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This issue provides our annual review of the Conference on Retroviruses

and Opportunistic Infections, held this year from February 22 to 25 in

Boston, Massachusetts. In the first of 4 articles summarizing research pre-

sented at the conference, Mario Stevenson, PhD, reviews developments in

HIV basic science research. Next, R. Paul Johnson, MD, discusses advances

in HIV pathogenesis research and vaccine development. In the third arti-

cle, Judith S. Currier, MD, and Diane V. Havlir, MD, examine new findings

on metabolic complications of HIV disease and antiretroviral therapy.

Finally, Magdalena E. Sobieszczyk, MD, Angela K. Talley, MD, Timothy

Wilkin, MD, MPH, and Scott M. Hammer, MD, highlight new findings in

antiretroviral therapy, treatment strategies, and drug resistance. This last

topic is also separately addressed by the International AIDS Society—USA

(IAS—USA Drug Resistance Mutations Group, which in a special contribu-

tion presents an updated list of mutations in HIV-1 associated with resis-

tance to antiretroviral drugs.

The IAS—USA would also like to welcome 3 new members to its board

of directors: Carlos del Rio, MD, Joel E. Gallant, MD, MPH, and Roy M.

Gulick, MD, MPH.
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Developments in Basic Science Research

Mario Stevenson, PhD

Dr Stevenson is Professor in the Program in
Molecular Medicine and Director of the
Center for AIDS Research at the University
of Massachusetts Medical School in
Worcester.

Cellular Defense Factors

The initial discovery by the Malim labo-
ratory1 of the cellular defense protein
APOBEC highlights the conflict that
exists between viruses and their host at
the cellular level. Before the identifica-
tion of APOBEC, the cellular and
humoral arms of the immune system
were thought to be the major host
defenses against infections by viruses
such as HIV-1. Since the discovery of
APOBEC and more recently, the discov-
ery of another cellular restriction (TRIM
5α) by the Sodroski research group,2 it is
now becoming apparent that cellular
defenses exhibit antiviral activities that
oppose viral replication far more effec-
tively than the immune system. As such,
viruses have had to evolve mechanisms
that allow them to circumvent these
defenses so that they can replicate in
monkey and human hosts. Although
APOBEC was identified 3 years ago, how
it blocks viral infection and how the
virus defends itself from this restriction
is still generating surprises. APOBEC is
a cytidine deaminase that converts
cytosines within the minus strand of the
viral cDNA to uracils. When replicated,
this results in G-to-A hypermutations in

the plus strand of the cDNA. This con-
version is so severe that the viral cDNA
loses its integrity both in terms of stabil-
ity and in terms of its ability to encode
functional viral proteins.3

Given the presence of this potent cel-
lular defense protein, why do people get
infected? The answer is that the virus
has evolved a countermeasure, namely
the Vif protein, the function of which is
to remove APOBEC from the cell by
dragging it to the proteasome, where it is
degraded. To exert antiviral activity,
APOBEC must be packaged within virus
particles in order to subsequently influ-
ence the reverse transcription step in
newly infected cells, since the expres-
sion of Vif in target cells does not ame-
liorate the antiviral effects of APOBEC.
Until recently, the antiviral activity of
APOBEC was thought to be a conse-
quence of its enzymatic activity and that
Vif was efficient in clearing the way for
viral replication by depleting APOBEC
from the cell and preventing its incorpo-
ration into newly budded virions. Results
presented at the conference challenged
these views, and it now appears that
APOBEC may have antiviral activity that
is independent of cytidine deaminase.
This cytidine deaminase–independent
antiviral activity may be active against a
variety of viruses unrelated to primary
lentiviruses and, in addition, the Vif
countermeasure may be imperfect given
the frequent presence of G-to-A hyper-
mutations in viruses sequenced directly
from patient specimens.

In his Bernard Fields Memorial lec-
ture, Malim (Abstract 5) presented evi-
dence that APOBEC 3G mutants that
lack cytidine deaminase activity are
nonetheless capable of inhibiting HIV-1
replication. There are at least 11
APOBEC-related cytosine deaminases in
the human genome. APOBEC 3G and
APOBEC 3F have thus far been shown to
inhibit HIV-1 replication. In addition,
these APOBEC proteins are expressed in
cells relevant to HIV-1 replication, name-
ly lymphocytes and macrophages.
APOBEC protein family members con-
tain consensus cytidine deaminase
motifs, and specific residues that are
important for zinc coordination and pro-
ton transfer, which are crucial to enzy-
matic activity, have been identified.
APOBEC 3G contains 2 such cytidine
deaminase motifs. Malim presented evi-
dence that only the C-terminal active
site was necessary for the DNA-mutating
activity of APOBEC 3C. Nevertheless,
APOBEC 3G lacking this C-terminal
active site potently suppressed HIV-1
infection without inducing G-to-A hyper-
mutation. Although the mechanism
through which APOBEC 3G suppresses
HIV-1 infection independently of cyti-
dine deaminase activity remains to be
determined, this antiviral activity appears
to require the packaging of APOBEC pro-
teins into virions. As such, Vif is still
important in order to inhibit the cytidine
deaminase–independent antiviral activi-
ties of APOBEC.

There were more surprises regarding
the antiviral activity of APOBEC in one
study (Abstract 30). The study, conduct-
ed by the Green research group, origi-
nally set out to determine why cytoplas-
mic APOBEC is not active against
incoming virions. APOBEC 3G was
found to exist in a high molecular weight
ribonucleoprotein complex that does
not contain cytidine deaminase activity.
When this complex was treated with
RNAase, it was converted to a low molec-
ular weight complex that exhibited cyti-
dine deaminase activity. The investiga-
tors then looked at the form in which
APOBEC 3G exists in resting CD4+ T
lymphocytes and in primary undifferen-

Basic science research constitutes a steadily increasing part of the Conference on
Retroviruses and Opportunistic Infections, and the 12th conference arguably had
the strongest showing of basic science research. Presentations on cellular defense
factors dominated the basic science category, and some of the presentations pro-
vided a few surprises with regard to the mechanism by which the cellular defense
factor APOBEC counteracts HIV-1 infection. A second cellular defense factor has
been identified in the past year and a number of presentations focused on its mode
of action. Similarly, evidence for new cellular factors that positively promote viral
replication were presented. Novel findings relating to viral pathogenesis were fea-
tured at the meeting and some clarity was brought to the issue of the underlying
role of viral pathogenicity and immune activation in lymphocyte depletion. The
crystal structure of an unliganded SIV envelope was presented and has broad sig-
nificance in terms of understanding viral infection and generating better immuno-
gens for vaccines.
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Vif from interacting with the E3 ubiqui-
tin ligase complex, since this would pre-
vent APOBEC degradation and allow it
to exert antiviral activity even in the
presence of Vif.

It is clear that the Vif protein of pri-
mate lentiviruses has evolved to potent-
ly suppress the antiviral activity of
APOBEC, but there is accumulating evi-
dence that the ability of Vif to counteract
APOBEC is not absolute and as such,
viral genomes are influenced by
APOBEC proteins. The number of G-to-A
hypermutations in viral plus-strand
cDNA in the presence of Vif is higher
than in cells that do not express
APOBEC 3G (Abstract 5). Therefore,
even in the presence of Vif, APOBEC 3G
is still able to effect hypermutation of
viral cDNA. Another study (Abstract 29)
presented evidence that the virus may
have an additional mechanism to further
reduce the effects of APOBEC that
escapes Vif-mediated degradation. With-
in cells, DNA repair enzymes such as
uracil DNA glycosylase (UDG) prevent
misincorporation of uracil into DNA by
targeting hypermutated transcripts for
degradation. UDG has previously been
shown to bind to the accessory protein
Vpr of HIV-1, although the functional sig-
nificance of this interaction is not clear. 

Schröfelbauer and colleagues
(Abstract 29) demonstrated that HIV-1
Vpr, through its interaction with UDG,
limits C-U deamination by APOBEC 3
so as to increase the fidelity of viral
reverse transcription. These data illus-
trate that primate lentiviruses have
gone to extraordinary measures to limit
susceptibility to cytidine deaminase
imposed by APOBEC. Continuing this
theme, a study by Bourara and col-
leagues (Abstract 236) presented evi-
dence that the hypermutational activity
of APOBEC 3 on viral cDNA may facili-
tate viral evolution in vivo. Primate
lentiviruses rapidly evolve and, as a
result, can adapt to changes in the envi-
ronment as imposed, for example, by
antiviral pressure or immune surveil-
lance. Traditionally, the ability of HIV-1
to evolve is principally considered to be
a result of error-prone reverse tran-
scription. However, by direct sequenc-
ing of viral sequences in clinical speci-
mens, it is clear that there is an over-
representation of G-to-A mutations in
viral genomes. As such, these could
contribute to accelerated viral evolution
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tiated monocytes. These cells have long
been known to be refractory to HIV-1
infection, and an important question in
the field regards the nature of the block
that exists in these cells. Surprisingly,
APOBEC 3G in resting lymphocytes and
monocytes was present in a low molec-
ular weight complex, which was subse-
quently converted to a high molecular
weight complex when resting lympho-
cytes were activated or when monocytes
were induced to differentiate into
macrophages. The investigators then
used the technique of RNA interference
to modulate the expression of APOBEC
3G in resting lymphocytes. When small
interfering RNAase specific for APOBEC
3G were introduced into resting cells, the
block to HIV-1 infection was relieved.
This may shed light on the mechanism
by which HIV-1 infection is restricted in
resting lymphocytes and in monocytes.
It remains to be determined whether the
mechanism by which the low molecular
weight APOBEC complex in resting cells
blocks HIV-1 infection is analogous to
the mechanism by which cytidine deam-
inase–deficient mutants of APOBEC 3G
block HIV-1 infection. 

Continuing the theme of the mecha-
nism by which APOBEC modulates HIV-
1 infection, another study (Abstract 241)
characterized which APOBEC 3 family
members influence HIV-1 infection.
There are 7 APOBEC 3 genes (A3A
through A3G). A3B, in addition to A3F
and A3G, exhibited antiviral activity and
were specifically packaged into virions.
Surprisingly, A3F and A3G were sup-
pressed by HIV-1 Vif, but A3B was not.
The caveat to this study is that A3B does
not appear to be expressed in tissues rel-
evant to HIV-1 infection and as such
may not be able to influence viral repli-
cation in vivo. 

Studies attempting to gain insight
into the mechanism by which Vif blocks
the antiviral activity of APOBEC were
also featured at the conference. Two
(Abstracts 31, 32) presented some of
the cellular factors that are involved in
Vif-mediated targeting of APOBEC to
the proteasome. It is now becoming
clear that HIV-1 harbors a suppressor of
cytokine signaling (SOCS)-box–like
motif that mediates interaction with an
E3 ligase complex that is ultimately tar-
geted to proteasome. This information
could be valuable in terms of designing
small-molecule inhibitors that prevent

and may assist in allowing the virus to
rapidly evolve drug resistance or escape
from cytotoxic T cells or neutralizing
antibodies.

Adding to the excitement in the field
generated by the discovery of the
defense factor APOBEC 3G was the dis-
covery in the past year of a second cel-
lular defense called TRIM 5α by Sodros-
ki’s laboratory. As expected, research on
the mechanism by which TRIM 5α
opposes viral replication was well repre-
sented at the conference (Abstracts 34,
152LB, 174, 175, 231, 234). A central
feature of retroviruses and primate
lentiviruses regards their host-species
specificity, as illustrated by the fact that
these viruses frequently encounter early
blocks to infection after entering cells
from different species. For example,
HIV-1 does not efficiently infect monkey
cells, and with the discovery of TRIM 5α,
part of the mechanism by which mon-
key cells restrict HIV-1 infection is
becoming clearer. Research from a num-
ber of groups had established that HIV
infection of monkey cells is impaired
early after infection to the extent that
there is very little reverse transcription
in these cells. Therefore, it was suspect-
ed that cellular proteins in these mon-
key cells were impairing an early step
such as HIV-1 uncoating. To identify the
factor responsible, the Sodroski group
expressed a monkey cDNA library in
human cells and then challenged those
cells with an HIV-1 variant that carries a
fluorescent marker. They then identified
the genes that were expressed in cells
that resisted HIV infection (and that pre-
sumably expressed the monkey restric-
tion factor). This strategy led to the iden-
tification of TRIM 5α.

The details by which this protein
blocks HIV-1 infection are still being
worked out, but it is believed that TRIM
5α targets the viral capsid to interfere
with uncoating of the viral core and
release of genomic viral RNA following
infection. TRIM 5α belongs to a family of
proteins defined by a tripartite motif
consisting of RING, B-box 2, and coiled-
coil domains. The TRIM 5α contains a C-
terminal B30.2 (SPRY) domain and with-
in this domain are variable regions that
differ depending upon the species of ori-
gin. Research presented at the meeting
(Abstract 34) has shed light on why mon-
key but not human TRIM 5α blocks HIV-
1 infection. When only 3 amino acids
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within the first variable region of the
human TRIM 5α B30.2 domain were
altered to resemble monkey TRIM 5α,
the human chimeric TRIM 5α, which still
was more than 98% identical to the
human protein, potently suppressed HIV-
1 infection. Correspondingly, a single
amino-acid change in this region of
human TRIM 5α resulted in a protein
that potently restricted SIV infection.
These studies demonstrate the potent
effect of host genetics on viral replication
and, further, how cellular defense factors
have shaped viral genomes. The hope is
that this information will ultimately pro-
vide the rationale for novel therapeutics
that may accentuate the ability of human
TRIM 5α to interact with HIV-1 capsid
and block viral replication.

A number of groups previously
demonstrated that the species-specific
restriction to HIV-1 infection could be
modulated by a cellular protein called
cyclophilin A. It is now clear that
cyclophilin A is required for TRIM 5α-
mediated restriction of HIV-1 in cells
from Old World monkeys (Abstracts 175,
231, 232). Cyclophilin A is a peptidyl-
proliyl isomerase first identified through
its ability to interact with HIV-1 capsid.
Studies in which cyclophilin A was inhib-
ited by RNAase interference or was
knocked out by gene deletion revealed
that although cyclophilin A is packaged
within virions through its interactions
with the viral capsid, cyclophilin A in the
target cells and not in the producer cell
modulates viral infectivity, such that in
the absence of cyclophilin A, viral repli-
cation is enhanced in cells that manifest
TRIM 5α restriction.

Vpu is an accessory protein that is
specific to HIV-1 and a few SIV variants.
The role of Vpu in HIV-1 replication is
not fully understood. Its previously
reported activities include enhancement
of viral particle release and cooperation
with the viral envelope glycoprotein to
downregulate CD4 from the cell surface.
Studies presented at the meeting
(Abstract 178) suggest that Vpu over-
comes a dominant restriction to virus
assembly that exists specifically in
human cells. Thus, in heterokaryons
formed between human and African
Green monkey cells, HIV-1 assembly
was inefficient and Vpu enhanced
assembly. The human protein that
inhibits viral assembly and that is target-
ed by Vpu awaits identification.

Positive Cellular Cofactors

On the flip side of cellular factors that
oppose viral replication were presenta-
tions dealing with cellular factors that
promote viral replication. Over the past
2 to 3 years, perhaps the greatest under-
standing regarding the cellular machin-
ery that drives distinct steps in the viral
replication cycle have dealt with the
viral-budding step. During the process of
virus budding, a membrane fission
event allows the fully assembled virion
to detach from the plasma membrane of
the host cell. Cellular factors that are
required for this fission event were dis-
cussed in 2 studies presented (Abstracts
176, 177). Some of the cellular factors
that participate in virion budding also
play an important role in membrane
invagination events that are required for
detachment of a phagocytic vacuole
from the plasma membrane or for for-
mation of multivesicular bodies that are
involved in trafficking of processed anti-
gens through the cell (Abstract 116). The
identification of critical interactions
between structural Gag proteins of the
virus and cellular proteins involved in
vacuolar biogenesis points to novel tar-
gets for therapeutic infection.

Cellular factors that may play a role
in orienting the virus within the cell
prior to integration were also presented
at the meeting (Abstract 35). Arguably,
the least-understood aspect of HIV-1
replication regards factors that aid in its
translocation from the point of entry at
the cell membrane to cellular DNA with-
in the nucleus. To put this into perspec-
tive, if one considers a cell the size of a
football field, the viral cDNA with its
associated viral proteins (for example,
reverse transcriptase and integrase)
would be the size of a football. There-
fore, there has been suspicion that the
virus may use a roadmap in order to
ensure that it follows the appropriate
route to the center of the cell. Some data
(Abstract 35) indicated that proteins of
the inner nuclear envelope may be used
by HIV-1 as part of this roadmap. Evi-
dence was presented that the nuclear
envelope itself is required for efficient
HIV-1 infection but not for infection by
other retroviruses such as murine
leukemia virus (MLV). RNA interference
was used to silence the expression of a
number of inner nuclear envelope pro-
teins. Silencing of 2 nuclear envelope

proteins, namely barrier-to-autointegra-
tion factor (BAF) and emerin, did not
interfere with the ability of the virus to
localize the nucleus, but specifically
interfered with the ability of the virus to
integrate. Inefficient integration was
accompanied by an increased formation
of episomal cDNA, which are dead end
products of viral infection to the point
that almost all viral cDNAs in the nucle-
us were in the form of nonfunctional
episomes. A similar effect is seen when
infection is blocked by small-molecule
inhibitors of the integration step. The
authors propose that the inner nuclear
envelope facilitates the interaction of
incoming viral cDNA with cellular chro-
matin in order to prevent inactivation of
the viral cDNA by recombinases and li-
gases within the nucleus that promote
the circularization of viral cDNA. The
study also suggests that HIV-1 replica-
tion may be restricted to nondividing
cells. 

RNA interference is widely exploited
as a tool to regulate gene expression. As
such, it offers a valuable approach to val-
idating cellular cofactors of HIV-1 replica-
tion, since one can silence the expres-
sion of individual cellular genes and
gauge whether, in the absence of that
gene, viral replication is affected. Even
so, it is becoming clear that HIV-1 cofac-
tor validation is not trivial. A poster dis-
cussion session (Abstracts 220-227) was
devoted to making sense of the role of
LEDGF in HIV-1 replication. LEDGF is a
transcriptional coactivator that was
found to interact with lentiviral integras-
es in mammalian cells and was suggest-
ed to act as a cofactor for viral integra-
tion. However, the field has been unable
to reach a consensus on whether LEDGF
is a bona fide cofactor for viral integra-
tion. Silencing LEDGF by RNA interfer-
ence has produced conflicting results
ranging from a large impact on viral
infection to negligible impact, even
though biochemical data convincingly
demonstrate that LEDGF tightly interacts
with the viral integrase in mammalian
cells. The take-home message is that the
LEDGF-integrase association may be
required in a viral context that is not
reproduced with in vitro replication
assays. For example, data from the Bush-
man laboratory indicate that HIV-1 pref-
erentially integrates into active cellular
genes (Abstract 251). Although the
underlying mechanism by which HIV
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favors particular integration sites over
others is not understood, one possibility
is that components of the viral preinte-
gration complex, such as LEDGF, may
play a role in integration site selection. If
this is the case, the absence of LEDGF
may not result in measurable differences
in viral replication in simple in vitro cul-
ture systems.

Some presentations (Abstracts 257,
259, 260, 261) were aimed at under-
standing the factors that differentially
influence endosomal versus plasma
membrane budding of HIV-1. It has
been previously demonstrated that in
cells such as macrophages, viruses bud
more selectively at cytoplasmic mem-
branes than at the plasma membrane.
These studies underscore the notion that
endosomal assembly of HIV-1 may be a
regulated process that HIV-1 has evolved
to exploit. It remains to be determined
whether intracellular budding of HIV-1
offers a survival advantage by, for exam-
ple, providing a compartment in which
virions evade immune surveillance. 

Studies describing the structure of an
unliganded SIV envelope (Abstracts 7,
28) generated a lot of interest. The struc-
ture of the core domain of HIV-1 gp120
in a CD4-bound confirmation has previ-
ously been described. Now, with the
structural characterization of the core of
a CD4-nonbound SIV gp120, a better
understanding of the conformational
changes imposed by receptor binding
can be revealed. In the case of HIV-1,
envelope binding to CD4 causes a major
conformational change that exposes
coreceptor binding domains in the pro-
tein. This may be a mechanism that HIV-
1 has adopted in order to protect core-
ceptor binding domains from recogni-
tion by the host antibody response so
that these domains are exposed imme-
diately prior to coreceptor contact.
Therefore, structural characterization of
CD4-bound and -nonbound envelope
glycoproteins has important implica-
tions not only for the understanding of
the viral infection process but also for
the design of vaccine immunogens that
induce neutralizing antibodies to sensi-
tive coreceptor binding sites.

Pathogenesis 

A long-standing controversy in AIDS
pathogenesis regards the relative roles
of virus-mediated cell killing and indirect

cell killing in lymphocyte depletion.
Although HIV-1 is clearly recognized as a
cytopathic virus that rapidly destroys
CD4+ T lymphocytes in vitro, other pro-
cesses such as immune activation have
been proposed to play an important role
in accelerated lymphocyte turnover in
vivo. One presentation (Abstract 127)
reinforced the case for direct virus-medi-
ated cytopathicity in lymphocyte deple-
tion by pathogenic primate lentiviruses.
Studies in SIV-infected monkeys previ-
ously established that the gastrointesti-
nal tract is a principal site for viral repli-
cation. More recently, by characterizing
lymphocyte subsets in the gastrointesti-
nal tract and lymph node in acutely
infected individuals, it has been observed
that lymphocytes are rapidly depleted by
massive viral replication, which corre-
sponds with acute high-level viremia. 

In his plenary presentation, Douek
presented evidence that lymphocyte
depletion is directly due to viral cyto-
pathicity. Using polymerase chain reac-
tion (PCR) to quantitate the frequency of
HIV-1 infected cells, it was demonstrated
that during lymphocyte depletion in
acute infection, the majority of lympho-
cytes harbor viral DNA. These findings,
although not unexpected, have impor-
tant implications for the treatment of
HIV-1 infection, since the unrestricted
viral replication that occurs during acute
infection may be a defining event in the
natural progression of disease that dic-
tates viral set point (the steady-state
level of viremia that is achieved follow-
ing acute infection) and perhaps time to
onset of disease. As such, it will be
important to evaluate whether prophy-
lactic or early therapeutic intervention
prior to that interrupts this profound
acute replication, preserves the integrity
of gastrointestinal lymphocytes, and
affects viral set point and time to onset
of disease. 

Several studies (Abstracts 152, 153,
154, 155) investigated characteristics of
SIV infection in natural and nonnatural
host species that might explain the differ-
ential manifestations of disease in these
systems. In naturally infected monkeys
such as sooty mangabeys, SIV replicates
to extraordinarily high titers and pro-
motes accelerated lymphocyte turnover.
Despite this, there is no evidence for
AIDS-like symptoms and the mechanism
for lack of disease in these animals has
been a central question in the field.

Recent studies have suggested that high-
level SIV replication occurs in the absence
of generalized immune activation; in
pathogenic infections including HIV-
1–infected humans or SIV-infected rhe-
sus macaques, high-level viral replication
is accompanied by a generalized immune
activation. Staprans and colleagues
(Abstract 152) presented evidence that
differences in dendritic cell (DC) func-
tion may partially contribute to the dif-
ferential immune activation that is seen
in pathogenic and nonpathogenic pri-
mate lentivirus infections. There were
marked differences in DC maturation
between pathogenic and nonpathogenic
infection, which was reflected by
increased expression of CCR7 (which is
reported to play a role in immune cell
homing to lymphoid tissue). The authors
propose that this leads to accumulation
of mature DCs in the lymph nodes,
which leads to more extensive T-cell pro-
liferation in acutely infected rhesus
macaques. The authors also noted dif-
ferences in the response of rhesus and
sooty mangabey DCs to CpG and to acti-
vation by SIV. Collectively, these results
suggest that DC responsiveness may
play an important role in determining
the magnitude of the inflammatory
response that ultimately plays a role in
bystander cell damage characteristic of
pathogenic lentivirus infection.

The relationship between host-cell
activation and susceptibility to HIV-1
infection is a well-recognized feature of
primate lentivirus replication. Quiescent
lymphocytes are refractory to infection
and, upon entry into cell cycle (G1 phase
and beyond), these cells acquire suscep-
tibility to infection. As a result, factors
that affect the cell-cycle state of CD4+
lymphocytes can directly affect the
extent of viral replication. Both
macrophages and lymphocytes have
previously been reported to provide sig-
nals in trans that promote the ability of
neighboring lymphocytes to replicate
HIV-1. Dendritic cells capture virions
and transmit capture virions to neigh-
boring T cells while at the same time
providing a signal that induces those
cells to go into cell cycle. Infected
macrophages produce virions and solu-
ble factors that increase susceptibility of
neighboring lymphocytes to infection by
virions released from the infected
macrophages. In an extension of this
theme, one study (Abstract 148) demon-
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strated that CD16+ monocytes, which
are refractory to productive HIV-1 infec-
tion, can nevertheless transmit HIV-1 to
T cells in trans and at the same time
release soluble factors that increase their
susceptibility to infection. The authors
demonstrated that CD16+ monocytes
more efficiently capture and transmit
virions to activated CD4+ T cells during
cell-cell contact and release eotaxin-2
and MCP-1, which activate resting
CD4+ T cells, thereby rendering them
permissive to viral infection.

One issue that has attracted the
interest of a number of groups is
whether the HIV-1 envelope, upon
engaging receptor and core receptor
molecules, can engender signals that
influence susceptibility of the cell to
infection. In support of this, Balabanian
and colleagues (Abstract 200) presented
evidence that the viral envelope glyco-
protein exhibits similar signaling charac-
teristics to the CXCR4 ligand SDF-1. The
authors demonstrated that a CXCR4-
tropic gp120, when added to primary
CD4+ T cells, induced calcium mobi-
lization and activation of PI3K and MAP
kinases, as well as actin cytoskeleton
rearrangements and membrane ruffling.
Importantly, these effects were also
mediated by inactivated HIV-1 virions
containing conformationally intact enve-
lope glycoproteins. The authors propose
that envelope may mimic the action of
chemokines such as SDF1 so as to pro-
mote the recruitment of target cells and,
through the cytoskeleton effects, facili-
tate the uptake of viruses by target cells.
In a similar vein, another presentation
(Abstract 279) demonstrated that HIV-1
gp120 can elicit release of tumor necrosis
factor (TNF)-α by human macrophages
and that this stimulation is CCR5 depen-
dent and mediated through a PI3
kinase– and MAPK kinase–dependent
signaling pathway. The authors propose
that induction of TNF-α in this way may
play a role in processes such as AIDS-
related dementia in which HIV-1–infect-

ed microglia have been reported to
induce neuronal dysfunction through the
release of soluble neurotoxins. One study
(Abstract 278) suggested that CCR5 sig-
naling by R5-tropic virions increases the
efficiency of the viral replication upon
infection. Another (Abstract 146) present-
ed evidence that variation in gene copy
number of CCL3L1, an agonist of the viral
core receptor CCR5, influenced suscepti-
bility to HIV-1 infection. Of note, CCL3L1
copy number was only important in the
context of CCR5 genotype such that low
CCL3L1 copy number combined with
specific CCR5 (detrimental) genotypes
were associated with 4-fold differences in
the risk of acquiring HIV in the context of
vertical transmission.

Swingler and colleagues (Abstract
149) demonstrated that soluble factors
released by HIV-1–infected macrophages
not only influence CD4+ lymphocyte
function but can also directly impact B
lymphocyte proliferation and differentia-
tion. The authors presented evidence that
the viral nef gene induces release of fer-
ritin light chain, a protein with roles in
iron metabolism, and that L-ferritin
induces B-cell proliferation and differenti-
ation to immunoglobulin-secreting plas-
ma cells. The authors further demonstrat-
ed a direct correlation between plasma
ferritin levels in HIV-1–infected individu-
als exhibiting hypergammaglobulinemia
but not in SIV-infected monkeys that do
not exhibit hypergammaglobulinemia.
This correlated with the differential abili-
ty of HIV and SIV nef to induce ferritin
from infected macrophages in vitro.
Hypergammaglobulinemia is a well-rec-
ognized but poorly understood manifes-
tation of HIV-1 infection. The authors pro-
pose that B-cell dysfunctions in AIDS may
be attributable to the action of the viral
Nef protein in infected macrophages.

Financial Disclosure: Dr Stevenson has no
financial affiliations with commercial orga-
nizations that may have interests related to
the content of this article.
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New Insights into Envelope
Structure and HIV-specific
Neutralizing Antibodies

Designing strategies to foil the ability of
HIV to evade neutralizing antibodies rep-
resents one of the primary (and still elu-
sive) goals of HIV vaccine research. The
crystal structure of HIV-1 gp120 pub-
lished in 1998 analyzed the conforma-
tion of a modified envelope stripped of
most of its sugar residues and bound to
CD4 and to an antibody that mimicked
the chemokine coreceptor binding site
(ie, a liganded envelope). Although this
structure has been quite valuable for
advancing our understanding of HIV
envelope function, it does not provide
information on several key points,
including the structure of the envelope
in its native state prior to binding to
CD4, the point at which it is most sus-
ceptible to neutralizing antibodies.

Using crystals of a fully glycosolated
SIV gp120 (which was more stable than
the HIV version) stripped of the V1-V2
and V3 variable loops, the Harrison lab
determined the crystal structure of the
unliganded envelope (Abstract 7). The
most notable finding was the dramatic
conformational shift observed in the
inner domain of the unliganded enve-
lope compared with the previously
determined liganded envelope structure.

In the unliganded form, the tip of the
CD4 binding site is exposed at the top
of envelope. Following initial contact
with CD4, the resulting conformational
change brings together the other
residues of the CD4 binding site as well
as the chemokine receptor binding site,
locking in the remodeled envelope
around CD4, and exposing the newly
formed chemokine receptor binding
site. These changes shift a portion of the
V1-V2 loop that interacts with gp41,
thereby helping to release gp41 for sub-
sequent fusion with the host cell.

The investigators also identified a
deep hydrophobic pocket in the inner
domain of the unliganded envelope
where resistance mutations have been
mapped for a newly identified antiviral
compound (BMS-78806) that has been
shown to inhibit HIV entry. This class of
inhibitor is therefore likely to inhibit entry
by binding to this pocket and stabilizing
the unliganded form of gp120. Although
significant conformational changes in the
envelope were clearly anticipated prior to
the determination of this structure, the
availability of a 3-dimensional model to
visualize these changes should help guide
efforts to develop new means to interfere
with viral entry by pharmacologic or
immunologic means.

Another gap in our understanding of
envelope structure has been the lack of
solid information on the V3 loop, which
was deleted in the molecule used for the
previously reported crystal structure.
Kwong (Abstract 110) described recent
success in generating crystals of HIV-1
envelopes containing an intact V3 loop.

After screening different combinations
of gp120 core proteins with an intact V3
loop complexed with CD4 and different
antibodies able to bind to the envelope
only after CD4 binding (CD4-induced
antibodies), the Kwong laboratory iden-
tified a crystal that could be used for
structural analysis. Several features of
the resulting predicted structure of the
V3 loop in the context of an envelope
trimer help explain its relative immuno-
genicity, including the fact that this loop
is relatively exposed in the envelope
trimer and the lack of intermolecular
hydrogen bonds, a feature that confers
more flexibility on the loop to interact
with antibodies.

Only a handful of monoclonal anti-
bodies are able to provide relatively
broad neutralization of primary HIV iso-
lates. Based on the premise that elucida-
tion of the structure of these rare anti-
bodies could provide clues to the design
of modified envelope immunogens that
would be more effective in inducing
broadly neutralizing antibodies, the
structures of several of these antibodies
have been determined over the past sev-
eral years. However, to date, the hope
that this information would lead to bet-
ter vaccines has yet to be realized. Most
of these antibodies (notably b12 and
2G12) have relatively unusual structures
that are likely to be difficult to elicit by
immunization. However, Kwong high-
lighted the fact that the recently deter-
mined structure of the 2F5 monoclonal
antibody might provide a logical path to
a better immunogen. The antigen-bind-
ing region of 2F5 contains an extended
hydrophobic region that allows the anti-
body to bind to a hydrophobic region of
gp41 that is relatively close to the virion
surface. In fact, binding of 2F5 to the
HIV envelope is strongly enhanced by
the presence of membrane, suggesting
that presentation of the 2F5 epitope in
the context of membrane may be a key
factor in eliciting similar antibodies.

