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Basic Science Highlights
Mario Stevenson, PhD

The 14th Conference on Retroviruses and Opportunistic Infections generated 
a lot of excitement with the announcement of clinical studies employing 
the use of 2 new classes of antiretroviral drugs that target the viral 
integrase enzyme and the viral coreceptor CCR5. In addition, a number of 
presentations on cellular restriction factors provided surprises regarding the 
mechanism by which cellular restrictions antagonize viral infection. There 
was also much interest in studies presenting novel cellular cofactors of  
HIV-1 infection. The conference illustrated how basic science research is paying 
off. Essential steps in the viral life cycle, uncovered through basic research, 
are now being targeted by new classes of antiviral agents. In addition, basic 
science is unveiling potential new targets of antiretroviral therapy.

Bench to Bedside

A number of presentations, including 
the plenary given by Edward Berger of 
the National Institutes of Health (NIH) 
(Abstract 12a) who was this year’s recipi-
ent of the Bernard Field’s Memorial Lec-
tureship, illustrated how basic science 
has uncovered aspects of the biology 
of HIV-1 that are now being exploited 
through antiretroviral therapy. Dr Berger 
discussed his laboratory’s role in identifi-
cation of key cell surface molecules that 
are essential for HIV-1 infection. Shortly 
after the discovery of HIV-1 as the caus-
ative agent of AIDS, several research 
groups identified CD4 as an important 
cell surface protein that was needed for 
infection of a cell by HIV-1. However, it 
was apparent that although CD4 was 
necessary for HIV-1 infection of a cell, it 
was not sufficient and this suggested the 
existence of other cell surface proteins 
that may be required for virus infection. 

In 1996, Dr Berger’s laboratory identi-
fied a chemokine receptor named CXCR4 
as a cell surface protein that, in addition 
to CD4, was required for HIV-1 infection. 
Research examining the infectivity of 
different HIV-1 isolates from lympho-
cytes and macrophages suggested that 
there may be more than 1 type of co-
receptor. Around that time, research by 
Russo, Gallo, and colleagues suggested 

that chemokines prevent HIV-1 infection 
of cells, including macrophages. Subse-
quently, Dr Berger’s research group and 
independently several other research 
groups identified a chemokine receptor 
known as CCR5 as a principle corecep-
tor that, in addition to CD4, was required 
for infection of certain cell types includ-
ing primary macrophages. 

These research discoveries have had 
a fundamental impact on the field. The 
identification of viral coreceptors has 
furthered the understanding of how 
HIV-1 targets specific cell types and has 
provided important clues to underly-
ing mechanisms that underscore viral 
pathogenicity. Importantly, the identifi-
cation of these coreceptors revealed nov-
el targets for therapeutic intervention of 
HIV-1 infection. In particular, CCR5 has 
long been recognized as a particularly 
attractive therapeutic target. Shortly af-
ter the identification of CCR5 as a viral 
coreceptor, research from the Aaron 
Diamond Research Center in New York 
demonstrated that individuals harboring 
a homozygous 32-base pair deletion in 
the CCR5 gene were highly resistant to 
HIV-1 infection. In addition, the lack of 
a functional CCR5 gene did not appear 
to affect the health of the individual. 
Therefore, since CCR5 was apparently 
dispensable, this provided hope that an-
tiviral strategies that block CCR5 func-
tion would be well-tolerated by the host. 

Presentations in session 33 pro-
vided exciting evidence that the CCR5 
inhibitor maraviroc is very effective in 
impacting viral replication in antiret-
roviral therapy-experienced patients 

(Abstracts 104aLB, 104bLB). There 
was also much excitement regarding 
salvage trials using another novel class 
of antiretroviral agent that targets the 
viral integrase enzyme. Integrase is 
encoded by the viral polymerase gene 
and integrase catalyzes the reaction by 
which viral cDNA is inserted into the 
host cell genome. Basic research dem-
onstrated that this enzyme was essen-
tial for viral replication and also provid-
ed detailed insight into the mechanism 
by which integrase inserts viral cDNA 
into the cellular genome. This multistep 
process includes 2 catalytic reactions. 
The first involves 3′- endonucleolytic 
processing of the free ends of the viral 
cDNA and, in a second reaction, the vi-
ral cDNA is joined to cellular DNA. 

Initial screening assays that inter-
fered with the formation of complexes 
between integrase and specific DNA se-
quences in the viral long terminal repeat 
identified compounds that, unfortunate-
ly, were inactive against HIV-1 in culture. 
Second generation screening assays re-
capitulated the strand transfer reaction 
and inhibitors identified in these assays 
exhibited antiviral activity in culture. 

The fruits of these efforts were re-
vealed in presentations in session 33 
(Abstracts 105aLB, 105bLB) and in ses-
sion 40 (Abstract 143LB) where results 
of the effect of integrase inhibitors on 
viral replication in antiretroviral thera-
py-experienced patients were present-
ed. Clinical trials with the CCR5 and 
the integrase inhibitors in antiretroviral 
therapy-experienced patients demon-
strated that these agents are effective 
against viruses which are highly resis-
tant to other classes of inhibitors. These 
results have generated optimism in the 
field since they represent new additions 
to the armamentarium being used in 
the treatment of HIV-1 infection. 

Cellular Restrictions

Primate lentiviruses like HIV-1 operate 
on a limited genetic budget. Therefore, 
these viruses commandeer cellular func-

Dr Stevenson is a Professor in the Program 
in Molecular Medicine and Department of 
Molecular Genetics and Microbiology at the 
University of Massachusetts Medical School 
in Worcester.
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tions that serve as cofactors at various 
stages in the viral replication cycle. 
However, it is clear that some cellular 
proteins with which the virus interacts 
do not cooperate in viral replication 
but rather, antagonize viral replication. 
APOBEC 3G was the first cellular pro-
tein shown to antagonize primate lenti-
virus replication. A number of APOBEC 
3 family members and in particular, 
APOBEC 3G and 3F, have been shown 
to antagonize replication of a variety of 
lentiviruses and retroviruses as well as 
unrelated viruses such as hepatitis B vi-
rus. In the case of primate lentiviruses, 
APOBEC 3G exhibits potent antiretrovi-
ral activity but this is counteracted by 
the viral vif gene. Vif antagonizes the 
antiviral activity of APOBEC by promot-
ing its ubiquitylation and subsequent 
proteasomal degradation. 

APOBEC 3G restriction has re-
ceived a considerable amount of re-
search attention. As a result, detailed 
insight has been gathered into how 
Vif promotes ubiquitylation of APO-
BEC proteins. However, the picture is 
less clear regarding the mechanism by 
which APOBEC proteins antagonize 
viral replication. At the conference, a 
number of presentations focused on 
the interplay between APOBEC and Vif 
(Abstracts 20, 49, 107, 184, 188, 325, 
and others). APOBEC 3G and 3F are 
cytidine deaminases that are packaged 
into viral particles during virus assem-
bly. When those particles infect a new 
cell, and viral cDNA is being reverse 
transcribed, it is thought that these 
enzymes edit the viral genome during 
the reverse transcription process such 
that the synthesized cDNA contains 
extensive G-A mutations. These muta-
tions are then thought to compromise 
the integrity of the viral cDNA both in 
terms of stability and its ability to en-
code functional viral transcripts. This 
mechanism of antiviral activity by the 
APOBEC proteins was questioned by 
the demonstration that APOBEC 3G 
mutants lacking a functional enzymat-
ic site still retained antiviral activity. 

Abstracts 204 and 211 extended on 
the theme that the antiviral activity of 
APOBEC 3 proteins is independent of 
cytidine deaminase activity. Abstract 
211 examined mutant APOBEC 3G and 

3F proteins with altered N-terminal or 
C-terminal cytidine deaminase motifs. 
APOBEC 3G and 3F mutants lacking 
cytidine deaminase activity were still 
fully able to function as antiviral fac-
tors. Importantly, the antiviral activity 
was strongly correlated with inhibition 
of reverse transcription. Similarly, Ab-
stract 204 examined the cytidine de-
aminase activity and antiviral activity 
of a large panel of APOBEC 3G mutants 
in order to identify regions of APOBEC 
3G which are important for antiviral 
activity. Collectively, these studies sug-
gest that the antiviral activity of APO-
BEC 3 proteins might involve inhibi-
tion of reverse transcript accumulation 
and that this inhibition is independent 
of cytidine deamination. 

A number of APOBEC 3 proteins 
have now been demonstrated to inhib-
it retrotransposition of LTR-and non-
LTR retrotransposons. Abstract 188 ex-
amined whether the ability of APOBEC 
3 proteins to inhibit retrotransposition 
required a catalytically functional ac-
tive site on the APOBEC 3 protein. 
Mutations in 1 or both of the active 
sites of human APOBEC 3B, 3F and 
3G were examined for cytidine deami-
nase activity and ability to inhibit ret-
rotransposition. This study concluded 
that the active sites of APOBEC 3 pro-
teins are required to inhibit retrotrans-
position. Abstract 19 presented evi-
dence that HIV-1 infection of primary 
CD4+ T-cells in vitro actually induced 
retrotranspostion and the progressive 
accumulation of both LTR and non-LTR 
gene elements. Future studies should 
determine whether the induction of 
retrotransposition activity by HIV-1 in-
fection plays a role in HIV-1 mediated 
immunopathogenesis. 

Several studies focused on cellular 
factors that play a role in Vif-APOBEC 
interplay. Abstract 20 provided evi-
dence that 7SLRNA interacts with an 
APOBEC 3G and is preferentially pack-
aged into HIV-1 particles as a result of 
this interaction. Reduction of 7SLRNA 
packaging impaired the packaging of 
APOBEC 3G and its antiviral function. 
To exert their antiviral activity, APOBEC 
3 proteins must be packaged within 
virus particles. However, precise infor-
mation on the mechanism by which 

APOBEC 3 proteins are packaged 
within virions is not yet available. Fur-
thermore, retroviruses such as murine 
leukemia virus (MLV) are sensitive to 
inhibition by mouse APOBEC 3. How-
ever, MLV does not harbor a known 
vif gene. Nevertheless, MLV appears to 
avoid restriction by mouse APOBEC 3 
by excluding it from the virion. 

Abstract 206 examined determi-
nants that are important for APOBEC 
3 packaging. The study demonstrated 
that both mouse and human APO-
BEC 3 proteins can be incorporated 
into HIV-1 Gag virus-like particles and 
that the nucleocapsid sequence within 
HIV-1 Gag is important for this pack-
aging. Interestingly, chimeric proteins 
in which mouse APOBEC 3 fragments 
were fused to human APOBEC 3 frag-
ments were packaged within MLV par-
ticles. Therefore, these chimeric pro-
teins were able to overcome the mouse 
APOBEC 3 exclusion mechanism that 
is present in MLV. Abstract 49 char-
acterized the subcellular localization 
of APOBEC 3G. This study presented 
evidence that APOBEC 3G localizes 
to specialized cytoplasmic compart-
ments of mammalian cells, which are 
known as mRNA processing (P) bod-
ies. P bodies are involved in degrada-
tion and storage of cellular mRNA. The 
study examined the colocalization of P 
body components with APOBEC 3G. 
The study concluded that the strong 
degree of colocalization between APO-
BEC 3G and P body components as-
signs a P body localization to APOBEC 
3. Additional studies are underway to 
determine whether APOBEC 3G pro-
teins that are contained within P bod-
ies exhibit antiviral effects.

The cytoplasmic body component 
TRIM 5α was identified 3 years ago as 
a protein that restricts HIV-1 infection 
of Old World monkey cells. Since that 
finding, a number of investigators have 
turned their attention to deciphering 
the mechanism by which TRIM 5α 
proteins impact virus infection, and a 
number of presentations on this topic 
were featured at the conference. 

Abstract 16 presented insight re-
garding the antiviral mechanism of 
TRIM 5α restriction. Current models 
suggest that TRIM 5α interacts with 
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capsid proteins of incoming virions. 
This interaction is thought to inter-
rupt efficient uncoating of viral nucleic 
acid that subsequently leads to an in-
hibition of reverse transcription. Data 
presented in Abstract 16 presented 
evidence for a role of the proteasome 
in the antiviral mechanism of TRIM 5α 
restriction. The authors examined the 
fate of GFP-VPR-labeled virus particles 
in cells over-expressing monkey TRIM 
5α and observed that proteasome in-
hibition led to the association of TRIM 
5α cytoplasmic bodies with ubiquitin 
and proteasomal subunits. The authors 
proposed a model in which TRIM 5α 
proteins encapsulate the incoming vi-
ral core and alter trafficking away from 
the nucleus and to the proteasomal 
degradation pathway. 

In Abstract 216, the effect of TRIM 
5α on the fate of capsid during early 
steps of the infection was examined. 
Previous studies have suggested that 
TRIM 5α accelerates uncoating of the 
viral core. Data presented in Abstract 
216 suggested that in restrictive cells 
(which express TRIM 5α) capsid under-
goes a slow yet measurable degrada-
tion whereas it remains intact in nonre-
strictive cells. The authors suggest that 
TRIM 5α directs viral cores to a vesicu-
lar compartment for degradation. 

In Abstract 185, evidence for the 
ability of human TRIM 5α to restrict 
an extinct retrovirus was presented. 
Throughout the last 30 million years, 
TRIM 5α has been evolving under ex-
treme positive selection in the primate 
lineage. It has been proposed that this 
rapid evolution has been driven by 
conflicts with retroviruses. Chimpan-
zees contain approximately 150 cop-
ies of a retrovirus called PtERV that is 
now endogenous. However, this ret-
rovirus is absent from the human ge-
nome. The authors examined whether 
the absence of PtERV from the human 
genome may have been due to pos-
sible protection of the human genome 
by TRIM 5α. The authors constructed 
chimeric viruses containing the P12 
and capsid regions of PtERV in the 
backbone of MLV. They found that hu-
man TRIM 5α potently restricts PtERV 
capsid suggesting that the evolution of 
TRIM 5α may have protected humans 

from infection when PtERV was exog-
enous some 3 to 4 million years ago.

Cellular Cofactors

Presentations that provided evidence 
for novel cofactors of HIV-1 replication 
received a lot of interest at the confer-
ence. Several years ago, a couple of re-
search groups identified LEDGF/p75 as 
a binding partner of HIV-1 integrase in 
human cells. In the past year, several 
groups have demonstrated a convincing 
role for this protein in viral replication. 

Abstract 15 presented an overview 
of how LEDGF/p75 may impact viral 
replication. The authors presented a 
model in which LEDGF/p75 helps to 
tether integrase within the viral pre-
integration complex to chromosomes. 
The study provides the rationale for 
the development for small molecule in-
hibitors which interrupt the interaction 
between integrase and LEDGF/p75. In 
order for viruses to assemble at the 
plasma membrane, newly synthesized 
retroviral Gag polyproteins are directed 
to the plasma membrane as a result of 
the membrane binding activity of the 
matrix domain of Gag. This domain 
contains an N-terminal myristyl group 
that can exist in both sequestered and 
exposed conformations. 

Abstract 46 presented evidence 
that phosphatidylinositol-(4,5)-bispho-
sphate acts as a trigger of the myristyl 
switch. This factor is abundant in the 
inner leaflet of the plasma membrane 
and the findings present a mechanism 
for the specific targeting of HIV-1 Gag 
to membranes enriched in this phos-
phoinositide. 

Abstract 47 presented evidence for 
a new cellular cofactor (TIP47) as be-
ing essential for the incorporation of 
HIV-1 Env glycoprotein into viral par-
ticles. During virus assembly, viral Env 
glycoprotein is specifically incorpo-
rated into virions but the mechanism 
by which Env associates with Gag 
particles is unknown. Research pre-
sented in Abstract 47 indicated that 
TIP47 promotes physical association 
between HIV-1 Gag and Env proteins 
during virus assembly. SiRNA-mediat-
ed silencing of TIP47 prevented the as-
sociation of Gag with Env. The results 

further suggest that TIP47 interacts 
with the matrix domain of Gag. Since 
TIP47 appears essential for the incor-
poration of Env into virus particles and 
for HIV-1 infectivity, the interaction of 
TIP47 with Gag or Env is an attractive 
antiviral target. 

Lentiviruses like HIV-1 can efficient-
ly infect nondividing cells. However, 
the viral and cellular determinants that 
promote the nuclear uptake of viral re-
verse transcription complexes remain 
obscure. In Abstract 48, evidence was 
presented that a truncated form of the 
cellular protein CPSF6 exhibits an an-
tiviral effect by opposing the nuclear 
entry of HIV-1. When HIV-1 variants 
resistant to the antiviral activity of 
CPSF6 were derived, mutations in cap-
sid were found to confer resistance. 
Interestingly, some of these mutants 
were impaired in their ability to infect 
nondividing HeLa cells but only slightly 
affected in their ability to infect nondi-
viding macrophages. 

In contrast, other mutations in 
CPSF6-resistant HIV-1 CA did not affect 
infection of growth-arrested HeLa cells 
but blocked infection of macrophages. 
The authors speculate that these mu-
tations could influence the ability of 
capsid to dissociate from HIV-1 reverse 
transcription complexes and that trun-
cated CPSF6 or its cofactors aid in this 
dissociation. This model suggests that 
nuclear entry of HIV-1 is in part regu-
lated by the dissociation of capsid from 
the reverse transcription complex. The 
study also illustrates that caution should 
be exerted when using artificially 
growth-arrested cell lines as surrogates 
for nondividing macrophages.

The genomes of metazoans, includ-
ing humans, encode short regulatory 
RNAs known as Micro RNAs (miRNAs). 
These miRNAs are expressed as long, 
capped, polyadenylated transcripts that 
are processed by the RNase III en-
zymes Drosha and Dicer to generate 
mature 22-nt miRNAs. The miRNAs 
are then incorporated into the RNA-
induced silencing complex (RISC) to 
guide RISC to complimentary mRNA. 
The target mRNA is then translation-
ally repressed. 

 In his plenary, Dr Bryan Cullen 
(Abstract 112) overviewed what is cur-
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rently known regarding the cellular 
machinery involved in the synthesis 
of cellular miRNA. He presented evi-
dence that several DNA viruses includ-
ing Epstein-Barr virus (EBV) and Kapo-
si’s sarcoma-associated herpes virus 
(KSHV) encode viral miRNAs that may 
target host genes involved in antiviral 
defense. Dr Cullen presented evidence 
that RNA viruses such as HIV-1 and 
hepatitis C virus do not generate de-
tectable miRNAs in infected cells.

The identification and characteriza-
tion of viral miRNAs encoded by EBV 
and KSHV were further expanded upon 
in Abstract 18. Future studies will identi-
fy how these viral miRNAs regulate viral 
replication in the infected cell. Recent 
studies have suggested that HIV-1 Tat 
protein can functionally suppress RNA 
silencing. Data presented in Abstract 
217 presented evidence to the contrary 
and argued that Tat and related human 
transactivators do not act as suppres-
sors of the RNA silencing machinery.

Regulation of Virus Replication

The establishment of a latent infection 
in memory CD4+ T-lymphocytes has 
been proposed to represent the biggest 
obstacle to HIV-1 eradication in infect-
ed individuals. However, understand-
ing the actual mechanism of latency 
has been difficult because of a lack of 
physiologic models which faithfully re-
capitulate viral latency in vitro. 

