 count <350/uL. It is noteworthy that the majority of
these patients exhibited immunologic progression within 3
years and, surprisingly, >60% of them were documented
within the first year. HAART was initiated in nearly 60% of
patients during this period, including initiation for PHI-
related severe symptoms in 20% of these patients. Previous
studies on PHI have suggested that the number, duration,
and/or severity of symptoms can predict faster disease pro-
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gression to AIDS (23, 24). Our findings are compatible with
these previous studies. Considered together, these results
suggest that the duration of illness rather than the number of
symptoms is more likely to be a major determinant of im-
munological progression. The estimated risks of disease pro-
gression were more than 50% by week 24 and 80% by
week 144. Comparison with those observed elsewhere dur-
ing the natural course of HIV-1 infection (24), these disease
progression rates are surprisingly high. Among the patients
with CD4 counts >350/pL at first visit, a quarter of them
showed disease progression within 1 year. In contrast, in pa-
tients with CD4 count <350/ul, three quarters of them
showed disease progression within the same period. Goujard
et al (25) suggested possible recovery of CD4 count after
the primary infection phase even in patients with very low
count because it fluctuates during that period. In contrast,
our results suggest that patients with a CD4 count of <350/
pL. during primary infection should be monitored carefully
because spontaneous recovery of CD4 cell count during pri-
mary infection was rare. This cautionary remark could also
apply to patients with a CD4 count of >350/uL. because they
exhibited nearly 60% risk of disease progression within 3
years. These observations may allow more targeted clinical
monitoring and timely initiation of HAART. The impact of a
short-term HAART during symptomatic primary infection
on the subsequent disease progression needs to be elucidated
in future study.

Although we included all recent seroconverters during the
study period, it could be argued that this study carries some
institution bias (i.e., a high proportion of cases with severe
disease). However, the present finding of a surprisingly
rapid disease progression in our patient population is new.
Whether or not the natural course of disease progression has
recently become accelerated in other countries or other co-
horts is a matter of great interest.
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