This observation suggests that use of
a modified envelope immunogen, which
is locked into place (by introduced disul-
fide bonds) and presented in the context
of a membrane (eg, by a virus-like parti-

New information on the crystal structures of the HIV and the simian immunodefi-
ciency virus (SIV) envelopes represented one of the scientific highlights of the 12th
Annual Conference on Retroviruses and Opportunistic Infections. Numerous presen-
tations also underscored the increasing recognition of the central role of gut-associ-
ated lymphoid tissue in AIDS pathogenesis and helped reveal a better understand-
ing of the multiple mechanisms underlying CD4+ T lymphocyte depletion in AIDS.
Progress on vaccine development was largely incremental but was strongly influ-
enced by the impact of an expanding array of flow cytometric assays that have
revealed significant functional and phenotypic differences in virus-specific CD8+
cells. The interplay between host cellular and humoral immune responses and virus
evolution was another prominent theme, and it underscored the challenge facing
host immune responses and vaccine developers in attempting to thwart an ever-
mutating virus.

HIV Pathogenesis and Vaccine Development
R. Paul Johnson, MD
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cle or proteoliposome), might be a more
effective means to induce antibodies to
this epitope.

Alternative approaches to under-
stand how to elicit broadly neutralizing
antibodies have focused on analysis of
antibodies in HIV-infected people that
bind to conserved functional targets,
such as the chemokine coreceptor bind-
ing site. Decker (Abstract 87) utilized a
novel approach to screen for antibodies
in patient sera able to bind to the
chemokine receptor binding site by
preincubating either HIV-1 or HIV-2
reporter viruses with soluble CD4 to
expose the coreceptor binding site.

These CD4-induced neutralizing anti-
bodies were able to mediate neutraliza-
tion across numerous HIV-1 clades and
even neutralization of HIV-2 at titers of
up to 1:100,000 or more. Competition
experiments with an antibody (19c)
known to bind to the chemokine recep-
tor binding site confirmed that this anti-
body activity largely or exclusively
reflected antibodies to the chemokine
receptor binding site. These results prob-
ably have greater significance for under-
standing of envelope function and evo-
lution than vaccine design, because
CD4-inducible neutralizing activity is
only detected after the virus binds to
CD4. Thus, the access of antibodies to
this binding site is stearically inhibited
following the interaction between HIV
and CD4+ target cells. However, these
data suggest that viruses are largely con-
strained to CD4 dependence in order to
avoid neutralization by these relatively
potent antibodies. 

Virtually all studies that have attempt-
ed to understand protective immunity
against HIV in humans have relied on
correlative studies, and there have been
relatively few opportunities to examine
the ability of specific immune responses
to block HIV replication in vivo. Trkola
(Abstract 94LB) investigated whether 3
potent neutralizing antibodies (2G12,
2F5, and 4E10) could suppress viral
rebound in HIV-infected subjects with
either acute (n=6) or chronic (n=8)
infection who underwent interruption of
their antiretroviral therapy. These anti-
bodies represent 3 of the 5 well-charac-
terized antibodies with broadly neu-
tralizing activity against HIV-1: 2G12
recognizes a carbohydrate epitope on
gp120; 2F5 and 4E10 both recognize
epitopes on highly conserved regions of

gp41. As noted above, these antibodies
are atypical, both with respect to their
structure and ability to mediate relative-
ly broad neutralization of multiple HIV
strains, and are not representative of
neutralizing antibodies found in most
HIV-infected subjects. The subjects, who
were preselected for HIV isolates sensi-
tive to these antibodies, received all 3
neutralizing antibodies 1 day prior to
discontinuation of antiretroviral therapy
and received weekly infusions for a total
of 12 weeks. The 8 chronically infected
patients had undergone previous treat-
ment interruptions, thereby allowing a
comparison of the increase in viremia
following monoclonal antibody treat-
ment with that observed following previ-
ous interruptions.

A significant delay in the rebound of
viremia was observed in 2 of the 8
chronically infected patients. The 6
acutely infected patients had such
rebound significantly later than did a ret-
rospective control group of patients with
acute HIV infection who underwent
treatment interruption and were not
treated with neutralizing antibodies.
Interestingly, the development of resis-
tance in the resurgent virus to the 2G12
monoclonal antibody was observed in 11
of 13 patients. Overall, 7 of 14 patients
had either a delayed or a decreased
rebound in viremia after interruption of
therapy. These data provide a proof-of-
principle demonstration of the ability of
neutralizing antibodies to help contain
viral replication in a subset of HIV-infect-
ed patients. However, the fact that rela-
tively high amounts of 3 potent neutral-
izing antibodies in a highly idealized
setting had no effect on viral rebound in
at least half of the study subjects serves
as a compelling reminder of the chal-
lenge of neutralizing HIV in vivo. Also,
the observation that evolution of resis-
tance to 2G12 occurred in some patients
without evidence of significant suppres-
sion of viremia suggests the possibility
that neutralizing antibodies might exert
selective pressure on envelope sequence
diversity while mediating only modest
suppression of viral replication.

The Guts of HIV Pathogenesis

Although CD4+ cell depletion has long
been recognized as the defining feature
of AIDS, the mechanisms that mediate
this relentless depletion have remained

controversial. In a plenary lecture, Douek
(Abstract 127) provided an insightful and
entertaining review of different mecha-
nisms contributing to CD4+ cell deple-
tion at different stages of HIV infection.
Several studies in SIV-infected monkeys
had previously documented depletion of
CD4+ cells in the gut within 2 weeks
after infection. However, there were
some who interpreted these studies as
representing peculiarities of the SIV/
macaque model rather than insights into
HIV pathogenesis. Recent studies in HIV-
infected patients, including one from the
Douek laboratory, have provided com-
pelling evidence for rapid and profound
depletion of CCR5+CD4+ cells in the
gut of patients in the first several weeks
of HIV infection. This depletion of acti-
vated CCR5+CD4+ cells occurs most
noticeably in the gut, the major reservoir
for activated CD4+ cells in the body, but
based on studies in macaques, also
occurs at other mucosal sites, including
the pulmonary tract and female repro-
ductive tract. Whether these cells are
killed by direct infection or indirect
mechanisms has been much debated.
Douek presented data from acutely
infected macaques documenting SIV
infection of 30% to 60% of memory
CD4+ cells. Although this high level of
infection was most striking in the gut, it
was also observed in peripheral blood
lymphocytes as well. Interestingly, mem-
ory CD4+ cells that appeared to lack
surface expression of CCR5 were also
found to be infected with SIV at relative-
ly high rates. These extraordinary rates
of infection are over 100-fold higher
than those observed in chronic infec-
tion. These data document the remark-
able finding that approximately 50% of
all the body’s memory CD4+ cells are
killed within 2 weeks after infection, a
loss which appears to be largely, if not
exclusively, due to the direct effects of
viral infection. 

However, distinct mechanisms appear
to contribute to the depletion of CD4+
cells during chronic HIV infection, in
which levels of infected memory CD4+
cells are much lower. Several mecha-
nisms contribute to the progressive
CD4+ cell depletion in chronic HIV
infection, including the induction of an
inflammatory state in lymph nodes
associated with the deposition of colla-
gen, suppression of thymic output, and
chronic immune activation with its asso-
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ciated increased rates of CD4+ and
CD8+ cell apoptosis. Douek also pro-
posed that breakdown of local immune
responses at mucosal sites could con-
tribute to chronic immune activation.
Taken together, these observations paint
a complex picture of CD4+ cell deple-
tion in AIDS, in which direct infection of
CD4+ cells leads to a substantial deple-
tion of memory CD4+ cells within the
first couple weeks of infection and in
which multiple direct and indirect mech-
anisms contribute to the depletion of
CD4+ cells during the chronic phase.

Protective Immunity Against
HIV: Lessons from Macaques

Lack of solid information on protective
immunity against HIV remains one of
the major impediments to the develop-
ment of an AIDS vaccine. Watkins
(Abstract 95) provided an overview of
insights into protective immunity from
studies in macaques. He rejected the
notion that it was realistic to expect that
an AIDS vaccine could provide sterile
protection and instead highlighted the
importance of trying to suppress viral
replication in the postacute phase of
infection to less than 1000 copies/mL, a
benchmark that would reduce transmis-
sion and significantly delay disease pro-
gression.

He also highlighted the fact that
macaques infected with attenuated
viruses such as SIV∆nef, which has pro-
vided some of the strongest protection in
the SIV/macaque model to date, are dis-
tinguished not so much by high-frequen-
cy CD8+ cell responses but by their rel-
atively high-frequency and broadly
directed SIV-specific CD4+ cell respons-
es. He further postulated that the induc-
tion of strong virus-specific CD4+ cell
responses would likely prove to be a cru-
cial characteristic of an effective AIDS
vaccine, especially with regard to the
ability of CD4+ cell responses to provide
help for antibody and CD8+ cell respons-
es. He also highlighted insights into the
role of CD8+ cell responses in control-
ling SIV replication gleaned from the
study of 161 macaques at the University
of Wisconsin. Of these animals, 11 were
termed elite controllers: animals able to
achieve sustained control of plasma
viremia to less than 1000 copies/mL.
Seven of these 11 animals express the
relatively infrequent major histocompati-

bility class I allele Mamu-B*17, which
has been shown to present a number of
relatively conserved SIV CD8+ cell epi-
topes. These animals do possess relative-
ly broadly directed SIV-specific CD4+
and CD8+ cell responses, but the fre-
quency of these responses does not nec-
essarily distinguish these animals from
other animals who have not achieved
long-term control of SIV replication.
Watkins postulated that there may be
distinct differences in the ability of SIV-
specific CD8+ lymphocytes specific for
different epitopes to suppress SIV repli-
cation both in vitro and in vivo, and that
these differences may be observed in
settings where no cytotoxic T lympho-
cyte (CTL) escape has occurred. 

Escape from HIV- and
SIV-specific CTL Responses

The ability of HIV and SIV to rapidly
mutate to escape CTL responses has
been well documented in numerous set-
tings. There is increasing evidence that
immune selection pressure is shaping
the sequence of HIV on a population
level as well.

Altfeld (Abstract 91) analyzed CTL
recognition of an HLA-A2–restricted epi-
tope in Vpr. Most HLA-A2–positive indi-
viduals do not generate a response to
the consensus sequence of this epitope.
However, a subset of individuals infected
with a less-frequent variant (I60L) did
mount a response against this epitope
that was detectable relatively early in
the course of infection. This I60L variant
epitope had a higher affinity for HLA-A2
and was better recognized by CTL than
the consensus sequence, suggesting that
this immunodominant epitope may
have already been lost due to virus
escape driven by the relatively common
HLA-A2 allele. 

A similar scenario was presented by
Leslie (Abstract 92), who demonstrated
a negative association between the pres-
ence of HLA-B*57/*5801 and conserva-
tion of a consensus glycine at residue 83
of Nef. Most previous studies on
immune escape from CTL have focused
on the documentation of a positive asso-
ciation between the presence of a spe-
cific HLA allele and a change from the
consensus HIV-1 sequence, whereas
these authors reported the opposite
effect—that is, the presence of a specific
HLA allele was associated with a preser-

vation of the consensus sequence. They
went on to demonstrate that the Nef 83
residue lies in a previously undefined
B*57/B*5801-restricted epitope and
appears to represent an escape mutation
that has increased in frequency to
become the consensus sequence. A sim-
ilar situation was demonstrated for an
HLA-B*51-restricted epitope. In several
instances, they documented transmis-
sion of these escape sequences to sub-
jects who lacked the restricting allele
and did not observe reversion of the
sequence, an observation that strongly
suggests that the presence of this muta-
tion does not exact a cost to the virus in
terms of decreased fitness. 

The dynamic relationship between
CTL escape and replication fitness was
reinforced by macaque studies reported
by Barouch (Abstract 131). Using a virus
stock derived from monkeys that
expressed the Mamu-A*01 major histo-
compatibility complex (MHC) class I
allele and contained an escape mutation
in the dominant A*01-restricted Gag
epitope p11c, Barouch observed consis-
tent reversion to wild-type p11c epitope
sequences in monkeys that did not
express A*01. These data confirm prior
reports that escape mutations in this epi-
tope exact a significant fitness cost to
the virus. Interestingly, in A*01-positive
animals, transient reversions to wild-
type p11c sequences were observed,
which then triggered an increase in the
frequency of CTL specific for this epi-
tope, followed by an increase in the fre-
quency of CTL escape variants. 

Taken together, these data reinforce
the notion that HIV and SIV have evolved
both in individuals and on a population
level to develop mutations in immun-
odominant CTL epitopes. The implica-
tions for vaccine design would be that
vaccines should attempt to elicit re-
sponses to epitopes for which escape
mutations exact a significant fitness cost
to the virus and are therefore less likely to
become fixed in the general population.

Natural Hosts of Primate
Lentiviruses

Natural hosts of primate lentiviruses,
such as sooty mangabeys and African
green monkeys, rarely develop immun-
odeficiency, despite viral loads that are
often as high as those in HIV-infected
people or SIV-infected macaques with
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AIDS. Notwithstanding the intense inter-
est surrounding this topic, the mecha-
nisms that underlie the lack of disease
progression in natural hosts of SIV
remain obscure. Previous studies from
several groups have shown that species
such as sooty mangabeys lack the gener-
alized immune activation and increased
T-cell turnover found in HIV-infected
humans or SIVmac-infected macaques.

One interpretation of the absence of
generalized immune activation in natural
hosts of SIV is that this reflects a marked
attenuation of the host response to SIV
and would be associated with weak or
absent SIV-specific CD8+ cell responses.
Two oral presentations presented differ-
ing views of this basic question.

Silvestri (Abstract 155) described the
results of intracellular cytokine staining
using lymphocytes from 74 infected
sooty mangabeys that were stimulated
with peptide pools corresponding to the
SIVmac239 Gag, Pol, Env, and Nef pro-
teins. Although SIV-specific CD8+ cell
responses were detected in 65% of all
animals tested, responses were low
(<0.2%) or absent in 78% of all ani-
mals tested. No correlation between the
magnitude of the CD8+ cell response
and plasma viremia was found.

In contrast, Wang (Abstract 154)
described a more robust SIV-specific
CD8+ cell response in naturally infected
sooty mangabeys using a combination of
enzyme-linked immunospot (ELISPOT)
and intracellular cytokine staining
assays. Positive ELISPOT responses to
SIV peptide pools were detected in 25 of
25 SIV-infected mangabeys studied, with
the highest responses observed to SIV
structural proteins. The overall magni-
tude of the total SIV-specific ELISPOT
response ranged from 240 to 5200 spot-
forming cells per 106 peripheral blood
mononuclear cells, a value comparable
to that obtained in SIV-infected rhesus
macaques.

Reasons for the apparently dis-
crepant results were not immediately
clear but may be related to the greater
sensitivity of ELISPOT assays in the
detection of responses in sooty
mangabeys. Although this group also
noted no correlation between the overall
magnitude of the response and the con-
trol of viremia, these results are in fact
similar to those observed in SIV-infected
macaques or HIV-infected humans.
Although these 2 groups arrived at dif-

ferent conclusions, their data on the
magnitude of SIV-specific CD8+ cell
responses were in fact overlapping
rather than diametrically opposed and
clearly documented that most infected
animals generate a significant virus-spe-
cific CD8+ cell response. This debate
highlighted the limitations of trying to
draw conclusions on the role of virus-
specific immune response by correlative
and phenotypic studies and emphasized
the need for additional interventional
studies such as CD8+ lymphocyte deple-
tion in these animals to better assess the
role of CD8+ cells. 

An alternative hypothesis to explain
the lack of immune activation and
CD4+ cell depletion in naturally infected
hosts suggests that the early interaction
of SIV with the host innate immune
responses and dendritic cells may differ
fundamentally from those observed in
susceptible hosts. Staprans (Abstract
152) analyzed differences in myeloid
and plasmacytoid dendritic cell subsets
during acute SIV infection of sooty
mangabeys and rhesus macaques. Acute-
ly infected macaques had significantly
higher levels of expression of the
chemokine receptor CCR7 on myeloid
and plasmacytoid dendritic cells, but lit-
tle CCR7 was observed on either den-
dritic subtype in acutely infected
mangabeys. Consistent with the known
role of CCR7 in mediating homing of
lymphoid cells to secondary lymphoid
tissue, there was a preferential accumu-
lation of dendritic cells in lymph nodes
of acutely infected rhesus macaques but
not in mangabeys.

A significant difference among
species was also observed in regard to
the response of their dendritic cells to
SIV stimulation. Both rhesus macaque
and human dendritic cells produced rel-
atively large amounts of interferon (IFN)-
α following stimulation with SIV, but
sooty mangabey dendritic cells had rela-
tively little response. These data suggest
that the lack of dendritic cell activation
and type 1 IFN production in SIV-infect-
ed sooty mangabeys may lead to an
attenuated inflammatory response and
a significant reduction of the indirect
bystander effects of SIV infection. The
relative lack of induction of a type 1 IFN
response to SIV infection was also veri-
fied by microarray analysis of peripheral
blood lymphocytes from uninfected and
infected mangabeys (Abstract 323). In

contrast, activation of type 1 IFN
responses was observed in lymphocytes
from HIV-infected subjects.

Previous work from Veazey and col-
leagues has demonstrated that the
intestinal tract is a major target for SIV
infection and CD4+ cell depletion in
SIV-infected macaques. Could the rela-
tive absence of these activated T cells in
gut-associated lymphoid tissue of natu-
ral hosts in part underlie their resistance
to immunodeficiency?

To address this issue, Veazey (Abstract
153), compared CD4 and CCR5 expres-
sion in lymphocytes from the intestinal
tract, lymph nodes, and blood of uninfect-
ed sooty mangabeys, African green mon-
keys, and rhesus macaques. As previously
reported, approximately 50% of T cells in
the intestines of macaques express CD4
and 50% of these CD4+ cells express
CCR5. However, less than 10% of T cells
in the intestines of African green monkeys
express CD4 and of these, only approxi-
mately 12% also express CCR5. The fre-
quency of CD4+ cells in the gut of sooty
mangabeys was higher than in African
green monkeys, but essentially none of
these cells express CCR5.

These observations suggest the
hypothesis that natural hosts of SIV
infection may have evolved to reduce
the number of CD4+CCR5+ cells in
gut-associated lymphoid tissue that
serve as the primary fuel for SIV replica-
tion. Although this observation would
initially appear to be at odds with the
fact that many of the natural hosts have
viral loads that are as high or higher than
those observed in susceptible hosts, it is
possible that viral replication in gut-asso-
ciated lymphoid tissue may be responsi-
ble for initiating the indirect effects of
CD4+ lymphocyte depletion. As sug-
gested by Douek’s plenary talk, this pro-
cess may be initiated by immune activa-
tion induced by increased mucosal
inflammation associated with the deple-
tion of mucosal CD4+ lymphocytes.

Update on the Quest for a Safe
and Effective AIDS Vaccine

Recent advances in HIV vaccine research
were highlighted in a symposium encom-
passing basic science, nonhuman pri-
mate trials, and human clinical trials. The
past decade has witnessed a significant
expansion in the number of viral vectors
able to induce cell-mediated immune
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responses. Johnson (Abstract 111) summa-
rized the strengths and shortcomings of
viral vectors currently under study as can-
didate AIDS vaccines.

Notable advantages of these vectors
include their track record in inducing
relatively robust cellular immune re-
sponses in mice and nonhuman pri-
mates, as well as their ability to deliver
multiple viral antigens. However, he
highlighted the challenge of overcoming
immune responses to these vectors
induced by prior administration or natu-
ral infection. This limitation has been
well documented in a trial of an aden-
ovirus serotype 5 (Ad5) HIV-1 Gag vac-
cine, which demonstrated a significant
decrease in the frequency of ELISPOT
responses in subjects with high levels of
titers of neutralizing antibodies to the
Ad5 vector backbone, especially when
administered at lower doses.

Several different options for over-
coming preexisting or induced antivec-
tor immunity are being pursued. In
some cases, the effect of preexisting
immunity can be overcome by increas-
ing the vector dose, as has been demon-
strated for the adenovirus vectors. How-
ever, the necessity of increasing the vac-
cine dose by 100-fold to 1000-fold has a
significant impact on vaccine cost and
production, as well as reactogenicity.

Alternative strategies that are being
pursued include the use of less-frequent
serotypes of viral vectors (eg, adenovirus
serotypes 11 and 35 or adenoviruses
from other species, such as chimpanzees)
and the use of viral vectors derived from
viruses that infrequently infect humans
(eg, vesicular stomatitis virus or Venezue-
lan equine encephalitis virus). A final
strategy that is being pursued is that of
boosting with heterologous viral vectors,
an approach that is currently being pur-
sued in a collaborative trial that is exam-
ining the immunogenicity of a combined
canarypox (ALVAC) and adenovirus vac-
cine regimen. 

McElrath (Abstract 112) summarized
CD8+ cell responses elicited in several
recent candidate AIDS vaccine trials. A
trial jointly sponsored by Oxford Univer-
sity and the International AIDS Vaccine
Initiative (IAVI) examined the safety and
immunogenicity of an HIV-1 clade-A
DNA vaccine followed by boosting with
an HIV-1 clade-A modified vaccinia
Ankara (MVA) vaccine in seronegative
volunteers. Although preclinical trials

with a comparable SIV construct yielded
significant levels of SIV-specific CD8+
cell responses in nonhuman primates,
the overall level of immunogenicity of
the HIV-1 clade-A constructs was dis-
appointing: regardless of the DNA dose
or the MVA boosting schedule, only 14%
to 20% of volunteers had a positive
ELISPOT response, and the majority of
these responses were not sustained.
More encouraging results have been
obtained with the human trials of aden-
ovirus vectors. McElrath particularly
highlighted recent results from the Ad5
Gag/Pol/Nef vaccine, which were also
reported in detail in a subsequent oral
presentation (Abstract 135). This vac-
cine was immunogenic in approximate-
ly 70% of subjects, and the majority of
responders developed a response to
more than 1 vaccine antigen. 

McElrath also addressed the issue of
heterogeneity of virus-specific CD8+
cell function. Although much of recent
AIDS vaccine development has been
focused on increasing the magnitude of
HIV-specific CD8+ cells induced by vac-
cination, she highlighted a number of
qualitative aspects of CD8+ cell function
that might affect efficacy, including the
breadth of responses, epitope avidity,
and their ability to home to mucosal
sites, as well as to proliferate following
antigenic stimulation.

As one approach to determine what
parameters of HIV-specific CD8+ cell
function might correlate with control of
viral set point after acute infection, 21
patients with primary HIV infection
were studied in detail with respect to the
magnitude, breadth, and avidity of their
HIV-specific CD8+ cell response. In fact,
none of these parameters correlated
with viral set point, and the functional
avidity of individual epitopes did not
correlate with the magnitude of the
response for a given epitope.

Although it remains unclear which
parameters of CD8+ cell function best
correlate with control of HIV replication,
McElrath underscored the finding that
HIV-specific CD8+ cells from long-term
nonprogressors typically maintain a high
perforin content and the ability to prolif-
erate following antigen stimulation. Thus,
although HIV-specific CD8+ cells general-
ly persist with disease progression and
retain the ability to secrete IFN-γ or tumor
necrosis factor (TNF)-α, their functional
characteristics with respect to prolif-

eration and cytolytic ability are often
impaired.

Although nonhuman primates have
served as a primary platform for preclin-
ical evaluation of AIDS vaccines, the abil-
ity of monkey studies to predict results in
humans has been a source of recurring
debate. Letvin (Abstract 113) reviewed evi-
dence as to whether results from nonhu-
man primate studies are likely to be pre-
dictive of either the immunogenicity or
efficacy of AIDS vaccines in humans. He
highlighted 2 studies—the Oxford/IAVI
DNA/MVA study described in McElrath’s
talk and a DNA/recombinant Ad5 study
sponsored by the National Institutes of
Health Vaccine Research Center—in
which disappointing immunogenicity
results had been obtained in humans. In
each case, although initial testing of sim-
ilar SIV vaccines had yielded promising
results in macaques, subsequent testing
of the HIV vaccine constructs that had
yielded poor results in humans also
demonstrated low levels of cell-mediat-
ed immune responses in macaques.
These results highlight the fact that HIV
immunogens should be evaluated for
immunogenicity in macaques even with-
out the ability to carry out an effective
challenge. 

Answering the question of whether
vaccine efficacy trials in macaques will
predict efficacy results in humans will
await results from additional phase 2B
or phase 3 efficacy studies of candidate
AIDS vaccines. There has been consider-
able controversy as to whether the use
of CXCR4-tropic simian/human immun-
odeficiency virus (SHIV) strains such as
SHIV 89.6p, which induces rapidly pro-
gressive depletion of naive CD4+ cells
in 2 to 4 weeks, are likely to serve as a
better predictor of vaccine efficacy in
humans than the use of CCR5-tropic
viruses such as SIVmac239 or SIV-
mac251, which induce a slower progres-
sion to AIDS over a period of 1 to 2
years.

Letvin presented data from a DNA
prime/adenovirus boost vaccine trial in
SIV-infected macaques using a regimen
that had previously generated significant
protection from disease induced by
SHIV 89.6p. When challenged with SIV-
mac251, vaccinated animals had an
approximate 1-log10 decrease in viral
load and improved survival. However,
only a modest and marginally statistical-
ly significant effect against CD4+ cell
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depletion was observed, in contrast to
dramatic protection against CD4+ cell
depletion induced by a similar vaccine
following challenge with SHIV 89.6p.

These results provide some encour-
agement that T-cell–based vaccines may
provide protection against disease in a
setting of challenge viruses such as SIV-
mac251, which appear likely to provide
a better model of HIV-induced disease in
people. However, they still leave open
the question of which of the different
SIV and SHIV challenge models is most
likely to predict results of vaccine effica-
cy in humans.

Most vaccine trials in nonhuman pri-
mates have focused on the use of a sin-
gle high-dose challenge. However, there
has been increasing interest in the use of
repeated low-dose mucosal challenges
that may better model the relative ineffi-
cient transmission of HIV through sexu-
al contact observed in humans. Butera
and colleagues (Abstract 134) analyzed
the ability of a DNA prime/MVA boost
regimen to protect against repeated low-
dose rectal challenge. Animals were vac-
cinated with the Gag, Pol, and Env anti-
gens of an HIV-1 CRF02_AG primary iso-
late using a DNA/MVA regimen previous-
ly shown to induce relatively strong cell-
mediated immune responses. Vaccinat-
ed animals and naive controls then had a
repeated low-dose rectal challenge with a
recombinant SHIV isolate expressing an
R5 clade-B envelope (SHIV SF162p3).

Although most vaccinated animals
were ultimately infected after repeated
intrarectal exposure to SHIV, there was
a significant increase in the number of
intrarectal exposures required to infect
the vaccine recipients as opposed to
naive controls. Naive controls were infect-
ed after an average of 3.5 rectal expo-
sures, but 44% of vaccinated animals
remained virus free after 10 intrarectal
exposures and 5 of these remained unin-
fected after a total of 18 exposures.

Vaccine Alternatives:
Microbicides and Preexposure
Prophylaxis

In light of the clear challenges to devel-
oping an effective HIV vaccine in the
next decade, there has been a resur-
gence of interest in microbicides. Veazey
(Abstract 128) reported on the ability of
a CCR5 coreceptor inhibitor (CMPD-167,
which is no longer in the clinical

pipeline) to block vaginal infection of
macaques with the R5 SHIV strain
162p3. Previous studies of a lower dose
of this compound had demonstrated
that a low intravaginal dose (0.6 mg) of
CMPD-167 was able to decrease peak
viremia in macaques but was only rarely
able to induce complete protection. Fol-
lowing a reformulation of the compound
to allow a 5-fold increase in dose, the
investigators observed complete protec-
tion from SHIV infection in 7 of 8 ani-
mals studied, whereas all 5 placebo-
treated control animals were infected.
The relatively high doses of this com-
pound (and other vaginal microbicides
such as PSC-RANTES) that are required
suggest that diffusion of these com-
pounds into the vaginal epithelium or
submucosa may be required for inhibi-
tion of viral entry. 

Promising preliminary findings for
an alternative microbicide approach
were reported by Cristofaro (Abstract
129), who demonstrated the ability of
liposomal delivery of small interfering
RNA (siRNA) to downregulate vaginal
expression of the nuclear membrane
protein lamin A/C (which was selected
as a proof-of-principle target) or CCR5 in
mice. Sustained downregulation was
observed for up to 7 days after a single
application. Although these results pro-
vide an encouraging demonstration of
the feasibility of using siRNAs as a
microbicide, practical questions related
to toxicity, cost, and optimal dosing
schedules will have to be addressed,
including nonhuman primate studies,
before this strategy can move forward to
clinical trials.

Although the concept of providing
preexposure prophylaxis to people at
increased risk for acquisition of HIV
infection has been controversial, given
the grim prospects of developing an
AIDS vaccine, this approach has received
increasing attention and provoked ongo-
ing controversy. Grant (Abstract 137)
reviewed the rationale behind preexpo-
sure prophylaxis. The planned or recent-
ly initiated clinical trials of preexposure
prophylaxis have employed tenofovir,
which has a number of characteristics
well suited for this purpose, including
once-daily dosing and an excellent safe-
ty profile.

Several trials of tenofovir in
macaques employing relatively high
doses (20-30 mg/kg) had demonstrated

essentially complete protection against
mucosal or even intravenous infection
with SIV. However, more recent studies
using lower doses of tenofovir (4-10
mg/kg/day) have demonstrated more
modest protection against oral or rectal
challenge, although they have still
demonstrated a statistically significant
reduction in the risk of infection per
exposure. Although several clinical trials
of preexposure prophylaxis employing
tenofovir have been planned or initiated,
controversy regarding these studies
has resulted in some of these studies
being cancelled, notably in Cambodia,
Cameroon, and Nigeria. Grant highlight-
ed the fact that the assessment of the
effects of preexposure prophylaxis
should extend beyond simply measuring
acquisition rates of HIV infection and
include assessment of the development
of viral resistance to the drug(s), potential
effects of drug resistance mutations on
viral replication and transmission fitness,
potential effects on risk-taking behavior,
and whether abortive infections might
induce immune responses that could sub-
sequently protect against infection (as
has been observed in macaque studies).

Given the controversy and difficult
ethical questions that have surrounded
these trials, it is also clear that involve-
ment of community members in the
planning stages of future studies of pre-
exposure prophylaxis will be a key factor
in their successful execution.

Therapeutic Vaccination

The prospect that immunization of HIV-
infected individuals could improve their
ability to contain viral replication has
generally offered more promise than
hard results. Two studies provided sup-
port for the ability of therapeutic immu-
nization regimens to improve control
over viremia but also highlighted the sig-
nificant challenges that this approach
faces. In a late breaker (Abstract 133LB),
Levy offered a report on the ANRS 093
trial through 100 weeks of follow-up.

In this trial, HIV-infected subjects
with CD4+ counts greater than 350
cells/µl and HIV-1 RNA levels less than 50
copies/mL were randomized to antiretro-
viral therapy alone or to antiretroviral
therapy plus immunization with the
canarypox vector ALVAC vCP1433 (which
expresses HIV-1 gag, pol, env, and nef)
and HIV-1 lipopeptides in association
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with low-dose subcutaneous interleukin
(IL)-2. All subjects then underwent a
treatment interruption at week 40 and
were restarted on therapy if HIV-1 RNA
levels rose to more than 50,000 copies/
mL at 4 weeks or more than 10,000
copies/mL at subsequent time points. In
the second phase of this trial, patients
who had resumed antiretroviral therapy
underwent a second treatment interrup-
tion with the restart criteria as defined
above. Vaccinated patients did have a
significant increase in their time off
treatment as compared with controls
(177 days vs 89 days) and also had
slightly lower levels of viremia during
the interruptions. Better control was
associated with a positive lymphoprolif-
erative response to one of the HIV pep-
tides used for vaccination and with
higher HIV-specific ELISPOT responses.

Although these results clearly docu-
ment the potential of this therapeutic vac-
cination regimen to enhance control of
viral replication in the setting of treat-

ment interruptions, the magnitude and
duration of benefit was relatively modest. 