Abstract 228 presented evidence 
that the maintenance of a latent state 
is governed by transcriptional interfer-
ence. Several groups have presented 
evidence that latent viral genomes are 
located primarily within introns of ac-
tive host genes in vivo. This raises a 
possibility that active genes may be 
transcriptionally interfering with the 
transcription of the integrated provi-
rus. To examine this, the authors con-
structed an actively transcribed HPRT 
gene containing an HIV-1 vector within 
a specific intron. The authors observed 
that HPRT transcription negatively 
regulated HIV-1 gene expression im-
plying that integration of proviruses 
into transcriptionally active genes may 
promote the establishment of a latent 
provirus. 

Abstracts 274 and 275 examined 
conditions under which nonproliferat-
ing lymphocytes can become latently 
infected. In Abstract 274, the authors 
demonstrated that enhanced transduc-
tion and addition of deoxynucleosides 
enhanced the efficiency of integration 
in resting lymphocytes. This argues that 
limiting substrate rather than postentry 
blocks may limit integration into rest-
ing CD4+ lymphocytes. Abstract 275 
examined how the level of CD4+ T-cell 
activation at the point of infection dic-
tates whether a latent or persistently 
infected cell will subsequently be es-
tablished. The results suggested that 
cells with the lowest division rate were 
more likely to survive infection and re-
turn to a quiescent state that harbored 
latent, persistent infection. 

Abstracts 227 and 258 examined 
Toll-like receptor (TLR) ligands for their 
ability to modulate infection of CD4+ 
T-lymphocytes. Data presented in Ab-
stract 227 presented evidence that TLR 
stimulation of CD4+ T-lymphocytes 
led to activation of viral gene expres-
sion. Therefore, TLR regulation, which 
has previously been shown to be im-
portant in macrophage function, may 
also impact the dynamics of T-cell res-
ervoirs of HIV-1. In Abstract 258, CCR7 
ligands CCL19 and CCL21 were found 
to render resting CD4+ T-lymphocytes 
highly permissive to HIV-1 infection. 
However, although there was a high 
degree of HIV-1 integration, virus pro-
duction was at a low level. Therefore, 
these CCR7 ligands may contribute to 
the induction of a latent HIV-1 infec-
tion in resting CD4+ T-lymphocytes. 

Although CD4+ T-lymphocytes and 
macrophages are considered the princi-
ple targets for HIV-1 infection in tissues, 
a variety of studies have suggested that 
other cell types may act as reservoirs 
of HIV-1 replication. Abstract 167 pre-
sented evidence that primary human 
eosinophils are susceptible to infection 
by X4-tropic HIV-1. 

Abstract 273 presented evidence 
that CD34+ hematopoietic stem cells 
are susceptible to HIV-1 infection. The 
study showed that CD34+ stem cells 
were susceptible to HIV-1 infection 
and, despite infection, were able to 
survive and proliferate. The infection 

of such cells could have important im-
plications for HIV-1 persistence and for 
strategies to eradicate HIV-1. 

Abstract 276 characterized the 
cell subset in the CD16 monocyte 
population that is susceptible to  
HIV-1 infection. Previous studies have 
shown that viral DNA can be detect-
ed in monocytes from HIV-1 infect-
ed  patients on antiretroviral therapy.  
Levels of viral DNA in CD16+ and  
CD16- monocytes were compared 
and  the authors observed that CD16+ 
monocytes were preferentially in-
fected at levels compatible to resting 
memory T-cells. The authors suggest 
that CD16- monocytes may restrict 
HIV-1 infection because they contain 
active low-molecular mass APOBEC 
3G complexes and may also exhibit 
limiting amounts of CD4 and CCR5 
expression as compared with CD16+ 
monocytes. 

Some cell types may not be directly 
susceptible to HIV-1 infection but may 
assist in the dissemination of the virus 
to other cell types. Previous studies 
have shown that dendritic cells have 
the capacity to capture HIV-1 particles 
and present them to CD4+ T-cells. 

Abstract 202 presented evidence 
that Langerhans cells (LCs), which are a 
subtype of dendritic cells, can capture 
HIV-1 particles and transmit internal-
ized particles to CD4+ T-cells in trans. 
Evidence was presented that viral par-
ticles are directed to an intracellular 
compartment that was positive for tet-
raspanin markers including CD81. The 
major histocompatability complex-like 
protein CD1A appeared to play an en-
hancing role in HIV infectivity. This 
suggests that HIV traffics through a 
CD1A+ compartment in LCs and that 
this trafficking is important for transin-
fection.

Pathogenesis

Several presentations highlighted the 
role of viral determinants in disease 
pathogenesis. The viral accessory pro-
tein Nef has been shown to exhibit a 
variety of functions. Among these ac-
tivities, Nef has been shown to down 
modulate T-cell receptor-CD3 complex-
es from infected cells thereby restrict-
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ing their ability to respond to stimula-
tion and activation-induced cell death. 

In Abstract 156, data were present-
ed to suggest that the ability to down- 
regulate TCR-CD3 and to block apop-
tosis is only exhibited by nef alleles 
of viruses that exhibit nonpathogenic 
infections. In contrast, nef alleles from 
HIV-1 and subset of closely related sim-
ian immunodeficiency virus (SIV) lack 
the ability to down-regulate TCR-CD3. 
The authors suggest that differences 
in nef function may contribute to the 
high levels of immune activation and 
apoptosis that characterize pathogenic 
HIV-1 infection. The authors further 
suggest that the ability of naturally in-
fected monkeys to maintain high viral 
loads in the absence of pathogenicity 
may be due to the ability of Nef to pre-
vent high levels of immune activation 
and apoptosis. 

Individuals infected with HIV-1 vari-
ants containing defective alleles nef 
have been shown to exhibit a long-
term, non-progressive HIV-1 infection. 
Abstract 250 examined 6 individuals 
with Nef-deleted viruses who had long-
term, non-progressive infection, 4 of 
whom eventually had HIV disease pro-
gression. Individuals harboring Nef-de-
fective viruses who subsequently exhib-

ited HIV disease progression harbored 
viruses with extended coreceptor use 
to CXCR4. Therefore, despite low levels 
of viral replication in these individuals 
harboring Nef-defective viruses, there 
was sufficient ongoing replication to al-
low envelope evolution and expanded 
coreceptor use that may ultimately be 
associated with disease progression.

In Abstract 269, vpu and envelope 
genes in 240 HIV-1-infected women 
from a high-risk commercial sex work-
er cohort were examined. Of the 240 
samples examined, 16 contained an 
incomplete vpu gene and 13 of these 
also lacked a complete envelope gene. 
In addition, the incidence of vpu and 
envelope defective proviruses in-
creased between 2000 and 2004 sug-
gesting that these isolates are becom-
ing more prevalent. Patients harboring 
proviruses with defective vpu and en-
velope genes had higher CD4+ cell 
counts and lower plasma viral load 
than patients harboring intact provi-
ruses. In Abstract 304, evidence was 
presented that TLR ligands induced the 
expression of activation markers on 
CD4+ and CD8+ T-cells. The authors 
propose that microbial products can 
induce T-cell activation and turnover. 
Therefore, heightened translocation 

of microbial products through gut mu-
cosa could contribute to exaggerated 
immune activation that underscores 
chronic HIV-1 infection (see also Ab-
stract 227). 

In approximately 50% of patients, 
disease progression is reflected by an 
emergence of CXCR4- utilizing viruses. 
Abstract 252 examined the timing of 
HIV-1 coreceptor usage in subjects 
with rapid and slow rates of CD4+ T-
lymphocyte depletion. Results indicate 
that the emergence of X4 viruses is as-
sociated with the rapid loss of CD4+ 
T-cells but that this emergence occurs 
after rapid CD4+ T-cells loss begins. 
This would suggest that the emergence 
of X4 variants is a result of rather than 
a cause of rapid CD4+ cell depletion.
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HIV Epidemiology and Prevention Interventions
Susan Buchbinder, MD

Several presentations at the 2007 Conference on Retroviruses and Oppor- 
tunistic Infections focused on the underlying factors driving the HIV epidemic 
in selected regions of the world and on selected populations. The conference 
also provided updated data on 1 of 2 successful adult male circumcision 
efficacy trials to prevent HIV acquisition, and a review of 1 of 2 unsuccessful 
efficacy trials of the microbicide cellulose sulfate. Presentations also focused 
on strategies to prevent HIV acquisition through pre-exposure prophylaxis, 
treatment of sexually transmitted diseases, and prevention of mother-to-
child transmission through breastfeeding.

The European Epidemic
An overview of factors driving the Euro-
pean AIDS epidemic was presented by 
Johnson (Abstract 54). The European 
epidemic is really 3 separate epidemics: 
1) western Europe experienced a dra-
matic decline in newly diagnosed AIDS 
cases with the introduction of potent 
antiretroviral therapy in the mid-1990s; 
2) central Europe has had a low-level, 
stable number of AIDS cases since the 
early 1990s; and 3) eastern Europe ex-
perienced dramatic increases in newly 
diagnosed infections and AIDS cases 
beginning in the early 2000s. Johnson 
provided insight into the many social, 
behavioral, and biologic factors driving 
these different epidemics. 

The eastern European epidemic, 
now accounting for approximately 
twice the number of newly diagnosed 
HIV cases as in western Europe, is pri-
marily driven by injection drug use 
(IDU) and secondarily through the het-
erosexual partners of these drug users. 
This is likely the result of the many po-
litical and social changes confronting 
eastern Europe, including changes in 
drug trafficking routes and drug pric-
es, leading to an increase in the size 
of the population using drugs and HIV 
transmission within drug-sharing and 
sexual networks. 

The western European epidemic 
was previously largely focused within 
populations of men who have sex with 

men (MSM), where rates continue to 
be high, driven by increases in unpro-
tected sex. Johnson speculated that 
the epidemic in IDU in western Europe 
may have been diminished through 
use of harm-reduction strategies, such 
as access to clean injection equipment 
and drug treatment programs. How-
ever, the predominant mode of HIV 
acquisition in western Europe is now 
heterosexual sex, with a substantial 
contribution from immigrant popula-
tions displaced by political and social 
upheaval in sub-Saharan Africa. 

Each of the European epidemics is 
affected by late HIV diagnosis, as 34% 
of patients are diagnosed when CD4+ 
counts are less than 200 cells/μL, at-
tenuating the effectiveness of antiret-
roviral therapy for them, and leading 
to potential increase in transmission to 
partners when HIV-seropositive indi-
viduals with late-stage disease are un-
aware of their infection status. Johnson 
called for increased HIV testing and ev-
idence-based prevention interventions 
to populations at highest risk. 

The US Epidemic

Jaffe reviewed the current status of the 
HIV epidemic in the United States (Ab-
stract 63). By the end of 2005, nearly 
1 million people had been diagnosed 
with AIDS in the United States, and 
more than 500,000 had died. The 
death rate of 58 cases per 1 million 
population in 2005 in the United States 
was twice that of any country in the 
European Union. Although the num-
ber of new AIDS cases has remained 
relatively stable throughout the early 

2000s, there was an approximate 10% 
increase in AIDS cases in 2005, which 
may be an early indicator of an up-
ward trend. MSM account for the ma-
jority of US HIV and AIDS cases, and 
their relative contribution to the total 
HIV and AIDS caseload in the United 
States continues to rise. African Ameri-
cans make up half of all HIV and AIDS 
cases in the United States, and the HIV 
and AIDS case rate is 8-times higher in 
African Americans than whites in the 
United States. 

Jaffe also reviewed prevention in-
terventions that have led to substantial 
reductions in new HIV infections in 
the United States (eg, screening of do-
nated blood, prevention of mother-to-
child transmission [PMTCT], condoms, 
provision of clean injection equip-
ment), and contrasted them with the 
government-supported approach of 
abstinence-only programs, for which 
scientific support is quite limited. A 
Cochrane review of 8 randomized, 
controlled studies of abstinence-only 
programs in youth in the United States 
found no statistically significant reduc-
tion in reported risk or biologic out-
comes. A more recent unpublished 
study found a statistically significant 
reduction of sexual activity in African 
American youth (aged 10-15 years) 
randomized to receive an abstinence-
only intervention, although 30% of the 
virgins in this arm of the study initiat-
ed sexual activity during the 24 month 
follow-up period. Jaffe made a plea to 
focus efforts on prevention interven-
tions known to be successful, abandon 
those found not to work, and encour-
age leaders within at-risk communities 
to prioritize changes in behavior.

Several presentations focused on 
the need for increased HIV testing to 
detect HIV infections and thus reduce 
the risk of ongoing transmission. Weis 
and colleagues presented data on 4221 
persons newly diagnosed with HIV in-
fection in South Carolina from Janu-
ary 2001 to December 2005 (Abstract 
957). Of this group, 73% had visited 
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a South Carolina health care facility at 
least once prior to testing HIV seropos-
itive, with a median of 4 visits per pa-
tient; 42% of this sample developed an 
AIDS diagnosis within 1 year of their 
first HIV-seropositive test. Torian and 
colleagues presented data on very late 
HIV diagnosis (Abstract 964). Overall, 
28% of all newly diagnosed AIDS cas-
es in New York City in 2004 had re-
ceived their first HIV diagnosis within 
the previous 31 days. Independent pre-
dictors of late presentation were older 
age, heterosexual or unknown risk, or 
being foreign-born. Both studies high-
light the need to expand HIV testing in 
health care settings and through out-
reach to vulnerable populations.

Other studies highlighted the dif-
ficulty of implementing broad testing 
programs in health care settings. Smerd 
and colleagues conducted a pilot proj-
ect from January 2006 to August 2006 
encouraging HIV testing in inpatient 
medical wards, ambulatory care, and 
emergency room settings (Abstract 
958). Although there was an overall in-
crease of 54% in the HIV testing rate 
over this time and 60% of those testing 
HIV seropositive were newly identified, 
testing rates remained quite low overall 
(<10% in each of the settings). Bern-
stein conducted a survey of HIV testing 
practices among 7300 US physicians 
from 1999 to 2000, using the American 
Medical Association Master File (Ab-
stract 960). More than 70% of provid-
ers responded, but only 28% of physi-
cians reported screening asymptomatic 
men or non-pregnant women for HIV. 
At that time, independent predictors of 
providers offering tests to these patients 
were female sex, being black or Hispan-
ic, provider practice being located in a 
large city or public clinic, and provider 
being a primary care specialist. 

Other presentations focused on 
additional testing strategies to be im-
plemented specifically for high-risk 
groups. Denning presented data from 
the 2003 to 2005 Centers for Disease 
Control and Prevention (CDC) National 
HIV Behavioral Surveillance survey and 
analyzed data from MSM offered HIV 
testing in 5 US cities (Abstract 956). 
Of the 1593 MSM who reported that 
their last HIV test was negative, 33% 

stated they had not had a follow-up 
HIV test within the previous year. HIV 
testing was then conducted and 48% 
of those testing seropositive had not 
known their HIV serostatus. Denning 
concluded that a strategy of targeting 
only persons without prior HIV test-
ing would have reduced the fraction of 
unrecognized HIV infection from 48% 
to 41%, but a strategy of annual test-
ing would have reduced the fraction to 
14%. Klausner and colleagues recom-
mended coupling pooled HIV RNA test-
ing with rapid HIV antibody testing in 
high-risk settings; data from their study 
of patients attending a sexually trans-
mitted disease (STD) clinic suggested 
that HIV RNA screening increased HIV 
case detection by 12% (Abstract 953). 

The Global Epidemic in MSM

Several presentations focused on the 
continued epidemic in MSM in dif-
ferent parts of the world. Van Griens-
ven presented an overview of the 
topic, starting with a reminder that 
MSM make up half of the total num-
ber of HIV and AIDS cases in all per-
sons (men and women combined) in 
the United States (Abstract 55). MSM 
are the only risk group in the United 
States in whom the proportion of new 
HIV and AIDS cases is increasing. Ellen 
also presented data on the US adoles-
cent population, where the most heav-
ily impacted population is young MSM 
(Abstract 145). In a venue-based sam-
ple, HIV prevalence in 15- to 19-year-
old men was 7%, comparable with 
rates in young women in South Africa. 
In the National HIV Behavioral Surveil-
lance survey conducted in 17 cities, 
14% of MSM aged 18 to 24 years were 
found to be HIV infected.

However, the MSM epidemic is not 
confined to the United States, and van 
Griensven reviewed this global epidemic 
(Abstract 55). Throughout many coun-
tries in Latin America, MSM are the ma-
jor risk group affected by HIV and AIDS, 
and prevalence rates in MSM exceed 
those in female sex workers by 10 to 15 
fold. In Africa, which has been long-as-
sumed to have very low rates of MSM 
sexual activity, 3 new surveys suggest 
very high HIV prevalence among popula-

tions of MSM, ranging from 9% to 38%. 
Because these first studies have been 
conducted in populations with relatively 
low HIV prevalence rates in the general 
adult population, MSM account for up to 
36% of the total number of HIV-infected 
persons in those cities. Similarly, through 
many areas of Asia and Southeast Asia 
the prevalence of HIV in MSM is quite 
high and MSM make up a sizable pro-
portion of the total estimated HIV infec-
tions: 28% of HIV cases in Hanoi, 30% 
in Bangkok, 37% in Yangoon, and 69% 
in Beijing. Van Griensven pointed to the 
many individual-level (eg, unprotected 
anal sex, greater number of sex partners, 
substance use, STDs, lack of circumci-
sion) and societal-level (eg, laws against 
MSM sex, discrimination, stigma, lack of 
access to prevention tools) factors con-
tributing to the epidemic. He stated that 
the Joint United Nations Programme on 
HIV/AIDS (UNAIDS) estimates that only 
10% of MSM worldwide have access to 
prevention services. 

Prevention of Sexual 
Transmission

The last few months have brought mo-
mentous changes to the field of HIV 
prevention, with 5 large efficacy tri-
als of biomedical prevention interven-
tions stopped early because of benefit 
or harm to trial volunteers and their 
partners. Several of these trials were 
reported on at this year’s conference, 
including reports on adult male cir-
cumcision and vaginal microbicides. 
Other data presented at the meeting 
lent support to the potential for an-
tiretrovirals to prevent HIV acquisi-
tion when given to HIV-seronegative 
persons as pre-exposure prophylaxis 
(PrEP) and the potential for herpes 
simplex virus-2 (HSV-2) suppression to 
reduce HIV transmission.

Male Circumcision

Gray and colleagues provided an in-
depth review of 1 of the 2 successful 
adult male circumcision efficacy trials in 
HIV-seronegative men (Abstracts 155aLB 
and 155bLB) recently published in Lan-
cet (Gray et al, 2007). That study from 
Rakai, Uganda showed a halving of HIV 
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acquisition among men aged 15 to 49 
years randomized to receive immediate 
circumcision compared with the wait-list 
control group (odds ratio [OR], 0.49 on 
intention-to-treat analysis; 95% confi-
dence interval [CI]; 0.28-0.84). This ef-
fect appeared to be strengthened among 
men with 2 or more partners (incidence 
rate ratio [IRR], 0.30), extramarital part-
ners (IRR, 0.34), and during later fol-
low-up periods (IRR, 0.25 for the second 
year of follow up). 

Male circumcision was also associat-
ed with a statistically significant reduc-
tion in the rate of self-reported genital 
ulcer disease (IRR, 0.53) with no effect 
on the rate of self-reported urethral 
symptoms. Moderate or severe adverse 
events were relatively rare (3.6%) in 
this controlled clinical trial with highly 
trained staff; care will need to be giv-
en for prevention and management of 
surgery-associated complications if this 
intervention moves into community 
practice. Gray’s study also found no evi-
dence that circumcised men increased 
their risk compared with uncircum-
cised men (ie, behavioral disinhibition) 
although the other published paper de-
scribing the second successful male cir-
cumcision trial found a modest increase 
in several risk behaviors in the circum-
cised compared with uncircumcised 
groups (Bailey et al, Lancet, 2007).

Several days after the conclusion of 
the conference data were released from 
an early evaluation of the trial of male 
circumcision among HIV-infected men 
in Uganda. This trial was stopped early 
because of a statistically significant in-
crease in the risk of HIV transmission to 
HIV-uninfected female partners. Explor-
atory analyses suggest that the increase 
in HIV transmission was associated with 
resumption of sexual activity before full 
healing of the surgical wound, and that 
the HIV incidence was comparable in 
the 2 arms when this subgroup was ex-
cluded. At best, these data suggest no 
immediate benefit to HIV-seronegative 
women from circumcision of their HIV-
seropositive male partners and at worst 
substantial harm may arise. More con-
crete recommendations are expected 
after further analyses of this trial. 

No recommendations have been 
made regarding the role of male circum-

cision in prevention of HIV transmis-
sion among MSM. Although 1 prospec-
tive cohort study of HIV-seronegative 
men found a doubling in the risk of HIV 
acquisition among uncircumcised men 
(Buchbinder et al, JAIDS, 2005), the 
population attributable fraction for this 
risk factor was only 10%. Begley and 
colleagues surveyed MSM attending gay 
pride events in 5 different states and 
found that 80% of men were already 
circumcised and 54% of the remainder 
were willing to undergo circumcision 
if circumcision were found to protect 
against HIV acquisition (Abstract 983).

Microbicides

Two large microbicide efficacy trials 
of cellulose sulfate were also stopped 
in early 2006 after an early analysis 
of data from 1 trial suggested an in-
creased risk of HIV acquisition among 
HIV-seronegative women using this 
candidate microbicide. The second 
trial of cellulose sulfate found no evi-
dence of increased transmission in the 
interim analysis several months ear-
lier, but stopped the trial in the interest 
of safety for study volunteers.

Doncel presented preclinical data 
supporting the decision to evaluate cel-
lulose sulfate in clinical trials (Abstract 
106LB). Cellulose sulfate is a large sul-
fated polysaccharide that blocks gp120 
and CD4+ coreceptor interactions. In 
extensive preclinical evaluation, it has 
been shown to have anti-HIV activ-
ity against both X4 and R5 viruses at 
concentrations that are not cytotoxic. 
It appears to be active against numer-
ous HIV clades and drug-resistant iso-
lates at concentrations that are orders 
of magnitude lower than the clinical 
dose. The product has also been shown 
to have activity against a number of 
STDs. Cellulose sulfate did not appear 
to be cytotoxic to cervico-vaginal cells 
nor to trigger release of inflammatory 
cytokines. These findings are markedly 
different than those seen in preclinical 
studies of nonoxynol-9. In addition, 
cellulose sulfate appeared to provide 
good surface coverage in the vagina 
and was nonabsorbable, nontoxic to 
lactobacilli (to maintain a healthy mi-
croenvironment), and long-lasting. 

Van Damme presented clinical safe-
ty data on cellulose sulfate (Abstract 
106LB). Eleven safety studies have 
been undertaken in which product was 
administered up to 4 times daily, gener-
ally for short courses (only 1 lasted to 6 
months). In each of these studies, there 
was no evidence of local or systemic 
toxicity. A phase II trial of cellulose 
sulfate as a contraceptive was success-
fully completed in 200 couples, again 
with no apparent toxicity. Two large 
HIV prevention efficacy trials of this 
product were initiated. Van Damme re-
ported on a multicenter, randomized, 
placebo-controlled trial that opened in 
July 2005 with the intention of enroll-
ing 2574 HIV-seronegative women at 
risk for HIV acquisition. An interim ef-
ficacy analysis was planned when half 
of the 66 anticipated HIV infections 
in the trial had occurred, with a plan 
to stop the trial if the 2-sided P value 
was less than 0.10 in the direction of 
a greater number of infections in the 
cellulose sulfate arm, as this would in-
dicate either potential harm or futility 
to find a difference. This interim effi-
cacy analysis occurred on January 26, 
2007, with data available on 35 new 
HIV infections in trial participants. At 
the time of data analysis, 1333 study 
participants had enrolled but only 326 
had completed the full 12 months of 
follow up. Van Damme reported that 
the prespecified boundary for poten-
tial harm had been surpassed, but she 
declined to provide the breakdown of 
number of infections in each of the 
2 arms. She stated that these num-
bers would change as final data were 
cleaned and made available.

The trial investigators and study 
staff moved rapidly to verify product 
labeling and coding of the randomiza-
tion, and to confirm these results. They 
halted the trial on January 29, 2007, 
notifying study staff who in turn con-
tacted study participants to stop using 
the product. All final study visits will 
be completed in April 2007. The inves-
tigators anticipate having a final report 
available by December 2007. A sepa-
rate efficacy trial of cellulose sulfate 
had recently undergone an interim 
analysis that found no basis for early 
stopping. This trial was also stopped 
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in late January 2007 as a result of the 
finding of potential harm to study vol-
unteers in the other efficacy trial. 

Although the closure of these trials 
was a major blow to the field, several 
other large efficacy trials of different mi-
crobicides are currently underway, and 
results from those trials will be available 
in the next several years. Other presen-
tations at the conference on microbi-
cides focused on preclinical, in vitro, ex 
vitro, and modeling studies (Abstracts 
988-1000). There is great interest in us-
ing topical antiretrovirals for prevention 
of HIV acquisition; this subject is cov-
ered below in the discussion of PrEP.

Pre-exposure Prophylaxis 

Several presentations at this year’s 
conference focused on the use of anti-
retroviral agents before HIV exposure, 
also known as chemoprophylaxis or 
PrEP. Cranage and colleagues present-
ed data from a study of rectally applied 
1% tenofovir gel to prevent simian im-
munodeficiency virus (SIV)mac32H infec-
tion from single high-dose rectal chal-
lenge (Abstract 29). In this study, all 4 
untreated macaques, 3 of 4 macaques 
given placebo gel, and 2 of 3 macaques 
given tenofovir gel 2 hours after expo-
sure became infected, with detection 
of virus beginning 1 week after chal-
lenge and persisting through 20 weeks 
of follow up. In contrast, only 2 of 6 ma-
caques pretreated with rectal tenofovir 
gel 15 minutes before exposure and 1 
of 3 animals pretreated 2 hours before 
exposure became infected, and virus 
detection was intermittent or delayed 
in these animals. It should be noted 
that pretreated animals had systemic 
absorption of tenofovir, and those ani-
mals with breakthrough infection had 
lower blood levels of tenofovir than an-
imals who were protected. Because the 
dose per kilogram was higher in ma-
caques than normally used in humans 
and the blood levels apparently higher 
than with vaginal administration in hu-
man trials (Mayer et al, AIDS, 2006), 
this experiment may have more close-
ly approximated oral than topical PrEP 
trials. Cranage also presented data that 
4 of 7 uninfected macaques who had 
received tenofovir gel before or after 

rectal challenge had detectable Gag-
specific T-cells measured in peripheral 
blood by gamma-interferon enzyme-
linked immunospot (ELISPOT). 

There have been no efficacy trials 
completed to date of oral PrEP, although 
several safety and efficacy trials are un-
derway (see www.prepwatch.org). Data 
published last year suggested that a sub-
stantial proportion of MSM might know 
about PrEP as a prevention strategy and 
that some might already be using it (Kell-
erman et al, JAIDS, 2006). These data 
were countered by a study of MSM in 
San Francisco presented at the Interna-
tional AIDS Conference in Toronto in July 
2006 (see also Liu et al, JAMA, 2006), as 
well as by a presentation by Voetsch and 
colleagues from the CDC at this year’s 
CROI (Abstract 982). Voetsch and col-
leagues surveyed 397 MSM at minority 
gay pride events in 5 US cities who were 
HIV seronegative or of unknown serosta-
tus. Of this group, only 19% had heard 
of either pre- or postexposure prophy-
laxis, and only 1 person reported ever 
using PrEP. One of the 60 HIV-seroposi-
tive men surveyed reported giving an-
tiretrovirals to his HIV-seronegative sex 
partner to prevent infection. This study 
confirms that, at the present time, PrEP 
use is relatively rare.

Role of Sexually  
Transmitted Diseases

Wasserheit provided an overview of the 
role of control of STDs in preventing new 
HIV infections (Abstract 56). Although 
numerous observational trials have iden-
tified a 2- to 5-fold increase in the risk of 
HIV transmission and laboratory-based 
studies have identified mechanisms by 
which these infections could facilitate 
transmission, only 1 of 5 randomized 
controlled trials of STDs completed to 
date have reported lowered HIV infec-
tion rates. Wasserheit reviewed these 5 
trials and the likely differences between 
the populations that may have account-
ed for these differences. The only trial in 
which STD treatment lowered HIV inci-
dence rates was in Mwanza, Tanzania 
(Grosskurth et al, Lancet, 2000), where 
the epidemic was in its early stages. Ear-
ly stage epidemics are more frequently 
driven by core populations at very high 

risk, where coinfection with bacterial 
STDs (eg, gonorrhea, chlamydia) may 
fuel the epidemic. In these situations, 
treatment of bacterial STDs success-
fully lowered HIV incidence. The other 
4 randomized controlled trials all took 
place in generalized epidemics in which 
transmission more frequently occurs in 
stable partnerships and where bacterial 
STDs play a lesser role, but viral infec-
tions such as genital herpes simplex vi-
rus (HSV) may play a larger role. Wasser-
heit concluded that programs to reduce 
HIV infection should focus on treatment 
of symptomatic STDs (often associated 
with acute HIV infection), and treatment 
of bacterial STDs in high-risk groups in 
nascent or concentrated epidemics. She 
also pointed to the importance of 2 on-
going efficacy trials to evaluate the im-
pact of HSV suppression in reducing HIV 
acquisition (Abstract 987) and transmis-
sion in mature epidemics.

Two studies lent modest support to 
the hypothesis that HSV suppressive 
therapy might reduce genital shedding 
of HIV and therefore lower HIV transmis-
sion. Dunne and colleagues presented 
data demonstrating a modest reduction 
in HIV shedding (0.44 log10 copies/mL ) in 
cervico-vaginal lavage among Thai HIV-
infected women randomized to receive 
chronic suppressive acyclovir therapy or 
a placebo in a randomized, placebo-con-
trolled, cross-over design (Abstract 30). 
In contrast, Delany and colleagues found 
no statistically significant decrease in the 
quantity of genital HIV among women 
randomized to receive acyclovir sup-
pressive therapy in a trial in Johannes-
burg, South Africa (Abstract 154LB). In 
their study, acyclovir decreased the pro-
portion of visits in which HIV shedding 
was detected in cervico-vaginal lavage as 
well as lowering plasma HIV RNA levels 
by 0.37 log10 copies/mL. 

Transmission Through 
Breastfeeding

This year’s conference featured more 
than 15 abstracts on strategies to re-
duce the risk of HIV transmission 
through HIV-infected mothers breast-
feeding their newborns. Coovadia pro-
vided an excellent overview of the topic 
in a plenary lecture (Abstract 13). In 
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wealthy countries, perinatal transmis-
sion rates fell from 24.5% in 1993 to 
1.5% in 2002, with the widespread 
uptake of strategies for PMTCT. Al-
though substantial reductions in peri-
natal transmission have been achieved 
in resource-limited countries, efficacy 
of peripartum antiretroviral therapy 
has been substantially attenuated by 
breastfeeding, where the risk of trans-
mission appears to be relatively con-
stant at 0.74 transmissions per month 
of feeding through 24 months. How-
ever, the increased risk in HIV acquisi-
tion is offset by higher rates of diarrhe-
al disease in non-breastfed infants in 
resource-limited settings, and this was 
highlighted in several presentations at 
the conference. 

Creek and colleagues presented 
the findings from an investigation of 
a large outbreak of diarrhea among in-
fants in Botswana in 2006 (Abstracts 
9 and 770). Botswana implemented a 
national PMTCT program in 1999 that 
included antiretroviral therapy, free 
infant formula for 12 months, and 
advice to all women to formula feed. 
Transmission rates in infants born to 
HIV-infected mothers fell to 7% in 
2005. After heavy rains beginning in 
November 2005, an increase in diar-
rhea cases was observed in Botswana 
in the first quarter of 2006, with a 4-
fold increase in diarrhea and a 25-fold 
increase in diarrhea death in children 
under 5 years of age. On multivariate 
analysis, the overwhelming risk factor 
for diarrheal illness was lack of breast-
feeding of the infant (adjusted OR, 
50). A cohort study of infants with di-
arrhea in Francistown confirmed the 
association of diarrhea with lack of 
breastfeeding, as 90% of infants un-
der 2 years with diarrhea were not 
breastfeeding. Malnutrition in infants 
with diarrhea was high (42% devel-
oped marasmus and 20% developed 
kwashiorkor) as was overall mortal-
ity (22%) and investigation revealed 
that many malnourished children had 
not received sufficient supplies of for-

mula. Other studies at the conference 
also demonstrated increased rates of 
diarrheal disease in infants during the 
rainy season (Abstract 772) and the 
association of diarrhea with weaning 
from breastfeeding (Abstracts 772-
775). 

The dilemma is this: at 18 months 
of age, HIV infection rates are higher 
in breastfed than formula-fed infants, 
but overall mortality is higher in the 
formula-fed group. Several studies 
provided data suggesting strategies to 
further reduce risk in the breastfeed-
ing group. Coovadia presented data 
from many studies showing a clear 
benefit for exclusive breastfeeding 
compared with mixed breastfeed-
ing, with evidence of a dose-response 
curve favoring breastfeeding (Abstract 
13). Sinkala and colleagues presented 
data from a randomized, controlled 
trial of early weaning suggesting com-
parable rates of HIV-free survival at 24 
months between the group random-
ized to wean at 4 months and those 
assigned to usual weaning practices 
(median duration of breastfeeding, 
16 months). However, 24-month sur-
vival was substantially improved in 
the delayed weaning group for the 
subset of children born to asymptom-
atic mothers with CD4+ counts above 
350 cells/μL. Survival was also signifi-
cantly improved in infants found to be 
HIV-infected before 4 months if they 
received longer periods of breastfeed-
ing. These data suggest promotion of 
exclusive breastfeeding, breastfeed-
ing beyond 6 months, and preven-
tion of late-stage disease in women 
of childbearing potential will improve 
infant morbidity and mortality in re-
source-limited countries. Attention 
and resources should be devoted to 
protecting clean water supplies and to 
training health care providers to moni-
tor infant growth. Additional studies 
are underway evaluating the role of in-
fant chemoprophylaxis and immuno-
prophylaxis in preventing HIV acquisi-
tion during breastfeeding.
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Important new information regarding neurologic complications of 
HIV disease was presented at the 2007 Conference on Retroviruses and 
Opportunistic Infections. In addition to presentations on pathogenesis and 
treatment of neurologic complications, the conference included findings 
that have implications for the management of HIV disease outside the 
nervous system. Key findings included that the distribution of antiretrovirals 
into the central nervous system may influence the effectiveness of treatment 
outside this protected compartment; that postponing initiation of therapy 
until blood CD4+ counts fall to 300 cells/µL may increase the risk for HIV-
associated neurocognitive impairment but interruption of antiretroviral 
therapy in individuals with high CD4+ counts may have neuropsychologic 
benefits; that substantial changes, including macrophage activation and 
neuronal injury can occur shortly after HIV transmission; that HIV can 
influence neural progenitor cells to decrease neuronal differentiation; that 
newer neuroimaging technologies, such as diffusion tensor imaging and 
blood oxygen level-dependent functional magnetic resonance imaging 
can identify important effects of HIV on the brain such as alterations in 
cerebral oxygen consumption; that serotonin reuptake inhibitors and 3-
hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors may 
reduce HIV RNA levels in cerebral spinal fluid; and that erythropoietin and 
the non-immunosuppressive immunophilin ligand, GPI-1046, may improve 
HIV-associated injury of peripheral nerves. The conference also included 
an important focus on JC virus encephalitis (also known as progressive 
multifocal leukoencephalopathy).

Neurologic Complications of HIV Disease and Their Treatment

Scott Letendre, MD, Beau Ances, MD, PhD, Sarah Gibson, BS, and Ronald J. Ellis, MD, PhD

Reports with Implications for 
Systemic Disease

Important new information regard-
ing neurologic complications of HIV 
disease was presented at the 2007 
Conference on Retroviruses and Op-
portunistic Infections. Reports on host 
and viral influences on pathogenesis, 
treatment of neurologic complications, 
newer neuroimaging methods, periph-
eral neuropathy, and JC virus encepha-
litis (JCV-E), also known as progressive 
multifocal leukoencephalopathy (PML), 

were included, as well as findings that 
have implications for the management 
of HIV disease outside the nervous sys-
tem. Two studies examined the rela-
tionship between characteristics asso-
ciated with antiretroviral distribution 
into the central nervous system (CNS) 
and HIV RNA levels in plasma. The 
relevant hypothesis for each of these 
analyses was that characteristics favor-
ing better distribution of antiretroviral 
drugs throughout the body, including 
the nervous system, would lead to bet-
ter control of HIV replication in plasma 
because (a) better distribution of anti-
retrovirals is associated with suppres-
sion of HIV RNA in cerebrospinal fluid 
(CSF)1 and (b) reductions of HIV RNA 
in CSF are associated with reductions 
of HIV RNA in plasma.2 

In the AIDS Clinical Trials Group 
(ACTG) 736 study, serial veni- and lum-
bar punctures (LP) were performed in 
101 HIV-infected individuals before 
and after a change in antiretroviral 

therapy (Abstract 382b). The study 
confirmed that antiretroviral therapy 
regimens that contained a greater 
number of drugs with better distribu-
tion characteristics were more likely 
to suppress HIV RNA levels in CSF 
(odds ratio [OR], 5.0; P = .05). Nota-
bly, these same regimens were more 
likely to suppress HIV RNA levels in 
plasma as well (OR, 2.6; P = .03). The 
investigators also identified that previ-
ously untreated individuals were more 
likely to suppress HIV RNA in CSF and 
plasma (OR, 2.9; P = .02). Together, 
these findings extend the commonly 
held notion that the first regimen is the 
most likely to successfully reduce viral 
replication. Selection of an initial regi-
men that includes antiretroviral drugs 
with better distribution characteristics 
may further improve the chances for 
success. 