Additional evidence for the potential
of therapeutic immunization was provid-
ed by a presentation from Pavlakis
(Abstract 132) on SIV-infected macaques
that received an SIV DNA vaccine while
on antiviral therapy. SIVmac-infected
macaques were treated with a combina-
tion of tenofovir, didanosine, and stavu-
dine for 13 to 23 weeks. During treat-
ment, the animals received intramuscu-
lar injections with optimized DNA vec-
tors, and in a subset of animals, with an
IL-15 DNA vector as well. Compared with
unvaccinated controls that underwent a
similar treatment interruption regimen,
vaccinated animals had an approximate
1-log10 decrease in viral load off therapy,
and a subset of 3 animals had prolonged
control of viremia off therapy. Animals
with better control had relatively high
levels of Gag and envelope-specific
ELISPOT responses. Although these
results also suggested that the benefit of

therapeutic immunization is generally
short lived, they do offer some hope that
more potent therapeutic immunization
regimens may be able to offer an extend-
ed drug-free period to at least a subset of
patients. Whether this increased period
of time off therapy will justify the effort
of therapeutic immunization is at present
unclear.
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Cardiovascular Risk

There continues to be great interest in
examining the relationship between
treatment with combination antiretrovi-
ral therapy and the risk of atherosclero-
sis. Several important analyses from the
D:A:D study, the largest prospective
study of cardiovascular risk in HIV-
infected patients, were presented at this
year’s conference. The mean exposure
time to combination antiretroviral thera-
py in this cohort is now 4.46 years. With
more than 76,577 person-years of fol-
low-up, 277 patients have experienced a
myocardial infarction (MI). The risk of
MI continues to increase with longer
exposure to therapy. The MI incidence
increased from 1.39/1000 person-years
of observation in those not exposed to
therapy, to 6.07/1000 person-years in
those exposed for 6 years or more (rela-
tive risk [RR] compared with no expo-
sure, 4.38 [95% confidence interval (CI),
2.39-8.04], P=.0001). The overall adjust-
ed risk of MI per additional year of com-
bination antiretroviral therapy exposure
is estimated to be 17% (1.17-fold [95%
CI, 1.11-1.24]). The MI risk associated
with treatment was similar in men and
women, and the relationship was similar
in younger and older patients (men >45
years and women >55 years). Adjust-
ment for lipid levels (total cholesterol,
high-density lipoprotein [HDL], and

triglycerides) reduced the association of
an additional year of combined antiretro-
viral therapy with myocardial infarction
to 1.10 (95% CI, 1.01-1.19). This finding
suggests that some, but not all of the
relationship between combination
antiretroviral therapy and MI risk is
explained by dyslipidemia. Of note,
these researchers found no association
between CD4+ cell count nadir or
lipodystrophy and future risk of MI
(Abstract 42). In another analysis, D:A:D
investigators noted that the prevalence of
cardiovascular risk factors does not
appear to be declining in the cohort, but
the incidence of MI appears to be on the
decline when examined by calendar
year; this suggests that higher-risk
patients may be adopting interventions
to reduce the rate of MI (Abstract 866).

A number of studies examined risk
factors for subclinical atherosclerosis
using noninvasive imaging such as
carotid intima-media thickness (IMT) or
coronary calcium as measured by com-
puted tomography (CT) scan. Mangili and
investigators from the Nutrition for
Healthy Living (NFHL) study investigated
the relationship between metabolic syn-
drome (MXS) and IMT and coronary cal-
cium scores in 327 HIV-infected subjects
in a cross-sectional analysis. MXS was
defined as having at least 3 of the fol-
lowing: abdominal obesity (waist circum-
ference >102 cm for men, >88 cm for
women); hypertriglyceridemia (>150
mg/dL); low HDL cholesterol (<40
mg/dL for men, <50 mg/dL for women);
high blood pressure (≥130/85 mm Hg);
or high fasting glucose (≥110 mg/dL).
The prevalence of MXS in this cohort was
23%, similar to the prevalence in other

cohorts of HIV-infected patients (26%;
Abstract 867). A higher proportion  of the
group with metabolic syndrome (17%)
had carotid IMT values greater than 0.8
mm, than did those without it (7%). In
addition, the presence of any coronary
calcium was also greater in the MXS
group, leading these authors to suggest
that interventions to reduce cardiovascu-
lar risk should be targeted with patients
with evidence of MXS. 

Longitudinal studies that include
measures of subclinical atherosclerosis
may help to determine which factors are
associated with progression (or regres-
sion) of disease over time. Thiebaut and
colleagues from the Agence Nationale de
Recherches sur le SIDA (ANRS) in France
reported on a 3-year study of carotid
IMT in 233 HIV-infected subjects. At
baseline, 59% of the cohort smoked and
the majority were on a potent antiretro-
viral regimen. After 12 months of follow-
up, the median carotid IMT increased
from 0.55 mm to 0.57 mm (P<.001).
After 2 more years of follow-up, the
median carotid IMT had significantly
decreased to 0.53 mm. During the 3
years of the study, a total of 94 subjects
discontinued protease inhibitor (PI) ther-
apy, 46 added lipid-lowering treatments,
and 24 quit smoking. In the last 2 years
of the study, smoking cessation was
associated with improvement in carotid
IMT in the univariate analysis only.
These results suggest that interventions
to reduce the prevalence of dyslipidemia
may reduce the risk of cardiovascular
disease in the HIV population and also
highlight the importance of smoking
cessation as effective intervention. This
study also underscores the importance
of controlling for smoking and other tra-
ditional risk factors when assessing the
relationship between HIV treatments
and atherosclerosis (Abstract 871). 

Maggi and colleagues previously
reported a higher prevalence of carotid
plaque, as measured by ultrasound, in
PI-treated patients than in nonnucleo-
side reverse transcriptase inhibitor
(NNRTI)-treated patients. This group
now reports follow-up in these same
subjects 1 year later (Abstract 863).

Metabolic, opportunistic, and other infectious complications of HIV infection and
antiretroviral therapy continue to be major areas of active investigation. This year’s
Conference on Retroviruses and Opportunistic Infections included many important
presentations on the clinical aspects of HIV complications. In each successive year, the
studies reported in the area of complications have matured and now include more
randomized trials evaluating interventions for the management of HIV complica-
tions and more well-designed observational studies with long-term follow-up. This
article will review new data presented on metabolic complications, including cardio-
vascular risk, lipid disorders and lipoatrophy, renal complications, hepatic complica-
tions (hepatitis B and C virus infections), tuberculosis, and other bacterial infections.

Complications of HIV Disease and Antiretroviral Therapy
Judith S. Currier, MD, and Diane V. Havlir, MD
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They found that a higher percentage of
the subjects who had abnormal mea-
sures at baseline in the PI group (24%)
showed new lesions, than did those with
previously normal measures in the
NNRTI group. No difference in the preva-
lence of new lesions was seen among
subjects who had normal measures at
baseline in the 2 treatment groups. The
role of PI therapy was also examined by
Knobel in a cross-sectional study that
measured carotid IMT (Abstract 862). In
this study, equal numbers of HIV-infect-
ed subjects who were deemed to be at
low risk (<5%), moderate risk (5%-
10%), and high risk (>10%) of coro-
nary events within 10 years using the
Framingham scoring system, were eval-
uated with ultrasound of the carotid
artery. Subclinical atherosclerosis was
defined as the presence of plaques in 1
or more sites. The prevalence of subclin-
ical atherosclerosis in relation to the
Framingham risk score group was
34.4% in the low-risk group, 70.6% in
the moderate-risk group, and 94.1% in
the high-risk group (P=.0001). In a mul-
tivariate analysis, PI use was identified
as an independent risk factor for the
presence of plaques after controlling for
Framingham score. 

Interventions for
Hyperlipidemia

PI Switching

Prospective studies have suggested a
lack of lipid elevations with the use of
atazanavir; however, there are limited
data on the safety and efficacy of switch-
ing therapy in patients whose virus is
suppressed on a PI regimen (including
those containing ritonavir) to atazanavir.
Sension and colleagues reported the pre-
liminary results of a trial in which sub-
jects on a PI regimen with HIV RNA lev-
els below 50 copies/mL and low-density
lipoprotein (LDL) levels above 130
mg/dL were randomized to receive
unboosted atazanavir (400 mg/d) or to
continue their initial therapy (Abstract
858). The primary endpoint was evalu-
ated at week 12. The decrease in lipid
levels was greater for the atazanavir
group than for the control group for LDL
cholesterol, total cholesterol, and triglyc-
erides, as well as apolipoprotein B and
lipoprotein a. Virologic suppression was
maintained, with exceptions in 2

atazanavir recipients and 1 control recip-
ient. Further follow-up of this trial is con-
tinuing to 48 weeks. 

In a complementary nonrandomized
trial, Martinez and colleagues described
their experience in substituting boosted
atazanavir for other PIs among 162 sub-
jects with 1 or more lipid abnormalities
(fasting triglycerides>500 mg/dL, total
cholesterol>200 mg/dL, or LDL>130
mg/dL; Abstract 850). The majority of
subjects were receiving another boosted
PI at entry. The proportion of patients
with triglyceride levels above 500 mg/dL
decreased from 33% to 10% (P<.0001),
the proportion with total cholesterol lev-
els above 200 mg/dL decreased from
90% to 51% (P<.0001), and the propor-
tion with LDL levels above 130 mg/dL
decreased from 65% to 36% (P<.0001).
Patients were not required to have an
undetectable viral load at entry, and after
6 months the proportion with HIV RNA
levels below 500 copies/mL increased
from 45% to 58%. Together these trials
confirm that substitution with atazanavir
(boosted or not) is a viable strategy for
improving elevated lipid levels; however,
a significant proportion of subjects
remain above current National Choles-
terol Education Program (NCEP) thresh-
olds after this change, suggesting that
other interventions may be needed. 

Nucleoside Reverse Transcriptase
Inhibitor Substitutions

Nucleoside reverse transcriptase inhibitor
(nRTI) substitutions have been examined
in an effort to reverse lipoatrophy. Moyle
reported the results of a study of 105
subjects with lipoatrophy while on
zidovudine- or stavudine-containing reg-
imens (Abstract 44LB). The primary
endpoint of the study was change in
limb fat as assessed by dual-energy x-
ray absorptiometry (DEXA) scan. Lipid
changes were examined as a secondary
endpoint. Virologic suppression was
maintained in both treatment arms.
After 48 weeks of follow-up, limb fat
increased in both study arms and there
was no difference between arms. Mean
changes in total cholesterol, LDL, and
triglyceride levels were significantly
more favorable in the tenofovir arm than
in the abacavir arm. 

Spanish investigators reported the
results of a small study of 56 patients
that compared the impact of dose reduc-

tion of stavudine (from 40 mg BID to 30
mg BID) with tenofovir substitution or
maintenance of full-dose stavudine on
lipid parameters and subcutaneous fat
(Abstract 857). Significant mean changes
in lipids were only detected in triglyc-
erides (+19 mg/dL for stavudine 40 mg,
–40 mg/dL for stavudine 30 mg, –133
mg/dL for tenofovir; P=.02) and total
cholesterol (+4 mg/dL for stavudine 40
mg, –4 mg/dL for stavudine 30 mg, –28
mg/dL for tenofovir; P=.04). Mean
changes in total and limb fat were also
seen in the low-dose stavudine and teno-
fovir arms, but the magnitude of the
improvement in limb fat was greater for
those randomized to tenofovir. Mean
changes in total fat (–597 g for stavudine
40 mg, +332 g for stavudine 30 mg,
+1005 g for tenofovir; P=.04) and limb
fat (–247 g for stavudine 40 mg, +77 g
for stavudine 30 mg, +440 g for teno-
fovir; P=.008) significantly differed
among groups. Viral load remained sup-
pressed in all subjects except for 1 on
the full-dose stavudine arm. Previous
studies have suggested a modest benefit
of adding the statin pravastatin or a fib-
ric acid drug to PI therapy for the treat-
ment of hypercholesterolemia (Aberg,
CROI 2004). Calza conducted the first
randomized trial in which the addition
of lipid-lowering therapy was directly
compared with antiretroviral substitu-
tion (Abstract 859). Subjects with viral
suppression (<50 HIV RNA copies/mL)
on a PI-containing regimen (N=142)
with mixed hyperlipidemia were ran-
domized to 1 of 4 arms: add pravastatin,
add bezafibrate, switch to nevirapine, or
switch to efavirenz. In an as-treated anal-
ysis, after 12 months of follow-up, a
greater reduction in total cholesterol and
triglyceride levels was observed in the
pravastatin and bezafibrate arms than in
the 2 NNRTI arms. Triglycerides decreased
by 41% and 47% for the pravastatin and
bezafibrate arms, respectively, compared
with 25% for nevirapine and 9% for
efavirenz. Total cholesterol decreased by
46% and 37% for pravastatin and bezafi-
brate, respectively, compared with 27%
and 10% for nevirapine and efavirenz,
respectively. When grouped together, the
lipid-lowering agents had a significantly
greater impact on both triglyceride and
cholesterol levels than did the NNRTI-
substitutions. Additionally, nevirapine
substitution led to a greater decrease in
both cholesterol and triglyceride levels
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than efavirenz did. This is the first clini-
cal trial that has directly compared the
approach of adding lipid-lowering thera-
py with a change in antiretrovirals, and
it appears that the lipid-lowering therapy
was more effective. The magnitude of
the decrease in cholesterol and triglyc-
eride levels (~40%) observed with lipid-
lowering therapy in this trial appears
greater than previously described in
other trials. 

Fish oils containing omega-3 polyun-
saturated fatty acids have been pro-
posed as a possible treatment for isolat-
ed hypertrigylceridemia in patients on
antiretroviral therapy. De Truchis and
colleagues reported the results of a ran-
domized double-blind trial in 122
antiretroviral therapy–treated patients
who had triglyceride levels greater than
200 mg/dL (Abstract 39). Patients
received 2 gm of a fish oil preparation 3
times per day or a placebo. Fish oil
preparations vary in the content of
omega-3 polyunsaturated fatty acids;
each 1-gm capsule of this particular
preparation contains 18% eicosapen-
taenoic acid (EPA) and 12% docosahex-
aenoic acid (DHA), which are standard
amounts. The study design compared
the fish oil preparation with placebo,
and was followed by an 8-week open-
label treatment period. In an intent-to-
treat analysis, treatment with fish oil
was associated with a 25% median
decrease in triglyceride level, compared
with a 1% increase with placebo
(P=.0033). Additionally, triglyceride lev-
els normalized (<200 mg) in 22.4% in
the fish oil arm, compared with 6.5% in
the placebo group. The initial decrease
in triglyceride levels was maintained
during the open-label period and no sig-
nificant safety concerns were identified.

Lipodystrophy

Patterns of Fat Changes

Ideally, studies designed to examine the
timing and patterns of peripheral and
central fat changes related to antiretrovi-
ral therapy should be longitudinal evalu-
ations conducted in the context of ran-
domized antiretroviral treatment, and
they should also include a population-
based control group. Two important lon-
gitudinal studies were presented, each
of which fulfills one of these criteria
(Abstracts 38, 849). Mulligan described

patterns of peripheral and central fat
changes in the 64-week metabolic sub-
study of the large AIDS Clinical Trials
Group (ACTG) treatment-naive study 384
(ACTG 384). Measurements included
waist and hip circumference in all sub-
jects and DEXA scans in a subset. The
proportion of subjects with an elevated
waist-hip ratio increased from 35% at
baseline to 47% at week 64, with signif-
icantly more subjects experiencing a
gain over time. The patterns of change
were mixed: one quarter of subjects had
an increase in waist measurement and a
decrease in hip measurement; one half
of subjects had an increase in waist cir-
cumference and no change in hip cir-
cumference; and one quarter had a
decrease in hip circumference only. This
mixed pattern of changes in regional fat
was also seen with the DEXA results.
Equal proportions (35%) of subjects
gained in both regions or lost fat in both
regions, but only 26% had the previous-
ly defined lipodystrophy phenotype of
central-fat gain with limb-fat loss. These
results suggest that there are several dis-
tinct patterns of fat change associated
with antiretroviral therapy. The changes
reported in this study were averaged
over a 64-week period, and it is possible
that certain types of changes occur at
different points in time. Further work is
needed to identify the factors that deter-
mine the pattern of change in fat over
time in individual patients. 

The second study reported on 4-year
follow-up data from men who have sex
with men (MSM) in the Multicenter AIDS
Cohort Study (MACS) who received
antiretroviral treatment compared with
a control group of HIV-uninfected MSM
also followed prospectively. Measure-
ments in this study included body mass
index (BMI) and circumference measure-
ments of waist, hip, and limbs (arm and
thigh). During the follow-up, BMI
increased in the control group but did
not change in the HIV group. Waist cir-
cumference increased similarly in both
groups; however, hip circumference
increased more slowly in the HIV group,
yielding a greater increase in waist-to-
hip ratio in the HIV group. Thigh circum-
ference increased in the control group
but decreased in the HIV group. In a
multivariate analysis, cumulative expo-
sure to nRTIs was associated with
decreases in circumference in waist, hip,
thigh, and arm, independent of PI use.

These results confirm some earlier
observations suggesting that some of
the increase in waist circumference
observed in patients treated with
antiretroviral therapy is due to normal
aging, and lipoatrophy is associated with
nRTI treatment. 

Interventions for Lipoatrophy

Previous studies have demonstrated
improvement in lipoatrophy when stavu-
dine (and to a lesser extent zidovudine) is
replaced with abacavir (Carr et al, JAMA,
2002; McComsey et al, AIDS, 2005). As
noted previously, Moyle (Abstract 44LB)
reported the results of a randomized
open-label 48-week study evaluating
changes in limb fat following substitution
of zidovudine (n=34) or stavudine
(n=71) with abacavir or tenofovir in 105
virologically suppressed patients on
antiretroviral therapy. Objective assess-
ments of limb fat were obtained using
DEXA scans. After 48 weeks of follow-up,
there was a statistically significant
increase in limb fat in both the abacavir-
and tenofovir-treated groups but no dif-
ference between the study arms. Bone
density was also evaluated and no differ-
ences were seen between the treatment
groups. A smaller, uncontrolled trial also
suggested an improvement in facial fat
after stavudine was changed to tenofovir
(Abstract 860). The results of this trial
suggest that these nonthymidine nRTIs
are effective in improving established
lipoatrophy, albeit slowly. 

Further evidence to support the
notion that abacavir is less likely than
stavudine to cause lipoatrophy was seen
in a randomized trial in which subjects
received either abacavir or stavudine in
combination with lamivudine/efavirenz
(Abstract 587). In a subset of subjects
who had DEXA scans performed at
baseline and at week 96, those random-
ized to abacavir had significantly more
limb fat than did the stavudine recipi-
ents. In addition, triglyceride levels were
lower in the abacavir-treated patients.
Virologic outcomes favored abacavir in
the intent-to-treat analysis, but no differ-
ence was seen between the study arms
in the as-treated analysis. 

Given the central role of nRTIs in the
development of lipoatrophy, it follows
that regimens that do not include drugs
from this class might be expected to
improve lipoatrophy. Tebas reported the
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results of an ACTG study of antiretroviral
patients who were randomized to the
“nRTI-sparing” regimen of lopinavir/
ritonavir and efavirenz or to efavirenz
plus 2 nRTIs (Abstract 40). After a mean
of 104 weeks, the median change in
limb fat in the nRTI-sparing regimen was
a 782 g gain, compared with a 900 g
loss in the nRTI arm (P=.0002). Unfor-
tunately, patients randomized to the
nRTI-sparing combination of lopinavir/
ritonavir/efavirenz experienced signifi-
cantly greater increases in triglyceride
and total cholesterol levels and had high-
er rates of virologic failure, as defined by
a combined endpoint. No differences in
bone density were noted between the
arms of this study. This proof-of-concept
study demonstrates that nRTI-sparing
antiretroviral regimens may help to
reverse lipoatrophy; however, more
work is needed to identify regimens that
are more lipid friendly.

Further evidence to support the effi-
cacy of nRTI-sparing regimens in revers-
ing lipoatrophy were presented by Mur-
phy (Abstract 45LB). This ACTG study
compared changing virologically sup-
pressed patients with lipoatrophy on an
antiretroviral regimen including either
zidovudine or stavudine to an nRTI-spar-
ing combination of lopinavir/riton-
avir/nevirapine with the strategy of sub-
stituting zidovudine or stavudine with
abacavir. In this trial, subcutaneous
thigh fat and subcutaneous adipose tis-
sue, as measured by CT scan, improved
significantly by week 24 in both groups.
Longer follow-up is ongoing to deter-
mine whether there is a difference in the
impact of these 2 approaches on rever-
sal of lipoatrophy. Collectively, these 2
studies provide the first evidence in ran-
domized trials to support the concept of
nRTI-sparing regimens for improving
lipoatrophy. 

Several previous randomized trials
have evaluated rosiglitazone for the
treatment of lipoatrophy. Although they
have varied by inclusion criteria, dose,
and duration of follow-up, the majority
have not suggested a significant change
in limb fat with this approach. A Canadi-
an trial of rosiglitazone performed in
subjects with lipoatrophy, which did not
require documentation of insulin resis-
tance, failed to demonstrate any evi-
dence of a slower rate of limb fat loss
with rosiglitazone (Abstract 854). Mallon
presented data that may help to explain

the lack of efficacy of rosiglitazone in the
presence of continued thymidine nRTIs
from his fat biopsy substudy of the Aus-
tralian rosiglitazone trial for lipoatrophy
(Abstract 41). In the original trial, sub-
jects were allowed to modify nRTI thera-
py, an approach that is now known to
lead to improvement in subcutaneous
limb fat. He compared the impact of
rosiglitazone on peroxisome proliferator-
activated receptor γ (PPAR- γ) expression
in subcutaneous adipose tissue in a
group of subjects who continued thymi-
dine nRTIs, compared with those who
had stopped the drugs. At week 2, only
those randomized to rosiglitazone in the
no-thymidine nRTI group experienced a
significant rise in PPAR-γ expression
(P=.046). Similar significant increases
in PPAR-γ coactivator 1 (PGC-1) expres-
sion were also observed in the rosiglita-
zone no-thymidine nRTI group. Of note
at week 48, PPAR-γ expression was sig-
nificantly higher only in the no-thymi-
dine nRTI group, independent of rosigli-
tazone treatment. These results suggest
that ongoing thymidine nRTI therapy
may hinder the ability of rosiglitazone to
increase PPAR-γ expression. Additionally
this study suggests that nRTIs may have
a direct effect on PPAR-γ as a mecha-
nism underlying the development of
lipoatrophy.

In August 2004, L-polylactic acid was
approved by the US Food and Drug
Administration (FDA) for treatment of
facial lipoatrophy in patients with HIV
infection. This absorbable material is
injected into areas of facial fat loss, and
short-term studies suggest that the pro-
cedure leads to improvement in the
appearance of lipoatrophy. Mijch and
colleagues reported on a 6-month open-
label study of polylactic acid designed to
quantify the impact of this treatment on
facial fat using photography, quality of
life measures, and spiral CT after injec-
tion of L-polylactic acid (Abstract 851).
Improvements in psychological and emo-
tional distress correlated with improve-
ment by photography. Local pain was a
common adverse event, but no subjects
discontinued treatment and overall the
procedures were well tolerated. Longer-
term follow-up data are needed to
ensure the long-term efficacy of this
approach; however, the short-term
results of this approach remain very
promising and offer the best immediate
improvement for patients suffering from

the effects of facial lipoatrophy. Unfortu-
nately, cost remains prohibitive for the
majority of patients. 

Hypertension and Renal Disease 

Uncontrolled studies have previous-
ly suggested a relationship between
antiretroviral therapy and the develop-
ment of hypertension. MACS investiga-
tors examined the relationship between
initiation of antiretroviral therapy and
change in systolic and diastolic blood
pressure in men with known normal
pre-therapy blood pressure values and
prospective follow-up measurements.
They found that initiating antiretroviral
therapy resulted in increased systolic
blood pressure; each year of therapy
was associated with a 0.6-mm increase
in systolic blood pressure. The risk for an
increase in blood pressure was greatest
for men with CD4+ cell counts below
200/µL (Abstract 872). A retrospective
analysis of factors related to the devel-
opment of 10-mm Hg increases in sys-
tolic or diastolic blood pressure was
reported by a group of University of
Washington researchers. Within a cohort
of 607 patients who had initiated ther-
apy, 10% developed a 10-mm Hg
increase in blood pressure or started
antihypertensive therapy during follow-
up. In contrast to the previous study,
they found no relationship between
CD4+ count nadir and risk for hyper-
tension, but they did identify treatment
with efavirenz or lopinavir/ritonavir as
independent risk factors for hyperten-
sion (Abstract 873). These studies add to
the growing body of evidence suggesting
a relationship between certain types of
antiretroviral therapy and the risk for
hypertension; however, more work is
needed to sort out the contributions of
specific antiretroviral drugs to hyperten-
sion risk.

In the pre-potent antiretroviral thera-
py era, there were several reports that
suggested a link between chronic HIV
infection and the development of pul-
monary arterial hypertension (PAH),
with some early case reports suggesting
that antiretroviral therapy might reduce
the risk of PAH. Rosenkranz and col-
leagues studied a consecutive sample of
patients treated with antiretroviral thera-
py to determine the prevalence of PAH
using 2D and Doppler echocardiogra-
phy. PAH was defined as mean pul-
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monary arterial pressure above 25 mm
Hg or systolic right ventricular pressure
above 30 mm Hg at rest. Surprisingly,
PAH was diagnosed in 15 of the 200
patients evaluated (7.5%), 8 of whom
were completely asymptomatic. These
findings suggest that clinicians should
have a low threshold to screen patients
with echocardiography who have symp-
toms of unexplained dyspnea. Larger
studies are needed to determine whether
more widespread screening of asymp-
tomatic subjects should be recommend-
ed and to identify risk factors for the
development of PAH in the setting of HIV
infection (Abstract 874). 

Microalbuminuria (MA) is a well-
described marker of renal disease that
has been noted to be common among
HIV-infected individuals. Investigators
from the Fat Redistribution and Metabol-
ic Change in HIV Infection Study (FRAM)
examined the prevalence of MA in a ran-
dom sample of 1027 HIV-infected indi-
viduals, compared with a population-
based control group. MA was present in
8% of HIV-infected patients, but only
2% of controls (P<.001). In a multivari-
ate analysis, HIV infection was found to
be an independent risk factor for MA
(adjusted odds ratio [OR], 4.5). Within
the group of HIV-infected patients, ele-
vated systolic blood pressure and
African American race were predictors
of MA. The relationship between MA
and future cardiovascular risk in HIV
patients remains to be determined
(Abstract 821).

A number of groups continue to
investigate the risk of renal dysfunction
in patients receiving antiretroviral ther-
apy, with a special focus on tenofovir-
containing regimens. Gallant examined
the change in creatinine clearance
among 344 tenofovir recipients com-
pared with 314 patients who received
other nRTIs. In this study, creatinine
clearance was calculated using the Cock-
croft-Gault equation. Median serum crea-
tinine increased by 0.15 mg/dL and 0.10
mg/dL in the tenofovir and nRTI groups,
respectively (P=.01). There was a statis-
tically significantly greater decline in the
median creatinine clearance in the teno-
fovir group (13.35 mL/min decline) com-
pared with the other nRTI group (7.5
mL/min decline; P=.005). Longer dura-
tion of therapy and CD4+ cell count
below 50/µL were risk factors for decline
in renal function. The authors of this

study noted that the change in creatinine
clearance, although statistically signifi-
cant, was small in size and of unclear
clinical significance (Abstract 820). Beck-
er and the CHORUS investigators exam-
ined rates of renal dysfunction among
tenofovir recipients by calculating
glomerular filtration rate using the follow-
ing formula: GFR = (196)*(serum creati-
nine mg/dL-1.154)*(age-0.203)*(0.742 if
female)*(1.212 if African American).
They reported that this may be a more
sensitive way to follow renal disease in
HIV-infected patients (Abstract 819).
Finally, MACS investigators examined
rates of chronic kidney disease (creatinine
clearance <60 mL/min) in HIV-infected
patients treated with antiretroviral thera-
py, compared with treatment-naive HIV-
infected MSM. They identified a higher
rate of chronic kidney disease in patients
on therapy than in untreated MSM or HIV-
uninfected controls. Among those on ther-
apy, tenofovir use appeared to be associ-
ated with a higher risk of creatinine clear-
ance below 60 mL/min (Abstract 818). 

Hepatitis C Virus Infection

Sulkowski reported that the progression
of liver fibrosis was much higher than
expected among a cohort of hepatitis C
virus (HCV)-infected patients with little
or no fibrosis on initial liver biopsy
(Abstract 121). In this study, liver fibro-
sis was evaluated on 2 biopsies a mean
of 2.8 years apart in patients without cir-
rhosis. Of these subjects, 84% had Ishak
fibrosis stage 0 or 1 upon first biopsy.
Subjects had a median age of 44 years,
21% had CD4+ counts below 200
cells/µL, 57% had HIV RNA levels below
400 copies/mL, and the estimated dura-
tion of HCV infection was 23 years.
Some of the patients had received prior
HCV treatment for brief periods of time.
A single pathologist read all biopsy
slides in a blinded fashion. At the second
biopsy, 13% of subjects had 2-stage
progression, and 14% had 3 or more
stage progression. Higher baseline HIV
RNA and elevated alanine aminotrans-
ferase (ALT) levels were associated with
increased risk of progression. In a sepa-
rate study, hepatic steatosis did not
progress in patients over a similar time
interval (Abstract 831). It is surprising
that such high rates of fibrosis progres-
sion were observed among this cohort
with minimal disease at baseline, and it

will be important to identify the factors
that identify the most rapid progressors.
These findings challenge current clinical
practice of delaying HCV therapy and
performing liver biopsy at intervals of 3
to 5 years in patients with stage 1 or no
fibrosis on initial biopsy. 

Although liver biopsies are consid-
ered the gold standard for evaluation of
the severity of liver disease, noninvasive
tests would be preferable, particularly if
tests are required at frequent intervals.
Sterling and colleagues evaluated the
performance of noninvasive tests to pre-
dict liver histology from patients enter-
ing the AIDS PEGASYS Ribavirin Interna-
tional Co-infection Trial (APRICOT) data
set, a randomized trial of 3 HCV treat-
ment regimens presented at last year’s
conference (Abstract 120). Five hundred
fifty-five of the subjects were assigned to
a “training set” and 257 subjects were
assigned to a “validation set.” Fibrosis
stage was collapsed into 3 categories:
mild (0-1 Ishak), moderate (2-3 Ishak),
and severe (4-6 Ishak). In the multivari-
ate analysis, aspartate aminotransferase
(AST) level, international normalized
ratio (INR), and platelet count distin-
guished subjects in the 3 groups. The
positive and negative predictive value of
various cutoffs of an index called “FIB-4”
was evaluated in the validation set. A
cut-off higher than 3.25 had a positive
predictive value of 65% and specificity
of 97% for severe liver disease. The FIB-
4 value did not perform as well in dis-
tinguishing patients with fibrosis scores
ranging from 2 to 6. Clinicians and
patients are eager for noninvasive tests
to assess liver disease, but much more
work is needed on these approaches
before they are ready to replace liver
biopsy in making important decisions
for clinical management. 

Accumulating data suggest that con-
trol of HIV disease with antiretroviral
therapy may slow HCV progression
(Abstract 947). In a prospective study of
231 injection drug users in an urban
cohort, risk factors associated with liver-
related morbidity and mortality were
examined from 2002 to 2004. There
were 22 events during the study period
(5.1/100 person-years of observation). In
a univariate analysis, Hispanic race and
CD4+ count nadir below 100 cells/µL
were associated with an increased rate
of HCV disease progression; HIV RNA
level below 75 copies/mL was associated
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with a decreased rate of progression. In
the multivariate analysis, CD4+ count
nadir below 100 cells/µL was associated
with a 20-fold increase in the rate of hep-
atic events. Starting effective antiretrovi-
ral therapy before the CD4+ nadir is
below 200 cells/µL is associated not only
with AIDS-related complications but
with increased risk of liver-related mor-
bidity and mortality in the HCV popula-
tion. The important clinical question of
the optimal timing of antiretroviral and
HCV therapy in coinfected patients will
require large, randomized clinical trials. 

Studies of HCV-monoinfected and
HIV-coinfected patients suggest that
HCV causes neuropsychiatric changes.
Tucker hypothesized that treatment of
HIV could improve neurocognitive
deficits attributed to HCV in coinfected
patients (Abstract 949). Investigators per-
formed repeated measures of neurocog-
nitive functioning tests before and after 6
months of antiretroviral therapy in 32
subjects with HIV infection and 14 sub-
jects with HIV/HCV coinfection. HCV/HIV-
coinfected patients had higher rates of
impaired visual memory and cognitive
function than HIV-monoinfected sub-
jects at baseline. Antiretroviral therapy
did not cause a statistically significant
improvement in neurocognitive function
in this small study with relatively short
follow-up. The individual and combined
benefits of HIV and HCV therapy on neu-
rocognitive function merit further study. 

Standard treatment for HCV includes
pegylated interferon alfa and ribavirin.
Clinical trials have utilized various dosing
regimens for ribavirin, and the optimal
dose to maximize efficacy and minimize
toxicity is not clear. Renden and col-
leagues measured ribavirin levels at week
4 and 12 in patients receiving weekly
peginterferon alfa-2a plus 800 mg to
1200 mg of ribavirin daily (Abstract 929).
Ribavirin levels showed significant inter-
patient variation but were stable within
patients between week 4 and 12. Rib-
avirin dose was associated with serum
levels only when adjusted for weight.
Higher levels of ribavirin were associated
with greater short-term virologic
response, but also with greater drops in
hemoglobin. Zidovudine was also an
independent predictor of anemia. This
study supports weight-based dosing of
ribavirin and suggests that ribavirin
exerts important early virologic activity. 