An analysis from the Italian Cohort 
Naive Antiretrovirals Group (ICoNA) 
provided data complementary to these 
findings by analyzing the relationship 
between antiretroviral distribution 
characteristics and durability of the 
treatment response in plasma (Ab-
stract 382a). This large cohort study 
assessed previously untreated indi-
viduals before and after initiating com-
bination antiretroviral therapy. The 
investigators identified 2785 individu-
als who started antiretroviral therapy 
between 1997 and 2006 (the median 
number of individuals were enrolled 
in 2000) and who had suppressed HIV 
RNA levels below 80 copies/mL. This 
group identified those who experi-
enced rebound replication (defined as 
2 consecutive HIV RNA values above 
400 copies/mL), calculated the rate 
of rebound per 100 person-years of 
follow up, and determined the rela-
tionships of this measure with CD4+ 
cell counts and the CNS Penetration- 
Effectiveness (CPE) score.1 They found 
that lower CPE scores (a reflection 
of worse distribution characteristics) 
seemed to be associated with higher 
rates of rebound among individuals 

Dr Letendre is Associate Professor in the De-
partment of Medicine, Division of Infectious 
Diseases, at the University of California San 
Diego. (UCSD) Dr Ances is Clinical Instructor 
and NeuroAIDS Fellow in the Departments 
of Neuroscience and Radiology at UCSD. 
Ms Gibson is a Research Associate in the 
Department of Neurosciences at the UCSD. 
Dr Ellis is Associate Professor in the Depart-
ment of Neurosciences, HIV Neurobehav-
ioral Research Center, at UCSD.



International AIDS Society–USA        Topics in HIV Medicine

33

with CD4+ counts below 200 cells/µL. 
In a multivariate Poisson regression 
analysis that adjusted for 11 cofactors, 
individuals with CD4+ counts below 
200 cells/µL who took regimens with 
lower CPE scores trended toward a 
higher risk of rebound (adjusted rela-
tive risk [RR], 0.04; 95% confidence 
interval [CI], 0.01-1.61). Among indi-
viduals with CD4+ counts above 350 
cells/µL, however, higher CPE scores 
were associated with a higher rate of 
rebound (adjusted RR, 4.54; 95% CI; 
1.30-15.89). The observed relation-
ships should be confirmed and their 
mechanisms explained but the data 
stand as provocative evidence that an-
tiretroviral distribution may influence 
the durability of treatment response, 
perhaps for the better in some but for 
the worse in others. 

Current guidelines recommend that 
the decision to initiate antiretroviral 
therapy in asymptomatic persons be 
individualized when the CD4+ count 
falls between 200 and 350 cells/µL.3 
The decision to start therapy typically 
involves discussion with the patient 
regarding the different treatment op-
tions available, dosing preferences, 
toxicities, adherence, and drug resis-
tance. Reducing the risk of brain in-
jury, however, is typically not included 
in these discussions. Although potent 
combination antiretroviral therapy has 
generally reduced the incidence of 
HIV-associated neurocognitive impair-
ment (HNCI), few studies have quanti-
fied the impact of postponing therapy 
on it. If initiating therapy at CD4+ 
counts above 300 cells/µL had ben-
efits for the nervous system, it would 
be another important consideration 
for patients. Muñoz-Moreno and col-
leagues attempted to answer this ques-
tion by comparing the prevalence of 
HNCI with the CD4+ counts at which 
individuals first initiated antiretroviral 
therapy (Abstract 383). The analysis 
was small (n = 64) and descriptive but 
the investigators identified that fewer 
individuals had impaired neuropsy-
chologic (NP) performance when anti-
retroviral therapy was initiated at high-
er CD4+ counts (>300 cells/µL, 56%; 
≤300 cells/µL, 64%; >250 cells/µL, 
53%; ≤250 cells/µL, 67%; >200 cells/

µL, 53%; ≤200 cells/µL, 73%). This 
finding is consistent with larger stud-
ies that have identified associations 
between higher HNCI prevalence and 
lower CD4+ count nadirs and argues 
that patients should be counseled that 
delaying therapy may increase their 
risk for HIV-associated brain injury.

Treatment interruption is no lon-
ger routinely recommended since it 
increases the risk of HIV disease pro-
gression and death. Despite this, many 
individuals continue to interrupt ther-
apy for a variety of reasons, including 
toxicities (eg, dyslipidemias, hepati-
tis) and psychosocial factors. Because 
stopping antiretroviral therapy results 
in rebounds in HIV replication and loss 
of CD4+ cells, it may also carry a po-
tential risk for neurocognitive decline. 
Arguing against this, however, were 
data from ACTG 5170 study that indi-
cate that stopping therapy may actu-
ally have NP benefits (Abstract 113). 
Robertson and colleagues prospective-
ly studied individuals before and after 
treatment interruption as well as some 
individuals who reinitiated antiretro-
viral therapy. These individuals had 
generally not experienced advanced 
immunosuppression (median CD4+ 
nadir, 436 cells/µL) and had received 
antiretroviral therapy for a median 
of 4.5 years. Using a brief NP testing 
battery, changes in performance were 
evaluated at baseline and at 4 time 
points up to 96 weeks after antiretro-
viral therapy was stopped. The inves-
tigators saw small but statistically sig-
nificant neurocognitive improvements 
at each follow-up evaluation. Because 
efavirenz is associated with CNS side 
effects, the investigators stratified the 
analyses by efavirenz use. Improve-
ments in NP performance did not 
differ between those who did or did 
not use efavirenz. To determine if im-
provements over time were related 
to practice (improved performance 
resulting from familiarity with testing 
instruments) the investigators spe-
cifically evaluated improvement after 
the third testing session, after which 
the benefits of practice are minimal. 
Even after the third testing, NP perfor-
mance continued to improve. In com-
parison, a subgroup of 46 individuals 

restarted antiretroviral therapy before 
week 26 and had no statistically sig-
nificant deterioration or improvement 
in NP performance. Taken together 
with the findings of Muñoz-Moreno, 
delaying antiretroviral therapy until 
CD4+ counts fall below 300 cells/µL 
may increase risk for HIV-associated 
CNS injury but initiating antiretroviral 
therapy at CD4+ counts closer to 500 
cells/µL may increase risk for antiret-
roviral therapy-associated CNS injury. 
These conclusions, however, should be 
confirmed before they influence treat-
ment decisions.

Two other abstracts had treatment-
related implications. To reduce the cost 
and toxicity of antiretroviral therapy, 
clinical investigators studied the use of 
potent, single-agent therapy (SAT), typ-
ically a ritonavir-boosted protease in-
hibitor (PI), such as atazanavir or lopi-
navir. PIs are usually extensively bound 
to plasma proteins, and only the un-
bound fraction is available for distribu-
tion to protected compartments. This 
practice thus raises concern regarding 
effectiveness in the CNS. 

Yeh and colleagues provided evi-
dence that SAT with lopinavir/ritonavir 
controlled HIV replication in the CSF of 
most individuals (Abstract 381). Only 
12 individuals were included in this 
analysis; they enrolled in the parent 
study of SAT, Integrated Minority AIDS 
Network Incorporated-2 (IMANI-2), 
had plasma HIV RNA levels below 75 
copies/mL after 24 weeks of therapy, 
and consented to LP. Among the 11 
persons in the analysis (1 was excluded 
because of a traumatic LP), 10 (91%) 
had HIV RNA levels in CSF below 50 
copies/mL. One individual, however, 
had up to 747 copies/mL of HIV RNA 
in CSF despite having the highest CSF 
lopinavir concentrations in the group 
and no evidence of mutations associat-
ed with reduced susceptibility to lopi-
navir in CSF. This individual had very 
high levels of monocyte chemotactic 
protein-1 (MCP-1) in CSF, a potently 
chemotactic protein that is associated 
with the CNS complications of HIV, ar-
guing that this individual was predis-
posed to having a greater migration 
of replication-competent lymphocytes 
and monocytes into the CNS. The clini-
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cal consequences of these elevated 
HIV RNA levels and MCP-1 levels are 
undetermined.

Clapham and others previously 
identified that HIV may adapt to the 
nervous system by increasing tropism 
for macrophages, in part by evolving 
an envelope that enables entry of cells 
that express only low levels of CD4 or 
CCR5. When adaptation occurs, it may 
have implications for the ability of 2 in-
vestigational classes of antiretrovirals, 
both monoclonal antibodies to CD4 
and CCR5 antagonists, to control rep-
lication in the CNS. The investigators 
prepared pseudovirions from 10 brain- 
and 9 lymph node-derived envelopes 
by cotransfecting 293T cells with env+ 
pSVIIIenv and env− pNL4.3 vectors, 
and then performed neutralization and 
inhibition experiments with a variety 
of proteins. They identified that better 
macrophage tropism was associated 
with reduced sensitivity to inhibition 
by CD4 monoclonal antibody. In ad-
dition, pseudovirions generated using 
the brain tissue of 2 individuals were 
more sensitive to TAK779 (a CCR5 an-
tagonist) and b12 (an antibody for the 
CD4 binding site). No increased or de-
creased susceptibility to these or other 
inhibitors was seen for the other pseu-
dovirions (Abstract 170). 

Central Nervous System 
Complications

Host Pathogenesis

Many theories have been posited to 
explain vulnerability to CNS compli-
cations of HIV disease. These theories 
include elements attributable to the 
host (eg, production of inflammatory 
proteins, mediators of oxidative stress, 
and excitotoxic glutamate) and to the 
virus (eg, neuroadaptation and pro-
duction of neurotoxic viral proteins). 
By better understanding pathogenesis, 
we hope to identify at-risk individuals 
and prevent neurologic complications 
from occurring. Once they occur, how-
ever, the goal is to understand mecha-
nisms of recovery to enable selection 
of the best treatments. Investigations 
of neural progenitor cells (NPCs) may 
provide important insights into HIV 

neuropathogenesis.
The production of new neurons, 

or neurogenesis, is increased during 
neurodegenerative disorders. Stimula-
tion of neurogenesis is being explored 
as a potential therapy for a variety of 
neurodegenerative disorders. The ef-
fects of HIV infection on NPCs are not 
known. Peng and colleagues studied hu-
man monocyte-derived macrophages 
(MDMs) infected with HIV-1 macro-
phage-tropic HIV strains or immune-
activated with lipopolysaccharide (LPS) 
(Abstract 353). HIV-1-infected MDMs 
activated by LPS released soluble fac-
tors that substantially increased NPC 
proliferation. Despite overall increases 
in proliferation of NPCs, neuronal dif-
ferentiation was inhibited and astrocyte 
differentiation was increased. Thus, 
the combined effects of HIV infection 
and immune stimulation in this model 
would be reduced neurogenesis and in-
creased gliosis, which is consistent with 
the neuropathologic findings of HNCI. 
If applicable to humans, these data sug-
gest that inhibiting the effects of HIV on 
neurogenesis may help to ameliorate 
brain injury in HIV infection.

Measurements of host biomarkers 
can play numerous roles in under-
standing and treating neuroAIDS, in-
cluding identifying new pathways for 
in vitro investigation, providing confir-
matory evidence of laboratory obser-
vations, identifying at-risk individu-
als, and monitoring therapy.5 Studies 
performed primarily before the era of 
potent antiretroviral therapy validated 
several biomarkers that were associat-
ed with risk, including neopterin, beta-
2-microglobulin, and MCP-1. None of 
these have consistently been associ-
ated with neuroAIDS in more recent 
studies, so there is a pressing need for 
new biomarker investigations of treat-
ed, impaired individuals. 

Three studies used different ap-
proaches to identify relationships be-
tween host biomarkers and neurologic 
outcomes. Researchers from the Uni-
versities of Nebraska and Puerto Rico 
used an elegant but complex and la-
bor-intensive proteomics approach to 
identify differential protein expression 
between neurologically symptomatic 
and asymptomatic individuals (Ab-

stract 388). The investigators used 3 
primary methods to accomplish this. 
First, they used 2-dimensional electro-
phoresis with differential gel electro-
phoresis (DIGE) technology to identify 
protein differences between the CSF of 
individuals with HNCI and those with-
out it. Once these experiments iden-
tified proteins that differed between 
the groups, the second step was to use 
liquid chromatography and tandem 
mass spectrometry along with special-
ized software to identify the proteins. 
Once they identified the differential 
proteins, they used Western blot to 
confirm the presence of the protein in 
1 group of specimens and its absence 
in the other group. This approach iden-
tified 90 protein spots with statistically 
significant differential expression. Fif-
ty-two of these were selected for fur-
ther analysis and this yielded high con-
fidence identification of 19 proteins, 
including complement C3, gelsolin, 
vitamin D binding protein, procollagen 
C endopeptidase enhancer, clusterin, 
cystatin C, and neuronal cell adhesion 
molecule.

As demonstrated in these experi-
ments, CSF from well-characterized 
research volunteers can be a very use-
ful tool for understanding neuroAIDS. 
Since volumes of CSF are typically 
very limited and biomarker concentra-
tions are often lower than in serum or 
plasma, sensitive assays that use only 
small volumes of CSF can be very valu-
able tools. A bead-based immunoassay 
system has these characteristics along 
with the substantial added ability to 
measure numerous analytes at once. 
Researchers from the United States, 
Sweden, and Italy used this system to 
simultaneously measure 29 proteins 
in CSF and blood specimens from 72 
HIV-seropositive individuals without 
neurologic symptoms, 43 with AIDS 
dementia complex (ADC), 15 with ear-
ly HIV infection, and 20 HIV-seronega-
tive controls (Abstract 387). The team 
confirmed associations between ADC 
and MCP-1 and identified that anoth-
er chemokine previously associated 
with ADC, interferon-inducible pro-
tein (IP)-10, was associated only with 
HIV serostatus but not ADC. They also 
identified associations between ADC 
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and 2 other proteins, interleukin-6 and 
interleukin-1 receptor antagonists in 
CSF. Interleukins have previously been 
linked to ADC6,7 but this study provides 
a more recent validation of these find-
ings and identifies that the bead-based 
immunoassay system may be a useful 
tool for future discovery and hypoth-
esis-driven investigations.

The third study, from the CNS An-
tiretroviral Therapy Effects Research 
(CHARTER) study, measured 2 chemo-
kines, MCP-1 and stromal cell-derived 
factor-1 (SDF-1), in CSF using routine 
plate-based immunoassays (Abstract 
370). This analysis was distinctive in 
comparing chemokine concentrations 
in CSF with findings from morphomet-
ric analyses of magnetic resonance 
imaging (MRI) of the brain to build hy-
potheses about their relationship to NP 
performance. Higher MCP-1 levels were 
associated with greater volumes of ab-
normal white matter and higher SDF-
1 levels were associated with greater 
volumes of cortical grey matter. These 
findings suggested that the 2 chemo-
kines had opposing effects on cogni-
tion. When levels of these chemokines 
were compared with NP performance, 
this hypothesis was confirmed: Higher 
MCP-1 and lower SDF-1 levels were as-
sociated with worse NP performance. 
The association of MCP-1 with HNCI is 
well known, but the observation that 
SDF-1 may modify this effect is new. 

Several other neuroimaging studies 
investigated links between HIV dis-
ease and brain injury. Similar to the 
CHARTER study, Tate and colleagues 
also evaluated white matter. Instead of 
morphometric methods, they used dif-
fusion tensor imaging (DTI) to compare 
the fiber tract integrity of HIV-infected 
individuals with HIV-seronegative con-
trols (Abstract 117). The control group 
had the highest fractional anisotropy 
(FA) and lowest mean diffusivity (MD) 
values (indicating maintenance of 
white matter integrity), although HIV-
seropositive individuals with CD4+ 
counts above 350 cells/µL had inter-
mediate FA and MD values, and those 
HIV-seropositive individuals with CD4+ 
counts below 350 cells/µL had the 
worst FA and MD values (indicating 
disruption of white matter tracts). DTI 

differences were most pronounced in 
the anterior regions of the corpus cal-
losum with changes in FA and MD val-
ues being associated with neuropsy-
chological measures of motor speed, 
semantic fluency, and free memory 
recall. DTI may thus have possible util-
ity in studying the structural impact of 
HIV within the brain. 

Ances and colleagues used single 
voxel magnetic resonance spectros-
copy (MRS) to measure N-acetyl as-
partate, choline, and creatine, as well 
as 2 novel markers– lactate, a marker 
of inflammation and anaerobic gly-
colysis, and lipid, an indicator of cell 
membrane turnover due to oxidative 
stress within the lenticular nuclei of 
the basal ganglia of individuals with 
HNCI and HIV-seronegative controls 
(Abstract 116). The groups did not dif-
fer in lenticular nuclei volume, N-ace-
tyl aspartate and creatine, or choline 
and creatine. In contrast, the lactate/ 
creatine ratio was significantly higher 
in individuals with HNCI and the ratio 
of the sum of lipid and lactate to cre-
atine was significantly higher among 
all HIV-seropositive groups than in se-
ronegative controls. The study identi-
fies that HIV-associated inflammation 
and oxidative stress can be detected 
by measurement of lactate and lipids 
using MRS.

A second study from Ances and col-
leagues assessed HIV-infected individ-
uals using blood oxygenation level-de-
pendent functional MRI (BOLD-fMRI) 
(Abstract 377). Participants viewed a 
fixed number pattern in the center of 
a screen that corresponded to finger 
taps on a 4-button box within a 3-Tesla 
scanner. Changes in cerebral blood flow 
and cerebral metabolic rate of oxygen 
consumption (CMRO2) were studied 
within the lenticular nuclei of the basal 
ganglia of HIV-seropositive patients 
and seronegative controls. Both early 
and chronically HIV-infected individu-
als who had normal NP performance 
each had greater functional changes 
in cerebral blood flow and CMRO2 
than seronegative controls, suggest-
ing that even neurocognitively normal 
individuals may have derangements 
in presynaptic recycling of glutamate. 
Spudich and colleagues also studied 

individuals with early HIV infection 
using MRS (Abstract 115). N-acetyl as-
partate, a marker of neuronal integrity, 
was significantly decreased in indi-
viduals with early infection compared 
with seronegative controls. Consistent 
with this observation, the researchers 
also identified that some individuals 
with early HIV infection, particularly 
those with neurologic symptoms, had 
elevated levels in CSF of biomarkers 
reflecting neuronal injury (total tau 
and neurofilament-light). An imaging 
marker of inflammation, choline, was 
increased and correlated with eleva-
tions of inflammatory biomarkers in 
CSF, such as neopterin. Together, these 
neuroimaging studies support that in-
flammation and injury of the brain oc-
curs early in the course of HIV disease 
and before the onset of advanced im-
munosuppression.

HIV Pathogenesis

A number of reports focused on differ-
ences in HIV between individuals who 
experience neurologic complications 
and those who do not. Three of these 
focused on evidence of quantitative dif-
ferences in HIV replication. In the same 
series of analyses of early HIV infection 
mentioned in the previous section, Spu-
dich and colleagues also reported on 
HIV RNA levels in CSF in 42 individu-
als, identifying that they were substan-
tially elevated with a median of 1700 
copies/mL (Abstract 115). A quarter of 
individuals had levels exceeding 63,096 
copies/mL, a very high value for CSF. 
Correlational analyses supported that 
these high values were linked to high 
plasma HIV RNA levels (increasing by 
0.85 log10 copies/mL for each 1-log10 in-
crease in plasma; P <.001) and to high 
leukocyte counts in CSF (P <.01). The 
high quality of their case definition data 
enabled the investigators to identify 
slow declines of HIV RNA levels in CSF 
of only 0.04 log10 copies/mL for each 10 
days postexposure, suggesting that in-
jury attributable to this substantial early 
replication of HIV in the CNS may be 
slow to resolve.

Several studies have demonstrated 
that higher HIV RNA levels in CSF, but 
not in plasma, were associated with 
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increased risk for current HNCI8-10 and 
predicted risk for future HNCI.11 Most 
of these studies, however, were per-
formed in Western populations that 
were likely infected with clade B HIV, 
and before the widespread use of com-
bination antiretroviral therapy. More 
recent studies have not as strongly 
linked evidence of greater HIV replica-
tion within the nervous system to neu-
rologic outcomes,12 possibly because 
effective antiretroviral therapy reduces 
HIV RNA levels in CSF below the quan-
titation limit of current commercial 
assays. Since ongoing, low-level HIV 
replication may be responsible for the 
high prevalence of HNCI in treatment-
experienced individuals, different ap-
proaches are needed to better under-
stand the contribution of HIV to brain 
injury in this population. 