In another presentation evaluating

optimal ribavirin plasma levels in
patients receiving HCV treatment,
Breigh and colleagues measured plasma
concentrations of ribavirin 6 and 12
hours post doses at 8 time points over a
year of therapy (Abstract 928). They
extrapolated the maximum concentra-
tions (Cmax), minimum concentrations
(Cmin), and areas under the concentra-
tion curve (AUC) from these measure-
ments. In a multivariate analysis, higher
Cminwas associated with higher virologic
response (viral suppression 24 weeks
after discontinuation of HCV treatment).
Based on this data set, the authors pro-
posed that ribavirin should be dosed by
weight and that plasma concentrations
should be maintained above 1 ug/mL. 

Higher ribavirin levels are associated
with better virologic response rates dur-
ing HCV treatment, but also with higher
rates of toxicity, which may necessitate
dose reduction. Alvarez and colleagues
retrospectively evaluated the records of
217 patients receiving weekly peginter-
feron alfa-2a plus 800 mg to 1200 mg of
ribavirin daily to determine if anemia
and epoetin alfa use were higher in
zidovudine recipients (Abstract 927).
Hemoglobin-level declines of more than
5 g/dL were significantly more frequent
in zidovudine recipients (13%) than in
controls (3%; P<.01). Ribavirin dose
reduction was also more common in
zidovudine recipients (47%) than in con-
trols (17%; P<.0001). By week 12, 47%
of zidovudine recipients were receiving
epoetin alfa, compared with 12% of
controls. Hemoglobin levels were similar
in both groups at week 12, as were
week-12 virologic suppression rates.
This study shows that hemoglobin can
be maintained with a combined strategy
of ribavirin dose reduction and use of
epoetin alfa in zidovudine recipients.
However, in view of the importance of
ribavirin levels to both short- and long-
term virologic response, additional stud-
ies are needed to determine the optimal
clinical approach to patients who require
both zidovudine and ribavirin, including
those with low CD4+ cell counts. 

Treatment of acute HCV in HIV-unin-
fected patients is associated with treat-
ment response rates greater than those
seen during chronic infection. There
were 2 conflicting reports on acute HCV
treatment outcomes among HIV-infect-
ed subjects at the conference this year.
Chaix reported outcomes in 12 patients

with acute HCV. One important epidemi-
ologic point from this study was that all
patients in this series reported MSM as
their only risk factor for HCV (Abstract
122). Ten of these 12 had genotype 4d
virus, which clustered to single variant
on phylogenetic analysis. Ten of 12
patients were asymptomatic. The
patients received a variety of treatment
regimens, including interferon alfa or
pegylated interferon alfa, sometimes in
combination with ribavirin. Treatment
was started a mean of 50 days from
time of diagnosis. Four patients stopped
therapy for toxicity before week 12, and
none of the patients had a sustained
virologic response. 

In a second report by Vogel, 17
patients with acute HCV were treated
with pegylated interferon alfa for 6
months. Ribavirin 800 mg daily was
added in patients with genotype 1 or 4
virus (Abstract 922). The mean CD4+
cell count in the study population was
426/µL. HCV RNA level was undetectable
at the end of treatment in 14 of 17
patients. Ten of 14 patients had sus-
tained virologic responses. The authors
emphasized that detectable HIV RNA at
week 4 or 8 predicted nonresponders.
The treatment responses in this German
cohort are much more favorable than in
the Chaix study. The most obvious dif-
ference between the 2 studies was that
the treatment regimens in the latter
study were more consistent and aggres-
sive. Based on these 2 reports, the jury is
still out on the optimal composition,
dosing, timing, and utility of treatment
during acute HCV infection. The results
from the Vogel study are encouraging,
but more data are needed in this patient
population. 

Hepatitis B Virus Infection

Entecavir is an inhibitor of hepatitis B
virus (HBV) polymerase that received a
unanimous vote of approval for initial
and second-line therapy of HBV by the
FDA Drug Advisory Committee on March
11, 2005. Most studies have been con-
ducted on HBV-monoinfected patients,
but there are limited encouraging data
for HIV-coinfected persons. Pessoa pre-
sented the results of an ongoing double-
blind trial evaluating treatment of HIV-
infected subjects who had lamivudine
exposure and detectable HBV viremia
(Abstract 123). At baseline 88% of sub-
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jects had at least 1 lamivudine resis-
tance mutation and a mean HBV DNA
level of 9.1 log10 copies/mL. Patients
were randomized to entecavir 1 mg per
day (51 subjects) or placebo (17 sub-
jects). At 24 weeks, all patients received
entecavir. Lamivudine was continued
during the study. The mean reduction in
HBV DNA level was 3.7 log10 copies/mL
among entecavir recipients, compared
with an increase of 0.1 log10 copies/mL
in the placebo recipients (P<.0001). In
the entecavir group, 80% of subjects
had HBV DNA levels below 400
copies/mL or a 2-log reduction in HBV
DNA, compared with 0% in the placebo
group. ALT normalization occurred in
49% of the entecavir group and 17% of
the placebo group. Entecavir appears to
be well tolerated and does not have HIV
activity that could lead to HIV drug resis-
tance. Entecavir is efficacious for patients
in whom lamivudine is failing and will
likely become an important treatment
option for chronic HBV infection. 

Following the entecavir presentation,
Peters reported the results of ACTG
5127, a randomized, double-blind,
placebo-controlled study comparing
tenofovir (300 mg) with adefovir (10
mg) for the treatment of chronic HBV
(Abstract 124). Ninety-two percent of
the patients were  male, they had a
median CD4+ cell count of 467/µL at
entry, and the median serum HBV DNA
level was 8.7 log10 copies/mL. More
than 70% of subjects were lamivudine
experienced. Three quarters of the
patients had HIV RNA levels below 50
copies/mL on their current antiretroviral
regimen. At 48 weeks, the mean reduc-
tion in HBV DNA was 5.7 log10 copies/
mL in the tenofovir arm and 4.0 log10
copies/mL in the adefovir arm. The ther-
apy was generally well tolerated, with
only 4 treatment discontinuations, and
none of these discontinuations were for
nephrotoxicity. The authors concluded
that tenofovir and adefovir are active
against HBV in HIV-infected patients,
and that tenofovir is not inferior to ade-
fovir. It is notable that HBV reductions
were lower in the tenofovir group than
in the adefovir group, and that the HIV
activity of tenofovir makes it a logical
choice for co-infected patients requiring
HIV treatment. Information on drug
resistance to HBV agents generated dur-
ing treatment is anticipated from trials
such as ACTG 5127, and will be impor-

tant in designing long-term treatment
strategies for both infections.

Organ Transplantation

For patients in whom therapy for HBV or
HCV is failing who have liver failure, liver
transplantation is an option being care-
fully evaluated in several specialty cen-
ters around the world. Vogel described
the clinical experience of 10 patients
awaiting orthoptic liver transplantation
in Europe (Abstract 931). Six patients
had liver disease due to HCV, 3 due to
HBV, and 1 due to both. Six of these
patients had hemophilia. Two patients
died while waiting for liver transplant,
and a third patient had improvement of
liver disease with the initiation of
antiretroviral therapy. Among the 7
patients who received a transplant, 1
died at day 84 due to intrathoracic hem-
orrhage. The other patients are all alive,
and only 1 acute organ rejection episode
has occurred. The median follow-up for
the cohort is 620 days. The authors high-
lighted several points of the courses of
these patients. HCV reoccurred in all
patients with underlying disease but
responded to aggressive therapy. Kaposi’s
sarcoma in conjunction with Castleman’s
disease was a serious complication in 1
patient. Drug interactions with
cyclosporine and antiretroviral agents
required careful attention and dose
adjustments. 

Clinical outcomes in both liver and
renal transplantation in the United States
were presented by Roland (Abstract
953). There were 11 liver transplants per-
formed. Indications for transplantation
were HCV in 45%, HBV in 36%, and
both in 9%. There were 2 deaths for
recurrent HCV among the liver trans-
plants; the 1- and 3-year estimated sur-
vival rates were 91% and 82%, respec-
tively. The cumulative rejection rate
among liver transplant patients was only
10%. The 3-year estimated survival for
the 18 kidney recipients was 94%. Indi-
cations for renal transplantation were
HIV-associated nephropathy (44%),
hypertension (54%), and diabetes
(11%). Rejections were more common
among kidney transplant recipients, with
cumulative incidence of 67% at 2 years.
However, there were only 2 graft losses,
both occurring shortly after transplant
occurred. Patients were aggressively
managed with antiretroviral therapy, and

only 3 opportunistic infections associat-
ed with HIV disease occurred. Overall
patient survival from this ongoing cohort
is favorable, compared with HIV-unin-
fected populations. 

Bacterial Infections 

Mathews presented an interesting analy-
sis of the incidence trends of methicillin-
resistant Staphylococcus aureus (MRSA)
in a cohort of 3445 HIV-infected adults
from a university hospital–based HIV
clinic (Abstract 142). Between 2000 and
2003, there were 94 episodes; 83%
were skin and soft-tissue infections and
10% were blood infections. There was
an estimated 6-fold increase in the rate
of MRSA infection from 2000 to 2003. In
a multivariate analysis, CD4+ count
below 50 cells/µL and increasing levels of
HIV RNA were associated with increased
risk of MRSA infections. Consistent with
these observations, antiretroviral use
within the past 6 months was protective
against MRSA. Soft-tissue infections with
MRSA appeared to be a significant prob-
lem in this university hospital–based
clinic, particularly among patients with
low CD4+ cell counts and poor virolog-
ic control of HIV disease. Antiretroviral
therapy appears to be an intervention to
reduce this complication. 

The source of MRSA causing soft-tis-
sue infections among MSM were exam-
ined in a prospective survey in a Los
Angeles-based HIV clinic. Rieg tested the
hypothesis that nasal colonization of
MRSA was the source of the increasing
incidence of community-acquired MRSA
in their population (Abstract 877). Inves-
tigators found that 43 of 158 subjects
had nasal colonization of Staphylococcus
aureus, but of these 43, only 7 (16%)
were MRSA. In patients with recent MRSA
skin infections, there were no trends
toward colonization with MRSA. These
and other epidemiologic data from HIV-
uninfected patients suggest that skin-to-
skin contact is a likely mode of transmis-
sion of MRSA in MSM with soft-tissue
infections. 

Trends in invasive pneumococcal dis-
ease (IPD) spanning the eras before and
after potent antiretroviral therapy were
the focus of an oral presentation by
Lucas and colleagues (Abstract 139).
Invasive pneumococcal disease was
defined as bacteremia with Staphylococ-
cus pneumoniae. Investigators estimated
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that the incidence of IPD in the Johns
Hopkins cohort from 1990 to 2003 was
379 cases per 100 person-years of
observation. This high incidence rate did
not decrease during the potent antiretro-
viral therapy era, and was estimated at
410 cases per 100 person-years of
observation between 1998 and 2004.
Using a nested case-control design,
authors identified female sex, injection
drug use, African-American race, and
HCV infection as risk factors of IPD. Vari-
ables that surprisingly had no protective
effect included trimethoprim/sul-
famethoxazole prophylaxis, antiretrovi-
ral therapy, and pneumococcal vaccine.
There was no protective effect of vaccina-
tion, even when only those who received
vaccination at CD4+ cell counts above
300/µL were included in the analysis.
CD4+ cell count and HIV RNA level were
borderline significant in the analysis.
Even in the potent antiretroviral therapy
era, rates of IPD in this population remain
high. Additional information, such as
serovar of the pneumococcal strain, may
be helpful in explaining these findings. 

With IPD remaining a significant risk
for HIV-infected patients, Lesprit and
colleagues evaluated whether immune
responses to the standard 23-valent
pneumococcus polysaccharide vaccine
(PPV) could be improved with a prime
vaccination with the 7-valent pneumo-
coccal conjugate vaccine (PCV; Abstract
140). Subjects with CD4+ counts of 200
to 500 cells/µL were randomized to
receive either standard PPV at week 4,
or PCV at time 0 and PPV at week 4. At
8 weeks, immunologic response to the
prime-boost vaccine strategy was superi-
or to the standard vaccination strategy.
The clinical significance of these find-
ings will require much larger studies. 

Tuberculosis

Swaminathan presented interim results
of an ongoing randomized trial evaluat-
ing a 6-month versus a 9-month treat-
ment course for Mycobacterium tubercu-
losis in Chennai, India (Abstract 141).
The study population included patients
with culture-confirmed M tuberculosis. At
baseline, the mean CD4+ cell count was
201/µL, and 77% of subjects were
smear-positive for acid-fast bacilli. None
of the patients were receiving antiretrovi-
ral therapy. Of the 122 patients with end-
of-treatment data available, cultures were
negative in 99% of the patients receiving
a 6-month course of treatment and 95%
of subjects receiving a 9-month course.
Eleven patients died during treatment.
There was relapse of tuberculosis in 7
cases in each arm. Final conclusions
from this trial await its completion; inter-
im results support current practice of a 6-
month course of tuberculosis treatment
in HIV-infected persons. 

In a study of 20 patients receiving
antiretroviral therapy in conjunction
with rifampin-based tuberculosis thera-
py in South Africa, Friedland and col-
leagues reported on trough efavirenz
levels measured during the course of
treatment (Abstract 891). All subjects
were receiving efavirenz at a dose of 600
mg per day as part of their antiretroviral
regimen. There was significant interpa-
tient variation among patients in this
study, although higher efavirenz trough
levels were associated with lower
weight. In this small study, efavirenz
trough levels were not statistically asso-
ciated with treatment outcome or toxici-
ty. Previous data from European studies
have suggested that efavirenz dosing
should be increased to 800 mg in the

presence of rifampin, but defining the
optimal dose in the African and Asian
setting will require larger studies.
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mational changes in gp120 after binding
BMS-488043. Finally, gp120 variants with
mutations in the CD4 binding pocket
were severely defective in compound
b i n d i n g .

Nonnucleoside Reverse Transcriptase
Inhibitors

TMC278. Goebel and colleagues present-
ed data on TMC278, a novel investiga-
tional NNRTI that is active against HIV-1
isolates resistant to currently available
NNRTIs (Abstract 160). This was a dou-
ble-blind, randomized, placebo-con-
trolled trial of TMC278 given as
monotherapy for 7 days. They enrolled
47 participants who were antiretroviral
naive, had a median CD4+ count of 255
cells/µL and plasma HIV-1 RNA level of
4.5 log10 copies/mL. Participants started
a standard combination antiretroviral
therapy after completing 7 days of
TMC278. The compound was well toler-
ated and no serious safety concerns
were identified. The median change in
plasma HIV-1 RNA at day 8 was 1.2 log10
copies/mL across all dose groups, and no
dose relationship was observed. The
CD4+ count increased by an average of
55 cells/µL in the TMC278 groups, and
no evidence of genotypic resistance was
seen at day 8. This study supports fur-
ther development of TMC278 as an
addition to the NNRTI class of antiretro-
viral medications.

BILR 355 BS. Bonneau and colleagues pre-
sented data on BILR 355 BS, an NNRTI
with potent in vitro activity (Abstract
558). They tested this compound against
wild-type viruses and recombinant
viruses with 1 or more NNRTI-associated
resistance mutations. BILR 355 BS had a
50% effective concentration (EC50) of
0.25 ng/mL against wild-type virus. The
EC50 ranged from 1.5 ng/mL to 13 ng/mL
against the NNRTI-resistant recombinant
viruses. It was also active against sub-
types A through G, but was inactive
against HIV-2 similar to other NNRTIs.
The investigators also presented data on
the pharmacokinetic profile in HIV-unin-
fected volunteers given either a single
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Investigational and New
Antiretroviral Agents

A summary of select investigational
drugs is presented in Table 1.

Entry Inhibitors

CCR5 Antagonists. Demarest and col-
leagues presented data on GSK 873140,
a CCR5 antagonist in phase 2 studies
(Abstract 77). The short-term virologic
efficacy data were presented previously
(Demarest et al, ICAAC, 2004). The drug
resulted in a 1.7-log10 decline after being
administered for 10 days, and the antivi-
ral effect persisted 2 days after the com-
pound was stopped. The authors exam-
ined samples from 31 participants in
that study who received 1 of 4 doses
tested (200 mg qd, 200 mg bid, 400 mg
qd, and 600 mg bid) as well as 8 HIV-
uninfected participants who received
the compound (600 mg bid) for 7 days.
The authors assessed the occupancy of
the CCR5 receptors by GSK 873140
using a competitive monoclonal anti-
body to CCR5. They found that more
than 98% of CCR5 receptors were occu-
pied immediately after the last dose. The
half-life for receptor occupancy was 122
hours across the different doses tested
and was longest at the highest doses. It

did not differ between HIV-infected and
HIV-uninfected participants. The pro-
longed receptor occupancy provides a
reasonable explanation for the antiviral
effect seen after the drug had been
stopped and plasma levels of GSK
873140 were undetectable.

TAK-779 was a potent CCR5 antago-
nist in vitro whose clinical development
was abandoned due to poor bioavailabil-
ity of the drug. TAK-652 is an orally
bioavailable derivative of TAK-779. Baba
and colleagues presented data on the
single-dose pharmacokinetics in HIV-
uninfected volunteers (Abstract 541).
The compound was well tolerated and
achieved good plasma levels. They also
found that TAK-652 had in vitro activity
(50% inhibitory concentration [IC50]<1
nM) against a panel of CCR5-utilizing
HIV-1 viruses that were resistant to
either protease inhibitors (PIs) or reverse
transcriptase inhibitors (RTIs) and virus-
es that were subtypes A through G. TAK-
652 did not inhibit CXCR4-utilizing virus-
es. Tremblay and colleagues assessed the
interaction of TAK-652 and other
antiretrovirals in vitro (Abstract 542).
They found that TAK-652 was additive
with nucleoside RTIs (nRTIs), nonnucleo-
side RTIs (NNRTIs), and PIs. Interesting-
ly, it was synergistic with enfuvirtide,
suggesting a potential therapeutic bene-
fit by targeting multiple steps of HIV
entry.

Attachment Inhibitors. Attachment inhibitors
are hypothesized to work by preventing
the binding of gp120 to the CD4 recep-
tor. Lin and colleagues presented a series
of experiments that supported this
mechanism of action (Abstract 544).
They showed that a series of com-
pounds, including BMS-488043, bound
gp120 and prevented both the binding
of soluble CD4 (sCD4) and the exposure
of gp41. They also demonstrated confor-

Antiretroviral therapy was a dominant theme of the 12th Conference on Retrovirus-
es and Opportunistic Infections. Key focus areas were new drug advances, manage-
ment strategies for treatment-naive and treatment-experienced patients, the grow-
ing experience with antiretrovirals in the developing world, prevention of mother-
to-child transmission of HIV, and the implications of HIV resistance. This review will
highlight the major findings relevant to clinicians and clinical investigators.
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Drug Abstract Nos. Drug Class
Development
Stage

Results

BMS-488043 Abstract 544 Attachment inhibitor Preclinical Binding of drug to gp120 alters conformation
of the envelope and inhibits CD4 attachment.

Table 1. Summary of Selected Investigational Drug Studies

Amdoxovir Abstract 553 nRTI No longer in
development*

Safe and well tolerated.

Dioxolane
thymine

Abstract 554 nRTI Preclinical Increased activity against nRTI-resistant HIV,
compared with wild type. 

TMC278 Abstracts 160, 556 NNRTI Phase 2a Median decline in plasma HIV-1 RNA level was 1.2
log10 copies/mL after 7 days of monotherapy.

Capravirine Abstract 555 NNRTI Phase 2 See Table 3.

BILR 355 BS Abstract 558 NNRTI Preclinical EC50 0.26 ng/mL against wild-type HIV EC50.

L-000870810 Abstract 161 Integrase inhibitor No longer in
development

1.7-log10 copies/mL reduction in plasma HIV-1 RNA
level after 7 days of monotherapy.

Styrylquinolines
derivatives

Abstract 547 Integrase inhibitor Preclinical Synergistic with reverse transcriptase inhibitors and
diketo acid integrase inhibitors.

TMC114 Abstract 164LB Protease inhibitor Phase 2b See Table 3.

Tipranavir Abstracts 104, 560,
654

Protease inhibitor Phase 3 See Table 3.

UIC-02031 Abstract 562 Protease inhibitor Preclinical Active against multiple PI-resistant strains of HIV
with IC50 of 15-38 nM. 

640385 Abstract 563 Protease inhibitor Phase 1 Safe and well tolerated in non-HIV-infected
volunteers. When boosted with ritonavir, achieves
target plasma levels.

PA-457 Abstracts 159, 551 Maturation inhibitor Phase 1 8 of 12 participants at 2 highest doses had 0.5-
log10 copies/mL drop in HIV-1 RNA level after a
single dose.

TAK-652 Abstracts 541, 542 CCR5 antagonist Preclinical/Phase 1 EC50<1 nM against a panel of clinical isolates;
active against recombinant viruses of subtypes
A-G; orally bioavailable.

KMMP05 Abstract 157 RNAase H inhibitor Preclinical IC50 500 nM; binds near NNRTI binding site, not at
RNAse active site.

Compound-1 Abstract 156 Nucleotide-competing
reverse transcriptase
inhibitor

Preclinical EC50 30 nM; binds at active site of reverse
transcriptase but is not incorporated into DNA.

873140 Abstract 77 CCR5 antagonist Phase 2 Drug occupies receptors with a half-life of 122
hours, which correlates with antiviral activity as
opposed to plasma levels.

EC50 indicates 50% effective concentration; gp120, glycoprotein 120; IC50, 50% inhibitory concentration; NNRTI, nonnucleoside reverse tran-
scriptase inhibitor; nRTI, nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; RNAase H, ribonuclease H.

*Although amdoxovir is no longer in development, the license has been returned to the original developer who may pursue further studies.
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dose or multiple doses. The plasma half-
life and maximum concentration (Cmax)
were increased by 3-fold to 5-fold with
the coadministration of 100 mg of riton-
avir. There was one transient grade 3
elevation of alanine aminotransferase
(ALT), and no other safety concerns
were noted. These data support further
development of this compound.

Nucleoside Reverse Transcriptase
Inhibitors

Amdoxovir. Gripshover and colleagues
presented data on A5118: a random-
ized, placebo-controlled study of amdox-
ovir given with enfuvirtide plus an opti-
mized background regimen (Abstract
553). The study was stopped early after
a Data and Safety Monitoring Board
review and the decision by the manufac-
turer not to develop the drug further. At
that point, 9 patients were enrolled in
each arm. The median baseline CD4+
count and plasma HIV-1 RNA level were
36 cells/µL and 4.8 log10 copies/mL. Sev-
eral patients stopped the study early
because of poor virologic response and
enfuvirtide injection-site reactions. The
time-averaged change in HIV-1 RNA level
was –1.1 log10 copies/mL in the amdox-
ovir arm and –0.8 log10 copies/mL in the
placebo arm (P=not significant). The
changes in creatinine clearance were
similar between arms and no patients
developed lens opacities, both potential
toxicities of amdoxovir. 

Dioxalane Thymine. Chu and colleagues
presented data on dioxalane thymine, an
nRTI with a dioxalane sugar moiety
(Abstract 554). They found that this com-
pound had an EC50 of 0.43 µM against
wild-type HIV. The EC50 was lower
against nRTI-resistant strains, including
those with K65R (0.21 µM), L74V (0.33
µM), and M184V (0.2 µM) mutations. The
authors concluded that these data sup-
port further clinical development.

Other Reverse Transcriptase
Inhibitors

Nucleotide Competing Reverse Transcriptase
Inhibitors (Compound-1) Jochmans and
colleagues (Abstract 156) presented data
on a potential new class of reverse tran-
scriptase inhibitors: nucleotide-compet-
ing reverse transcriptase inhibitors.
Compound-1 from this class was shown

to be a competitive inhibitor of reverse
transcriptase with an EC50 of 30 nM
against HIV-1. Its structure is not similar
to that of nucleotide reverse transcrip-
tase inhibitors or nRTIs and is not incor-
porated into the DNA strand. It seems to
bind to the active site of reverse tran-
scription, thereby preventing the bind-
ing and incorporation of nucleotides into
the growing DNA strand.

RNAase H Inhibitors. HIV requires a dou-
ble-stranded DNA intermediate in order
to replicate. Reverse transcriptase forms
a complementary (-) DNA strand from a
(+) RNA template. It also must form a
(+) DNA strand from a (-) DNA strand to
create the double-stranded DNA inter-
mediate. RNAase H is the portion of
reverse transcriptase that facilitates this
transition from reading the (+) RNA
strand to reading the (-) DNA strand, and
is essential for HIV replication. Its activi-
ties include degrading the viral RNA
strand. Progress in finding drugs that
target RNAase H has been limited by the
lack of a high-throughput assay that can
easily screen thousands of compounds
to find potential candidates. Parniak
reviewed RNAase H and the process of
finding RNAase H inhibitors in a confer-
ence symposium, which can be viewed
on the Web site (http://www.retroconfer-
ence.org/2005/Pages/webcasts.htm).

Himmel and colleagues presented
data on the crystal structure of a candi-
date RNAase H inhibitor bound to the
enzyme (Abstract 157). The compound,
KMMP05, exhibited in vitro activity
against RNAase H, but not reverse tran-
scriptase, at an IC50 of 500 nM. This
compound bound at a site adjacent to
the active site of RNAase H. Based on
this, they speculated that this compound
exerts it effect by diverting the RNA and
preventing it from reaching the active
site or by preventing other processes of
the enzyme without directly binding in
the active site. These data provide sup-
port for pursuing RNAase H inhibitors as
a therapeutic class.

Integrase Inhibitors

L-000870810. HIV integrase is an impor-
tant target for antiretroviral drug devel-
opment. Little and colleagues presented
data on a candidate integrase inhibitor, L-
000870810, that inhibits HIV-1 integrase
strand transfer in vitro (Abstract 161).

This was a double-blind, randomized,
placebo-controlled trial of this compound
given for 7 days. The study was stopped
early because of toxicity seen in ongo-
ing animal studies. Thirty patients who
were not on antiretroviral therapy were
enrolled. The participants who received
200 mg bid (n=7) and 400 mg bid
(n=17) had a mean baseline plasma
HIV-1 RNA level of 4.7 log10 copies/mL
and 4.6 log10 copies/mL, respectively.
They observed reductions in plasma HIV-
1 RNA levels in the 2 groups of 1.7 log10
copies/mL and 1.8 log10 copies/mL,
respectively, at day 8. The doses were
well tolerated and no serious adverse
events were noted. Although this com-
pound is no longer in development, this
study provides the first proof of concept
for the antiviral activity of HIV integrase
inhibitors, and a backup compound is
now under development. 

Styrylquinoline Derivatives. Styrylquino-
line derivatives are integrase inhibitors
that act on the preintegration step of
HIV, most likely by preventing the for-
mation of the preintegration complex.
Chéret and colleagues presented data on
the interaction of styrylquinoline deriva-
tives with RTIs and diketo acids that
inhibit the strand-transfer step of HIV
integration (Abstract 547). These combi-
nations were synergistic in vitro in sup-
porting the use of styrylquinoline deriva-
tives in multidrug regimens and the
potential to target numerous steps in the
integration process.

Protease Inhibitors

UIC-02031. Koh and colleagues presented
data on UIC-02031, a nonpeptidic PI
(Abstract 562). UIC-02031 was active
against primary clinical isolates of HIV
subtypes A, B, C, and E; clinical isolates
resistant to available PIs; and PI-resistant
laboratory isolates selected by subopti-
mal exposure to other PIs. UIC-02031–
resistant isolates generated in vitro had
L33F, M46I, V82I, and I84V mutations
among others in the protease gene, and
several cleavage site mutations in Gag.

640385. 640385 is a PI with potent in
vitro activity against several PI-resistant
isolates. Ford and colleagues presented
data on the safety and pharmacokinetics
of 640385 given to HIV-uninfected vol-
unteers in a double-blind, randomized,
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placebo-controlled, dose-escalating study
(Abstract 563). They found that the
pharmacokinetic profile was greatly
enhanced by coadministration with
ritonavir and supported twice-daily dos-
ing. This compound appeared safe and
well tolerated. All adverse events were
listed as mild or moderate, and further
studies in PI-experienced HIV-infected
subjects are anticipated.

Maturation Inhibitors

PA-457. PA-457 is the first maturation
inhibitor for the treatment of HIV infec-
tion to reach the clinical development
phase. It inhibits the conversion of the
HIV capsid precursor (p25) into the final
capsid protein (p24), and results in non-
infectious virions. Martin and colleagues
presented the results of the first trial in
HIV-infected individuals: a double-blind,
placebo-controlled study of a single oral
dose of PA-457 (Abstract 159). Partici-
pants were on no antiretroviral medica-
tions and had CD4+ counts above 200
cells/µL and plasma HIV-1 RNA levels
between 5000 copies/mL and 250,000
copies/mL. They compared 3 doses of
PA-457 (75 mg, 150 mg, or 250 mg)
with placebo, with 6 participants in each
group. All doses were well tolerated and
no major safety concerns were identi-
fied. Eight of 12 participants in the 2
highest doses had at least a 0.3- log10
copies/mL reduction in plasma HIV-1
RNA, and five had at least a 0.5-log10
copies/mL reduction. The largest reduc-
tion was 0.7 log10 copies/mL. Martin and
colleagues also presented data from a
separate study of 8 HIV-uninfected vol-
unteers who received PA-457 (25, 50, or
100 mg qd) or placebo for 10 days
(Abstract 551). They found that the
doses were well tolerated and the phar-
macokinetic profile supported once-
daily dosing. Further development of this
compound is planned. Freed reviewed
the mechanism of action of PA-457 in an
excellent talk about targeting the assem-
bly and release of HIV (Abstract 116;
http://www.retroconference.org/2005/
Pages/webcasts.htm).

Treatment of Antiretroviral-
Naive Patients

Bartlett and colleagues (Abstract 586)
presented results of a metaanalysis of
triple-combination therapy in antiretro-

viral-naive individuals. Forty-nine clini-
cal trials, conducted between 1994 and
2004 and including 13,147 subjects in
85 independent treatment arms, were
analyzed. Triple-combination therapy
trials of at least 24 weeks in duration
that had 30 or more chronically HIV-
infected, antiretroviral-naive subjects,
were included. The trials were selected
from database searches and conference
presentations. Triple-drug combinations
included 2 nRTIs plus a PI, a boosted PI,
an NNRTI, or a third nRTI. The primary
endpoints were increase in CD4+ cell
counts and proportion of subjects with
plasma HIV-1 RNA levels below 50
copies/mL at week 48, as evaluated by
intention-to-treat analysis. Overall, 57%
of patients achieved an HIV-1 RNA level
below 50 copies/mL at week 48 and an
increase in CD4+ count of 177 cells/µL,
both increased from the 2001 meta-
analysis results of 45% and 158 cells/µL,
respectively. Multivariate analysis of fac-
tors associated with response to therapy
showed that lower pill count was no
longer linked to improved response, and
that boosted PI- and NNRTI-containing
regimens were associated with virologic
responses superior to nRTI-only or
unboosted-PI regimens. Further, CD4+
response rates favored the boosted PI-
containing regimens, with a significantly
greater increase in CD4+ count (+209
cells/µL) than with the NNRTI- (+174
cells/µL), the triple-nRTI- (+150 cells/µL),
or the unboosted-PI-containing regimens
(+178 cells/µL). The investigators con-
cluded that virologic response rates have
been improving over time as better
treatment regimens became available.
Regimen potency, but not pill count, was
associated with virologic response. Boost-
ed PI and NNRTI regimens were asso-
ciated with virologic suppression at 48
weeks superior to that of PI and nRTI reg-
imens, and boosted PI regimens were
associated with the greatest increases in
CD4+ cell count.

INITIO Trial

The long-awaited results of the INITIO
trial were presented by Cooper and Yeni
for the INITIO Study Group (Abstract
165LB). The study compared the efficacy
of a 3-drug regimen containing an NNRTI
followed by a PI or a PI followed by an
NNRTI with a 4-drug therapy containing
an NNRTI and a PI in antiretroviral-naive

patients. This open-label, multicenter
study randomized 915 people to receive:
stavudine/didanosine/efavirenz followed
by zidovudine/lamivudine/abacavir/nelfi-
navir after virologic failure; stavudine/
didanosine/nelfinavir followed by zidovu-
dine/lamivudine/abacavir/efavirenz after
virologic failure; or stavudine/didano-
sine/efavirenz/nelfinavir with no speci-
fied second regimen after virologic fail-
ure. Drug switches were allowed for viral
load rebound and for adverse events.