Shiramizu and colleagues used one 
approach to address this challenge: 
measurement of HIV DNA in periph-
eral blood mononuclear cells (PBMCs) 
(Abstract 114). This group has previ-
ously reported on the association be-
tween higher HIV DNA in PBMCs and 
HNCI,13,14 but in this analysis, higher 
HIV DNA levels were present even in 
cognitively impaired, treatment-expe-
rienced individuals and only true in 
a subset of activated monocytes and 
macrophages (CD14+ and CD16+) 
that have been linked to HIV neuro-
pathogenesis,15 integrating comple-
mentary elements of 2 models of HIV 
neuropathogenesis.

Another approach to detecting on-
going HIV replication in treatment-ex-
perienced individuals is to use a more 
sensitive assay for HIV quantification 
in CSF. Using this approach, 1 recent 
study showed that 8 of 13 (62%) anti-
retroviral therapy-experienced subjects 
had more than 2 copies/mL of plasma 
HIV RNA but none surpassed this level 
in CSF.16 In contrast, a second study 
showed that a minority of subjects (13 
of 47, or 28%) taking successful anti-
retroviral therapy had more than 2.5 
copies/mL of HIV RNA in CSF.2 At the 
conference, the CHARTER Group iden-
tified that 62 of 125 (49.6%) CSF spec-
imens that had less than 50 copies/mL 
of HIV RNA when assayed with an ul-
trasensitive assay still had detectable 

HIV RNA levels when assayed using 
a modified HIV-1 assay that had sen-
sitivity levels of 2.5 copies/mL of HIV 
RNA (Abstract 369). Among a clinical-
ly relevant subgroup of 40 individuals 
who had fewer than 50 copies/mL of 
HIV RNA in both plasma and CSF, 17 
(42%) still had detectable HIV RNA in 
CSF and, importantly, this was associ-
ated with poorer estimated antiretrovi-
ral distribution (median CPE score 1.5 
vs 2.0; P =.01). These findings support 
the conclusion that the high prevalence 
of HNCI in treatment-experienced 
populations may be attributable to on-
going, low-level replication and that this 
may be due to poor distribution of anti-
retroviral drugs into the CNS.

Much of the clinical research in neu-
roAIDS to date has been performed in 
North American, European, and Austra-
lian populations, most of which are in-
fected with clade B virus. Other clades, 
such as clade C, however, account for 
most of the HIV infections worldwide 
and some laboratory data suggest that 
they may be less neuropathogenic. 
For example, clade C virions may not 
replicate as well in microglia or brain 
macrophages.17,18 Infection with clade 
C may lead to differing cellular expres-
sion of proteins or toxins.19 Proteins 
encoded by clade C virus may have dif-
fering properties from those encoded 
by clade B.20 

Most of the laboratory findings to 
date have focused on events outside 
the nervous system. This is impor-
tant because recent data indicate that 
East Asian,21 South Asian,22,23 and Afri-
can24,25 populations have high, not low, 
prevalences of cognitive impairment. 
Jialin Zheng and colleagues performed 
experiments to investigate differences 
in neurotoxic glutamate production 
from MDMs infected with strains of 
either clade B and clade C (Abstract 
354). Infection of MDMs with clinical 
clade B isolates was associated with 
greater production of glutamate than 
infection with clinical clade C isolates. 
Inter-clade differences in glutamate 
production were linked to inter-clade 
differences in reverse transcriptase ac-
tivity. Conditioned media from MDM 
cultures were incubated with primary 
rat neuronal cultures, identifying that 

the observed differences in glutamate 
production were associated with inter-
clade differences in neurotoxicity, ie, 
media from clade B-infected MDMs 
were associated with greater neuronal 
injury than those from clade C-infected 
MDMs. These results stand in contrast 
to existing clinical observations but 
may indicate that even though preva-
lences of cognitive syndromes are 
similar in clade B- and clade C-infected 
populations, the underlying mecha-
nisms by which the brain is injured 
may differ, which has important impli-
cations for the treatment of neuroAIDS 
in international settings.

Treatment

The underlying premise of optimiz-
ing distribution of antiretroviral drugs 
into protected compartments is that 
improving control of HIV has ben-
efits for the host. Recent efforts have 
focused on selecting the antiretrovi-
ral drugs to which the host’s virus is 
susceptible and that also have the best 
distribution characteristics. Another 
approach is to improve distribution by 
redesigning antiretroviral formulations 
to target particular tissues. This has 
been attempted in the past by use of 
liposomal forms of antiretrovirals.26-30 
Bosket and colleagues developed and 
evaluated another delivery system in 
a mouse model. Experimental HIV en-
cephalitis was first induced in severe 
combined immune-deficient mice by 
injecting their brains with HIV-infected 
macrophages. The investigators then 
used MRI to inject supermagnetic iron 
oxide nanoparticles as a tag to track 
monocytes as they crossed the blood-
brain barrier. Some of the mice were 
also administered macrophages laden 
with indinavir nanoparticles. The in-
vestigators were able to demonstrate 
in vivo migration of macrophages to 
brain tissue, and also measured indi-
navir levels of 10 to 15 nanomolar 5 
days after a single intravenous injec-
tion, a level that exceeds the median 
inhibitory concentration (IC50) for wild-
type virus. The brains of nanoparticle-
treated mice also showed reduced p24 
staining, suggesting improvements in 
HIV encephalitis. This approach would 
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be even more impressive if it could im-
prove delivery of antiretroviral drugs 
that penetrate more poorly than indi-
navir, which has the best distribution 
to the CNS among the PI class.31

Another approach to treating the 
CNS would be to reduce migration of 
HIV-producing cells across the blood-
brain barrier. Effective antiretroviral 
therapy typically reduces replication 
but may be incompletely effective and 
does not target specific cell types such 
as the CD14+ and CD16+ monocytes 
that have been linked to HNCI.15,31 Wil-
liams and colleagues reasoned that 
depletion of these highly activated cells 
would reduce their migration across the 
blood-brain barrier, reduce delivery of 
HIV and toxic inflammatory products 
to the CNS, and ultimately limit brain 
injury (Abstract 364). To test this the-
ory, they administered to simian im-
munodeficiency virus (SIV)-infected 
rhesus macaques a polyamine biosyn-
thesis inhibitor, PA-001 that selectively 
kills CD14+ and CD16+ monocytes. 
Escalating doses resulted in near com-
plete depletion of CD14+ and CD16+ 
monocytes by 16 days of treatment. No 
inflammation was histologically detect-
ed in the CNS and treated animals did 
not develop SIV encephalitis, in contrast 
to untreated animals. Gastrointestinal 
toxicity did occur at higher doses (400 
mg/m2) but lower doses (250 mg/m2) 
were still effective and were not associ-
ated with gastrointestinal toxicity. 

These experimental treatments may 
provide important options to afflicted 
individuals in the future but effective 
therapies are still needed. Clinical tri-
als thus far have not provided consis-
tently effective adjunctive therapies 
for HNCI32 but some drugs that have 
been approved by the US Food and 
Drug Administration for other indica-
tions and are already used in the HIV-
infected population may have second-
ary benefits for the CNS. For example, 
lithium may protect neurons by mod-
ulating glycogen synthase kinase-3 
beta,33 certain serotonin reuptake in-
hibitors (SRIs) can reduce HIV replica-
tion by uncertain mechanisms,34 and 
3-hydroxy-3-methylglutaryl coenzyme 
A (HMG-CoA) reductase inhibitors 
(statins), may reduce HIV replication 

via numerous mechanisms including 
reduction of chemokine receptor-con-
taining membrane lipid rafts,35-37 adhe-
sion molecule expression,38 and Rho 
guanosine triphosphatase activity.39 
Since SRIs and statins are commonly 
used in clinic populations, the CHAR-
TER Group examined the impact of 
their use on HIV RNA levels in CSF and 
performance on NP testing (Abstract 
384). SRI users were less likely to have 
HIV RNA levels above 50 copies/mL in 
CSF (29% vs 37% in non-SRI users; 
OR, 0.69; P =.05). This association 
was most evident for 3 of the 7 SRIs 
(citalopram, sertraline, and trazodone; 
combined 25% vs 38% in non-SRI us-
ers; OR, 0.56; P =.01) and was limited 
to those not taking concomitant anti-
retroviral therapy (61% vs 83%; OR, 
0.31; P = .01). Users of these 3 SRIs 
also performed better on NP tests (me-
dian global deficit score, 0.37 vs 0.47; 
P =.04). Statin users were also less 
likely to have HIV RNA levels in CSF 
above 50 copies/mL (16% vs 37%; P 
<.001), but in contrast to SRIs, statins 
showed the strongest association in 
those using antiretroviral therapy (2% 
vs 18%; P <.001) and statin use was 
not associated with better NP perfor-
mance. These data support a role for 
SRIs and perhaps statins in the treat-
ment of HNCI but these observations 
require confirmation and the mecha-
nisms of their effects need to be more 
clearly identified before the adoption 
of their use in clinical practice.

Selected Other Topics

Distal Sensory Polyneuropathy

Contrary to popular belief, peripheral 
nerves are dynamic, plastic structures 
that may undergo both injury and re-
generation. Most current treatment of 
polyneuropathy in HIV infection is fo-
cused on symptom relief, neglecting the 
underlying neuropathogenesis and per-
mitting potential continued damage to 
peripheral nerves. Jack and colleagues 
studied an in vivo model relevant to 
HIV infection in humans (Abstract 
363). Transgenic mice expressing HIV 
viral envelope protein, gp120, under 
the control of a glial fibrillary acidic pro-

tein promoter were administered oral 
didanosine. This reliably produced a re-
duction in intraepidermal unmyelinat-
ed small sensory fibers in the foot pads 
of the mice. By administering either 
recombinant human erythropoietin 
(rhEPO) or the non-immunosuppres-
sive immunophilin ligand, GPI-1046, 
the investigators were able to partially 
block the neuropathic effects seen in 
the animal model. These findings are 
of interest because assessments of in-
traepidermal nerve fiber layer density 
in humans are currently being studied 
for their potential clinical utility in diag-
nosis and monitoring polyneuropathies 
that have a small fiber component, 
which includes HIV distal sensory poly-
neuropathy (DSPN). A clinical trial of 
rhEPO administration in humans with 
DSPN is also underway. 

JC Virus Encephalitis

David M. Clifford delivered a state-of-
the-art talk on JCV-E, or PML. He re-
viewed the evidence indicating that 
JCV-E continues to cause substan-
tial morbidity and mortality among 
people living with HIV, even though 
combination antiretroviral therapy 
has improved its prognosis. Unfortu-
nately, 50% of patients still die within 
6 months of onset. 

Two studies provided evidence that 
survival of persons diagnosed with JCV-
E could be improved. Gasnault and col-
leagues reported preliminary results of 
individuals with JCV-E who were treat-
ed under protocol Agence Nationale 
de Recherches Sur le Sida (ANRS) 125, 
which provided intensified antiretrovi-
ral therapy regimens within 90 days of 
diagnosis (Abstract 379). The 6-month 
cumulative probability of survival was 
77% (95% CI, 63%-95%), supporting 
that early, intensive antiretroviral ther-
apy may greatly benefit persons with 
JCV-E. Survival was associated with 
recovery of anti-JCV CD4+ memory 
T cell responses, detection of anti-JCV 
interferon-gamma producing CD8+ 
T cell effectors, and reduction of JCV 
DNA in CSF to levels below detection. 

Published studies have reported 
that interferon alfa treatment can de-
lay progression and prolong survival 
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of individuals with JCV-E,40 although it 
may provide little added benefit when 
combined with potent antiretroviral 
therapy.41 Verma and colleagues used 
in vitro methods to identify 1 reason 
for lack of interferon benefit: Interfer-
on beta may more potently inhibit JCV 
replication than does interferon alfa 
(Abstract 359). To demonstrate this, 
they infected primary human fetal glial 
cells with JCV, incubated the infected 
cells with interferon alfa and inter-
feron beta, and measured T antigen 
DNA, mRNA transcripts, and interfer-
on-stimulated gene mRNA transcripts. 
Interferon beta reduced JCV replication 
more effectively than interferon alfa 
and the inhibition was reversed with 
anti-interferon antibodies. These find-
ings argue that people with JCV-E may 
benefit by combining more intensive 
antiretroviral therapy along with inter-
feron beta.

Neurosyphilis

Syphilis and neurosyphilis are frequent 
comorbidities in HIV-infected individu-
als. The success of antitreponemal 
therapy is conventionally evaluated by 
performing serial LPs to determine if 
CSF leukocyte counts are reduced after 
treatment. Having a method to assess 
treatment success in neurosyphilis that 
does not require repeated LPs would 
simplify the management of this con-
dition and potentially increase patient 
adherence to therapy. Marra and col-
leagues evaluated one such approach 
(Abstract 372). In 68 HIV-infected sub-
jects with CSF leukocyte counts above 
20 cells/µL who received treatment for 
a first episode of neurosyphilis, CSF 
Venereal Disease Research Laboratory 
(VDRL) test was reactive in 29 (43%). 
Normalization of the serum Rapid 
Plasma Reagin test (RPR) was associ-
ated with reduction of the CSF leuko-
cyte count to below 20 cells/µL. After 7 
months of treatment, RPR normaliza-
tion correctly predicted CSF normal-
ization 88% of the time and, after 13 
months of treatment, RPR normaliza-
tion correctly predicted CSF normal-
ization 96% of the time.
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Complications and consequences of untreated and treated HIV infection 
in domestic and international settings continue to be a major focus of HIV 
clinical research efforts. In this review major findings in these areas are 
highlighted, with a focus on studies that have application to clinical practice. 
As the field of clinical research in HIV continues to mature, we are repeatedly 
surprised by the findings from well-designed studies.

Complications of HIV Disease and Therapy
Judith S. Currier, MD, and Diane V. Havlir, MD

Opportunistic (and Non-
opportunistic) Clinical Events

AIDS-defining conditions have been 
included as major endpoints of clinical 
trials evaluating the efficacy of antiret-
roviral therapies with the assumption 
that all AIDS-defining conditions carry 
a similar impact on outcome. Mocroft 
and colleagues analyzed data on anti-
retroviral-naive patients starting anti-
retroviral therapy from 15 HIV cohort 
studies in Europe and North America 
and compared mortality rates associ-
ated with different AIDS-defining con-
ditions (Abstract 80). This large study 
examined nearly 2500 AIDS-defining 
endpoints among more than 30,000 pa-
tients with a median of 3.5 years on an-
tiretroviral therapy. The greatest hazard 
of death was following a diagnosis of 
non-Hodgkin’s lymphoma (NHL; hazard 
ratio [HR], 19.31), followed by progres-
sive multifocal leukoencephalopathy 
(PML; HR, 9.56), cryptococcosis (HR, 
9.00), toxoplasmosis (HR, 5.10), and 
Mycobacterium avium complex (MAC; 
HR, 5.07). Although this study did not 
determine whether the AIDS-defining 
condition was the cause of death, these 
results suggest that some consideration 
should be given to the impact of differ-
ent clinical endpoints when comparing 
therapeutic interventions.

As rates of traditional opportunis-
tic events continue to decline among 

populations with access to antiretrovi-
ral therapy, other sources of morbid-
ity and mortality grow in importance. 
Investigators from the Data Collection 
on Adverse Events of Anti-HIV Drugs 
(DAD) cohort examined the contribu-
tion of both AIDS-defining and non-
AIDS-defining malignancies as causes 
of death for nearly 24,000 patients on 
treatment (Abstract 84). It is impor-
tant to recognize that this report only 
considered malignancies as causes of 
death and may underestimate the con-
tribution of malignancies to morbidity. 
The most common non-AIDS-defining 
malignancies were lung cancer, can-
cers of the gastrointestinal tract and 
anal canal, and hematologic malignan-
cies. As expected, CD4+ counts less 
than 50 cells/μL were associated with 
higher incidence rates for AIDS-defin-
ing malignancies than non-AIDS-defin-
ing malignancies; however, overall the 
non-AIDS-defining malignancies were 
more common than AIDS-defining 
malignancies as causes of death in this 
treated population. These results stress 
the importance of cancer screening 
and prevention efforts in a population 
of aging patients successfully treated 
for HIV infection.

It has long been known that the risk 
of different opportunistic AIDS-defining 
conditions relates to the level of immu-
nodeficiency as measured by CD4+ 
cell counts. However, there has recently 
been more focus on the spectrum of 
clinical events that occur in patients with 
varying levels of immunodeficiency. In-
vestigators from the Terry Beirn Com-
munity Programs for Clinical Research 
on AIDS (CPCRA) examined the rela-
tionship between current CD4+ counts 
and risk of opportunistic diseases and 
non-opportunistic diseases among pa-

tients enrolled in a clinical trial of an-
tiretroviral therapy (Abstract 37). Fatal 
and non-fatal opportunistic diseases 
and non-opportunistic diseases were 
examined over a 5-year median follow 
up. Non-opportunistic disease events in-
cluded: liver events (cirrhosis and grade 
4 transaminase elevations), cardiovas-
cular events, non-opportunistic cancers, 
and renal events (end-stage renal dis-
ease [ESRD] or renal insufficiency). Af-
ter adjusting for age, sex, race, baseline 
CD4+ count, and viral load, the authors 
reported that the relationship between 
latest CD4+ count and risk of opportu-
nistic disease was strongest (for every 
100 CD4+ cell/μL increase the risk of 
opportunistic disease was reduced by 
42%). However, the risk of non-oppor-
tunistic disease also appeared to fall by 
17% per 100 CD4+ cell/μL increase, 
suggesting that immunodeficiency may 
contribute to the risk of these non-op-
portunistic events as well. These results 
add to the growing interest in consider-
ation of earlier initiation of antiretrovi-
ral therapy with the hopes of reducing 
morbidity from both opportunistic and 
non-opportunistic diseases.

Opportunistic Infections In  
Resource-limited Settings

Although antiretroviral therapy is asso-
ciated with dramatic reductions in mor-
bidity and mortality in resource-limited 
settings, morbidity and mortality from 
opportunistic infections remains high 
early in the course of antiretroviral ther-
apy. Moore examined determinants of 
mortality in 1120 subjects followed for 
a median of 2 years receiving antiretro-
viral therapy in the Tororo, Uganda co-
hort (Abstract 34). Median CD4+ count 
at entry was 127 cells/μL. Cumulative 
mortality was 3.3% at 3 months and 
7.5% at 12 months. Tuberculosis (TB) 
accounted for 21% of the deaths, cryp-
tococcosis for 11%, candidiasis for 11%, 
and Pneumocystis jiroveci pneumonia 
(PCP) for 9%. In 41% of deaths, no eti-
ology could be identified. Low CD4+ 
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count, low body mass index, and he-
moglobin at baseline were the strongest 
predictors of mortality. Authors suggest-
ed that interventions such as food sup-
plments, treatment of anemia, and pre-
ventive antibiotic approaches should be 
evaluated to reduce early mortality. A 
retrospective review of 76,989 patients 
from 4 continents receiving antiretrovi-
ral therapy and co-trimoxazole through 
Médecins Sans Frontières reported 
high rates of opportunistic infections 
among the first 6 months of antiretro-
viral therapy (Abstract 839). Bacterial 
pneumonias, TB, and candidiasis were 
the most frequently reported opportu-
nistic infections. Rates of Kaposi’s sar-
coma (KS) were highest in Africa, and 
rates of cryptococcal disease were high-
est in South America. Similar to other 
reports, rates of all opportunistic infec-
tions among patients receiving antiret-
roviral therapy in Africa, Asia, and Latin 
America decreased over time. 