The primary outcomes were the pro-
portion of patients with HIV-1 RNA below
50 copies/mL and change in CD4+ cell
count from baseline at 3 years. Sec-
ondary outcomes measured included
change from baseline in HIV-1 RNA at 3
years, progression to AIDS events or
death, and incidence of adverse events.
Subjects had been followed for a mean
of 3.7 years when the trial closed in June
2004. The overall median baseline CD4+
count and mean plasma HIV-1 RNA level
were 220 cells/µL and 4.93 log10 copies/
mL, respectively. Results analyzed on an
intention-to-treat basis at 3 years favored
the efavirenz arm, with virologic response
rates of 74% (efavirenz), 62% (nelfi-
navir), and 62% (efavirenz/nelfinavir 4-
drug arm) of patients with HIV-1 RNA lev-
els below 50 copies/mL (P=.004) at 3
years. Proportions of time on the initial
regimen were 74%, 63%, and 51%,
respectively. No significant differences
were found between groups in CD4+
cell response (mean increase 315
cells/µL, 289 cells/µL , and 274 cells/µL,
respectively), in progression to a new
AIDS event or death, in number of
patients with serious adverse events, or
number of patients with at least 1
adverse event leading to discontinuation
of 1 or more drugs. Overall, 61% of
patients stopped their initial regimen,
usually in the setting of adverse events
rather than virologic failure. However,
patients in the efavirenz arm spent a
longer proportion of time on the initial
regimen and were least likely to be
exposed to 3 drug classes over the 3-year
period. Within-class switches occurred
in 39% of all patients; the most com-
mon switch was from didanosine/stavu-
dine to zidovudine/lamivudine. Thus, the
findings of the INITIO trial support pre-
vious evidence from the AIDS Clinical
Trials Group (ACTG) 384 study that initiat-
ing antiretroviral therapy with a 3-drug/2-
class regimen containing efavirenz is
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superior to starting treatment with simi-
lar regimens containing nelfinavir. Like-
wise, there remains no clear evidence to
support the use of 4-drug/3-class therapy
for the initial treatment of HIV infection.
The nRTI backbone didanosine/stavu-
dine was poorly tolerated, supporting the
more favorable combination of zidovu-
dine/lamivudine for use in initial treat-
ment regimens.

Rizzardini and colleagues (Abstract
601b) compared 3-drug and 4-drug
regimens in treatment-naive patients
with respect to CD4+ count response,
plasma HIV-1 RNA level, peripheral
blood mononuclear cell (PBMC) prolifera-
tion, and cytokine production. Seventy-six
treatment-naive individuals received
zidovudine and were randomized to 1 of 6
arms: didanosine/abacavir, lamivudine/
abacavir, didanosine/efavirenz, lamivu-
dine/efavirenz, didanosine/indinavir/riton-
avir, or lamivudine/indinavir/ritonavir.
At 6 months, all regimens resulted in
increased CD4+ cell counts and sup-
pression of plasma HIV-1 RNA levels.
The abacavir-containing regimens were
associated with the best CD4+ cell
response after 6 months of therapy, and
the combination of zidovudine/lamivu-
dine/abacavir resulted in better suppres-
sion of HIV-1 RNA levels. Triple-nRTI reg-
imens overall resulted in higher increas-
es in CD4+ cell counts than boosted PI
regimens, yet the latter resulted in a
more robust immune response as mea-
sured by interferon (IFN)-γ and PBMC
proliferation.

ABCDE Study

Podzamczer and colleagues (Abstract
587) compared the efficacy and safety of
2 different nRTIs combined with lamivu-
dine/efavirenz in treatment-naive sub-
jects. This prospective, multicenter, open-
label trial enrolled 237 patients with plas-
ma HIV-1 RNA levels above 1500
copies/mL, who were randomized to
receive either abacavir or stavudine in
combination with lamivudine/efavirenz.
The primary endpoint was lipodystro-
phy and mitochondrial toxicity, and the
secondary endpoints were virologic,
immunologic, and clinical efficacy and
tolerability. Virologic success was deter-
mined by reduction of HIV-1 RNA level
to below 50 copies/mL. Subgroup anal-
ysis was carried out at weeks 48 and
96 to assess further parameters of

lipodystrophy and mitochondrial toxici-
ty including venous lactate, dual-energy
x-ray absorptiometry (DEXA) scan,
blood lipoproteins, mitochondrial DNA/
nuclear DNA (mtDNA/nDNA) ratio.
Baseline characteristics were similar
between both groups, with a median
CD4+ count of 213 cells/µL and HIV-1
RNA level of 5.2 log10 copies/mL. At
96 weeks, abacavir was superior to
stavudine in virologic response in the
intent-to-treat analysis (60.9% vs.
47.5%; P=.05, but not in the on-treat-
ment analysis (87.5% vs. 85.3%;
P=.81) and demonstrated less-subjec-
tive and clinically-measured lipodystro-
phy (4.8% vs. 39.2%; P<.0001). These
results were reinforced by the subgroup
analyses that demonstrated superiority
of abacavir in DEXA scan evaluation
and lipid profiles, specifically lower
triglyceride levels, greater high-density
lipoprotein (HDL) and apolipoprotein
A1 levels, and a greater reduction in
total cholesterol/ HDL ratio. There were
no differences in lactate levels, total
cholesterol levels, low-density lipopro-
tein (LDL) levels, LDL/HDL ratio, or
mtDNA/nDNA ratio between the 2
groups. The mean CD4+ cell count
increases were likewise similar in both
groups. The authors concluded, in this
first head-to-head comparison of aba-
cavir and stavudine, that abacavir is bet-
ter tolerated, with less associated lipoa-
trophy, and they note that the lower
treatment discontinuation rate in the
abacavir group may account for the
associated superiority in virologic
response in this cohort. These results
confirm findings of previous studies
demonstrating the relationship between
stavudine and mitochondrial toxicity.

nRTI Regimens in Treatment-Naive
Patients

Current guidelines caution against ini-
tiating therapy with triple- nRTI regi-
mens because of high rates of early viro-
logic failure reported in treatment-naive
patients treated with regimens contain-
ing tenofovir with either lamivudine/
didanosine or lamivudine/abacavir.
Recent data, however, suggest that this
recommendation deserves ongoing eval-
uation (DeJesus et al, ICAAC, 2004, and
Moyle et al, ICAAC, 2004). 

Two studies evaluating nRTI-only reg-
imens containing tenofovir plus fixed-

dose combination zidovudine/lamivu-
dine were presented at the conference.
Rey and colleagues reported data from a
pilot, prospective, single-arm cohort
study conducted at the University of
Strasbourg (Abstract 599). Forty-two
treatment-naive patients with CD4+ cell
counts below 350 cells/µL received a
fixed-dose combination of zidovudine/
lamivudine (300 mg/150 mg bid) plus
tenofovir (300 mg qd). Plasma HIV-1
RNA levels and CD4+ cell counts were
assessed at 1 and 2 months and then
every 2 months for 48 weeks; evaluation
for early virologic response was assessed
at weeks 1 or 2 of treatment. The medi-
an baseline CD4+ count was 233
cells/µL, and the median plasma HIV-1
RNA level was 4.88 log10 copies/mL;
40% of patients had CD4+ counts
below 200 cells/µL and 45% had plasma
HIV-1 RNA levels above 5 log10 copies/
mL. The median time of follow-up was 8
months. On-treatment analysis showed
median plasma HIV-1 RNA decreases of
1.56 log10 copies/mL and 2.28 log10
copies/mL at weeks 2 and 4, respective-
ly. At week 4, 86% of subjects achieved
plasma HIV-1 RNA levels below 1000
copies/mL; the median time to HIV-1
RNA level below 50 copies/mL was 10
weeks. The median increase in CD4+
count at 48 weeks was 82 cells/µL. Nine-
ty-three percent and 78% of subjects
had HIV-1 RNA levels below 50 copies/
mL at weeks 24, and 48, respectively.
Five patients (12%) discontinued the
study regimen due to side effects
(abdominal pain and nausea in 3 and
anemia in 2, probably due to zidovu-
dine). Four virologic failures occurred
due to poor adherence. Genotypic analy-
sis demonstrated the K65R mutation in
1 patient, the M184V plus 2 or 3 thymi-
dine analogue mutations (TAMs) in 2
patients, and 2 TAMs in 1 patient pre-
sent at baseline. The authors concluded
that the combination of zidovudine/
lamivudine plus tenofovir in treatment-
naive HIV-infected patients induces a
rapid and sustained virologic response
and is associated with good immunolog-
ic response and safety profiles. The
tenofovir-associated K65R mutation was
not detected alongside TAMs in patients
with virologic failure, suggesting that sal-
vage options are available with alternate
classes in this triple-nRTI regimen and
the potential of triple-nRTI regimens
merits further evaluation.
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DART Substudy. Mutuluuza and colleagues
(Abstract 22) presented results from the
DART (Development of Anti-Retroviral
Therapy in Africa) study supporting the
viability of nRTI-only regimens for initial
therapy. The DART trial is a large, ran-
domized, controlled clinical trial of 3300
patients at 3 sites in Uganda and Zim-
babwe comparing intensive vs clinical
monitoring and continuous vs intermit-
tent therapy in treatment-naive individu-
als with a CD4+ below 200 cells/µL.
Seventy-six percent of patients received
fixed-dose zidovudine/lamivudine with
tenofovir. Investigators evaluated viro-
logic response to this regimen in a sub-
set of 300 patients with advanced dis-
ease enrolled from early 2003 through
October 2004. The median baseline
CD4+ count was 100 cells/µL and the
mean baseline HIV-1 RNA level was
300,000 copies/mL. At week 24, accord-
ing to the intent-to-treat analysis, the
mean decrease in plasma HIV-1 RNA
level was 3.7 log10 copies/mL and the
median increase in CD4+ count was
106 cells/µL. Eleven patients died before
week 24, and 47 of 281 (17%) had HIV-
1 RNA levels above 1000 copies/mL at 24
weeks. Overall, after 24 weeks of thera-
py, 71% and 53% of subjects achieved
an HIV-1 RNA level below 400 copies/mL
and below 50 copies/mL, respectively.
On-treatment analysis demonstrated
virologic suppression in 83% of patients
in whom treatment was not interrupted.
The investigators concluded that this
regimen has similar efficacy to PI-based
or NNRTI-based regimens used in
resource-unlimited settings. The authors
also suggested that this triple-nRTI regi-
men may be particularly efficacious and
well tolerated in populations with high
rates of tuberculosis coinfection (27% in
the DART study). 

Treatment for Antiretroviral-
Experienced Patients

Results of select studies for antiretrovi-
ral-experienced patients are summa-
rized in Table 2. 

TMC114 vs Control PI

Haubrich and colleagues presented data
on TMC114, an investigational PI that is
active against a broad range of HIV iso-
lates with resistance to currently avail-
able PIs (Abstract 164LB). These data

were from a planned interim analysis of
2 ongoing dose-finding trials. Patients
were 3-drug class experienced, had 1 or
more major PI mutations, and had plas-
ma HIV-1 RNA levels above 1000 copies/
mL at screening. Subjects received
TMC114 with ritonavir at 1 of 4 doses
(400 mg/100 mg qd, 800 mg/100 mg
qd, 400 mg/100 mg bid or 600 mg/100
mg bid) or a control PI chosen based on
treatment history and resistance testing
results. Participants also received an
optimized background of nRTIs with or
without enfuvirtide. The primary end-
point was change in plasma HIV-1 RNA
level at week 24. Four hundred ninety-
seven patients were included in the anal-
ysis. The median baseline plasma HIV-1
RNA level and CD4+ count were 4.6
log10 copies/mL and 141 cells/µL. Partic-
ipants had a median of 8 PI mutations
and 3 primary PI mutations. Phenotypic
resistance to all currently available PIs
was seen in 66% of patients. Forty-seven
percent of patients used enfuvirtide in
their optimized background regimen. 

All doses showed significant declines
in HIV-1 RNA levels compared with
placebo. A dose-response relationship
was seen, and the greatest HIV-1 RNA
level decline, 1.85 log10, was seen in the
600 mg/100 mg twice-daily group. In
addition, 47% of participants in this
group had a plasma HIV-1 RNA level
below 50 copies/mL at week 24, com-
pared with 10% of participants in the
control PI group. Among those partici-
pants receiving the highest dose of
TMC114/ritonavir, 67% of those who
also used enfuvirtide for the first time
had a plasma HIV-1 RNA level below 50
copies/mL at week 24, compared with
37% who did not use enfuvirtide. These
virologic responses were impressive
given the level of treatment experience
of the study population, but the durabil-
ity of the response will need to be
demonstrated. Further clinical develop-
ment will use twice-daily doses of 600
mg of TMC114 given with 100 mg of
ritonavir. 

Tipranavir/ritonavir vs
Lopinavir/ritonavir: A Subgroup
Analysis of RESIST Trials 

The RESIST-1 and RESIST-2 trials showed
that the investigational PI tipranavir,
boosted with low-dose ritonavir, given
with an optimized background antiretro-

viral regimen was superior to an
antiretroviral regimen using a currently
available PI chosen based on history and
resistance testing results. Patients were
3-drug class experienced, including 2 or
more PI-based regimens. Enfuvirtide
was allowed in the optimized back-
ground regimen. Cooper and colleagues
presented a subgroup analysis of the tri-
als that included only those participants
choosing lopinavir/ritonavir for their com-
parator antiretroviral regimen (Abstract
560). Half of these participants were
randomized subsequently to receive
tipranavir/ritonavir. The baseline median
CD4+ cell count and plasma HIV-1 RNA
level were 162 cells/µL and 4.8 log10
copies/mL. There were 293 participants
included in the tipranavir/ritonavir arm
and 290 in the lopinavir/ritonavir arm. 

The proportion of subjects with
greater than 1 log10 copies/mL declines
in plasma HIV-1 RNA level from baseline
at week 24 was higher in the tipranavir
group (40% vs 21%, respectively;
P<.05). This difference was most appar-
ent among those participants who had
received lopinavir/ritonavir previously
(35% vs 11%; P<.05) and those who
had virus that was resistant to lopinavir/
ritonavir (36% vs 13%, respectively;
P<.05). The probability of a treatment
response increased with the number of
antiretroviral drugs to which the patients’
isolates were susceptible, as has been
noted in several other studies.

Placebo-Controlled Trial of
Capravirine 

Capravirine is an investigational NNRTI
that is active in vitro against HIV-1 iso-
lates that are resistant to currently avail-
able NNRTIs. Pharmacokinetic studies
suggest that nelfinavir raises the plasma
levels of capravirine. Pesano and col-
leagues presented the 48-week data from
a phase 2, randomized trial of twice-
daily capravirine 700 mg, capravirine
1400 mg, or placebo given with nelfi-
navir and 2 investigator-selected nRTIs
(Abstract 555). Subjects were NNRTI-
experienced and PI-naive, and 60 sub-
jects were enrolled in each arm. Mean
baseline plasma HIV-1 RNA levels were
4.5 log10 copies/mL, 4.4 log10 copies/mL,
and 4.4 log10 copies/mL in the placebo,
capravirine 700 mg, and capravirine
1400 mg groups, respectively, and medi-
an baseline CD4+ cell counts were
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208/µL, 248/µL, and 249/µL, respectively.
The time to virologic failure did not differ
between study arms. The proportions of
subjects with plasma HIV-1 RNA levels
below 400 copies/mL at week 48 were
46%, 43%, and 58% (P=not signifi-
cant). The most common side effects
were diarrhea, nausea, and vomiting, and
did not differ between treatment arms.

Lopinavir/ritonavir or
Fosamprenavir/ritonavir
vs. Fosamprenavir plus
Lopinavir/ritonavir

A prior report from A5143 showed that
combining fosamprenavir and lopinavir/
ritonavir led to a significant reduction of
both lopinavir and fosamprenavir levels,
compared with giving these drugs sepa-
rately. Collier and colleagues presented
the virologic data from that trial (Abstract

577). This study tested whether lopinavir/
ritonavir 400 mg/100 mg plus fosampre-
navir 700 mg twice daily (double PI)
leads to HIV-1 RNA response superior to
lopinavir/ritonavir or fosamprenavir/riton-
avir (single PI) in persons with virologic
failure to PI-based therapy. This was an
open-label study that selectively ran-
domized patients based on prior PI
experience so that all patients received
at least 1 new PI. All patients received
tenofovir and 1 or 2 additional nRTIs
chosen based on resistance testing
results and antiretroviral history. 

The median entry CD4+ cell count
and plasma HIV-1 RNA level were
188/µL and 4.5 log10 copies/mL, respec-
tively. The study was stopped early
based on the pharmacokinetic data,
when 56 subjects (28 in the double-PI
arm and 28 in the single-PI arm) were
enrolled out of a planned sample size of

216 subjects. Seventy-five percent of
participants in the double-PI arms had
drops in HIV-1 RNA levels greater than 1
log10 copies/mL from baseline at week
24, compared with 61% of participants
in the single-PI arms (P=.17) in the
intent-to-treat analysis, and 100% and
64% in the on-treatment analysis
(P=.02). HIV-1 RNA levels were below 50
copies/mL at week 24 in 54% and 46%
of the double-PI and single-PI subjects in
the intent-to-treat analysis (P=.37) and in
75% and 48% in the on-treatment anal-
ysis. Although the virologic responses
were not significantly different in the
intent-to-treat analysis, the trends in the
on-treatment analysis suggest that the
reduction in plasma levels was not asso-
ciated with adverse virologic outcomes.
The question of whether dual-boosted
PIs are superior to single boosted PI reg-
imens remains unanswered.

Abstract
Number

Comparison Baseline CD4+
count (cells/µL)

Plasma HIV RNA
(copies/mL)

Length of
follow-up
(weeks)

Results

Abstract
164

TMC114/r (n=397)* vs
investigator-selected control PI
given with an optimized
background regimen (n=100)

141 4.6 log10 24 TMC114/r 600 mg/100 mg bid
was the optimal dose:
47% had a plasma
HIV-1 RNA <50 copies/mL vs
10% in the control PI group

Abstract
577

Fosamprenavir/r or lopinavir/r
(n=28) vs
fosamprenavir+lopinavir/r
(n=28) given with tenofovir and
1-2 nRTIs 

188 4.5 log10 24 75% vs 61%
with >1-log10 decline (P=.17)

54% vs 46% with
HIV RNA <50 copies/mL

Abstract
578

Dual boosted PIs without RTIs
(Group 1: resistant to RTIs,
n=41; group 2: intolerant of
RTIs, n=41)

240 (Group1)

294 (Group 2)

4.1 log10 (Group1)

<400
(Group 2)

24 Overall at week 24, 84% and
91% had HIV-1 RNA levels
below 400 copies/mL by intent-
to-treat and on treatment
analyses, respectively

Abstract
555

Capravirine 700 mg, 1400 mg
or placebo given with nelfinavir
and 2 nRTIs in NNRTI-
experienced and PI-naive
subjects (n=60 in each arm)

248

249 

208

4.4 log10

4.4 log10

4.5 log10

48 43%, 58%,
and 46% had a plasma
HIV RNA <400 copies/mL

Abstract
560

Subgroup analysis of RESIST-1
and -2: tipranavir/r vs lopinavir/r
given with an optimized
background regimen

163 4.8 log10 24 40% vs 21%
with >1-log10 decline
in plasma HIV RNA 

Table 2. Selected Antiretroviral Studies in Treatment-Experienced Patients

*4 different doses of TMC114/ritonavir were studied (400 mg/100 mg qd, n=100; 800 mg/100 mg qd, n=100; 400 mg/100 mg bid, n=98;
600 mg/100 mg bid, n=99)
NNRTI indicates nonnucleoside reverse transcriptase inhibitor; nRTI, nucleoside (or nucleotide) reverse transcriptase inhibitor; PI, protease
inhibitor; r, boosted ritonavir; RTI, reverse transcriptase inhibitor.
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Saquinavir/Ritonavir vs
Indinavir/Ritonavir

Harris and colleagues presented data
from the Simplified Protease Inhibitor
Trial (SPRINT; Abstract 574). They com-
pared once-daily saquinavir/ritonavir
with twice-daily indinavir/ritonavir, each
with 2 RTIs in patients who were either
PI-naive or had no evidence of PI resis-
tance. They randomized 164 subjects to
receive either saquinavir/ritonavir 1600
mg/100 mg once daily or indinavir/riton-
avir 800 mg/100 mg twice daily, with
either 2 nRTIs or 1 nRTI plus 1 NNRTI as
selected by the treating physician. The
efficacy analysis included 147 patients.
Seventy-nine percent were male, 80%
were PI-naive, 62% had a plasma HIV-1
RNA levels above 5 log10 copies/mL, and
the median CD4+ count was 130 cells/µL.
Background regimens included an NNRTI
in 3 patients in the indinavir/ritonavir
arm and none in the saquinavir/ritonavir
arm. The proportion of patients with a
plasma HIV-1 RNA level below 50
copies/mL in an intent-to-treat analysis
were 56% and 49% in the saquinavir/
ritonavir and indinavir/ritonavir arms
(P=.44) at week 24, respectively, and
50% and 45% (P=.7) at week 48. CD4+
cell count increases to week 48 were also
similar between arms (saquinavir/riton-
avir, 147/µL increase; indinavir/ritonavir,
131/µL increase; P=.60). Patients taking
indinavir/ritonavir were more likely to
discontinue their PI because of toxicity
(29 of 77 patients or 38%) than patients
taking saquinavir/ritonavir (10 of 70
patients or 14%). 

Dual-Boosted Protease Inhibitors
Without nRTIs

Duvivier and colleagues presented data
on a novel approach to antiretroviral ther-
apy for treatment experienced patients:
dual boosted protease inhibitors without
use of reverse transcriptase inhibitors
(Abstract 578). Subjects were either
resistant to nRTIs and NNRTIs (group 1,
n=41) or were intolerant to those drugs
(group 2, n=41). The median baseline
plasma HIV RNA was 4.1 log10 copies/mL
and the median baseline CD4+ count
was 240 cells/µL in group 1. Seventy-one
percent of those in group 2 had an
HIV-1 RNA level below 400 copies/mL
and 29% were on a treatment interrup-
tion. The median baseline CD4+ count

was 294 cells/µL in group 2. Subjects
in both groups had prior exposure to a
median of 2 PIs. Ten subjects in group 1
and 7 subjects in group 2 were PI-naive.
The most frequent regimens used were
saquinavir 800 mg/lopinavir 400 mg/riton-
avir 100 mg bid (40%), indinavir 400 mg/ 
lopinavir 400 mg/ritonavir 100 mg bid
(30%), and indinavir 400 mg/amprenavir
600 mg/ritonavir 100 mg bid (17%).
Overall at week 24, 84% (69 of 82
patients) and 91% (67 of 76 patients)
had HIV-1 RNA levels below 400
copies/mL by intent-to-treat and on-
treatment analyses, respectively. Seven
patients discontinued the study regimen
before week 24 (5 in group 1 and 2 in
group 2) and 5 patients experienced
virologic failure at week 24 (4 in group 1
and 1 in group 2). This study adds to a
series of data suggesting that boosted
PIs without nRTIs or NNRTIs may be
an adequate alternative to standard
antiretroviral regimens in some settings. 

Acute HIV Infection

Fiscus and colleagues (Abstract 20) eval-
uated methods of detecting acute HIV
infection (AHI) among 1440 individuals
evaluated between February 2003 and
January 2004 in a sexually transmitted
disease (STD) clinic in Malawi. Following
2 rapid tests, negative or discordant
results were tested for HIV p24 antigen
and pooled 1:10:50 for HIV-1 RNA test-
ing. Acute infection was defined as the
presence of HIV-1 RNA positive results
and HIV-1 antibody negative results.
Thirty-eight and a half percent of
patients had established HIV-1 infection
and 1.4% (20 patients) had AHI. Of
these, only 50% had clinical signs and
symptoms of AHI, with a median base-
line plasma HIV-1 RNA level of 599,994
copies/mL. Sensitivity of two rapid tests
was only 35% compared to 100% for
HIV-1 RNA. The authors concluded that
parallel rapid antibody testing and p24
antigen assay can detect up to 75% of
cases of AHI.

Hightow and colleagues (Abstract
565) assessed risk behavior and clinical
symptoms of 29 individuals with AHI
identified through North Carolina
Screening and Training Active Transmis-
sion program (STAT) between January
2003 and December 2004. Twenty three
(85%) of the subjects reported having an
acute illness in the 3 months prior to

testing; 19 of them sought medical
treatment. The most common symp-
toms were fever (62%), anorexia (60%),
sore throat (58%), and skin rash (38%).
AHI was considered at only 3 (15%) of
these initial evaluations. Sixty-two per-
cent and 44% of subjects reported
unprotected sex and symptoms of ill-
ness, respectively, as a reason for HIV-1
testing. The authors also reported
(Abstract 566) that 38% of men were in
college at the time of diagnosis, and 56%
met their sex partners over the Internet.

Markowitz and colleagues (Abstract
973B) reported a case of a recent HIV
infection by a multidrug-resistant and
dual-tropic virus in a man who had
sex with men and used metham-
phetamines. HIV-1 infection was con-
firmed in December 2004. The patient
reported symptoms of pharyngitis, fever,
and malaise in the 6 weeks preceding
the diagnosis. Time of exposure was
estimated to be between 4 and 20
months. The course of his illness over 4
months was characterized by presenta-
tion with symptomatic AIDS, a CD4+
count of 39 cells/µL and a plasma HIV-1
RNA of 232,000 copies/mL. The virus
was noted to be resistant to nRTIs, some
NNRTIs, and PIs; sensitive to enfuvirtide
and possess a replication capacity of
136% and the ability to induce syncytia
in PBMCs. Plasma virus utilizing both
CCR5 and CXCR4 as the coreceptor
were present. 

The potential variations in the natu-
ral history of early HIV infection were
highlighted by 2 presentations at the
conference. Gange and Munoz (Session
31B) presented data on behalf of the
Multicenter AIDS Cohort Study (MACS)
and the Women’s Interagency HIV Study
(WIHS). MACS and WIHS are prospective
cohort studies of HIV-infected and high-
risk individuals initiated in 1984 and
1994 that have enrolled 6,973 men and
3,768 women, respectively. In the MACS
cohort, the median time to AIDS was
estimated to be 8.3 years, and cumula-
tive incidence of AIDS was 1.1% and
2.1% within 12 and 24 months of sero-
conversion, respectively. The authors
used the MACS data to fit a model to
estimate that the number of individuals
progressing to AIDS at month 6, 12, and
24 of seroconversion would be 7, 45,
and 262 per 10,000, respectively. Using
both cohorts, the authors further esti-
mated that the expected number of indi-
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viduals with CD4+ counts below 200
cells/µL within 6 months of seroconver-
sion would be 10 per 10,000. 

In an analogous presentation, on
behalf of the Tri-Service HIV/AIDS Con-
sortium, Dolan described the variations
in natural history of HIV-1 infection in a
cohort of 4,500 United States military
personnel. Since 1985 there have been
2,700 seroconverters. Of these, 12%
achieved the endpoint of CD4+ count
below 200 cells/µL or AIDS within 12
months of seroconversion. 

Acute HIV Infection: Response
to Treatment

It has been proposed that coadministra-
tion of cyclosporin A with antiretroviral
agents during AHI leads to decreased
immune activation (Rizzardi et al, J Clin
Invest, 2002). Khonkarly and colleagues
(Abstract 567) conducted an open label,
prospective trial of 77 adults with AHI
who were randomized to starting thera-
py (n=43) or starting therapy and an
8-week course of cyclosporin A (n=34).
The mean baseline HIV-1 RNA level in
the cyclosporin A and no- cyclosporin A
arms were 5.8 log10 copies/mL and 5.64
log10 copies/mL, respectively and the
mean baseline CD4+ counts were 480
and 461 cells/µL, respectively. At week 36
the proportion of patients with plasma
HIV-1 RNA below 50 copies/mL was
higher in cyclosporin A group (96% vs.
70%, respectively, P=.011). Comparing
the 2 study arms, there were no differ-
ences in HIV-1 RNA changes during 120
weeks of follow up. The CD4+/CD8+
count ratio normalized more rapidly in
the cyclosporin A arm (P=.001).

Benson and colleagues (Abstract
570) presented data on the safety and
efficacy of antiretroviral therapy initiat-
ed during AHI and early (<3 months of
seroconversion) HIV-1 infection. Fifty-
five subjects were divided into 2 groups:
starting atazanavir 600 mg (once
daily)/didanosine/stavudine (n=37, 12
with AHI); and receiving no therapy
(n=18, 3 with AHI). The overall median
baseline HIV-1 RNA level was 50,950
copies/mL. At week 48, 66% of the
treated group achieved plasma HIV-1
RNA levels below 50 copies/mL, the dif-
ference was not statistically significant
between those initiating therapy during
early infection versus AHI. At week 48,
the median CD4+ counts were 725

cells/µL and 496 cells/µL for treated and
untreated individuals, respectively
(P=.018). Twenty-nine of 37 treated
individuals (78.4%) developed grade 3
or 4 elevations of total bilirubin. Five had
to discontinue atazanavir.

Primary Infection: Treatment
Interruptions

Bloch and colleagues (Abstract 569)
evaluated virologic response following
structured treatment interruptions (STI)
in patients receiving hydroxyurea. Sixty-
nine patients with AHI (42%) and early
infection were randomized into 2 groups
starting indinavir/ritonavir/didanosine/
lamivudine with or without hydrox-
yurea, followed by up to 3 STIs. The
overall median baseline HIV-1 RNA level
was 5.73 log10 copies/mL.. Fifty-nine
patients underwent up to 3 STIs; of these,
18 maintained plasma HIV-1 RNA below
5000 copies/mL for 6 months off ther-
apy. There were no statistically signifi-
cant differences between treatment
arms in the proportions of patients
maintaining plasma HIV-1 RNA level
below 50 copies/mL during an STI. Dur-
ing antiretroviral therapy, the mean
CD4+ count increase from baseline was
greater in the no-hydroxyurea arm (195
cells/µL) than in the hydroxyurea arm
(100 cells/µL, P=.014). The number of
serious adverse events was greater in the
hydroxyurea arm (26% vs. 9%, P=.11).
The authors concluded that hydroxyurea
did not improve virologic outcome. 

Superinfection

Grant and colleagues (Abstract 287)
attempted to determine the frequency of
HIV-1 sequentially expressed dual infec-
tions among 104 recently infected indi-
viduals. Highly divergent viral sequences
appeared in 4 cases over time (incidence
of 2.1/100 person years of observation).
The authors used heteroduplex mobility
assays and inspected electropherograms
to confirm that the subsequent virus was
not present in the baseline specimen;
these methods have sensitivity of 1.5 to
3.0% for detection of minor sequence
variants. Source partner recruitment will
be attempted to determine if dual infec-
tion arose from sequential exposure and
superinfections. 

Plantier and colleagues (Abstract 288)
described 1 patient initially infected with

an HIV-1 group O variant who was super-
infected with an HIV-1 group M strain
within 3 months of seroconversion.
Analysis of the env regions of the virus
demonstrated that the patient was infect-
ed with a group M CRF02_AG recombi-
nant strain phylogenetically related to
the partner’s viral env region.

Treatment Strategies

Results of select treatment-strategy stud-
ies in antiretroviral-experienced patients
are summarized in Table 3. 

Fischl and colleagues (Abstract 162)
presented the results of ACTG A5116, a
randomized, open-label study enrolling
236 individuals with plasma HIV-1 RNA
levels of 200 copies/mL or lower, previ-
ous PI or NNRTI experience, and no resis-
tance mutations. Subjects were random-
ized to 1 of 2 treatment arms: lopinavir/
ritonavir/efavirenz or efavirenz with
2 nRTIs. The composite endpoint was
virologic failure (confirmed HIV-1 RNA
above 2000 copies/mL) or toxicity-
related treatment discontinuation. In the
nRTI arm, 78% of patients received
zidovudine/lamivudine, and 19% received
stavudine/lamivudine. The median base-
line CD4+ count overall was 475 cells/µL.
The median follow-up time was 110
weeks. Overall, 70% (165) of subjects
achieved plasma HIV-1 RNA level below
50 copies/mL: 74% in the nRTI arm and
66% in the lopinavir/ritonavir arm. Com-
pared with the nRTI arm, there was a
trend toward a higher rate of virologic
failure (P=.088) and toxicity-related end-
points (17% vs 5%; P=.002) in the
lopinavir/ritonavir arm, by intent-to-treat
analysis. 

Drug Reduction Strategy

Molina and colleagues (Abstract 573)
presented the 3-year follow up of the
ALIZE-ANRS 099 trial. This was an
open-label, multicenter, noninferiority
study enrolling 355 subjects with plas-
ma HIV-1 RNA levels below 400
copies/mL who were on a stable PI-
based regimen. Subjects were random-
ized to continue the initial regimen
(n=177) or to switch to emtricitabine/
didanosine/efavirenz once daily (simpli-
fication therapy, n=178). In the simplifi-
cation arm, 152 patients (85%) com-
pleted week 48 of the study; of these,
147 (85%) were followed up until year
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Study Name
(Abstract No.)
Description

Regimen/
Study Arm
(No. of Patients)

Baseline
HIV-1 RNA
(copies/mL)

Baseline
CD4+
(cells/µL)

Plasma
HIV-1 RNA
Response
(copies/mL)

CD4+
Change
(cells/µL)

Comments

ESS30008
(Abstract 572)

48-week multicenter,
open-label, randomized,
comparative trial

Virologic failure was
defined as week 48
plasma HIV RNA 0.5
log10 copies/mL increase
over 400 copies/mL.
All patients were
abacavir/lamivudine
experienced.

Abacavir/lamivudine
fixed dose
combination qd
(n=130)

<50 
(median)

565
(median)

81% with <50
at week 48

Not available

Abacavir, lamivudine
bid
(n=130)

<50
(median)

549
(median)

82% with <50
at week 48

Not available

Most common third
agent was efavirenz
(62%), fosamprenavir/
ritonavir (17%), and
nelfinavir (14%).
Grade 2-4 AEs were
similar in both arms,
and no abacavir
hypersensitivity reactions
were reported. 39% in
the qd arm vs 31% in
bid arm achieved >95%
adherence.

Table 3. Treatment Strategies in Antiretroviral-Experienced Patients

SPRINT
(Abstract 574)

48-week prospective,
randomized, open-label
comparative trial

Primary endpoint was
week 24 and week 48
plasma HIV-1 RNA <50
copies/mL. Background
regimen included 2
reverse transcriptase
inhibitors.

Saquinavir 1600 mg/
ritonavir 100 mg qd
(n=70)

5 log10
(median)

152
(median)

56% with
<50 at week 24,
and 50%
at week 48

+147
(median)

Indinavir 800 mg/
ritonavir 100 mg bid

5 log10
(median)

122
(median)

49% with
<50 at week 24,
and 45%
at week 48

+131
(median)

The indinavir arm had a
higher discontinuation
rate (51% vs 34%),
most commonly due
to renal and gastroin-
testinal AEs. Both arms
sustained similar
changes in lipid and
glucose levels.

CPCRA 064
(Abstract 579)

Randomized, prospec-
tive, clinical endpoint
trial evaluating the
impact of STI on HIV
disease progression in
patients with virologic
failure

Median length of fol-
low-up was 36 months.

4-month STI 
(n=140)

5 log10

(mean)
183.3
(mean)

-0.8 log10 at
month 24
(mean)

-3.2
(mean)

No STI
(n=134)

5 log10
(mean)

177.5
(mean)

-0.8 log10

at month 24
(mean)

+39.6*
(mean)

Total number of deaths
were similar in both
arms (30 in STI vs 33 in
control); however, there
were more progression
of disease events in the
STI arm (adjusted haz-
ard ratio=1.66, P=.04).

CTN 164
(Abstract 580)

60-week, multicenter,
open-label randomized
trial to evaluate the
impact of STI vs imme-
diate salvage (IS) thera-
py on virologic out-
come in patients with
virologic failure 

Study was terminated
by SERC because of
slow recruitment.

12-week STI
(n=67)

3.9 log10

(median)
320
(median)

-1.7 log10

at week 60
(median)

+25
(median)

IS
(n=67)

3.9 log10

(median)
360
(median)

-1.7 log10

at wk 60
(median)

+94.5†

(median)

There was no difference
in proportion of
patients maintaining
plasma HIV-1 RNA level
<50 copies/mL for 3
months (69% in IS vs
55% in STI arm, P=.11).

continued, next page
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3. The proportion of subjects with plas-
ma HIV-1 RNA levels below 400
copies/mL in the simplification arm was
23% by intent-to-treat and 6% by on-
treatment analysis. From month 12 to
month 36, 27 patients in the simplifica-
tion arm discontinued antiretroviral
therapy due to patient choice (5
patients), treatment failure (2 patients),
and adverse effect (8 patients). After 36
months of simplification therapy, there
was no increase in total cholesterol level
or LDL cholesterol level; 42% of sub-
jects had plasma HDL cholesterol levels
above 60 mg/dL. The authors concluded
that the once daily regimen of emtric-
itabine/efavirenz/didanosine was not
inferior to the PI-based regimen.

Sosa and colleagues (Abstract 572)
presented results of ESS30008, a 48-
week, randomized, open label, multi-
center study comparing fixed-dose aba-
cavir/lamivudine to twice-daily abacavir
and lamivudine. The study enrolled 260
individuals with plasma HIV-1 RNA lev-
els below 400 copies/mL and CD4+
counts of 50 cells/µL or above who were
receiving abacavir/lamivudine twice
daily with a PI or NNRTI. Subjects were
randomized to continue abacavir and
lamivudine twice daily or start fixed-
dose abacavir/lamivudine. Virologic fail-
ure was defined a as plasma HIV-1 RNA
0.5 log10 copies/mL increase over 400

copies/mL (plasma HIV-1 RNA ≥ 1265
copies/mL). The overall median baseline
plasma HIV-1 RNA was below 50
copies/mL; the median baseline CD4+
counts were 565 cells/µL and 549
cells/µL in the once-daily and twice-
daily arms, respectively. Ninety-two per-
cent of subjects in the once-daily arm
and 90% in the twice-daily arm com-
pleted the study. The most common
third drugs were efavirenz (62%), fos-
amprenavir/ritonavir (17%), and nelfi-
navir (14%). Comparing the 2 study
arms, there were no statistically signifi-
cant differences in median CD4+
counts during follow-up, nor were there
such differences in the proportions of
patients with virologic failure, with
HIV-1 RNA level below 50 copies/mL at
week 48 (81% in the once-daily arm vs
82% in the twice-daily arm; P=.76).
There were also no such differences in
grades 2 to 4 adverse events: 2 subjects
in the twice-daily arm withdrew due to
weight gain and lymphoma that were
not treatment related. Two subjects in
the once-daily and 4 in the twice-daily
arm met criteria for virologic failure
after documented antiretroviral nonad-
herence. A greater proportion of sub-
jects in the once-daily arm (39%) than
the twice-daily arms (31%) maintained
at least 95% adherence to the antiretro-
viral regimen. 

Structured Treatment Interruptions
in Antiretroviral-Experienced Persons

Lawrence and colleagues (Abstract 579)
presented the final results of the CPCRA
064 study, a randomized, prospective
study enrolling 274 individuals with viro-
logic failure that evaluated the impact of
STI on HIV disease progression. Subjects
on a stable antiretroviral regimen who had
plasma HIV-1 RNA levels above 5000
copies/mL and multi-drug-resistant HIV
documented by genotypic testing were
randomized to a 4-month STI followed by
a salvage regimen (n=140) or immediate
initiation of a salvage regimen (n=134).
The primary endpoint was progression of
HIV disease or death. The overall mean
baseline CD4+ count and plasma HIV-1
RNA level were 180 cells/µL and 5.0 log10
copies/mL, respectively; 58% of subjects
had developed a prior opportunistic infec-
tion. At study entry, 96.7% of subjects
had 3-class drug exposure, a median of 11
prior antiretroviral drugs and a mean of
9.7 drug resistance mutations. The medi-
an follow-up time was 36 months. At
month 4, the mean changes in plasma
HIV-1 RNA were a 0.4 log10 copies/mL
increase in the STI arm and 0.8 log10
copies/mL decrease in the no-STI arm
(P<.0001). Differences in plasma HIV-1
RNA levels at 24 months were not statisti-
cally significant. The mean change in
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AEs indicates adverse events; bid, twice daily; HR1, helical region 1; NNRTI, nonnucleoside reverse transcriptase inhibitor; nRTI, nucleoside
reverse transcriptase inhibitor; PI, protease inhibitor; qd, once daily; SERC, Safety and Efficacy Review Committee; STI, structured treatment
interruption.
*P=.07.
†P=.04.
‡Difference in virologic outcomes between study arms was not statistically significant.

Study Name
(Abstract No.)
Description

Regimen/
Study Arm
(No. of Patients)

Baseline
HIV-1 RNA
(copies/mL)

Baseline
CD4+
(cells/µL)

Plasma
HIV-1 RNA
Response
(copies/mL)

CD4+
Change
(cells/µL)

Comments

Enfuvirtide Salvage
(Abstract 581)

48-week pilot study to
evaluate virologic
outcome of STI prior to
enfuvirtide-based
salvage regimen 

Patients had plasma
HIV-1 RNA level >500
copies/mL and
resistance to >2 PIs, >2
nRTIs, >1 NNRTIs.

16-week STI followed
by enfuvirtide/
optimized background
(n=15)

4.79  log10

(median)
47
(median)

36% with <75
at week 24
and 48

Not available

Immediate enfuvirtide/
optimized background
(n=15)

4.62 log10

(median)
26
(median)

53% with <75
at week 24
and 48‡

Not available

Patients with virologic
failure (return to <0.5
log10 copies/mL below
baseline by week 16)
had enfuvirtide
resistance mutations in
HR-1 sequence within 2
to 4 weeks of
treatment.

Table 3. Treatment Strategies in Antiretroviral-Experienced Patients (continued)
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CD4+ count at months 4 and 24 were
greater in the STI arm than in the no-STI
arm; the difference persisted after 24
months (39.6 cells/µL increase vs 3.2
cells/µL decrease, respectively; P=.007).
Subjects in the STI arm experienced a
reduction in the number of mutations
assessed (from 10 to 5.1) and 27% of sub-
jects in the STI arm lost all mutations as
assessed by standard sequencing of plas-
ma present at study entry. There were no
differences between the treatment arms
in the total number of deaths: 30 in the
STI and 33 in the no-STI arm (P=.91).
The STI arm experienced more progres-
sion of disease events than did the no-STI
arm, with 44 events in the STI arm and 29
in the no-STI arm (hazard ration
[HR]=1.66; P=.04). The most common
progression of disease event was
esophageal candidiasis (26.3% and
10.4%, respectively) and pneumocystis
pneumonia (12.3% and 6.3%, respective-
ly). The authors confirmed that there was
no benefit conferred by STI as part of sal-
vage therapy in patients with advanced
disease and multidrug-resistant HIV.

Henry and colleagues (Abstract 582)
presented the results of ACTG A5102.
This was a randomized pilot study
enrolling antiretroviral experienced indi-
viduals with CD4+ counts above 500
cells/µL and plasma HIV-1 RNA levels
below 200 copies/mL. Subjects were
randomized to 1 of 2 arms: continue
antiretroviral therapy with 3 5-day cycles
of interleukin-2 (IL-2) administered every
8 weeks (n=23); or continue antiretrovi-
ral therapy for 18 weeks. At the end of
treatment period, subjects with CD4+
counts above 500 cells/µL underwent a
treatment interruption (TI) until the CD4+
count dropped below 350 cells/µL. The
median follow-up on TI was 78 weeks;
the median baseline CD4+ count over-
all was approximately 750 cells/µL. Sub-
jects in the IL-2 arm maintained higher
CD4+ counts for 72 weeks during the TI.
A higher CD4+ count before antiretro-
viral therapy was associated with a
longer time to CD4+ count below 350
cells/µL. Higher plasma HIV-1 RNA level
in the beginning of TI was associated
with shorter time to CD4+ count below
350 cells/µL (HR=3.88; P=.042). 

Deeks and colleagues (Abstract 680)
evaluated the effect of stopping enfuvir-
tide therapy in patients with enfuvirtide
resistance. There were 22 subjects in
whom enfuvirtide was failing. The mean

baseline plasma HIV-1 RNA level was
5.08 log10 copies/mL, and mean duration
of enfuvirtide therapy was 28.6 weeks;
these subjects stopped enfuvirtide while
continuing background antiretroviral
therapy. At weeks 2 and 4, the mean
increases in plasma HIV-1 RNA level
were 0.11 log10 copies/mL (P=.3) and
0.27 log10 copies/mL (P=.03), respec-
tively. At baseline, clonal analysis of
HR-1 sequences documented the pres-
ence of enfuvirtide-associated mutations
in 21 of 22 patients. At week 16, enfuvir-
tide mutations were no longer detectable
in clones from the majority of subjects
(P=.003). The authors concluded that
this is consistent with a fitness cost asso-
ciated with enfuvirtide resistance.

The Emergence of Resistance During
STIs

Ceccherini-Silberstein and colleagues
(Abstract 681) investigated the disap-
pearance of PI mutations during TI in 88
patients with at least 2 genotypes within
1 year: 1 during PI-containing regimen
failure and 1 during TI (median length, 4
months). Mutations L33F, I47V, F53L,
G73S, N88D, M46I/L and L90M disap-
peared in 33%, 66%, and 99% of
patients at 6-, 9-, and 12-month intervals
during TI, respectively. Mutations K20T,
K43T, Q58E, T74S, I85V, Q92K, and
C95F disappeared at a similar rate dur-
ing TI. Mutations M36I, L63P, V77I were
maintained in more than 75% of
patients during TI. At month 3 of TI
(n=23), major PI mutations reverted
back to wild type in 14 out of 23
patients (61%); among these, there was
a trend toward lower plasma HIV-1 RNA
level (P=.08). The disappearance of
M46I and L90M was associated with
greater plasma HIV-1 RNA increase and
greater CD4+ cell decrease (P<.001).
Maintenance of M36I, L63P, and V77I
compensatory mutations was associated
with higher plasma HIV-1 RNA increase
(P<.001). The authors concluded that
M46I and L90M confer a disadvantage
for viral fitness.

Antiretroviral Drug Resistance
and Replicative Capacity

Transmission of Drug-Resistant Virus

On behalf of the Duke-University of
North Carolina-Emory Acute HIV consor-

tium and the STAT program, Hicks
(Abstract 673) presented data on geno-
typic resistance profiles of virus from
127 individuals with AHI and early infec-
tion diagnosed between January 1998
and December 2004. Overall, major
resistance mutations were detected in
19.7% of cases and they did not differ
significantly among the 3 major classes
of antiretroviral agents: 7.1% for nRTI,
6.3% for NNRTI, 3.1% for PI. Prevalence
of resistance mutations was similar
among AHI and early infections. 

In a complementary presentation,
De Mendoza and colleagues (Abstract
672) documented a reduction in the rate
of transmitted drug resistance among
198 consecutive newly HIV-infected
individuals seen between January 1997
and December 2004 in 11 hospitals in
Spain. The overall rate of genotypic
resistance in this population was 12.1%,
and 9.3%, 4.1%, and 2.1% had nRTI,
NNRTI, or PI resistance mutations,
respectively. The rates of drug resistance
in 1997, 2003, and 2004 were 33.3%,
10.4% and 8.2%, respectively. The
authors also noted a rise in the trans-
mission of non-B subtypes of HIV-1.

Shet and colleagues (Abstract 289)
described the transmission of drug-resis-
tant HIV among 112 individuals with
AHI presenting to the Aaron Diamond
AIDS Research Center in New York
between 2003 and 2004. The median
duration of infection was 58 days, 98%
were men who have sex with men
(MSM). Of them, 27 individuals (24.1%)
had drug-resistant HIV-1. Compared with
the period between 1995 and 1998,
NNRTI resistance increased from 2.6%
to 13.4% in 2003 through 2004 (P=.04),
PI resistance increased from 1.3% to
7.1% in 2003 through 2004 (P=.09).
The prevalence of nRTI-associated muta-
tions has remained stable since 2000. 

The role of genital tract shedding in
transmission of drug resistance was high-
lighted  by several presentations at the
conference. Katzenstein and colleagues
(Abstract 670) presented the results from
A5077, a 96-week, multicenter, longitu-
dinal study evaluating genotype of plas-
ma virus associated with genital tract
shedding. The study enrolled 88 individ-
uals with plasma HIV-1 RNA levels more
than 2000 copies/mL, with matched
genital tract samples for whom genotyp-
ic susceptibility score (GSS) was
obtained within 10 days (n=29) or 90
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days (n=53) of starting antiretroviral
therapy. Overall, subjects had a median
of 5.6 years of prior antiretroviral thera-
py and a median plasma HIV-1 RNA
level of 4.7 log10 copies/mL. Among
these highly drug-experienced patients,
more than 50% of women had resis-
tance to more than 2 NNRTIs drugs;
men tended to have less NNRTI resis-
tance and more PI resistance (GSS, 2.05
and 1.45, respectively; P=.08). Overall,
the frequency of genital tract HIV shed-
ding was 10-fold higher among men
receiving antiretroviral therapy than
women. The authors concluded that
these observations may explain the
increasing frequency of drug resistance
among newly infected MSM. 

Newstein and colleagues (Abstract
671) aimed to describe drug resistance in
plasma and genital tracts of NNRTI-expe-
rienced women failing antiretroviral ther-
apy. In 7 out of 8 women, NNRTI muta-
tions were detected in both plasma and
genital samples; K103N was detected in
both sites in 4 out of 5 patients who had
been off therapy for up to 28 months. The
authors concluded that NNRTI mutations
are stable in the female genital tract in
the absence of drug selection. 

Treatment-Experienced Patients

Didanosine. Bates and colleagues (Abstract
105) described the relationship between
baseline phenotypic susceptibility and
week-4 HIV-1 RNA level response to
didanosine in the JAGUAR study. This
was a multicenter, randomized, double-
blind, placebo-controlled study of 168
individuals with plasma HIV-1 RNA lev-
els between 3 and 5 log10 copies/mL and
CD4+ counts above 100 cells/µL, who
were randomized to add didanosine
(n=111) or placebo (n=57) to a cur-
rent, stable regimen. At week 4, the
median changes in HIV-1 RNA in the
didanosine and control arms were a
0.56 log10 copies/mL decrease and a
0.07 log10 copies/mL increase, respec-
tively (P<0.0001). The highest mean
log10 change from baseline in plasma
HIV-1 RNA levels occurred in individuals
with a didanosine fold change (FC) less
than 1.3 (-1.01 log10 copies/mL), com-
pared with those with a didanosine fold
change greater than 2.2 (-0.24 log10
copies/mL; P<0.001). At a didanosine
fold change less than 1.3, individuals
experienced high response rates, while

at a fold change greater than 2.2, the
response rates were considerably lower.
The authors proposed clinical cutoffs at
1.3 and 2.2 for didanosine to identify a
zone identifying the probability of an
intermediate virologic response.

nRTI-Associated K65R Mutation. The K65R
mutation reduces TAM-mediated exci-
sion of zidovudine and is responsible for
reversal of zidovudine resistance. Parikh
and colleagues (Abstract 98) attempted
to demonstrate that K65R and 215Y/F
do not exist on the same genome. A
total of 59,262 samples from a commer-
cial database with K65R in combina-
tions with 2 or more TAMs were ana-
lyzed. Of these, 3.2% had K65R and
14.2% had 215Y/F or 2 or more TAMs.
The expected frequency of having both
K65R and TAMs was 0.5% and the actu-
al frequency of both was 0.04%. Single
genome sequencing was performed on
173 genomes from 10 samples; K65R
and any TAM occurred together in less
than 10% of the samples and among
these K65R was never found on the
same genome with T215FY/F/I. 

Atazanavir. Coakley and colleagues
(Abstract 716) described a PI-naive
patient who developed the N88S muta-
tion without the sentinel atazanavir
mutation I50L on atazanavir/ritonavir
therapy. The patient had a baseline plas-
ma HIV-1 RNA level of 6547 copies/mL,
replicative capacity of 96%, and no base-
line PI mutations when he started on
atazanavir/tenofovir/abacavir/lamivu-
dine. Ritonavir was added at month 3,
plasma HIV-1 RNA level less than 50
copies/mL at month 4, and increased to
7535 copies/mL at month 11. The geno-
type at that time demonstrated K20T,
M36I/V, L63P, A71T, and N88S muta-
tions. The fold changes to atazanavir,
amprenavir, indinavir, lopinavir, nelfi-
navir, and saquinavir were 56, 0.3, 13,
4.3, 68, and 4.2 respectively. The replica-
tive capacity was 14%. In one commer-
cial database, the N88S mutation was
associated with resistance to atazanavir,
nelfinavir, and indinavir, susceptibility to
lopinavir, and ritonavir, and hypersus-
ceptibility to amprenavir. Isolates with
I50L mutations, on the other hand,
demonstrated atazanavir-specific resis-
tance, susceptibility, and hypersuscepti-
bility to ritonavir, indinavir, nelfinavir,
amprenavir, lopinavir, and saquinavir.

Surveillance of the database revealed that
among samples with at least 1 major PI
mutation, the prevalence of N88S and
I50L increased from 1.04% and 0.15% in
December 2003, to 2.86% and 3.65% in
January 2005, respectively. 

Tipranavir/Ritonavir. Schapiro and col-
leagues (Abstract 104) evaluated the
resistance profile of tipranavir/ritonavir
in the RESIST-1 and RESIST-2 trials.
Patients with 3-class experience and 1 or
more major PI mutations (among 30N,
46I/L, 48V, 50V, 82A/F/L/T, 84V, and
90M), were randomized to tipranavir/
ritonavir (n=582) or a comparator
PI/ritonavir (CPI/r; n=847). At baseline,
59% of patients in the tipranavir arm
and 61% in the CPI/r arm had 3 or 4 pri-
mary PI mutations. The primary end-
point was defined as a confirmed 1 log10
copy/mL decrease in plasma HIV-1 RNA
level from baseline. At week 24, patients
in the tipranavir/ritonavir arm had better
treatment responses than those in the
CPI/r arm regardless of the number of
baseline protease gene mutations.
Among subjects with 12 or less and 19
or more protease gene mutations,
50.4% versus 29.8% and 31.7% versus
7.7% of subjects in the tipranavir/riton-
avir and CPI/r arms, respectively, reached
the primary endpoint of more than
1 log10 copy/mL decrease in plasma
HIV-1 RNA from baseline. Twenty individ-
uals had what was described as PI-resis-
tance–associated mutations (PRAMs):
L33W/F, V82A/F/L/T, I84V and L90M.
Among these there was no difference in
virologic response between arms in sub-
jects with 0 PRAMs; however, with 1 and
2 PRAMS, 44% versus 25% and 41%
versus 15% in the tipranavir/r and CPI/r
arms, respectively, achieved treatment
response. 

Enfuvirtide. Enfuvirtide resistance is
associated with changes at amino acids
positions 36 to 45 of the N-terminal
region of the first heptad repeat (HR1)
in the envelope gene. Labrosse and col-
leagues (Abstract 97) investigated the
evolution of enfuvirtide resistance in 6
patients with different degrees of suscep-
tibility on enfuvirtide-containing salvage
therapy. Baseline susceptibilities to enfu-
virtide ranged from 56 ng/mL to 756
ng/mL. Mutations emerged at positions
36, 38, and 43 in the context of env
quasispecies different from dominant
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baseline populations, and were not
accompanied by loss of env-dependent
activity. In 4 patients, HIV-1 fitness
increased from baseline. The authors
concluded that mutations conferring
enfuvirtide resistance are selected
repeatedly in different env genetic back-
grounds, resulting in replacement of
dominant virus populations over time. 

Maroldo and colleagues (Abstract
717) described the rapid selection of
enfuvirtide resistance due to a single
V38E mutation within the enfuvirtide
binding site, appearing on day 9 of ther-
apy. Mutations G36G/D and V38V/E/A
were noted in the HR1 domain; clonal
analysis of the gp160 env demonstrated
that the G36D mutation was present on
distinct strains from those carrying V38A
or V38E. Samples from day 580 of ther-
apy demonstrated persistence of only
the V38E mutation. High level phenotyp-
ic resistance and reduced viral fitness
were previously described with the V38E
mutation in the context of N42S (Lu et al,
J Virol, 2004). The authors concluded
that the rapid outgrowth and persistence
of V38E is consistent with a high selec-
tive advantage of this mutation.

Cabrera and colleagues (Abstract
718) described sequential accumulation
of mutations in the gp41 env region after
long-term enfuvirtide therapy. Samples
were derived from 15 highly treatment-
experienced individuals with virologic
failure on enfuvirtide-containing salvage
regimens. Mutations in HR1 and HR2
were analyzed by population-based
sequencing. Mutations G36D/S, V38A,
and N43D appeared 2 to 4 weeks after
initiation of enfuvirtide. Double mutations
V38A/G36V, V38A/N43D, G36V/N43D
were established early in the treatment
but never coexisted in the same viral
genome. 

UK-427,857. UK-427,857 is an investiga-
tional CCR5 blocker that binds to CCR5
through a triazole group. Virus resistant
to UK-427,857 has mutations in the V3
loop. Westby and colleagues (Abstract
96) identified 8 CCR5 antagonists struc-
turally related to UK-427,857 and inves-
tigated their binding sites and potential
for developing cross-resistance. These
compounds bind CCR5 in a pocket
formed by the transmembrane helices
and extracellular loop 2. UK-427,857-
resistant variants are cross-resistant to
compounds with a triazole functional

group, but not with an imidazopiperi-
dine group. The authors concluded that
resistance to CCR5 antagonists may not
lead to drug-class resistance. 

Interactions Among RTI Resistance
Mutations

Two presentations focused on interac-
tions of L74V with other mutations.
Frankel and colleagues (Abstract 698)
used real-time polymerase chain reac-
tion (PCR) to demonstrate that L74V was
associated with a 50% reduction in the
efficiency of synthesis of viral DNA and
excision of zidovudine-terminated DNA
synthesis. The presence of M184V fur-
ther potentiates this effect. The authors
concluded that M184V, K65R, and L74V
share a common mechanism of resis-
tance to nRTIs and their effects on
reverse transcriptase. 

Miranda and colleagues (Abstract
699) demonstrated that L74V interferes
with the primer unblocking in the pres-
ence of TAMs, though to a lesser extent
than M184V. The effect of M184V on
primer unblocking was greatest in virus-
es with M41L, L210W, T215Y, and
impaired in the presence of 6 TAMs. The
authors concluded that this is the mech-
anism by which L74V partially reverses
TAM-mediated zidovudine resistance. 

Several posters presented data about
the effects of interactions between nRTI
and NNRTI mutations on HIV-1 replica-
tive capacity and fitness. It was previous-
ly noted in ACTG 368 that K103N plus
L100I were frequently associated with
L74V in the nRTI-sparing arm of the
study. L100I is selected for during
efavirenz therapy and adds to the resis-
tance of K103N. Koval and Demeter
(Abstract 700) used growth competition
experiments in H9 cells to elucidate
whether L74V compensates for the repli-
cation fitness defect seen in the K103N/
L100I double mutant. The K103N/
L100I double mutation was associated
with reduced fitness compared with
K103N (P<.0001), and the relative fit-
ness of the L74V triple mutant
(L74V/K103N/L100I) was significantly
higher than the K103N/L100I double
mutant. 

Colson and colleagues (Abstract 701)
investigated the frequency of the
K65R/L74V double mutant in the Mar-
seille database. This was a retrospective
analysis of 3201 patients and 7151

sequences: 12 of 3201 patients carried
the K65R/L74V combination of mutations
and 4 of these had virologic failure on a
nRTI-based regimen and no protease
resistance mutations. This is contrary to in
vitro data reporting diminished replicative
capacity and dysfunctional reverse tran-
scriptase in the presence of K65R/L74V. 

Wirden and colleagues (Abstract
702) analyzed linkage of K65R mutation
with TAMs and L74V in 5 samples from
patients obtained after tenofovir failed.
Clonal analysis revealed association of
K65R with M41L, D67N, L210W, and
K219E, but no linkage between K65R
with L74V. 

Coakley and colleagues (Abstract
704) evaluated the effect of non-thymi-
dine analogue nucleoside analogue
mutations (non-TA NAMs) on efavirenz
hypersusceptibility, defined as fold
change in IC50 of less than 0.4. Samples
from a commercial database with
unmixed nRTI mutations (K65R, T69X,
l74I/V, V75X, M184I/V; X=any amino
acid change) but no TAMs (ie, none of
M41L, D67N, K70R, L210W, T215FY,
K219X) and no Q151M, T69 insertions,
or NNRTI mutations were identified. Iso-
lates without nRTI, NNRTI, and PI muta-
tions served as the control, wild-type
group. The mean efavirenz fold change
was lower in isolates containing non-TA
NAMs or TAMs than in control isolates.
Over 40% of isolates with K65R,
K65R/M184V double mutants, or 3
TAMS (including T215Y) had fold change
in efavirenz IC50 of less than 0.4. The
authors concluded that efavirenz hyper-
susceptibility is associated with non-TA
NAMs as well as TAMs.

Resistance in Non-Subtype B
Infections

Grossman and colleagues (Abstract 719)
compared virologic response and resis-
tance to lopinavir/ritonavir between
clade C and clade B HIV-1 viruses. Sam-
ples were obtained from 37 subtype-B
and from 49 subtype-C individuals with
mean PI-treatment duration overall of 20
months. The mean plasma HIV-1 RNA
levels were 5.14 log10 copies/mL and
5.24 log10 copies/mL in subtype C and B
groups, respectively. Mutations were pre-
sent with the following prevalence in
clade C and B patients, respectively:
49% and 57% with L10I/V/F; 55% and
30% with K20R (P=.03); 4% and 14%
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with L24I (P= .07); 33% and 32% with
M46I; 39% and 46% with I54V; 33% and
92% with L63P (P<.001); 22% and
41%, with A71V (P<.001); 43% and
35% with V82A; 10% and 24% with
I84V; 27% and 14% with L90M; and
98% and 46% with L93I. Mean lopinavir/
ritonavir mutational score was 3.29 in
subtype-C and 4.05 in subtype B, and
the difference was not statistically signif-
icant. The authors concluded that the
prevalence of lopinavir-associated muta-
tions is similar in clade B and C patients
in whom therapy is failing. Differences
in frequencies of mutations in codons 20,
24, and 63, may be due to baseline poly-
morphic variations between subtypes.

Bessong and colleagues (Abstract
721) analyzed resistance mutations in the
protease region of 40 antiretroviral-naive,
subtype C-infected individuals from
South Africa. No major PI mutations were
detected; M36I and I93L were detected in
90% of the sequences; the combination
of K20R and M36I mutations conferring
indinavir and ritonavir resistance were
detected in 25% of isolates. 

Fitness and Replicative Capacity

Hicks and colleagues (Abstract 345)
described an inverse relationship
between baseline replicative capacity
and CD4+ count among 132 antiretro-
viral-naive individuals who achieved
plasma HIV-1 RNA level below 400
copies/mL after 12 months of antiretro-
viral therapy. The mean baseline CD4+
count was 223 cells/µL and mean plas-
ma HIV-1 RNA level 4.9 log10 copies/mL.
There were 52% and 37% of individuals
who received a combination of NNRTI
with a nRTI or nRTI with a PI, respec-
tively. Baseline replicative capacity was
inversely correlated with baseline CD4+
count (P=.003). After adjusting for
baseline CD4+ and plasma HIV RNA
level, for every increase of 1% in the
replicative capacity, there was a corre-
sponding decrease in baseline CD4+
count of 0.88 cells/µL (P=.049). 

Martinez-Picado and colleagues
(Abstract 691) examined the relationship
between hypersusceptibility phenotype
to multiple PIs and HIV-1 replicative
capacity among 12 patients undergoing
5 consecutive STIs. Samples were col-
lected at the peak of viremia during each
STI. Ten patients had at least 1 sample
demonstrating hypersusceptibility to 1

or more PIs. The median drug suscepti-
bility overall for amprenavir, indinavir,
lopinavir, nelfinavir, ritonavir, and
saquinavir was 0.2 fold-change lower
than the median drug susceptibility for
wild-type virus from the a commercial
database. The mean replicative capacity
of recombinant virus containing the 3'-
end of gag, the protease and reverse
transcriptase regions of all the isolates
was 53% lower than expected for wild-
type virus, and there was significant cor-
relation between susceptibility to PIs
and replicative capacity in all 12
patients. Replicative capacity of the
virus did not change during the STIs,
and there was no apparent association
between replicative capacity as mea-
sured in vitro and CD4+ count, CD8+
count, and plasma HIV-1 RNA level at
each treatment interruption. 

De Luca and colleagues (Abstract
692) evaluated the relationship between
treatment outcome and HIV-1 replica-
tive capacity in 139 patients from the
ARGENTA trial. Patients included those
in whom antiretroviral therapy was fail-
ing; the mean plasma HIV-1 RNA level
was 4.28 log10 copies/mL and the medi-
an CD4+ count was 264 cells/µL. At
baseline, the median replicative capacity
was 59% and the median phenotypic
susceptibility score (PSS) of the first sal-
vage regimen was 2. At month 36, high-
er PSS predicted better virologic
response; the mean decrease from base-
line plasma HIV-1 RNA of 1.6 log10
copies/mL and 0.8 log10 copies/mL for
PSS of 2 or greater and PSS less than 2,
respectively (P=.040). Replicative
capacity was inversely correlated with
decreased susceptibility to PIs. Among
85 patients with persistent plasma HIV-1
RNA below 500 copies/mL, after adjust-
ing for PSS, replicative capacity above
65% was associated with lower CD4+
count gains at month 3 (mean decrease
of 58 cells/µL; P=.04); month 9 (mean
decrease of 147 cells/µL; P=.003), and
month 24 (mean decrease of 125
cells/µL; P=.047. Among individuals
with PSS of 3 and on their first salvage
regimen (n=25), a 1-log higher replica-
tive capacity was associated with higher
plasma HIV-1 RNA levels at 3 months
(mean plasma HIV-1 RNA increase from
baseline of 1.52 log10 copies/mL;
P=.019). In a univariate analysis, a log
change in replicative capacity was not
associated with clinical progression (HR,

0.79; P=0.66). The authors concluded
that in persistently viremic patients,
higher replicative capacity predicted
worse 3-month virologic and 24-month
CD4+ count outcomes. 