The benefits of co-trimoxazole pro-
phylaxis among children and adults 
were highlighted in several presenta-
tions. The first study quantified the 
benefit of co-trimoxazole among adults 
receiving antiretroviral therapy. In this 
study conducted in Malawi, clinical out-
comes among 1295 patients receiving 
antiretroviral therapy with or without co-
trimoxazole were examined (Abstract 
83). The striking finding of this study 
was that co-trimoxazole was associ-
ated with a 46% reduction in mortality 
among patients receiving antiretroviral 
therapy. There were also data about the 
added benefit of co-trimoxazole to pre-
vent malaria in pediatric populations. 
Gasaseira and colleagues compared 
rates of malaria between HIV-seroposi-
tive children receiving co-trimoxazole 
plus insecticide-treated bednets with 
rates of malaria among HIV-seronega-
tive children living in Uganda (Abstract 
78). Co-trimoxazole plus bednets are 
associated with a 97% reduction in risk 
for malaria. Only 4% of fevers in the 
HIV-seropositive children compared 
with 33% of fevers in the HIV-seronega-
tive children were due to malaria. Thus, 
combined co-trimoxazole and insecti-
cide-treated bednets is highly effective 
for malaria prevention among HIV-in-
fected children living in Uganda. 

Tuberculosis And HIV Coinfection 

Increased mortality among HIV-infected 
patients with TB coinfection, including 
those starting antiretroviral therapy in re-
source-limited settings, has been report-
ed in several cohorts. What is the contri-
bution of TB to the immediate cause of 
death in these patients? Martinson and 
colleagues attempted to address this 
question by taking on the difficult task 
of obtaining complete autopsies for 47 
patients who died during hospitalization 
for HIV and TB coinfection in Soweto, 
South Africa (Abstract 82). Pulmonary 
TB was identified as the cause of death 
in 19 patients and bacterial pneumo-
nia in 4. Among 28 patients, dissemi-
nated TB was considered a contributory 
cause of death. Salmonella species were 
identified among 11 patients. Other op-
portunistic infections such as PCP and 
cytomegalovirus (CMV) accounted for 
the remainder of the cases. All but 2 
subjects had more than 1 major oppor-
tunistic infection. This report suggests 
that extensive mycobacterial disease, a 
high burden of bacterial infections, and 
opportunistic infection all contribute to 
mortality in seriously ill HIV and TB coin-
fected patients. 

After noting that mortality rates 
were 2-fold higher among HIV-infected 
patients with TB who were starting an-
tiretroviral therapy than those without 
TB in his Capetown, South Africa, pro-
gram, Lawn evaluated predictors of out-
come among 213 HIV-infected patients 
with TB and 675 without (Abstract 81). 
In a multivariate analysis, a CD4+ 
count below 100 cells/μL and World 
Health Organization (WHO) stage IV 
disease (adjusted HR, 2.9; 95% confi-
dence interval [CI], 1.8-4.8) were the 
only independent predictors of death. 
Among patients with TB, 70% of the 
deaths occurred before antiretrovi-
ral therapy was initiated. The authors 
hypothesized that delays in accessing 
antiretroviral therapy among patients 
with TB contributed to the high mortal-
ity rates, and they recommended ear-
lier initiation of antiretroviral therapy 
particularly in patients with advanced 
immune deficiency. 

One of the concerns about early ini-
tiation of antiretroviral therapy among 

patients with TB is exaggerated inflam-
matory reactions, called paradoxical 
reactions or immune reconstitution 
disease. Lawn and colleagues reported 
the morbidity, mortality, and hospital-
izations attributed to immune recon-
stitution disease in 160 TB patients 
starting antiretroviral therapy in the 
Captetown cohort (Abstract 863). Anti-
retroviral therapy was begun a median 
of 105 days after TB treatment. Twelve 
percent of patients had immune recon-
stitution disease. Starting antiretroviral 
therapy earlier after TB therapy was as-
sociated with a higher risk of immune 
reconstitution disease. Only 4% of 
patients required hospitalization, and 
there were only 2 deaths. Thus, in this 
nonrandomized study, early antiretro-
viral therapy initiation was associated 
with higher risk of immune reconstitu-
tion disease, but hospitalizations and 
mortality were rare. Randomized trials 
to address optimal timing of antiretro-
viral therapy initiation in this setting 
are ongoing. 

There were several reports evaluating 
algorithms to diagnose TB in resource-
limited settings. Conradie screened 650 
HIV-infected adults with a 5-point symp-
tom screen. Excluding patients with 
smear-positive TB, there were 38 pa-
tients in whom TB was suspected (Ab-
stract 852). Among these, 2 of 3 were 
given presumptive TB treatment, and 14 
were culture confirmed. One case of TB 
was diagnosed among the patients not 
started on TB therapy. Authors conclud-
ed that their clinical algorithm was 96% 
sensitive and 85% specific. A second re-
port by Were and colleagues found that 
in a Ugandan cohort initiating antiretro-
viral therapy, a clinical index was highly 
sensitive but not very specific (66%) for  
TB (Abstract 848). 

Isoniazid preventive therapy (INH) is 
recommended for HIV-infected persons 
in TB endemic settings. One of the main 
obstacles to intermittent preventive 
treatment (IPT) implementation is the 
exclusion of active TB. Samandari and 
colleagues reported the TB screening 
results from a large randomized study 
of INH preventive therapy in Botswana 
(Abstract 861). Among 4328 adults 
screened, 2608 of the asymptomatic 
patients had a chest radiograph. Twelve 
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percent of subjects had an abnormal 
chest radiograph, and 31 individu-
als had active TB. Thus, in a small but 
statistically significant proportion of 
asymptomatic individuals, chest radio-
graphs can help identify persons with 
active TB during screening for preven-
tive therapy. Phillips reported prelimi-
nary findings from a large IPT program 
in Kenya (Abstract 852). Among 561 
patients with WHO stage I or II disease 
who started IPT, 86% completed or will 
still be receiving IPT. Twelve percent of 
patients were lost to follow up. Only 2 
patients were diagnosed with TB during 
IPT. The study is ongoing. 

Approaches and trends in the pre-
vention of TB in low-incidence settings 
were addressed in several posters. One 
report evaluated whether persons who 
presented with TB in an HIV compre-
hensive care clinic in Nashville, Ten-
nessee, had been previously evaluated 
for IPT (Abstract 849). Investigators 
found that the majority of the TB cas-
es had not had tuberculin skin testing 
prior to TB diagnosis despite being in 
routine care. In view of sensitivity of 
current diagnostic tests, the authors’ 
conclusion that 80% of cases were 
preventable could be considered an 
overstatement. However, the authors 
convincingly demonstrated that there 
are missed opportunities to prevent TB 
in low-incidence settings. Furrer and 
colleagues analyzed tuberculin skin 
testing, IPT, and antiretroviral therapy 
among patients in the Swiss cohort 
(Abstract 850). A positive tuberculin 
skin test without IPT was associated 
with the highest risk of TB, and similar 
to prior studies, antiretroviral therapy 
reduces the risk of TB. 

Morento reported TB incidence 
rates from 4269 HIV-infected patients 
receiving HIV care from clinics in Spain 
(Abstract 847). The median follow up 
was 3.8 years. The strongest predic-
tor of TB was injection drug use and 
CD4+ count below 200 cells/μL. Anti-
retroviral therapy was associated with 
a decreased risk of TB. Interestingly, 
TB rates decreased among nonantiret-
roviral therapy-treated patients over 
time. The authors speculated that de-
creased transmission rates accounted 
for this decline. Golug and colleagues 

reported the 8-year follow up from a 
longitudinal study of HIV-infected and 
-uninfected injection drug users resid-
ing in Baltimore. This cohort had been 
offered tuberculin skin testing and IPT 
from 1990 to 1998. Overall, TB rates 
declined in the cohort, but reductions 
were not observed in the HIV popula-
tion. IPT reduced rates of TB in those 
who took it, but adherence to the 6-
month regimen was poor. 

Emerging data on performance 
of quantiferon assays for use of di-
agnosis of latent TB infection were 
presented in a poster discussion ses-
sion. The Centers for Disease Control 
and Prevention (CDC) currently rec-
ommends interferon gamma release 
assays for screening of latent TB in 
the United States, although there are 
no large studies of the performance 
of these assays among HIV-infected 
persons. Luetkemeyer and colleagues 
compared the quantiferon gold in-tube 
assay (QTF) with standard tuberculin 
skin testing in a cross-sectional study 
of 196 HIV-infected patients living 
in San Francisco (Abstract 860). The 
overall concordance of the 2 assays 
was 89%. The majority of the patients 
(85%) had a negative test by both as-
says. However, there was a low concor-
dance among those with positive test 
by either assay. Only 28% were posi-
tive on both assays. Fifty-six percent 
of tuberculin skin test positive results 
occurred in QFT-negative subjects. In 
addition, the QFT assay, which de-
pends on a positive control, was “inde-
terminate” or uninterpretable in 16%. 
Luetkemeyer concluded that replacing 
tuberculin skin testing with QFT may 
miss a small but concerning propor-
tion of HIV-infected patients and that 
QFT performance may be limited in 
advanced HIV disease by an elevated 
rate of indeterminate results. 

In a study evaluating the same as-
say among 111 adults commencing 
antiretroviral therapy in Cambodia, 
indeterminate results were reported 
in 18% of the assays (Abstract 859). 
Repeat assays among patients with 
indeterminate results did not become 
interpretable after 3 to 6 months of an-
tiretroviral therapy. 

Perhaps one of the biggest pieces 

of news in the HIV and TB arena for 
resource-limited settings was the rec-
ognition that drug-resistant TB is being 
transmitted among the HIV-seroposi-
tive population. Last year, highly resis-
tant TB strains now designated as ex-
tensively drug-resistant (XDR) TB were 
identified among HIV-infected patients 
in Kwa Zulu Natal. HIV-infected pa-
tients presenting with this strain of 
TB had a median survival of 24 days. 
These XDR strains are resistant to first-
line TB agents, to an injectable agent 
such as streptomycin, and to quino-
lones. The extent of XDR and multiple 
drug-resistant TB in sub-Saharan Africa 
is under intense investigation, but data 
collected to date suggest that commu-
nity and nosocomial transmission are 
occurring. Although there were no pri-
mary data presented at this meeting, 
Paul Nunn from the WHO summarized 
this information (Abstract 8). 

HIV and Hepatitis B Virus Coinfection

Entecavir is a guanosine analogue re-
cently approved by the US Food and 
Drug Administration (FDA) for the 
treatment of hepatitis B virus infec-
tion (HBV). In patients without an in-
dication for antiretroviral therapy, it 
is considered a preferable option for 
HBV treatment because unlike lami-
vudine, tenofovir, and adefovir, it was 
previously reported to have no activ-
ity against HIV. After making the clini-
cal observation that HIV RNA levels 
decreased in a patient taking enteca-
vir only for HBV, McMahon and col-
leagues conducted a series of studies 
to evaluate entecavir for potential anti-
HIV activity (Abstract 136LB). In vi-
tro experiments using primary CD4+ 
lymphocytes showed a dose-response 
curve for entecavir against HIV. Clonal 
analysis of polymerase chain reaction 
(PCR)-amplified HIV RNA from plas-
ma from a patient receiving entecavir 
monotherapy showed an increased 
proportion of clones with M184V over 
time. Entecavir’s inhibitory activity 
against HIV with an M184V mutation 
in reverse transcriptase was reduced. 
Based on these data, the authors cau-
tioned against the use of entecavir as 
monotherapy for HBV in HIV-infected 
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patients. On February 24, 2007, the 
FDA and the manufacturer announced 
a change to the label of entecavir to 
include the new information from 
these 3 cases. (see http://www.fda.
gov/medwatch/safety/2007/safety07.
htm#Baraclude)

HBV drug resistance mutations ac-
cumulate in patients receiving HBV 
active agents that fail to suppress vi-
ral replication. Sheldon performed 
genotypic analysis of HBV isolates 
from HIV-infected and -uninfected pa-
tients who were treated with numer-
ous nucleoside and nucleotide agents 
(Abstract 135). They found that HBV 
genotype A was more common in HIV- 
infected persons in their cohort and 
more likely to select for mutations in 
HBV surface antigen than genotype D. 
HBV env mutations were also selected 
in both groups in the presence of HBV 
therapy, and may have implications for 
vaccine efficacy. 

Adefovir and tenofovir antiviral po-
tencies and viral dynamics were com-
pared in a nonrandomized French co-
hort study of HIV- and HBV-coinfected 
patients (Abstract 945). Twenty-nine 
patients received adefovir and 56 pa-
tients received tenofovir. HBV RNA lev-
els declined rapidly in both groups, but 
declines were more rapid in patients 
receiving tenofovir than in those receiv-
ing adefovir. In addition, hepatic trans-
aminase declines were more frequent 
among the patients treated with tenofo-
vir. These data are consistent with prior 
randomized studies demonstrating su-
periority of tenofovir over adefovir for 
HBV treatment. Lewin and colleagues 
also measured viral dynamics in Thai 
patients receiving lamivudine, tenofo-
vir, or both as part of a combination 
antiretroviral therapy study (Abstract 
949). They reported no differences in 
viral decay rates among the 3 treat-
ment arms, and noted that estimates 
of viral clearance were very similar to 
HBV-monoinfected patients exposed 
to the same HBV regimens. Long-term 
viral HBV suppression rates in 44 pa-
tients receiving tenofovir and lamivu-
dine were reported by de Vries-Sluijs 
(Abstract 939). After a median follow-
up of 36 months, the HBV viral suppres-
sion rate was 86%. Loss of HBeAg was 

reported in 57% of patients. 
In HBV-infected patients receiving 

antiretroviral therapy with HBV active 
drugs, transient elevations in hepatic 
transaminases occur frequently. Chauv-
el described rates of transaminase el-
evations (5 per 100 person-years of ob-
servation) or cholestasis (6.7 per 100 
person-years of observation) among 
French patients followed up in a 3-year 
prospective cohort (Abstract 938). In-
dependent risk factors included hepa-
titis delta virus, HBV genotype G, older 
age, alcohol use, and longer duration 
of HBV infection. Protease inhibitors 
(PIs) were associated with higher rates 
of cholestasis. 

The prevalence of HBV among HIV-
infected populations was reported for 
2 African countries. In South Africa, 
5.6% of patients were HBV surface an-
tigen positive, and two-thirds of these 
patients had elevations in liver trans-
aminases (Abstract 919). In contrast, 
hepatitis C virus (HCV) was present in 
only 1%. In Nigeria, 11% of patients 
in a cohort of 1968 HIV-infected per-
sons were HBV-infected (Abstract 920). 
In this cohort, 6-month HIV RNA sup-
pression rates were the same between 
patients with and without HBV infec-
tion. Hepatotoxicity occurred in 4.3% 
of the HBV-infected patients and 0.4% 
of the non-HBV-infected group. 

HIV and Hepatitis C Virus Coinfection

HCV seroconversion has been re-
ported among cohorts of HIV-infected 
men having sex with men (MSM), and 
has been attributed to high-risk sexual 
practices. Fisher evaluated HCV sero-
conversion among a cohort of MSM 
that included both HIV-infected and 
-uninfected participants (Abstract 
130). HCV seroconversion rates ranged 
from 40 to 60 per 100 person-years 
of observation in both HIV-infected 
and -uninfected men. Seroconversion 
rates in both groups increased be-
tween 2001 and 2005. It was difficult 
to compare HIV-infected and -unin-
fected rates, because there was a third 
group of unknown HIV serostatus. The 
authors suggested that routine HCV 
screening should be considered for 
MSM presenting to sexually transmit-

ted disease centers. 
A small proportion of HIV-infected 

patients spontaneously clear HCV af-
ter acute infection. Schnuriger and 
colleagues conducted immunologic 
studies to identify predictors of spon-
taneous clearance among this group 
(Abstract 887). Consistent with previ-
ous reports, less than 5% of patients 
spontaneously cleared acute HCV. In 
patients without spontaneous clear-
ance, HCV-specific T cell responses as-
sessed by enzyme-linked immunospot 
(ELISPOT) were low. Patients with the 
best responses to HCV treatment de-
veloped the most robust T-cell respons-
es over time. Interestingly, the authors 
found the T-cell responses, which 
evolved among patients with good re-
sponses to HCV, were of similar mag-
nitude to those among patients who 
exhibited spontaneous clearance. 

Another interesting report on pa-
tients with acute HCV examined liver 
biopsies within 5 months of serocon-
version (Abstract 889). Three of the 4 
patients had stage 2 fibrosis with no 
other identifiable infectious or toxic 
cause. More data are needed to cor-
roborate this finding, and to determine 
if patients with this profile of liver pa-
thology exhibit more rapid clinical pro-
gression of liver disease. 

To explore mechanisms to explain 
why HCV progresses more quickly in 
HIV-infected versus uninfected patients, 
Yeu and colleagues examined lympho-
cyte subsets in liver biopsies among 
HCV patients with (n=14) and without 
HIV (n=6) coinfection (Abstract 133). 
They hypothesized that HIV-specific T 
cells producing tumor necrosis factor 
alfa (TNFα) promote hepatic inflam-
mation through bystander activation. 
Coinfected patients had lower levels 
of lymphocytes, but the frequencies 
of HCV-specific cells were similar. The 
combined frequency of TNFα-produc-
ing HIV and HCV cells was higher in the 
coinfected than the monoinfected pa-
tients. Antiretroviral therapy was associ-
ated in a reduction of TNFα-producing 
lymphocytes. These intriguing findings 
support but do not conclusively prove 
the authors’ hypothesis. 

There was continued discussion at 
this year’s conference on how to pre-
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dict which patients are likely to respond 
to HCV treatment, and the use of pro-
longed HCV therapy in nonresponders, 
but no data on new treatments. There 
were 2 reports showing that early vi-
rologic responses (4 weeks) could pre-
dict HCV treatment success (Abstracts 
891, 894). In the report by Mira, the 
failure of HCV RNA to decrease by 0.6 
log10 copies/mL by week 4 was highly 
predictive (96%) of treatment failure 
(Abstract 891). Hernandez evaluated 
transcription-mediated amplification 
(TMA) to quantify HCV at the end of 
a treatment course (interferon alfa 
plus ribavirin) to determine if it could 
detect low-level viremia and predict 
relapse (Abstract 892). The threshold 
for detecting HCV was 5 IU/mL for the 
TMA assay compared with 50 IU/mL 
for the PCR assay. All patients in this 
study had undetectable HCV by the 
PCR assays at the end of treatment. 
Eighty percent of the patients with 
HCV detectable by TMA relapsed com-
pared with 11% with negative TMA. 