Predictors of Response

On behalf of the British Columbia Center
for Excellence in HIV/AIDS, Hogg
(Abstract 712) described the effect of
increasing antiretroviral resistance on
survival among 1388 individuals initiat-
ing antiretroviral therapy between
August 1996 and July 2000. During a
median follow-up time of 52.7 months,
238 individuals died (17.2%, all-cause
mortality). Resistance testing was avail-
able on 3120 samples; of these, drug
resistance to at least 1 class and all 3
classes of antiretrovirals was noted in
28.5% and 7.9%, respectively. After
controlling for age, CD4+ count, and
plasma HIV-1 RNA level, NNRTI and
nRTI resistance other than the presence of
M184V, was associated with an increased
risk of death (odd ratios [ORs], 2.07 and
2.93, respectively), and development of PI
resistance was protective (OR, 0.32).

Previous studies have suggested that
TAMs develop by 1 of 2 distinct pathways
described as TAM1 (41L, 210W, and
215Y) and TAM2 (67N, 70R, 219E/Q).
The effects of a specific profile on viro-
logic outcome were highlighted by sever-
al presentations at the conference. 

Antinori and colleagues (Abstract
709) presented results of a retrospective
analysis documenting the effect of TAM1
and K65R mutations on virologic out-
come in 172 patients from 10 Italian
centers initiating salvage therapy with
tenofovir/stavudine. Of these, 88.4% and
77.3% of patients were previously
exposed to zidovudine and stavudine,
respectively. Virologic failure was defined
as an HIV-1 plasma RNA level above 500
copies/mL. The median baseline plasma
HIV-1 RNA level and CD4+ count were
4.26 log10 copies/mL and 229 cells/µL,
respectively. At baseline, 19.1% of
patients had TAM1, 10.3% TAM2, 76%
M184V, 42% T215Y/F, 33% M41L, 29%
D67N, and 22% L210W mutations. At
month 12, 50% and 66% of patients
achieved plasma HIV-1 RNA levels of
below 50 copies/mL and below 500
copies/mL, respectively. Multivariate anal-
ysis revealed that presence of either 1
TAM1 or all TAM1 mutations was associ-
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ated with a greater risk of virologic fail-
ure (adjusted HRs [AHRs], 1.65, P=.003
and 2.53; P=.048, respectively). M184V
was associated with a greater reduction
in plasma HIV-1 RNA level at month 6
and 12, AHR for virologic failure of 0.36
(P=.024) in multivariate analysis.
Among 17 evaluable patients with viro-
logic failure, no K65R was detected at
baseline or month 12; the prevalence of
stavudine associated mutations increased
from baseline: D67N from 23% to 46%;
L210W from 31% to 67%; K219Q from
7.7% to 15%. The authors concluded
that accumulation of TAMs, not K65R, is
most predictive of virologic failure on
tenofovir/stavudine.

Landman and colleagues (Abstract
710) presented data on the virologic out-
come of salvage antiretroviral therapy in
the presence of the K65R mutation.
Fourteen patients from the TONUS trial
(antiretroviral-naive patients on teno-
fovir/lamivudine/abacavir) and 8 patients
from GS 903 study (randomized study of
antiretroviral-naive patients on tenofovir/
lamivudine/efavirenz or stavudine/lamivu-
dine/efavirenz) were included. Baseline
mutations included K65R/M184V (n=14),
K65R/M184V/NNRTI mutant (n=5) and
K65R/NNRTI mutant (n=3). The median
baseline plasma HIV-1 RNA level was
6336 copies/mL. Salvage therapy was
initiated: tenofovir and lamivudine were
continued in 5 and 9 patients, respec-
tively; zidovudine and didanosine were
started in 13 and 11 patients, respec-
tively; a PI was the third agent in 16
patients and an NNRTI in 6 patients. At
week 48, 86% achieved a plasma HIV-1
RNA below 50 copies/mL and the mean
replicative capacity was 54%. The
K65R/M184V double mutants were
hypersusceptible to efavirenz, nevirap-
ine, and zidovudine. The authors con-
cluded that this may have contributed to
the virologic response in patients receiv-
ing efavirenz or zidovudine as part of
salvage therapy. Johnson and colleagues
(Abstract 711) studied the effect of the
number of baseline PI mutations on viro-
logic response at week 96 in a post-hoc
analysis of the BMS AI424-045 study.
Subjects (n=358) were randomized to 1
of 3 arms: atazanavir 300 mg once
daily/ritonavir 100 once daily (n=120);
lopinavir 400 twice daily/ritonavir 100
twice daily (n=123); and atazanavir 400
once daily/saquinavir 1200 mg once
daily (n=115). All patients received

tenofovir and an nRTI. The median base-
line plasma HIV-1 RNA level and CD4+
count were 4.44 log10 copies/mL and
295 cells/µL, respectively. Median num-
ber of baseline PI and nRTI mutations
were 2 and 3, respectively. In 33% of
patients in the atazanavir arms and in
38% in the lopinavir arm, 4 or more PI
mutations were present at baseline;
among these, the mean decreases in
plasma HIV-1 RNA levels at week 96
were 1.71 log10 copies/mL, 0.93 log10
copies/mL, 1.81 log10 copies/mL in the
atazanavir/ritonavir, atazanavir/saquinavir,
and lopinavir/ritonavir arms, respective-
ly. Among individuals with fewer than 4
PI mutations at baseline, the mean
decreases were 2.47 log10 copies/mL for
atazanavir/ritonavir; 2.17 log10 copies/mL
for atazanavir/saquinavir, and 2.21 log10
copies/mL for lopinavir/ritonavir. The
atazanavir/saquinavir arm was the least
effective virologically, irrespective of the
number of PI mutations.

Pharmacology

Selected Drug-Drug Interactions

Enteric-coated Didanosine/Atazanavir. Enter-
ic coated didanosine (didanosine EC) and
atazanavir are potential components of
a once-daily antiretroviral regimen.
However, didanosine is usually given
without food and atazanavir with food.
Kaul and colleagues examined the inter-
action of these 2 drugs when given
together with food in 35 healthy volun-
teers (Abstract 648). They found that the
Cmax and area under the concentration
curve (AUC) of didanosine were reduced
approximately 35% when given with
food and either atazanavir 400 mg or
atazanavir 300 mg/ritonavir 100 mg com-
pared with being given in the fasted state.
The pharmacokinetics of atazanavir were
not affected by coadministration of
didanosine. 

Buprenorphine and Efavirenz. Buprenor-
phine is a partial opioid agonist that was
recently approved by the US Food and
Drug Administration (FDA) for the treat-
ment of opioid dependence. Efavirenz
lowers the plasma levels of methadone,
potentially leading to a withdrawal syn-
drome. The effects of efavirenz on
buprenorphine pharmacokinetics are
unknown. McCance-Katz and colleagues
studied buprenorphine pharmacokinet-

ics before and after 1 week of efavirenz
administration in 10 buprenorphine-
maintained, HIV-seronegative volunteers
(Abstract 653). They found that efavirenz
lowered the exposure (ie, AUC) by 50%
and increased the rate of buprenorphine
clearance. However, efavirenz did not
cause opioid withdrawal in these volun-
teers; the efavirenz levels were in the
therapeutic range. This suggests that
buprenorphine may be preferable to
methadone in HIV-infected patients who
are prescribed efavirenz. 

Rifampin and Atazanavir. Burger and col-
leagues examined the interaction of
rifampin and atazanavir in HIV-seronega-
tive volunteers (Abstract 657). Rifampin
reduces the levels of other PIs and 
they should not be coadministered. The
investigators determined the atazanavir
pharmacokinetics using 3 different
once-daily doses of atazanavir/ritonavir
(300 mg/100 mg, 300 mg/200 mg,
400 mg/ 200 mg) given with rifampin
600 mg once daily. They compared
these doses with atazanavir given with-
out rifampin (400 mg without ritonavir
and 300 mg with ritonavir 100 mg).
They found that all 3 doses given with
rifampin yielded atazanavir levels signif-
icantly lower than levels seen with 300
mg/100 mg once-daily. Compared with
atazanavir 400 mg once daily, only
atazanavir/ritonavir 400 mg/200 mg
yielded comparable 24-hour AUC and
Cmax values. However, all 3 doses given
with rifampin yielded significantly lower
minimum concentration (Cmin). The
authors concluded that atazanavir
should not be co-administered with
rifampin at the doses studied.

Omeprazole and Atazanavir. Proton pump
inhibitors are known to lower levels of
atazanavir. Agarwala and colleagues tried
2 different strategies to overcome this
interaction in HIV-infected volunteers
(n=48) (Abstract 658). They first
assessed atazanavir pharmacokinetics
after giving atazanavir/ritonavir 300
mg/100 mg once daily for 10 days. They
divided the cohort into 3 groups who all
received omperazole 40 mg once daily.
Group A had no other change, Group B
took the medications with 8 ounces of
cola, and Group C increased their
atazanavir dose to 400 mg/100 mg once
daily. All 3 groups had atazanavir AUC,
Cmax, and Cmin levels that were reduced
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by 56% to 79% compared with those
without omeprazole. The authors con-
cluded that atazanavir should not be
given with proton pump inhibitors. Future
studies will determine if similar interac-
tions exist with H2-blockers and antacids.

Antiretrovirals and DMPA. Little is known
about the interaction of depo-medrox-
yprogesterone acetate (DMPA) and
antiretrovirals. Cohn and colleagues pre-
sented data from A5093, an open-label
nonrandomized study of the effect of
DMPA on the pharmacokinetics of select-
ed PI and NNRTI therapies in HIV-infect-
ed women (Abstract 82). The partici-
pants were taking 2 nRTIs plus nevirap-
ine (n=13), efavirenz (n=14), or nelfi-
navir (n=20). Participants were followed
up for 12 weeks after receiving an injec-
tion of DMPA. According to progesterone
levels, none of the women ovulated dur-
ing the study supporting the efficacy of
DMPA. The AUCs for efavirenz, nelfinavir
and M8 (the active metabolite of nelfi-
navir) were not affected by DMPA. There
was a statistically, but not clinically, sig-
nificant increase in the AUC of nevirap-
ine. The DMPA was well tolerated and
seems to be safe and effective in women
taking these antiretrovirals.

Pharmacogenetics

CYP2B6 and Efavirenz. Investigators from
the ACTG 5095 study have previously
reported a relationship between genetic
polymorphisms in the CYP2B6 gene and
efavirenz pharmacokinetics. They found
that the G516T change, especially being
homozygous for that allele (T/T), was
associated with delayed clearance of
efavirenz and increased central nervous
system side effects. Haas and colleagues
extended this observation to speculate
how this polymorphism would lead to
selective pressure for the development
of NNRTI resistance should efavirenz be
stopped (Abstract 651). Observed data
from ACTG 5095 study subjects showed
that the half-life of efavirenz was 23, 28
and 53 hours among G/G, G/T, and T/T
subjects. Based on this, they calculated
that efavirenz concentrations would be
above the IC50 in these subjects for 7, 9,
and 19 days. People with the T/T alleles
at position 516 in the CYP2B6 are pre-
dicted to be at the highest risk for devel-
oping NNRTI resistance when stopping
efavirenz.

R-Novoa and colleagues confirmed
these observations concerning the
CYP2B6 polymorphisms in a separate
cohort (Abstract 652). Among 111 white
patients starting efavirenz, 49% had
G/G, 44% had G/T, and 7% had T/T alle-
les. The T/T and G/T allele-patients had
higher plasma levels, and 40% and 19%
had “toxic” levels (>4 µg/mL) compared
to 0% with the G/G alleles. Twenty per-
cent of G/G patients had subtherapeutic
levels (<1 µg/mL). Central nervous sys-
tem symptoms were more common
among T/T and G/T patients. The risk of
virologic failure was not related to the
polymorphism but follow-up was limited
to 12 weeks. The authors concluded that
genetic testing for the G516T polymor-
phism may be useful for tailoring
efavirenz therapy. Haas and colleagues
also found that the CYP2B6 G516T poly-
morphism was associated with higher
efavirenz levels among subjects in ACTG
384 (Abstract 81). However, it was not
related to subsequent virologic out-
comes with 3 years of follow-up.

P-glycoprotein. P-glycoprotein and mul-
tidrug resistance protein-1 are cellular
efflux transporters that have the potential
to lower intracellular levels of antiretrovi-
ral medications. Chandler and colleagues
examined the correlation of these trans-
porters and the expression of CXCR4 in
PBMCs (Abstract 665). They found that
both of these transporters were signifi-
cantly correlated with expression of
CXCR4 when examining PBMCs as a
whole and with CD4+ cells in particular.
These findings suggest that high expres-
sion of CXCR4 in PBMCs and CD4+ cells
may make HIV infection more difficult to
treat. Hartkoorn and colleagues found
that rifampin upregulates P-glycoprotein
expression, but not multi-drug resistance
protein-1 (Abstract 666). They also found
that rifampin is a substrate for both of
these efflux transporters. This study sug-
gests that rifampin could lower intracellu-
lar levels of antiretrovirals by promoting
expression of efflux transporters. 

Hulgan and colleagues assessed P-
glycoprotein activity in samples derived
from a large clinical cohort (Abstract
667). P-glycoprotein activity was higher
in naive CD4+ lymphocytes than in
total CD4+ lymphocytes. P-glycoprotein
activity was also higher among African
Americans than among whites, and in
women than among men.

Therapeutic Drug Monitoring

Researchers from the California Collabora-
tive Treatment Group (CCTG) enrolled 199
patients into a therapeutic drug monitor-
ing trial (CCTG 578). Patients were starting
a new PI or NNRTI-based antiretroviral reg-
imen (Abstract 640). After 2 weeks, blood
levels of PIs or NNRTIs were measured. A
panel of experts reviewed the drug levels
along with treatment history, CD4+ cell
count, plasma HIV-1 RNA level and clinical
toxicities, to arrive at a recommendation
to either change the PI or NNRTI dose, or
to leave it the same. Patients were ran-
domized to receive the recommendation
or to remain on the same dose. The mean
baseline CD4+ count was 189 cells/µL
and the mean plasma HIV-1 RNA was 5.2
log10 copies/mL. The median age was 40
years. Twenty-nine percent were starting
their first antiretroviral regimen.

Overall, the expert panel recom-
mended changing the PI or NNRTI dose
in 67 patients (38%). All but 3 recom-
mendations were to increase the dose.
The factors associated with needing to
increase the dose were having a higher
weight or body mass index, use of either
efavirenz or lopinavir/ritonavir, and being
non-Hispanic. In the adjusted analysis,
weight and use of either efavirenz or
lopinavir/ritonavir remained associated
with a dose-adjustment recommenda-
tion. Interestingly, adherence, age, and
sex were not associated. The main result
of this study, whether dose adjustment
improves virologic outcomes, has not
been analyzed yet.

Nettles and colleagues did intensive
blood sampling on 10 highly adherent
patients (Abstract 642). They drew blood
3 times a week for at least 3 months to
assess the frequency of “blips” in the
plasma HIV-1 RNA level. They also drew
plasma levels of the NNRTI or PI that the
patient was taking. Low plasma levels
did not coincide with the blips. The drug
levels in a given individual varied by as
much as 43% for PIs and 26% for
NNRTIs. This indicates that assessment
of numerous drug levels may be neces-
sary before making any treatment deci-
sions based on this information.

Mother-to-Child Transmission
of HIV

Single-dose nevirapine received signifi-
cant attention at this year’s conference
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as new data became available from sev-
eral ongoing clinical trials in sub-Saha-
ran Africa focusing on issues of resis-
tance and treatment alternatives. Fueled
by recent public controversy surround-
ing the conduct of the HIVNET 012 trial,
the use of single-dose nevirapine has
been highly scrutinized despite signifi-
cant successes in decreasing the rates of
mother to child transmission of HIV
(MTCT). Half a million doses of nevirap-
ine have been distributed worldwide
since the results of the HIVNET 012
study demonstrated a 40% reduction in
MTCT (Abstract 8). Data presented at
this year’s conference shed new light on
the ongoing controversy surrounding the
efficacy and the implications of resis-
tance following single-dose nevirapine.

Towne-Gold and colleagues (Abstract
785) presented results from a study eval-
uating efficacy of 1 NNRTI with 2 nRTIs
administered during pregnancy. In the
MTCT-Plus program in Cote d’Ivoire, 205
women were enrolled; 88 of them with a
median CD4+ count of 185 cells/µL
received a regimen of zidovudine/
lamivudine/nevirapine starting at 26
weeks; 114 women with median CD4+
count of 472 cells/µL received MTCT pro-
phylaxis with zidovudine/lamivudine
starting at 32 weeks until 3 days
postpartum followed by an intrapartum
single-dose nevirapine. Infants received
1 week of zidovudine and single-dose
nevirapine on day 3 after birth. Infant
plasma HIV-1 RNA was assessed at 4
and 6 weeks. Among infants of women
receiving zidovudine/lamivudine/nevi-
rapine, 69 of 80 live births tested to date
revealed 1 infection in the setting of
maternal nonadherence, giving an over-
all transmission rate of 1.45% (95% CI,
0.00-7.8) at 4 weeks. Among infants
born to women receiving the MTCT reg-
imen, 77 of 94 live births were tested, 3
infants were HIV infected (rate, 3.89%;
95% CI, 0.03-9.67) whose mothers had
only taken single-dose nevirapine at
delivery. Six mothers in the zidovudine/
lamivudine/nevirapine group experi-
enced grade 3 adverse events (rash,
n=6; hepatotoxicity, n=1) requiring
drug switch. The investigators note that
these low rates of transmission of HIV-1
in mothers on potent antiretroviral thera-
py are similar to those seen in studies
from high resource settings. Based on
these preliminary data, they conclude
that potent antiretroviral therapy during

pregnancy can dramatically reduce the
risk of MTCT in women with advanced
disease in African populations. Several
smaller studies drew similar conclusions
regarding the efficacy of combination
prophylactic therapy antenatally to pre-
vent MTCT.

Jourdain and colleagues (Abstract
782) evaluated 137 HIV-1 infected preg-
nant women in Thailand receiving mini-
mal or no antenatal care who were given
emergency antiretroviral prophylaxis
with zidovudine antenatally where possi-
ble followed by intrapartum single-dose
nevirapine. Infants were given single-
dose nevirapine and 4 weeks zidovudine
after birth. Ninety women (66%) did not
receive any zidovudine before labor and
the remainder received the drug for less
than 15 days. 95% of infants received
zidovudine for 6 weeks. Overall trans-
mission rates were 15.7% among 103
newborns in which single-dose nevirap-
ine was administered to both the mother
and infant and 23.2% in 29 cases in
which only the newborn received nevi-
rapine. The investigators concluded that
compared with their recently published
results of the Program for HIV Prevention
and Treatment (PHPT)-2 study where
women received zidovudine from 28
weeks gestation, the efficacy of peripar-
tum single-dose nevirapine in this cohort
was poor, emphasizing the need for
extended combination therapy in the
entire third trimester of pregnancy.

Tubiana and colleagues (Abstract
810) presented results from an obser-
vational, single-center study evaluating
the safety and efficacy of indinavir/riton-
avir in 32 French women. Twenty-one
antiretroviral-experienced and 11 -naive
pregnant women received indinavir/
ritonavir (400 mg/100 mg bid) in combi-
nation with 2 nRTIs. The most common
nRTI regimens were zidovudine/lamivu-
dine (91%), stavudine/lamivudine (6%),
and zidovudine/didanosine (3%). All
women received intrapartum zidovu-
dine infusion and infants received 6
weeks of zidovudine. The median expo-
sure to indinavir/ritonavir was 24 weeks,
with 87% completing their pregnancy
on the regimen. Overall, by ITT analysis,
91% of women at delivery had plasma
HIV-1 RNA levels below 400 copies/mL
with median CD4 count of 352 cells/µL.
Thirty-three live births were reported
with 1 spontaneous miscarriage and 2
twin births; none were infected at 0, 3,

and 6 months as assessed by HIV RNA
and DNA PCR. No renal toxicity or hyper-
bilirubinemia was reported in any of the
33 infants. Four women discontinued
indinavir/ritonavir prior to delivery, 1 for
virologic failure and the remainder for
intolerance (2 with xerosis and 1 with
mild liver enzyme elevation). The inves-
tigators concluded that a boosted PI reg-
imen may improve adherence, decrease
MTCT, and preserve future therapeutic
options for the mother, indicating that a
larger prospective study is warranted.

Ngo-Giang-Huong and colleagues
(Abstract 802) found decreased rates of
nevirapine resistance among perinatally
infected, nevirapine-exposed infants
treated with zidovudine. Mothers in this
subset of the PHPT-2 cohort from Thai-
land received single-dose nevirapine plus
varying durations of prenatal zidovudine
prophylaxis. Overall resistance rate in
infants given single-dose nevirapine or
placebo plus zidovudine for 1 to 6 weeks
was 8%, lower than that described for
most studies evaluating exposure to sin-
gle-dose nevirapine alone.

The DREAM Study

Palombi and colleagues (Abstract 67)
presented data evaluating the efficacy
and safety of antiretroviral therapy
among HIV-1-infected Mozambique
women enrolled in the Drug Resource
Enhancement against AIDS and Malnu-
trition (DREAM) study. A total of 778
pregnant women received nevirapine
with either zidovudine/lamivudine or
stavudine/lamivudine, starting at 25
weeks and continued to month 6 post-
partum. The infants were not treated
after birth. Women with CD4+ cell
counts above 200 cells/µL stopped ther-
apy 1 month post delivery. The baseline
CD4+ count and plasma HIV-1 RNA
level were 498 cells/µL and 4.15 log 10
copies/mL, respectively. The median
duration of antiretroviral therapy prior to
delivery was 74 days; 65 women were
lost to follow-up. The authors found that,
by ITT analysis, the cumulative trans-
mission rate of HIV was 6.1% and 1.4%
respectively, among infants breastfed in
the first month. Factors associated with
transmission were pre-antiretroviral
therapy plasma HIV-1 RNA level, ante-
natal duration of therapy, presence of a
sexually transmitted disease, and non-
adherence to or discontinuation of treat-
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ment. There were 42 samples available
for genotypic testing 6 months after sus-
pension of treatment; all were clade C
virus and 88% had no evidence of resis-
tance. K103N and G190S mutations
were seen in 1 and 5 samples, respec-
tively. Grade 3 or 4 hepatotoxicity
occurred in 6% of women but there
were no nevirapine related deaths. The
investigators concluded that 3-drug
antiretroviral therapy is effective, well
tolerated and, compared to single-dose
nevirapine, associated with lower rates
of resistance and HIV transmission.

ANRS DITRAME Plus

Chaix and colleagues (Abstract 72 LB)
described the resistance rates in the
ANRS DITRAME Plus study. This was an
open-label study enrolling 329 women
receiving zidovudine/lamivudine starting
at week 32, an additional intrapartum
dose of zidovudine/lamivudine with sin-
gle-dose nevirapine, and then 3 days of
zidovudine/lamivudine. Infants received
1 week of zidovudine, and single-dose
nevirapine on day 2. Six weeks after
birth, the rate of MTCT was 4.7%, and
transmission was associated with higher
viral load and lower CD4+ cell count in
the mothers. Genotypic analysis per-
formed at baseline and 4 weeks postpar-
tum on 16 transmitting mother/infant
pairs and 80 non-transmitting mothers/
infant pairs showed 1.14% and 8.3%
rates of nevirapine and lamivudine resis-
tance, respectively. Among the 16 HIV-
infected infants, 1 developed K103N/
Y181C and M184V mutations, and 3 had
M184V despite never receiving lamivu-
dine. Among the nontransmitting
women, 1 had both K103N and M184V
and 7 had M184V alone. Multivariate
analysis demonstrated that the duration
of zidovudine/lamivudine therapy was
associated with development of M184V.
The authors concluded that this regimen
may reduce the rates of drug resistance
seen after single-dose nevirapine. 

MASHI

The resistance data from the MASHI trial
in Botswana presented by Shapiro and
colleagues (abstract 74LB) suggested that
combination antiretroviral therapy may
not always be effective at preventing the
emergence of nevirapine resistance.
This randomized, partially blinded,

placebo-controlled study enrolled 1200
HIV-infected pregnant women to receive
nevirapine at delivery with nevirapine
for the infant, or placebo at delivery and
placebo for the infant. All women and
infants received 1 month of zidovudine.
The study design was revised after 17
months to administer nevirapine to
every infant at birth. Mother/infant pairs
were further randomized to formula
feed or breastfeed with 6 months of
infant zidovudine prophylaxis. Antiretro-
virals became available to women with
AIDS in the second study period and
were initiated by 71 of 694 women. This
was initially designed as a superiority
trial of maternal/infant nevirapine (N/N)
versus maternal/infant placebo (P/P), but
the revised study evaluated equivalence
of P/N to N/N. Results of the 2 study
periods were evaluated separately.
Transmission rates in the first study peri-
od were higher in the P/P group (4.5%
vs. 3.8% in the N/N group) and rose
after 1 month (6.2% vs. 5.3% respec-
tively, P=.7). Transmission rates in the
second period were 3.8% versus 2.3%
in those receiving placebo and nevirap-
ine respectively, rising to 4.3% and
3.7% (P=.70), respectively, at 1 month
after birth, meeting predetermined crite-
ria for equivalence in the 2 arms. Trans-
mission rates overall for both study peri-
ods were 4.0% at birth and 4.7% at
1 month. Analysis of feeding strategy
favored the nevirapine arm in the first
period, but not in the revised study.
Resistance was found in 44% (69/157)
of nevirapine exposed women tested at
1 month postpartum and 33% harbored
the nevirapine associated K103N muta-
tion. The investigators concluded that
results from the initial period demonstrate
nonsuperiority of nevirapine as back-
ground to zidovudine therapy, with a
possible benefit seen in formula-fed
infants. Likewise, results from the revised
study period showed no advantage of
adding maternal nevirapine in the con-
text of infant nevirapine. Coupled with
high rates of nevirapine resistance, they
further conclude that nevirapine sparing
strategies should be considered. 

A further analysis of this cohort eval-
uating effect of feeding strategy on
infant mortality and transmission rates
was presented by Thior and colleagues
(abstract 75LB). The 1179 infants in the
MASHI trial were randomized as
described above to either formula feed-

ing with 1 month zidovudine or breast
feeding during 6 months of infant
zidovudine prophylaxis. Primary out-
comes were cumulative rate of HIV
infection at 7 months and 18-month
HIV-free survival. As noted above, in the
initial study design, HIV infection rates
strongly favored the formula-fed infants
in the nevirapine arm, but this advan-
tage decreased in the revised study.
Overall, cumulative HIV infection rates
were slightly better the formula-fed arm
(5.6% vs. 9.1%, P=.04) at 7 months
although mortality at 7 months was
higher in this group (9.3% vs. 4.9%;
P=.0003). HIV-free survival was similar
in both groups (86% vs. 84% for the for-
mula-fed arm and breast-fed and zidovu-
dine arm, respectively). Overall, the inves-
tigators concluded that both formula
feeding and breast feeing/zidovudine are
reasonable strategies in this population.

Standard genotype assays may miss
mutations comprising less than 20% of
the viral population. The utility of highly
sensitive resistance testing following sin-
gle-dose nevirapine was highlighted by 3
presentations at the conference. 

Johnson and colleagues (Abstract
100) used real-time reverse transcriptase
polymerase chain reaction (RT-PCR) to
identify low-frequency mutations among
pre- and postpartum samples from
women enrolled in a South African MTCT
study receiving single-dose nevirapine at
labor. The nevirapine-associated K103N
mutation was not detected by conven-
tional sequencing methods in any of the
pre-nevirapine specimens was detected
in and 10 of 50 of specimens (20%) col-
lected at 6 weeks to 36 weeks postpar-
tum. Of the 40 specimen with no resis-
tance mutations by conventional assays,
the K103N was detected by the RT-PCR
method in an additional 16 specimens
(40%). Five samples had the Y181C
mutation by RT-PCR analysis that was
not detected by conventional sequenc-
ing. Clonal sequencing analysis of 5 pos-
itive samples confirmed the presence of
detected mutations in all samples, with
frequencies of 1.1% to 11% of total virus
population. Thus by RT-PCR, overall
resistance estimates in this cohort were
revised upward to 65%, representing a
62% increase in incidence of nevirapine
resistance compared with population-
based sequencing detection methods. 

Similar findings were presented by
Palmer and colleagues (Abstract 101),
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who used an allele specific RT-PCR with
primers developed to detect NNRTI
resistance associated mutations, K103N
and Y181C. Investigators evaluated sam-
ples from 29 women from the South
African MTCT trial who received single-
dose nevirapine at the onset of labor. By
standard genotypic analysis, 8 (27%)
had NNRTI resistance at 6 weeks and 6
months post delivery but not at 12
months; 11 had resistance mutations at
6 weeks only, and 10 demonstrated no
resistance at any time point. Using allele
specific RT-PCR they were able to quan-
tify resistance mutations in these sam-
ples at below 0.1% frequency. At 12
months after nevirapine exposure, resis-
tance mutations were detected in 7 of 8
(88%) in group 1, with a median fre-
quency of 3.2%. Similarly, resistance
was detected in 100% of group 1, 80%
of group 2, and 50% of group 3 samples
at 6 months, with frequencies ranging
from 0.9% to 10%. Extrapolation of these
results to the total cohort in this trial indi-
cates that 69% of women receiving sin-
gle-dose nevirapine could have NNRTI
resistance mutations at 4 months, 32%
at 6 months, and 22% at 12 months.
Thus the incidence of NNRTI resistance
was double that reported by standard
genotyping.

Loubser and colleagues (Abstract
102) reinforced these findings in a simi-
lar study assessing the frequency of the
K103N mutation in 18 postpartum sam-
ples from women receiving single-dose
nevirapine. Resistance mutations demon-
strated in 50% of samples at 6 weeks
postpartum by standard detection meth-
ods increased in prevalence to 89% by
the RT-PCR method. Longitudinal follow-
up of 16 women demonstrated that these
mutations faded over time, detected in
only 25% at 1 year. 

Taken together, these 3 studies of RT-
PCR detection of nevirapine resistance
mutations in HIV-1 seropositive African
women with subtype C virus indicate that
nevirapine resistance is likely present in
the majority of women following single-
dose nevirapine exposure and resistance
rates are highly underestimated by stan-
dard population-based sequencing. The
frequency of resistance mutations
declines over time but can remain above
pretreatment levels for at least 1 year.
Despite this evidence, RT-PCR remains
cost prohibitive for widespread use in
resource poor settings, yet these data

emphasize the importance of assessing
the clinical implications of resistant vari-
ants and should be employed in future
clinical research studies.

Despite the mounting concerns
about single-dose nevirapine for preven-
tion of MTCT of HIV, data presented by
Martinson and colleagues (Abstract 103)
suggest that the use of single-dose nevi-
rapine in primigravid women does not
necessarily limit its utility in subsequent
pregnancies. Investigators in Soweto
enrolled 318 infant/mother pairs from
13 prenatal clinics in this pilot case-con-
trolled study with a primary aim to com-
pare rates of MTCT of HIV in women
exposed to single-dose nevirapine in 2
successive pregnancies by evaluating
maternal viral load, CD4+ count, and
HIV resistance prior to single-dose nevi-
rapine and 6 weeks postpartum. Infec-
tion in infants was determined by PCR
at 6 weeks. Preliminary results present-
ed on 77 of 106 mother-infant pairs with
prior nevirapine exposure and 140 nevi-
rapine-naive matched controls demon-
strated that although transmission rates
were higher in the cohort receiving sin-
gle-dose nevirapine for the second time
(10.7% vs. 3.0%), the difference was
not statistically significant. These rates
are comparable to that observed in the
general population exposed to single-
dose nevirapine in a single pregnancy,
leading investigators to conclude that
the efficacy of single-dose nevirapine in
second pregnancies is reasonably main-
tained, and in the setting of transmis-
sion rates of 25% in the absence of pro-
phylaxis, single-dose nevirapine remains
a significantly beneficial modality for
prevention of MTCT of HIV. Resistance
rates were comparable in the 2 groups.
Implications of these results will be
more apparent as results of the entire
study population become available.

Eshelman and colleagues (Abstract
799) reported that resistance rates
among African women given single-dose
nevirapine may be clade specific. They
found resistance rates as high as 67%
(45/67) in Malawian women following
single-dose nevirapine for MTCT in
women with subtype C virus subjects
from the NVAZ trial compared with 36%
(28/147) of patients with subtype D and
19% (35/98) of patients with subtype A
virus from Ugandan subjects from the
HIVNET 012 trial. The proportion of
women with 2 or more mutations asso-

ciated with nevirapine resistance was
also higher in women with subtype C
virus (43%) than women with subtype D
(16%) or A (8%). The most common
mutations were K103N and Y181C. Mul-
tivariate analysis of risk factors associat-
ed with development of nevirapine resis-
tance in this study demonstrated mater-
nal viral load at delivery and viral sub-
type were independent predictors of
nevirapine resistance (C vs A: OR, 8.38;
95% CI, 4.19-16.76. C vs D: OR, 3.27;
95% CI, 1.53-3.25), but age, parity, and
nevirapine dosing time relative to deliv-
ery were not. The authors cautioned that
as subjects in this study were taken from
different cohorts (subtype C patients
from NVAZ trial and subtype A and D
from HIVNET 012 trial) other factors
may contribute to the observed the dif-
ferences in nevirapine resistance. How-
ever, these intriguing data indicate that
further investigation of subtype depen-
dent differences in nevirapine resistance
rates is warranted.

SIMBA

Data on rates of drug resistance among
breast-fed infants in the Ugandan SIMBA
trial were presented by Giuliano and col-
leagues (Abstract 99). The SIMBA trial
evaluated safety and efficacy of lamivu-
dine and nevirapine in preventing MTCT
of HIV in 404 infants of infected moth-
ers receiving didanosine/zidovudine
therapy from 36 weeks gestation to 1
week postpartum. Infants were random-
ized to receive either daily nevirapine or
lamivudine throughout breastfeeding or
until HIV infection was confirmed. Of
the 30 infants who were infected during
the study period, 26 were evaluated for
resistance mutations in this substudy,
half received nevirapine, and the other
half lamivudine. There were no differ-
ences between the 2 arms in preventing
transmission. Genotypic analysis demon-
strated the lamivudine associated resis-
tance mutation M184V in 9 of 13 (69%)
of those in the lamivudine arm initially,
yet this faded over time and was not
present in samples collected 3 to 6
months later. Twelve of the 13 (92%)
infants in the nevirapine arm had nevi-
rapine resistance mutations, 9 with
Y181C and 3 with multiple mutations;
all persisted on follow up after discon-
tinuation of prophylaxis. Two mothers in
the lamivudine arm had K103N and
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M41L mutations on enrollment and at
delivery and these were demonstrated
in their infants’ samples. Two mothers in
the nevirapine group had mutations
G190A and V108I at baseline, but only
the latter persisted in their infants’ sam-
ples. No zidovudine/didanosine associat-
ed mutations were observed in the 22
mothers samples tested at delivery. The
investigators pointed out that while the
study numbers are limited, postpartum
prophylaxis with either nevirapine or
lamivudine invariably led to selection of
resistance mutations in infected infants
in this study, especially in the nevirapine
arm. These results should be considered
in development of prophylaxis regimens
to be studied in future clinical trials.

Conclusions

The 2005 CROI solidified its status as
the premier conference of the year pro-
viding state-of-the-art information on
antiretroviral therapy from completed
and ongoing studies and introducing
new avenues of investigation. Presenta-
tions covered the range of important
advances in HIV care and research, in
particular the recent advances in new
antiretroviral agents, experience with

therapy in the international setting, and
the debate about the use of single-dose
nevirapine in developing countries. 
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Since 2000, the International AIDS Soci-
ety–USA (IAS–USA) Drug Resistance
Mutations Group has worked as an inde-
pendent entity and forged a collaborative
process to identify key HIV-1 drug resis-
tance mutations. The goal of the group is
to quickly deliver accurate and unbiased
information to clinical practitioners on
HIV-1 resistance. This April 2005 version
of the IAS-USA Drug Resistance Muta-
tions Figures replaces the version pub-
lished in this journal in October 2004.

The IAS-USA Drug Resistance Muta-
tions Figures are designed for use in
identifying mutations associated with
viral resistance to antiretroviral drugs
and in making therapeutic decisions.
Care should be taken when using this list
of mutations for surveillance or epi-
demiologic studies of transmission of
drug-resistant virus. A number of amino
acid substitutions, particularly minor
mutations, represent polymorphisms
that, in isolation, may not reflect prior
drug selective pressure or reduced drug
susceptibility.

In the context of making clinical deci-
sions regarding antiretroviral therapy,
evaluating the results of HIV genotypic
testing includes: (1) assessing whether
the pattern or absence of a pattern in the
mutations is consistent with the patient’s
antiretroviral history; (2) recognizing that
in the absence of drug (selection pres-
sure), resistant strains may be present at
levels below the limit of detection of the
test (analyzing stored samples, collected
under selection pressure, could be useful
in this setting); and (3) recognizing that
virologic failure of the first regimen typi-
cally involves HIV-1 isolates with resis-
tance to only 1 or 2 of the drugs in the
regimen (in this setting, resistance most
commonly develops to lamivudine or the

nonnucleoside reverse transcriptase
inhibitors).1-5 This paradox may involve
patient nonadherence, laboratory error,
drug-drug interactions leading to sub-
therapeutic drug levels, and possibly
compartmental issues, indicating that
drugs may not reach optimal levels in
specific cellular or tissue reservoirs.

A copy of the current recommen-
dations for antiretroviral resistance testing
from the IAS–USA HIV Resistance Testing
Guidelines Panel6 can be found on the
IAS–USA Web site at www.iasusa.org.

Revisions to the Figures for the
2005 Update

Two major changes have been included
in this April 2005 version of the figures
and user notes. First, on the figures, the
bars representing multidrug resistance
mutations have been moved to the bot-
tom of the drug class. The only excep-
tion is that the multi-nucleoside (or
nucleotide) reverse transcriptase inhibitor
(nRTI) bar remains at the top of the nRTI
class, because of the pervasive effect of
the thymidine analogue-associated muta-
tions (TAMs), the E44D and the V118I in
conferring resistance to all nRTIs. 

In addition, user notes have been
revised to focus on current, more clini-
cally focused information. These new
user notes provide additional detail,
where necessary, to the information
presented in the figures. Other changes
to the figures and user notes are
described below.

Nucleoside (or Nucleotide) Reverse
Transcriptase Inhibitors

In this version, the definitions of nucleo-
side (or nucleotide)-associated mutations

(NAMs) and TAMs have been clarified (see
user note 2). In brief, the TAMs (M41L,
D67N, K70R, L210W, T215Y/F, and
K219Q/E) are a subset of the NAMs. The
TAMs are distinguished as bold mutations
on the multi-nRTI bar; E44D and V118 are
shown in normal weight type.

For lamivudine, the E44D and V118I
have been removed from the list as spe-
cific lamivudine-associated mutations.
Originally, the E44D and V118I were
understood to confer a low level of resis-
tance to lamivudine.7 From subsequent
studies, it has become evident that
E44D and V118I are mutations that con-
tribute to zidovudine resistance and thus
contribute to cross resistance to the
other nRTIs, including lamivudine.8

For zalcitabine, T69D now is marked
in a lighter-weight type than the other
mutations to indicate that it is rare and
less important than other mutations,
such as the TAMs, in conferring resis-
tance to zalcitabine.9 In the future, the
group plans to weight the mutations in
the nRTI and NNRTI classes, as is cur-
rently done with the major and minor
protease inhibitor (PI) mutations.

The D67N has been deleted from the
Multi-nRTI Resistance: 69 Insertion Com-
plex bar, now located at the bottom of
the nRTI list. A recent analysis found no
evidence of the D67N in 200 sequences
from clinical isolates containing the
insertion.10

Nonnucleoside (or Nucleotide)
Reverse Transcriptase Inhibitors 

A new user note has been included ref-
erencing both the nRTIs and the nonnu-
cleoside (or nucleotide) reverse transcrip-
tase inhibitors (NNRTIs) on the issue of
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Nucleoside and Nucleotide Reverse Transcriptase Inhibitors (nRTIs)1

Multi-nRTI Resistance2
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Multi-nRTI Resistance: 69 Insertion Complex11 (affects all nRTIs currently approved by the US FDA)
M A K L T K
41 62 69 70 210 215 219
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F E
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Multi-NNRTI Resistance: Accumulation of Mutations15 (affects all NNRTIs currently approved by the US FDA)
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MUTATIONS IN THE REVERSE TRANSCRIPTASE GENE ASSOCIATED WITH RESISTANCE TO
REVERSE TRANSCRIPTASE INHIBITORS



Special Contribution - Drug Resistance Mutations in HIV-1 Volume 13 Issue 1 March/April 2005

53

Date of Revision: March 2005

MUTATIONS IN THE PROTEASE GENE ASSOCIATED WITH RESISTANCE TO PROTEASE INHIBITORS 16,17
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Multi-protease Inhibitor (PI) Resistance: Accumulation of Mutations21 (affects all PIs currently approved by the US FDA)
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V118I when each occurs in isolation is
unknown (Romano et al, J Infect Dis, 2002;
Walter et al, Antimicrob Agents Chemother,
2002; Girouard et al, Antivir Ther, 2002).

3. The presence of the M184V mutation
appears to delay or prevent emergence of
TAMs (Kuritzkes et al, AIDS, 1996). This effect
may be overcome by an accumulation of
TAMs or other mutations. The clinical signifi-
cance of this effect of M184V is not known.

4. The T215A/C/D/E/G/H/I/L/N/S/V substitu-
tions are revertant mutations at codon 215,
conferring increased risk of virologic failure
of zidovudine or stavudine in antiretroviral-
naive patients (Riva et al, Antivir Ther, 2002;
Chappey et al, Antivir Ther, 2003; Violin et
al, AIDS, 2004). In vitro studies and prelimi-
nary clinical studies suggest that the T215Y
mutant may emerge quickly from one of
these mutations in the presence of zidovu-
dine or stavudine (Garcia-Lerma et al, J Virol,
2004; Lanier et al, Antivir Ther, 2002; Riva et
al, Antivir Ther, 2002).

5. The K65R mutation may be selected by
didanosine and is associated in vitro with
decreased susceptibility to the drug (Winters
et al, Antimicrob Agents Chemother, 1997).
The impact of the K65R in vivo is unclear.

6. The presence of 3 of the following—M41L,
D67N, L210W, T215Y/F, and K219Q/E—has

been associated with resistance to didano-
sine (Marcelin et al, Antimicrob Agents
Chemother, in press). The K70R and M184V
mutations are not associated with a
decreased virologic response to didanosine in
vivo (Molina et al, J Infect Dis, 2005).

7. Limited clinical use of zalcitabine has
resulted in very limited data on resistance
and cross-resistance. The K65R, L74V, and
184V mutations, alone or in combination
with any of the TAMs, can lead to resistance
to zalcitabine in vitro (Parikh et al, Antivir
Ther, 2003; Gu et al, Antimicrob Agents
Chemother, 1994; Zhang et al, Antimicrob
Agents Chemother 1994). The T69D alone
leads to a modest increase (2-fold change) in
zalcitabine resistance (not bolded on the
figure) (Fitzgibbon, Antimicrob Agents
Chemother, 1992).

8. The M184V mutation alone does not
appear to be associated with a reduced viro-
logic response to abacavir in vivo (Harrigan
et al, J Infect Dis, 2000; Lanier et al, Antivir
Ther, 2004). When present with 2 or 3 TAMs,
M184V contributes to reduced susceptibility
to abacavir and is associated with impaired
virologic response in vivo (Lanier et al,
Antivir Ther, 2004). The M184V plus 4 or
more TAMs resulted in no virologic response
to abacavir in vivo (Lanier et al, Antivir Ther,
2004).

9. There are limited data on the effects of
emtricitabine mutations in vivo. It is
assumed that if resistance to emtricitabine
emerges, the virus will also be resistant to
lamivudine, and vice versa. New mutations
that confer resistance or cross-resistance to
emtricitabine may exist, but have not yet
been described. 

10. The K65R is associated with a reduced
virologic response to tenofovir in vivo (Miller
et al, J Infect Dis, 2004). A reduced response
occurs in the presence of 3 or more TAMs
inclusive of either M41L or L210W (Miller et
al, J Infect Dis, 2004). Slightly increased treat-
ment responses to tenofovir in vivo were
observed if M184V was present (Miller et al,
J Infect Dis, 2004).

11. The 69 insertion complex consists of a
substitution at codon 69 (typically T69S)
and an insertion of 2 or more amino acids
(S-S, S-A, S-G, or others). The 69 insertion
complex is associated with resistance to all
nRTIs currently approved by the US FDA
when present with 1 or more TAMs at
codons 41, 210, or 215 (Miller et al, J Infect
Dis, 2004). Some other amino acid changes
from the wild-type T at codon 69 without
the insertion may also be associated with
broad nRTI resistance. 

User Notes

1. Numerous nucleoside (or nucleotide)
reverse transcriptase inhibitor (nRTI) muta-
tions, such as the M41L, L210W, and T215Y
mutations, may lead to viral hypersuscepti-
bility to the nonnucleoside reverse transcrip-
tase inhibitors (NNRTIs) in nRTI-treated indi-
viduals. The presence of these mutations
may improve subsequent virologic response
to NNRTI-containing regimens in NNRTI
treatment-naive individuals (Shulman et al,
AIDS, 2004; Demeter et al, 11th CROI, 2004,
Haubrich et al, 11th CROI, 2004; Tozzi, J Infect
Dis, 2004; Katzenstein et al, AIDS, 2003). 

2. Multi-nRTI resistance mutations, also
known as nucleoside-associated mutations
(NAMs), are associated with resistance to
numerous nRTIs. The M41L, D67N, K70R,
L210W, T215Y/F, and K219Q/E are known
as thymidine-associated mutations (TAMs; in
bold type on the figure). TAMs are a subset
of NAMs that are selected by the thymidine
analogues zidovudine and stavudine and are
associated with cross-resistance to all nRTIs
currently approved by the US FDA (Larder et
al, Science, 1989; Kellam et al, Proc Natl Acad
Sci USA, 1992; Calvez et al, Antivir Ther,
2002; Kuritzkes et al, JAIDS, 2004). The
E44D and the V118I increase the level of
resistance to zidovudine and stavudine, and
correspondingly increase cross-resistance to
the other nRTIs. The significance of E44D or

The International AIDS Society–USA Drug Resistance Mutations Group reviews new
data on HIV drug resistance in order to maintain a current list of mutations associ-
ated with clinical resistance to HIV. This list includes mutations that may contribute
to a reduced virologic response to a drug. 

The mutations listed have been identified by 1 or more of the following criteria: (1)
in vitro passage experiments or validation of contribution to resistance by using site-
directed mutagenesis; (2) susceptibility testing of laboratory or clinical isolates; (3)
genetic sequencing of viruses from patients in whom the drug is failing; (4) correla-
tion studies between genotype at baseline and virologic response in patients
exposed to the drug. In addition, the group only reviews data that have been pub-
lished or have been presented at a scientific conference. Drugs that have been
approved by the US Food and Drug Administration (FDA) or are available through
expanded access protocols are included. User notes provide additional information
as necessary. Although the Drug Resistance Mutations Group works to maintain a
complete and current list of these mutations, it cannot be assumed that the list pre-
sented here is exhaustive. Readers are encouraged to consult the literature and
experts in the field for clarification or more information about specific mutations
and their clinical impact.

For each amino acid residue, the letter above the bar indicates the amino acid associated with wild-type
virus and the letter(s) below indicate the substitution(s) that confer viral resistance. The number shows
the position of the mutation in the protein. Mutations selected by protease inhibitors in Gag cleavage
sites are not listed because their contribution to resistance is not yet fully defined. HR1 indicates first
heptad repeat; nRTI indicates nucleoside reverse transcriptase inhibitor; NAMs indicates nRTI-associated
mutations; TAMs indicates thymidine-associated mutations; NNRTI indicates nonnucleoside reverse tran-
scriptase inhibitor; PI indicates protease inhibitor.
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12. Tenofovir retains activity against the
Q151M complex of mutations (Miller et al, J
Infect Dis, 2004.

13. The long-term virologic response to
sequential NNRTI use is poor, particularly
when 2 or more mutations are present
(Antinori et al, AIDS Res Hum Retroviruses,
2002; Lecossier et al, J Acquir Immune Defic
Syndr, 2005).

14. The K103N or Y188L mutation alone can
substantially reduce the clinical utility of all
NNRTIs currently approved by the US FDA
(Antinori et al, AIDS Res Human Retroviruses,
2002). The V106M mutation is more com-
mon in HIV-1 subtype C than in subtype B,
and confers cross-resistance to all currently
approved NNRTIs (Brenner et al, AIDS, 2003;
Cane et al, J Clin Micro, 2001).

15. Accumulation of 2 or more of these
mutations substantially reduces the clinical
utility of all NNRTIs currently approved by
the US FDA.

16. In general, the same mutations emerge
whether or not the protease inhibitors (PIs)
are boosted with low-dose ritonavir, although
there is some difference in the relative fre-
quency of various mutations. However, with
regimens that include boosted PIs, multiple
mutations may be required to result in less
virologic activity. More data are needed to
make specific comparisons between a par-
ticular boosted PI and a nonboosted PI.

17. Resistance mutations in the protease
gene are classified as either “major” or
“minor,” if data are available.

Major mutations in the protease gene are
defined in general either as those selected
first in the presence of the drug; or those
shown at the biochemical or virologic level to
lead to an alteration in drug binding or an
inhibition of viral activity or viral replication.
Major mutations have an effect on drug sus-
ceptibility phenotype. In general, these
mutations tend to be the primary contact
residues for drug binding.

Minor mutations generally emerge later than
major mutations, and by themselves do not
have a significant effect on phenotype. In
some cases, their effect may be to improve
replicative fitness of virus containing major
mutations. However, some minor mutations
are present as common polymorphic
changes in HIV-1 nonsubtype B clades, such
as K20I/R and M36I in protease.

18. In some HIV-1 non-B subtypes, D30N is
selected less frequently than other PI muta-
tions (Gonzalez et al, Antivir Ther, 2004).

19. Major and minor designations have not
been assigned for mutations associated with
lopinavir boosted with low-dose ritonavir
(lopinavir/ritonavir) because no clear data yet
define degrees of influence with this drug
combination. However, the accumulation of 6
or more of these mutations is associated with
a diminished response to lopinavir/ritonavir
(Masquelier et al, Antimicrob Agents Chemoth-
er, 2002). The product information states that
accumulation of 7 or 8 mutations confers
resistance to the drug.

20. Tipranavir boosted with low-dose riton-
avir (tipranavir/ritonavir) is not yet approved
by the US FDA, but it is available through an
expanded-access protocol. No substantial
data are available regarding mutations asso-
ciated with clinical failure of tipranavir/riton-
avir when it is the first PI used. In PI-experi-
enced patients, accumulation of mutations
at positions 33, 82, 84, and 90 correlated
with virologic response. Responses were
greater when fewer than 3 of these muta-
tions were present, but larger data sets did
not confirm the role of the L90M in resis-
tance to tipranavir. Subsequently, analyses of
data from phase II studies in PI-experienced
patients identified mutations associated with
reduced susceptibility or virologic response.
These include: I10V, I13V, K20 M/R/V, L33F,
E35G, M36I, N43T, M46L, I47V, I54A/M/V,
Q58E, H69K, T74P, V82L/T, N83D, and I84V.
These data must be considered preliminary,
and they require further confirmation and
validation before their clinical utility can be
considered (Schapiro et al, 12th CROI, 2005;
Kohlbrenner et al, DART, 2004; Mayers et al,
Antivir Ther, 2004; Kohlbrenner et al, Antivir
Ther, 2004; Hall et al, Antivir Ther, 2003;
McCallister et al, Antivir Ther, 2003).

21. Accumulation of these mutations con-
tributes to broad multi-PI resistance (Palmer
et al, AIDS, 1999; Shafer et al, Ann Intern
Med, 1998). The genotypic threshold for
resistance (ie, the number of mutations
needed to have an impact) is higher with PIs
boosted with low-dose ritonavir than with
PIs that are not boosted.

22. Although resistance to enfuvirtide is
associated primarily with mutations in the
first heptad repeat (HR1) region of the gp41
envelope gene, wild-type viruses in the
depicted HR1 region vary 500-fold in sus-
ceptibility. Such pretreatment susceptibility
differences were not associated with differ-
ences in clinical responses (Labrosse et al, J
Virol, 2003). Furthermore, mutations or
polymorphisms in other regions in the enve-
lope (eg, the HR-2 region or those yet to be
identified) as well as coreceptor usage and
density may affect susceptibility to enfuvir-
tide (Reeves et al, Proc Natl Acad Sci USA,

2002; Reeves et al, J Virol, 2004, Xu et al,
Antimicrob Agents Chemother, 2005). Thus,
testing to detect only the depicted HR1
mutations may not be adequate for clinical
management of suspected failure (Reeves et
al, J Virol, 2004; Menzo et al, Antimicrob
Agents Chemother, 2004; Poveda et al, J Med
Virol, 2004; Sista et al, AIDS, 2004; Su C et
al, Antivir Ther, 2004). 

Amino acid abbreviations: A, alanine; C, cys-
teine; D, aspartate; E, glutamate; F, phenylala-
nine; G, glycine; H, histidine; I, isoleucine; K,
lysine; L, leucine; M, methionine; N, asparagine;
P, proline; Q, glutamine; R, arginine; S, serine; T,
threonine; V, valine; W, tryptophan; Y, tyrosine.
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hypersusceptibility. As described in user
note 1, numerous nRTI mutations may
lead to viral hypersusceptibility to the
NNRTIs and thus may improve subse-
quent virologic response to NNRTI-con-
taining regimens.11-15

Protease Inhibitors

A comment has been added on the
mutations that emerge with PIs that are
boosted with low-dose ritonavir and
those that emerge with PIs that are not
boosted (see user note 16). In general: (1)
the same mutations emerge whether or
not the PIs are boosted, although there is
some difference in the relative frequency
of various mutations with boosted versus
unboosted PIs; and (2) more mutations
are required to impact susceptibility with
regimens including a boosted PI.

The lopinavir/ritonavir mutations
have been designated as minor muta-
tions (see user note 19). Previously, the
lopinavir/ritonavir mutations had not
been assigned as either major or minor.
The initial data analysis for this drug
focused on the number of mutations
associated with resistance rather than
degree of impact for individual muta-
tions. This approach, which complicates
the major/minor designation, is likely to
be used for future analyses of other PIs
that are boosted with low-dose ritonavir. 

Future Revisions of the Figures

As part of the recent revisions to the user
notes, the IAS-USA Drug Resistance
Mutations Group is developing a table for
the IAS-USA Web site (www.iasusa.org)
on emerging issues in HIV-1 resistance
and available resistance data for drugs in
development that have completed phase
2 trials. Other issues under discussion for
future versions of the figures and notes
include comments on transmitted drug
resistance, and the indication of nonsub-
type-B mutations.
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Comments?

The IAS–USA Drug Resistance Mutations
Group welcomes comments on the muta-
tions figures and user notes. Please send
your evidence-based comments, includ-
ing relevant reference citations, to the
IAS–USA at resistance2005“at”iasusa or
by fax at 415-544-9401. Please include
your name and institution.

Reprint Requests

The Drug Resistance Mutations Group
welcomes interest in the mutations fig-
ures as an educational resource for prac-
titioners and encourages dissemination
of the material to as broad an audience
as possible. However, we require that
permission to reprint the figures be
obtained. If you wish to reprint or adapt
the mutations figures, please send your
request to the IAS-USA via e-mail (top-
ics2005 “at” iasusa.org) or fax (415-544-
9401). Requests to reprint the material
should include the name of the publish-
er or sponsor, the name or a description
of the publication in which you wish to
reprint the material, the funding organi-
zation(s), if applicable, and the intended
audience of the publication.

Requests to make minimal adapta-
tions of the material should include the
former, plus a detailed explanation of how
the adapted version will be changed from
the original version and, if possible, a copy
of the proposed adaptation. In order to
ensure the integrity of the mutations fig-
ures, it is the policy of the IAS-USA to grant
permission for only minor preapproved
adaptations of the figures (eg, a change in
typeface or adjustment in size). Minimal
adaptations only will be considered; no
alterations of the content of the figures or
user notes will be permitted.

Please note that permission will be
granted only for requests to reprint or
adapt the most current version of the
mutations figures as it is posted on this
Web site. Because scientific under-
standing of HIV drug resistance is
evolving quickly and the goal of the
Drug Resistance Mutations Group is to

maintain the most up-to-date compila-
tion of mutations for HIV clinicians
and researchers, the publication of out-
to-date figures is counterproductive.

If you have any questions about
reprints or adaptations, please send an
e-mail to topics2005 “at” iasusa.org.
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and figures) and should include numbered
references and a brief introductory abstract
of approximately 100 to 200 words. Original,
adapted, or reprinted figures and tables
may be included and should be cited in the
text and accompanied by a brief title.
Adapted and reprinted work requires proof
of permission obtained from the original
publishers and authors. Authors interested
in submitting unsolicited manuscripts are
encouraged to submit an outline or abstract
of the proposed manuscript first; please
contact the editor for further information.

Editorials. Topics in HIV Medicine and its
editors invite submission of editorials. Edi-
torials should be approximately 500 to
1500 words (excluding references) and
should include numbered references.

Special Contributions. A special contribu-
tion article often represents the unique
contribution (such as a consensus state-
ment) of an author or group of authors and
is invited by the editors. 

Stories. Stories for the “Telling Stories” col-
umn share the experiences of those
involved in HIV and AIDS care. Stories may
be approximately 800 to 3500 words; unso-
licited submissions are welcome.

Letters to the Editor. Letters to the editor
are welcome and should be sent to the
address listed below.

Special Issues. Topics in HIV Medicine pub-
lishes 1 or 2 issues each year with a special
focus, such as reports from recent scientif-
ic meetings and summaries of special
International AIDS Society–USA continuing
medical education courses.

Reprints. Reprints of papers by expert pan-
els convened by the International AIDS
Society–USA are periodically included in
Topics in HIV Medicine.

Submission of Manuscripts

Manuscripts should be submitted via e-
mail or PC-compatible floppy disk with a
double-spaced hard copy to the address
below. Each manuscript author should
complete an Authorship Form, which is
available online at http://www.iasusa.org/
pub or may be obtained by contacting the
editor at the address below. Outlines or
abstracts of proposed manuscripts are wel-
come and may be sent via mail or e-mail.

Editor, Topics in HIV Medicine
International AIDS Society–USA
425 California Street, Suite 1450
San Francisco, CA  94104-2120
E-mail: topics2005“at”iasusa.org

Receipt of submitted manuscripts will be
acknowledged by editorial staff, and sub-
missions will be reviewed by peer review-
ers. Acceptance for publication is based on
the quality and relevance of the work.

Copyright

Copyright to manuscripts published in Top-
ics in HIV Medicine is owned by the Inter-
national AIDS Society–USA. All authors
and contributors of manuscripts accepted
for publication, with the exception of US
federal government employees, must sign
a copyright transfer form as a condition of
publication.

Authorship Requirements

Topics in HIV Medicine uses the definition
of authorship formulated by the Inter-
national Committee of Medical Journal
Editors and published in its Uniform
Requirements for Manuscripts Submitted
to Biomedical Journals.1 This definition
states: “Authorship credit should be based
only on (1) substantial contributions to
conception and design, or acquisition of
data, or analysis and interpretation of data;
(2) drafting the article or revising it critical-
ly for important intellectual content; and
(3) final approval of the version to be pub-
lished. Conditions 1, 2, and 3 must all be
met. Acquisition of funding, the collection
of data, or general supervision of the
research group, by themselves, do not jus-
tify authorship.”

Financial Disclosure

It is the policy of the International AIDS
Society–USA to ensure balance, indepen-
dence, objectivity, and scientific rigor in all
of its educational programs. To that end, all
authors and contributors of articles pub-
lished in Topics in HIV Medicine are expect-
ed to disclose to readers any significant
financial interest or other relationship with
any organization having financial interest in
the content of the manuscript. Financial
interests include employment, consultancy,
honorarium, grant/research support, major
stock ownership, and membership in a
speakers bureau. The complete financial
disclosure statements for all authors and
contributors are published with the articles.

1International Committee of Medical Journal Editors.
Uniform requirements for manuscripts submitted to
biomedical journals. Updated October 2001. Available
at http://www.icmje.org. Accessed June 24, 2003. 

Guidelines for Authors and Contributors



Subscription Request and Address Change Volume 13 Issue 1 March/April 2005

61

Topics in
HIV Medicine® 

Subscription Request 
Address Change

Fax or mail this form to: International AIDS Society–USA
425 California Street, Suite 1450
San Francisco, CA 94104-2120
Fax: (415) 544-9401

FOR INTERNAL USE ONLY
DATE  ______________  INITIALS  ___________  CHANGES  ______________________________________________________________________

Topics in HIV Medicine is published 5-6 times per year. Please complete this form if you would like to obtain a complimen-
tary subscription or notify the International AIDS Society–USA of a change in address. Subscribers will also receive information
about upcoming International AIDS Society–USA continuing medical education courses.

First Name Last NameM I

Degree or License (MD, RN, PA, none, etc) Title

Institution or Organization

Address  (please check one)   (         Home Address            Work Address )

City State / Province

Postal Code Country

Telephone Facsimile

E-mail Address

For how many HIV-infected patients are you providing care? 

What percentage of your total number of patients are HIV-infected? %

Do you work for a commercial company?   Yes No
(eg, pharmaceutical, diagnostic, medical product, advertising, insurance, investment, communications)

If yes, please indicate company:

✄
✄

Specialty / Primary Field of Interest

Please mark the appropriate box:
❒ I would like to subscribe to Topics in HIV Medicine. Please send my subscription to the address below.

❒ I am a current subscriber. Please note my change of address below.
SAMPLE

ID
 N

o.IAS–USA ID Number Please see upper left corner of mailing address
(If applicable) as shown in sample.

IAS-USA  #12345   ****ALL FOR AADC 06044
SUE SMITH, MD
425 CALIFORNIA ST, STE 1450
SAN FRANCISCO, CA 12345



Educational Programs of the IAS–USA Volume 13 Issue 1 March/April 2005Educational Programs of the IAS–USA Volume 13 Issue 1 March/April 2005

63

Educational Programs of the International AIDS Society–USA
Established in 1992, the International AIDS Society–USA is a not-for-profit physician education organization. The mission of the Internation-
al AIDS Society–USA is to improve the treatment, care, and quality of life of persons with HIV and AIDS through balanced, relevant, innova-
tive, and state-of-the-art education and information for physicians who are actively involved in HIV and AIDS care. The organization’s edu-
cational activities are particularly intended to bridge clinical research and patient care.

Cases on the Web - www.iasusa.org/cow

Cases on the Web is an ongoing series of case-based, advanced online CME activities produced by the International AIDS Society–USA.
Michael S. Saag, MD, of the University of Alabama at Birmingham, is editor in chief of the series, and Meg D. Newman, MD, of the Uni-
versity of California San Francisco, is co-editor.

NEW AND UPCOMING PRESENTATIONS

Diagnosis and Management of Immune Reconstitution
Syndrome in HIV-Infected Patients
Jaime C. Robertson, MD, and Carl J. Fichtenbaum, MD

Management of Virologic Failure in
Treatment-Experienced Patients
Carlos Zala, MD, and Pedro Cahn, MD, PhD

CURRENT PRESENTATIONS

The Importance of Viral Fitness and Drug Resistance
in Chronic and Recent HIV Infection
Mark A. Wainberg, PhD, and Dan Turner, MD

Management of Tuberculosis in the Context of
HIV/AIDS
Pedro Cahn, MD, PhD

2005 CME Courses

For information about any of these programs, please contact the International AIDS Society–USA.
Phone: (415) 544-9400  •  Fax: (415) 544-9401 •  E-mail: info2005“at”iasusa.org •  Web Site: www.iasusa.org

Improving the Management of HIV Disease®, now in its 13th year, continues to focus on cutting-edge, scientifically rigorous agendas presented
by leading experts in the field.

Chicago, IL
May 2, 2005
Marriott Chicago Downtown
Chairs: John P. Phair, MD, and Harold A. Kessler, MD

Washington, DC
May 20, 2005
JW Marriott on Pennsylvania Avenue
Chairs: Henry Masur, MD, and Michael S. Saag, MD

San Francisco, CA
June 1, 2005
Grand Hyatt San Francisco
Chairs: Robert T. Schooley, MD, and Stephen E. Follansbee, MD

New York, NY
October 17, 2005
Marriott Marquis
Chairs: Douglas D. Dieterich, MD, and Roy M. Gulick, MD
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