TMA of HCV may help predict pa-
tients likely to relapse after complet-
ing treatment, but data from Nunez 
and colleagues suggest that extended 
treatment in these patients is unlike-
ly to be successful (Abstract 899). In 
a multicenter study of interferon alfa 
plus ribavirin conducted in Spain, pa-
tients with genotypes 1 or 4 were of-
fered extended 18-month treatment 
regimens. Many patients dropped out 
during the study, but overall sustained 
virologic response did not differ be-
tween the 12- and 18-month arms. 
Response rates for genotypes 1 and 4 
remained disappointingly low, in the 
20% to 30% range.

Disappointing HCV treatment re-
sponses were also observed among HIV-
infected patients who had received a liv-
er transplant for HCV and required HCV 
post-transplant treatment (Abstract 890). 
These 33 patients had a mean CD4+ 
count of 288 cells/μL, and all but 1 pa-
tient had undetectable HIV RNA levels. 
The early (2-log10 copies/mL drop at 12 
weeks) and sustained virologic respons-
es were seen in 56% and 25% of per-
sons, respectively. Thirty-seven percent 
of the patients stopped HCV treatment 
due to toxicity. Among the patients who 

did not respond to HCV treatment, 50% 
died due to HCV-related graft loss. This 
sobering study underscores the need for 
new HCV drugs. 

Complications of Therapy

Body Fat Changes

Lipoatrophy continues to be a major 
concern as a complication of long-term 
HIV treatment. Thymidine nucleoside 
analogues have been shown to contrib-
ute to the development of lipoatrophy 
(stavudine and zidovudine) and substi-
tution of these agents with non-thymi-
dine nucleoside analogues (abacavir or 
tenofovir) appears to improve lipoatro-
phy. Two new studies presented at this 
year’s conference confirm and extend 
the observations from earlier work in 
this area. In both studies lipoatrophy 
was defined as a 20% loss of limb fat 
as measured by dual-energy x-ray ab-
sorptiometry (DEXA) scan. Cameron 
presented the results of a study demon-
strating that maintenance therapy with 
lopinavir/ritonavir monotherapy (after 
suppression with a 3-drug regimen in-
cluding zidovudine for 24 weeks) was 
associated with a lower rate of lipoat-
rophy (5%) than maintenence on zid-
ovudine/lamivudine/efavirenz (43%) 
for the same period of time, demon-
strating the contribution of ongoing 
therapy with zidovudine to the devel-
opment of lipoatrophy (Abstract 44LB). 
Investigators from the AIDS Clinical 
Trials Group (ACTG) randomized treat-
ment-naive patients to receive lopina-
vir/ritonavir plus nucleoside analogue 
reverse transcriptase inhibitors (nRTIs), 
efavirenz plus nRTIs, or the nRTI-spar-
ing combination of lopinavir/ritonavir/
efavirenz (Abstract 38). 

The assignment to specific nRTIs was 
not randomized within the trial, but it 
was well-balanced. As expected, the 
nRTI-sparing combination had lower 
rates (9%) of lipoatrophy at 96 weeks. 
In this group (lopinavir/ritonavir/efavi-
renz) limb fat increased by a median of 
1 kg at week 96. Median change in limb 
fat also appeared to be greater than 0 in 
the other 2 groups; however, a surpris-
ing finding was that the proportion of 
patients with protocol-defined lipoatro-

phy was twice as high in the efavirenz 
group than in the lopinavir/nRTIs group. 
In both nRTI-treated study arms, rates 
of lipoatrophy were highest for those on 
stavudine (51% efavirenz, 33% lopina-
vir/ritonavir) and zidovudine (40% efavi-
renz, 16% lopinavir/ritonavir). However, 
even among the patients on tenofovir the 
rate of lipoatrophy was twice as high in 
the efavirenz treated group (12% efavi-
renz/tenofovir vs 6% lopinavir/ritonavir/
tenofovir). No data on weight gain were 
reported; nonetheless, these results sug-
gest that lopinavir/ritonavir was less like-
ly than efavirenz to contribute to limb 
fat loss over 96 weeks. These surprising 
results remind us that we have more to 
learn about the optimal treatment of HIV 
infection, leaving clinicians and patients 
with the challenges of balancing viro-
logic and metabolic outcomes over the 
long term.

Lipohypertrophy, specifically trunk 
fat gain, has also been documented 
in treatment-naive studies of a vari-
ety of regimens. Diet and exercise 
interventions remain the mainstay of 
treatment. Grinspoon reported the re-
sults of a phase III study comparing an 
injectable novel growth hormone-re-
leasing factor analogue TH9507 with 
placebo in patients on stable antiretro-
viral therapy with evidence of abdomi-
nal fat accumulation (Abstract 45LB). 
After 26 weeks of treatment, visceral 
adipose tissue as measured by com-
puted tomography (CT) decreased by 
15% in the TH9507 arm compared 
with an increase of 5% in the placebo 
arm. No significant changes in limb fat 
were observed and notably lipids also 
improved in the TH9507 group. The 
treatment was well tolerated, with 2% 
of the TH9507-treated group devel-
oping hypersensitivity reactions. The 
magnitude of reduction in visceral adi-
pose tissue seen with TH9507 is com-
parable with what was previously re-
ported with human growth hormone. 
Whether the benefits of treatment will 
persist after the drug is stopped is cur-
rently being evaluated. 

Diabetes

Diabetes, an important cause of mor-
bidity and a known risk factor for car-
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diovascular disease (CVD), continues 
to be a concern in the management of 
HIV infection. The Swiss cohort study 
reported the incidence of diabetes was 
4.4 per 1000 person years of observa-
tion among participants and identified 
older age, male sex, non-white race 
or ethnicity, and obesity as risk fac-
tors for developing diabetes. Current 
treatment with PIs and nRTIs was also 
marginally associated with the risk 
of diabetes in this treated cohort. Of 
note, no association was seen between 
risk of diabetes and coinfection with 
HCV or HBV in this study. PIs appear to 
vary in their ability to induce changes 
in glucose metabolism in carefully con-
ducted metabolic studies. Moyle re-
ported that saquinavir/ritonavir (2000 
mg/100 mg daily) was associated with 
a modest reduction in glucose disposal 
(–10%) compared with a 2% increase 
with atazanavir/ritonavir (300 mg /100 
mg daily) in treatment-naive patients. 

Cardiovascular Disease

Options to manage cardiovascular risk 
include smoking cessation, diet modi-
fication, the use of lipid-lowering ther-
apy, and avoidance of antiretroviral 
regimens associated with the develop-
ment of lipid abnormalities. Keogh re-
ported on the dietary intake of a group 
of HIV-seropositive patients compared 
with an age-matched community sam-
ple and found that the HIV-seropositive 
group had a higher intake of total fat, 
saturated fat, and trans fat than con-
trols, correlating with higher levels of 
total cholesterol, triglycerides, and 
lower high-density lipoprotein (HDL) 
in the HIV-seropositive group (Abstract 
813). These results provide support for 
a greater role for dietary interventions 
among patients with HIV. Intermittent 
use of antiretroviral therapy, as studied 
in the SMART study, was shown to be 
associated with a marginally higher 
risk of CVD (Abstract 41). After further 
analysis of these data, it appeared that 
the group at greatest risk for a CVD 
event among those in the intermit-
tent treatment group were the patients 
who were not on antiretroviral therapy 
at the start of the study, suggesting 
that untreated HIV infection may play 

some role in overall cardiovascular 
risk in HIV infection. However there 
was no association between CD4+ 
cell count or HIV RNA level and CVD 
events. Reductions in HDL cholesterol 
off antiretroviral therapy appeared to 
be an important contributor to CVD in 
this study. 

Use of lipid-lowering therapy was 
examined in several cohorts. Among 
patients with a CVD endpoint in the 
DAD study, less than half had started 
lipid-lowering treatment 6 months 
after the first event (Abstract 816). 
Among patients with diabetes in this 
study, only 20% had started a lipid-
lowering drug. Overall use of lipid-low-
ering therapy was comparable among 
dyslipidemia HIV-seropositive and -se-
ronegative Kaiser enrollees (Abstract 
814). However, the magnitude of tri-
glyceride- and total cholesterol-low-
ering effects of treatment appeared 
blunted in the HIV-seropositive group. 
The authors speculate that drug inter-
actions between antiretroviral therapy 
and statins limit the options for lipid 
lowering in the HIV-infected popula-
tion. Ezetimibe, a drug that inhibits in-
testinal absorption of dietary and bili-
ary cholesterol was shown to be well 
tolerated and to have a modest impact 
on low-density lipoprotein (LDL) cho-
lesterol when used as monotherapy 
compared with a placebo in HIV-infect-
ed patients (Abstract 39). Rosuvastatin 
is a newer statin that is not metabolized 
by CYP 3A4, however, it has not been 
well studied in HIV-infected patients. 
Hoody and colleagues conducted a 
formal pharmacokinetic study of rosu-
vastatin and lopinavir/ritonavir in HIV-
uninfected volunteers and reported an 
unexpected 2- and 4-fold increase in 
rosuvastatin area under the concentra-
tion curve and maximum concentra-
tion (Cmax), respectively, with 1 case of 
a grade 4 creatine phosphokinase level 
(Abstract 564). These authors conclud-
ed that rosuvastatin should be used 
with caution in patients treated with 
lopinavir/ritonavir until more is known 
about this interaction.

Rates, risk factors, and clinical fea-
tures of cardiovascular events and sub-
clinical atherosclerosis continue to be 
examined by several groups (Abstracts 

807, 808, 810, 811). Within the Kaiser 
population rates of hospitalization for 
myocardial infarction (MI) or coronary 
heart disease (CHD), although high-
er for HIV-seropositive patients than 
matched controls, appear to be stable 
over time. Women with HIV infection 
appeared to have an even greater risk 
than controls, something not previous-
ly reported from this database (Abstract 
807). Angiographic features of acute 
coronary syndromes did not appear 
to differ between 100 HIV-seropositive 
and 84 HIV-seronegative patients un-
dergoing cardiac catheterization, sug-
gesting that the patterns of atheroscle-
rosis in the HIV patient population are 
likely to be similar to that observed in 
the general population (Abstract 811). 
A cross-sectional study of carotid in-
tima-media thickness (IMT) and coro-
nary calcium scores (as measured by 
CT) among 657 HIV-infected patients 
identified traditional risk factors (age, 
hypertension, obesity), but not specific 
to antiretroviral therapy as predictors 
of increased carotid IMT. Notably the 
majority of HIV-infected patients (78%) 
had no measurable calcium by CT, sug-
gesting that this non-invasive testing 
modality may have limited value in 
HIV-infected patients (Abstract 810).

Renal Disease

Renal disease is an important cause of 
morbidity among African Americans 
with HIV disease. ESRD among African 
Americans were reported to be 12-fold 
higher in those with HIV infection than 
in those without and do not appear to 
be declining with the availability of an-
tiretroviral therapy (Abstract 839). Spe-
cific etiologies for ESRD in this study 
were not reported. It has previously 
been shown that treatment of HIV in-
fection can improve renal function and 
this was demonstrated again among 
patients with low glomerular filtration 
rate (GFR) at the time of initiation of 
antiretroviral therapy in the ACTG Lon-
gitudinal Linked Randomized Trials 
(ALLRT) cohort study. 

The contributions of certain antiret-
roviral therapy regimens, and specifi-
cally those containing tenofovir, to the 
development of renal dysfunction re-
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mains an active area of investigation. 
Owing to the higher rates of renal dis-
ease among African Americans, some 
clinicians are cautious about the use of 
tenofovir in this population. However, 
Gallant and colleagues presented re-
sults of a subanalysis of African Ameri-
can patients enrolled in treatment-naive 
studies comparing tenofovir-containing 
regimens with thymidine nRTIs (Ab-
stract 505). Results from this pooled 
analysis demonstrated that race did not 
alter the beneficial effects of tenofovir 
compared with thymidine nRTI thera-
py. Virologic response rates were supe-
rior among tenofovir-treated patients 
and renal function remained stable and 
similar between treatment groups. 

Cohort studies continue to produce 
somewhat conflicting results regard-
ing risk factors for renal insufficiency 
and use of tenofovir. Treatment-expe-
rienced patients and patients with a 
history of AIDS appear to be at greater 
risk for declines in renal function than 
treatment-naive patients (Abstracts 
832, 834). In addition ritonavir-boost-
ed PIs appear to contribute to renal 
impairment in some studies (Abstracts 
833, 835). Whether the use of ritona-
vir-boosted PIs is a marker for more 
advanced HIV disease could not be 
determined from the collective group 
of studies. Studies using more sensi-
tive markers of renal function such as 
the measurement of cystatin C, which 
is not dependent on weight, may yield 
more consistent results in future stud-
ies (Abstract 830).

Bone Diseases

Higher rates of osteopenia among HIV 
patients continue to be reported from 
cohort studies (Abstract 836). The im-
pact of specific antiretroviral drugs on 
osteopenia remains unclear. Modar-
risi (Abstract 838) reported an in vitro 
study suggesting that low-dose ritona-
vir alters the expression of genes im-
portant for osteoclast differentiation 
and activity. The clinical significance of 
this finding is unknown. In the Study 
to Understand the Natural History of 
HIV/AIDS in the Era of Effective Ther-
apy (SUN) study, risk factors for osteo-
penia in this group include older age, 

lower body mass index, lower baseline 
CD4+ cell count, and prolonged dura-
tion of HIV infection. Alendronate, a 
biphosphonate approved by the FDA 
for the treatment of osteoporosis along 
with vitamin D and calcium supple-
mentation was compared with vitamin 
D and calcium alone in 82 HIV-infect-
ed patients with osteoporosis. Treat-
ment with alendronate was well toler-
ated and associated with significant 
increases in bone mineral density in 
the lumbar spine, hip, and trochanter 
after 48 weeks of treatment.

Antiretroviral-associated 
Toxicities in Resource-limited 
Settings

Several presentations at this year’s con-
ference focused extended information 
on antiretroviral therapy toxicities as-
sociated with first-line regimens being 
used in resource-limited settings. Al-
though expanding access to antiretrovi-
ral therapy is the highest programmatic 
priority in resource-limited settings, 2 
studies underscored the drug-associated 
morbidity and mortality associated with 
widely used stavudine regimens and the 
need for resource-limited countries to 
have access to affordable, coformulated 
regimens with less-toxic drugs. 

Predictors and outcomes in pa-
tients with severe lactic acidosis were 
evaluated in a case-controlled study 
reported by Osler and colleagues (Ab-
stract 792). The group performed a 
retrospective chart review of all case 
patients presenting to a referral cen-
ter for 6 antiretroviral therapy clinics 
in Capetown, South Africa. Patients re-
ferred to this center were being treat-
ed with stavudine, lamivudine and an 
NNRTI. The authors identified 73 cases 
of lactic acidosis. Fifteen percent of 
patients died acutely, and 2 patients 
died subsequently. A low serum bi-
carbonate was the only risk factor as-
sociated with mortality. In a nested, 
case-controlled study, female sex, low 
CD4+ count nadir, and baseline weight 
greater than 60 kg were independent 
risk factors for lactic acidosis. In 29 pa-
tients who survived, only 1 patient de-
veloped recurrent lactic acidosis dur-
ing a median follow up of 10 months. 

At the poster discussion session, the 
authors also pointed out that among 
women, weight gain after starting an-
tiretroviral therapy was predictive of a 
higher risk for lactic acidosis. One po-
tential explanation for this finding is 
that the stavudine dosage was higher 
during this period based on current 
dosing algorithms (40 mg for those 
weighing more than 60 kg). 

Lactic acidosis was also a major 
toxicity reported from a retrospective 
chart review of 305 patients receiving 
stavudine, lamivudine and efavirenz in 
a public-sector antiretroviral therapy 
program in Johannesburg, South Af-
rica (Abstract 795). The most common 
adverse events in this cohort were pe-
ripheral neuropathy (32%), lipodystro-
phy (8.5%), gynecomastia (8.9%) and 
lactic acidosis (6.6%). In this cohort 
19.7% of patients had a treatment-
limiting side effect. Treatment chang-
es were made after a median of 14 
months of follow up. 

Amoroso evaluated antiretroviral ther-
apy switches for dose-limiting toxicity 
among patients receiving antiretroviral 
therapy in the US President’s Emergen-
cy Plan for AIDS Relief (PEPFAR)-spon-
sored programs in Zambia, Kenya, and 
Uganda (Abstract 789). Stavudine was 
switched in 24% of patients. Zidovudine 
was switched in 12% of patients. In this 
cohort, where routine creatinine assess-
ments were available, only 0.6% of 2938 
patients switched from tenofovir for tox-
icity. Dose-limiting toxicity was recorded 
for 5% of patients receiving nevirapine 
and 2% of patients receiving efavirenz.

In resource-limited settings, zid-
ovudine is substituted for stavudine 
in patients with dose-limiting toxicity. 
Switching to zidovudine in patients 
who start therapy with stavudine be-
fore they reach a dose-limiting toxicity 
owing to stavudine to avoid cumulative 
stavudine toxicity has also been raised 
as a potential therapeutic strategy. In-
vestigators from the CDC reviewed 
zidovudine tolerance among 261 pa-
tients in the Tororo, Uganda, cohort 
who switched from stavudine to zid-
ovudine for dose-limiting toxicity (Ab-
stract 793). After switching to zidovu-
dine, rates of anemia and leukopenia 
increased slightly. However, 95% of 
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patients successfully tolerated a switch 
from stavudine to zidovudine. 

Peters and colleagues found that re-
nal function actually improved among 
antiretroviral treatment-experienced pa-
tients with advanced HIV disease living 
in rural Uganda (Abstract 791). In 507 
patients receiving antiretroviral therapy 
in the Tororo, Uganda, cohort creatinine 
clearance was measured over time us-
ing the Cockcroft-Gault equation. At 
baseline, 21% of patients had creatinine 
clearance of less than 50 mL/min/1.73 
m.2 After 24 months of antiretroviral 
therapy, renal function of the cohort im-
proved, and only 6% had clearance of 
less than 50 mL/min/1.73 m.2 Although 
low creatinine clearances may be due 
to numerous reasons in this population, 
these data support current thinking that 
antiretroviral therapy can improve kid-
ney function in patients with HIV-associ-
ated renal disease. 

There were 2 abstracts on lipid and 
metabolic changes associated with an-

tiretroviral therapy in resource-limited 
settings. In the Tororo cohort, where pa-
tients received an NNRTI plus 2 nRTIs, 
fasting lipid measurements from base-
line and 24 months after initiation of 
antiretroviral therapy were compared 
(Abstract 790). Total cholesterol (TC) 
increased by 24%, HDL by 62%, and 
LDL by 54%. Triglycerides decreased 
by 24%. TC was greater than 200 mg/
dL for 11% of patients after 24 months 
compared with 3% at baseline. Stud-
ies with fasting lipid specimens linked 
to nutritional evaluations status will 
be needed to interpret these kinds of 
data sets in the future. A second study 
followed up 43 patients prospectively 
in Johannesburg (Abstract 796). Lipo-
dystrophy was based on patient and 
physician assessment. This group re-
ported that 39% of patients receiving 
stavudine/efavirenz/lamivudine devel-
oped lipodystrophy. Changes were first 
detected after 18 months of follow up. 
Lipodystrophy was associated with 

increases in waist-to-hip ratio and glu-
cose and triglyceride levels. Elevations 
in TC, LDL, and HDL were reported in 
patients with and without lipodystro-
phy. Although this study was small and 
relied on subjective measures, the cu-
mulative increase in lipodystophy was 
striking in this cohort. 

Financial Dislcosure: Dr Currier has received 
research grants from Theratechnologies, 
GlaxoSmithKline, Merck, and Tibotec, and 
has served as Consultant to Abbott, Bris-
tol-Myers Squibb, Gilead, GlaxoSmithKline, 
Merck, Tibotec, and Vertex. Dr Havlir has no 
relevant financial affiliations to disclose.

A list of all cited abstracts 
appears on pages 83-91.

Top HIV Med. 2007;15(2):40-47 

©2007, International AIDS Society–USA



48

Conference Highlights - Advances in Antiretroviral Therapy        Volume 15 Issue 2  April/May 2007

The 14th Conference on Retroviruses and Opportunistic Infections provided 
a forum for presentation of state-of-the-art research on antiretroviral 
therapy. This year’s conference marked the first public presentation of 
phase III trials of the lead compounds in 2 new drug classes: maraviroc (a 
CCR5 inhibitor) and raltegravir (an HIV-1 integrase inhibitor). These agents 
are likely to be approved by the US Food and Drug Administration this 
year and should provide major new options for treatment-experienced 
patients with multidrug resistant virus. Other dominant themes of the 
conference were the impressive number of presentations describing 
outcomes of antiretroviral therapy programs in resource-limited settings 
and new information on mechanisms of drug resistance. Among the latter, 
the importance of drug resistance mutations occurring in the RNase H and 
connection domains of the HIV-1 reverse transcriptase was of special note. 
In addition, substantial new information was presented on other new 
antiretroviral agents, studies in treatment-naive patients,  antiretroviral 
therapy strategies, prevention of mother-to-child transmission, predictors 
of clinical response to therapy, and antiretroviral pharmacokinetics. 
Research in antiretroviral therapy remains dynamic and advances in the 
field continue to improve our ability to maintain long-term control of 
HIV-1 replication in infected persons.

Advances in Antiretroviral Therapy
Joyce Jones, MD, Barbara Taylor, MD, Timothy J. Wilkin, MD, MPH,  
and Scott M. Hammer, MD

New Antiretrovirals

A major focus of this year’s conference 
was the presentation of phase III stud-
ies of entry and integrase inhibitors, 
which showed good clinical outcomes 
with acceptable side effect profiles. 
(see Table 1) These drugs are likely to 
be approved by the US Food and Drug 
Administration (FDA) in 2007 and will 
provide new options for treatment-ex-
perienced patients with multidrug re-
sistant HIV-1. Studies on antiretrovirals 
in early-phase and preclinical develop-
ment highlighted promising drugs that 
will hopefully further expand antiret-
roviral regimens available to HIV-sero-
positive patients.

Antiretrovirals in Late-phase 
Clinical Development

Entry Inhibitors: Maraviroc. Outcomes 
of 2 phase IIb/III studies of maravi-
roc, an investigational CCR5 inhibitor, 
were presented: MOTIVATE 1 (Abstract 
104aLB) and MOTIVATE 2 (Abstract 
104bLB). The studies were of identical 
design but conducted in different coun-
tries. Eligible subjects were 3-class ex-
perienced patients with plasma HIV-1 
RNA levels above 5000 copies/mL and 
exclusive use of CCR5 coreceptor for 
entry as determined by tropism testing. 
Subjects were randomized 1:2:2 to pla-
cebo, maraviroc 150 mg once daily, and 
maraviroc 150 mg twice daily, all given 
with an optimized background regimen 
(OBR) of 3 to 6 antiretrovirals. If subjects 
were not receiving a ritonavir-boosted 
protease inhibitor (PI), they received 
maraviroc 300 mg once or twice daily. 
Both studies had similar participant 
baseline characteristics. 

In MOTIVATE 1, 585 subjects were en-
rolled (approximately 82% were white 
and 90% were male). Across groups the 
median ranges were baseline CD4+ 
counts of 150 to 168 cells/µL and base-

line HIV-1 RNA of 4.8 to 4.9 log10 cop-
ies/mL. The primary endpoint, a reduc-
tion in plasma HIV-1 RNA at 24 weeks, 
was statistically significantly greater in 
the once-daily (1.82 log10 copies/mL) 
and twice-daily arms (1.95 log10 cop-
ies/mL) than in the placebo arm (1.03 
log10 copies/mL). Subjects in the once- 
and twice-daily arms were more likely 
to achieve plasma HIV-1 RNA levels 
below 50 copies/mL at week 24 than 
subjects in the placebo arm (42% and 
49% vs 25%, respectively), and had a 
greater increase in CD4+ counts (107 
and 111 vs 52 cells/µL, respectively). 
There were no marked safety issues 
and the rates of adverse events in the 
maraviroc arm were not statistically 
significantly different from rates in the 
placebo arm, including liver-related 
adverse events and malignancies.

In MOTIVATE 2, 464 subjects were 
enrolled (approximately 85% of sub-
jects were white and 84% were male). 
Across groups the median ranges were 
baseline CD4+ counts of 174 to 182 
cells/µL and baseline HIV-1 RNA of 4.8 
to 4.9 log10 copies/mL. The primary 
endpoint, reduction in plasma HIV-
1 RNA at 24 weeks, was significantly 
greater in once-daily (1.95 log10 copies/
mL) and twice-daily arms (1.97 log10 
copies/mL) than in the placebo arm 
(0.93 log10 copies/mL). Subjects in the 
once- and twice-daily arms were more 
likely to achieve a plasma HIV-1 RNA 
level below 50 copies/mL at week 24 
than subjects in the placebo arm (41% 
and 46% vs 21%, respectively), and 
had a greater increase in CD4+ count 
(112 and 102 vs 64 cells/µL, respective-
ly). There were no marked safety is-
sues and rates of adverse events in the 
maraviroc arm were not statistically 
significantly different from rates in the 
placebo arm, including liver-related 
adverse events and malignancies.

The combined analysis from these 2 
trials showed that 56% of subjects who 
screened for this study had HIV-1 that 
utilized only the CCR5 coreceptor for 
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entry (R5 HIV). Eight percent of subjects 
who had R5 HIV at screening had dual 
or mixed HIV-1 populations that utilized 
both CCR5 and CXCR4 coreceptors for 
entry at baseline, prior to receiving mara-
viroc. The dual or mixed HIV subjects 
who received maraviroc had a poorer 
virologic response than R5 HIV subjects 
who received maraviroc. These results are 
similar to what was observed in a previ-
ously presented trial of maraviroc in dual 
or mixed HIV subjects. The number of ac-

tive drugs in the OBR was found to be a 
predictor of suppression to less than 50 
HIV-1 RNA copies/mL and baseline HIV-1 
RNA viral load was not related. The pro-
portion of patients achieving HIV-1 RNA 
below 50 copies/mL in the once- and 
twice-daily arms were 18% and 29%, re-
spectively, among patients with no active 
drugs in the OBR; 43% and 43% with 1 
active drug in the OBR; 52% and 53% 
with 2 active drugs in the OBR; and 61% 
and 58% with 3 or more active drugs 

in the OBR, indicating that difference in 
viral load outcomes between once- and 
twice-daily maraviroc was apparent only 
among patients with no active drugs in 
the OBR. 

Among patients with virologic fail-
ure, change in coreceptor usage from 
R5 HIV to dual or mixed HIV was noted 
in 4 of 84 (5%) subjects in the placebo 
groups, 31 of 49 (63%) subjects in the 
once-daily groups, and 32 of 49 (65%) 
of subjects in the twice-daily groups. 

Table 1. Selected Trials of Investigational Antiretroviral Drugs in Treatment-experienced Patients

Study Name

Abstract No.

Description

Regimen(s) 
(No. Patients)

Population Baseline CD4+ 
cells/μL

Log10  Copies HIV 
RNA/mL

Follow-up 
Time

HIV-1 RNA Response  Comments

MOTIVATE-1

Abstract 104aLB

Phase IIb/III randomized, double-
blind trial of maraviroc, an 
investigational CCR5 inhibitor

Best available regimen 
(PIs, nRTIs, +/– enfuvirtide) 
(n=118) 
vs
maraviroc 150 mg qd 
(n=232) or maraviroc 150 
mg bid (n=235)

3-class experienced; plasma 
HIV-1 RNA >5000 copies/
mL; CCR5-using virus

150-168 (median) 4.8-4.9 (mean) 24 weeks –1.03 vs –1.82 and –1.95 log10 
copies/mL

25% vs 42% and 49% <50 
copies/mL

Combined analyses:

The qd and bid dosing groups 
appeared no different when having 
1 or more active drugs in OBR; in 
31/49 subjects in whom maraviroc 
failed, there was a change in 
coreceptor usage

MOTIVATE-2

Abstract 104bLB

Phase IIb/III randomized, double-
blind trial of maraviroc

Best available regimen  
(PIs, nRTIs +/– enfuvirtide) 
(n=91) 
vs
maraviroc 150 mg qd (n=182) 
or maraviroc 150 mg bid 
(n=191)

1 or more major PI 
mutations, 3-class 
experience

174-182 (median) 4.8-4.9 (mean) 24 weeks –0.93 vs –1.95 and –1.97 log10 
copies/mL

21% vs 46% and 41% <50 
copies/mL

BENCHMRK-1

Abstract 105aLB

Phase III, randomized, placebo-
controlled trial of raltegravir 
(MK0518), an investigational 
integrase inhibitor

Raltegravir 400 mg bid 
(n=232)
or
placebo with OBR (n=118)

Genotypic or phenotypic 
resistance to at least 1 drug 
from all 3 current classes, 
plasma HIV-1 RNA >1000 
copies/mL

153-156 (mean) 4.5-4.6 (mean) 16 weeks 77% vs 41% <400 copies/mL

61% vs 33% <50 copies/mL 

Combined analyses:

32/41 subjects in whom raltegravir 
failed had mutations in integrase; 
98% of subjects receiving 
raltegravir and enfuvirtide for the 
first time had <400 HIV-1 RNA 
copies/mL at week 16

BENCHMRK-2

Abstract 105bLB

Phase III, randomized, placebo-
controlled trial of raltegravir

Raltegravir 400 mg bid 
(n=230)
or
placebo with OBR (n=119)

Genotypic or phenotypic 
evidence of resistance to 
at least 1 drug from all 3 
current classes, plasma HIV-1 
RNA >1000 copies/mL 

146-163 (mean) 4.5-4.6 (mean) 16 weeks 77% vs 43% <400 copies/mL

62% vs 36% <50 copies/mL

The HIV Integrase Inhibitor 
GS-9137 Demonstrates Potent 
ARV Activity in Treatment-
experienced Patients

Abstract 143LB

Phase II, dose-finding study 
of elvitegravir (GS9137), an 
investigational integrase inhibitor

Elvitegravir (20 mg, 50 mg, 
or 125 mg) + ritonavir 100 
mg qd or best available 
control PI given with OBR

(n=278)

1 or more PI mutations, 
plasma HIV-1 RNA >1000 
copies/mL

157-243 (median) 4.5-4.7 (median) 16 weeks 50-mg arm, –1.5 log10 copies/mL

125-mg arm, –1.7 log10 copies/mL

vs

control arm, –1.2 log10 copies/mL

Elvitegravir led to rapid declines in 
plasma HIV-1 RNA at week 2 that 
were sustained only if there were 
other active drugs in the OBR

20-mg arm stopped early for 
virologic failure

PI indicates protease inhibitor; nRTI, nucleoside analogue reverse transcriptase inhibitor; OBR, optimized background regimen; qd, 
once-daily; bid, twice daily.
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Table 1. Selected Trials of Investigational Antiretroviral Drugs in Treatment-experienced Patients

Study Name

Abstract No.

Description

Regimen(s) 
(No. Patients)

Population Baseline CD4+ 
cells/μL

Log10  Copies HIV 
RNA/mL

Follow-up 
Time

HIV-1 RNA Response  Comments

MOTIVATE-1

Abstract 104aLB

Phase IIb/III randomized, double-
blind trial of maraviroc, an 
investigational CCR5 inhibitor

Best available regimen 
(PIs, nRTIs, +/– enfuvirtide) 
(n=118) 
vs
maraviroc 150 mg qd 
(n=232) or maraviroc 150 
mg bid (n=235)

3-class experienced; plasma 
HIV-1 RNA >5000 copies/
mL; CCR5-using virus

150-168 (median) 4.8-4.9 (mean) 24 weeks –1.03 vs –1.82 and –1.95 log10 
copies/mL

25% vs 42% and 49% <50 
copies/mL

Combined analyses:

The qd and bid dosing groups 
appeared no different when having 
1 or more active drugs in OBR; in 
31/49 subjects in whom maraviroc 
failed, there was a change in 
coreceptor usage

MOTIVATE-2

Abstract 104bLB

Phase IIb/III randomized, double-
blind trial of maraviroc

Best available regimen  
(PIs, nRTIs +/– enfuvirtide) 
(n=91) 
vs
maraviroc 150 mg qd (n=182) 
or maraviroc 150 mg bid 
(n=191)

1 or more major PI 
mutations, 3-class 
experience

174-182 (median) 4.8-4.9 (mean) 24 weeks –0.93 vs –1.95 and –1.97 log10 
copies/mL

21% vs 46% and 41% <50 
copies/mL

BENCHMRK-1

Abstract 105aLB

Phase III, randomized, placebo-
controlled trial of raltegravir 
(MK0518), an investigational 
integrase inhibitor

Raltegravir 400 mg bid 
(n=232)
or
placebo with OBR (n=118)

Genotypic or phenotypic 
resistance to at least 1 drug 
from all 3 current classes, 
plasma HIV-1 RNA >1000 
copies/mL

153-156 (mean) 4.5-4.6 (mean) 16 weeks 77% vs 41% <400 copies/mL

61% vs 33% <50 copies/mL 

Combined analyses:

32/41 subjects in whom raltegravir 
failed had mutations in integrase; 
98% of subjects receiving 
raltegravir and enfuvirtide for the 
first time had <400 HIV-1 RNA 
copies/mL at week 16

BENCHMRK-2

Abstract 105bLB

Phase III, randomized, placebo-
controlled trial of raltegravir

Raltegravir 400 mg bid 
(n=230)
or
placebo with OBR (n=119)

Genotypic or phenotypic 
evidence of resistance to 
at least 1 drug from all 3 
current classes, plasma HIV-1 
RNA >1000 copies/mL 

146-163 (mean) 4.5-4.6 (mean) 16 weeks 77% vs 43% <400 copies/mL

62% vs 36% <50 copies/mL

The HIV Integrase Inhibitor 
GS-9137 Demonstrates Potent 
ARV Activity in Treatment-
experienced Patients

Abstract 143LB

Phase II, dose-finding study 
of elvitegravir (GS9137), an 
investigational integrase inhibitor

Elvitegravir (20 mg, 50 mg, 
or 125 mg) + ritonavir 100 
mg qd or best available 
control PI given with OBR

(n=278)

1 or more PI mutations, 
plasma HIV-1 RNA >1000 
copies/mL

157-243 (median) 4.5-4.7 (median) 16 weeks 50-mg arm, –1.5 log10 copies/mL

125-mg arm, –1.7 log10 copies/mL

vs

control arm, –1.2 log10 copies/mL

Elvitegravir led to rapid declines in 
plasma HIV-1 RNA at week 2 that 
were sustained only if there were 
other active drugs in the OBR

20-mg arm stopped early for 
virologic failure

PI indicates protease inhibitor; nRTI, nucleoside analogue reverse transcriptase inhibitor; OBR, optimized background regimen; qd, 
once-daily; bid, twice daily.

There were no obvious adverse effects 
that resulted from change in coreceptor 
usage. CD4+ cell counts were generally 
well preserved in subjects who experi-
enced change in coreceptor usage.

Integrase Inhibitors: Raltegravir and 
GS-9137. Investigators presented data 
from 2 phase III studies of the inves-
tigational HIV-1 integrase inhibitor 
raltegravir (MK-0518), BENCHMRK-1 
and BENCHMRK-2 (Abstracts 105aLB, 

105bLB). The 2 studies were identical in 
design. Inclusion criteria included evi-
dence of genotypic or phenotypic resis-
tance to at least 1 drug from each of 3 
classes and plasma HIV-1 RNA levels of 
above 1000 copies/mL. Subjects were 
randomized 2:1 to raltegravir 400 mg 
twice daily or placebo in each study.

In BENCHMRK-1 (Abstract 105aLB), 
350 subjects were enrolled (approxi-
mately 78% of subjects were white 
and 85% were male). Across groups 

the median ranges were baseline 
CD4+ counts of 153 to 156 cells/µL 
and baseline HIV-1 RNA of 4.5 to 4.6 
log10 copies/mL. The OBR contained 
0 or 1 active drug in 48% to 51% of 
subjects; 20% to 21% received enfu-
virtide for the first time and 25% to 
27% received darunavir for the first 
time. More subjects in the raltegravir 
group achieved plasma HIV-1 RNA lev-
els below 400 copies/mL (77%) and 
below 50 copies/mL (61%) at week 
16 than subjects in the placebo group 
(41% and 33%, respectively). Subjects 
receiving raltegravir had a greater in-
crease in CD4+ count than those in 
the placebo group (83 cells/µL vs 31 
cells/µL). 

Similar results were observed in 
BENCHMRK-2 (Abstract 105bLB). Of 
the 349 subjects enrolled, approxi-
mately 60% were white and 90% were 
male. Across groups the median ranges 
were baseline CD4+ counts of 146 to 
163 cells/µL and baseline HIV-1 RNA 
of 4.5 to 4.6 log10 copies/mL. The OBR 
contained 0 or 1 active drug in 44% to 
46% of subjects. Nineteen percent to 
20% received enfuvirtide for the first 
time and 45% to 50% received daruna-
vir for the first time. More subjects in 
the raltegravir group achieved plasma 
HIV-1 RNA levels below 400 copies/mL 
(77%) and below 50 copies/mL (62%) 
at week 16 than did subjects in the pla-
cebo group (43% and 32%, respective-
ly). Subjects receiving raltegravir had a 
greater increase in CD4+ count than 
those in the placebo group (86 cells/µL 
vs 40 cells/µL). 

The authors presented data on com-
bined analysis of both studies. Geno-
typic resistance data were available for 
41 subjects who had virologic failure 
while receiving raltegravir. Thirty-two of 
41 had resistance-associated mutations 
in integrase, and mutations fell gener-
ally into one of 2 mutational pathways: 
N155H or Q148K/R/H. One of these 
mutations was usually present with 
additional integrase mutations. These 
pathways were expected based on in 
vitro data. Subgroup analysis showed 
that 98% of subjects receiving raltegra-
vir with de novo use of both enfuvirtide 
and darunavir achieved HIV-1 RNA lev-
els below 400 copies/mL at 16 weeks, 
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and 90% of subjects receiving ralte-
gravir with de novo use of either enfu-
virtide or darunavir achieved HIV-1 RNA 
levels below 400 copies/mL at week 16. 
The overall rate of serious drug-related 
adverse events was low in both studies 
and no specific adverse events were as-
sociated with raltegravir use.

Zolopa and colleagues (Abstract 
143LB) presented data from a phase II 
dose-finding study of the investigation-
al integrase inhibitor GS-9137. Eligible 
subjects had plasma HIV-1 RNA levels 
above 1000 copies/mL and 1 or more 
PI mutations. There were 278 subjects 
randomized to 1 of 3 doses of GS-9137 
(20 mg, 50 mg, or 125 mg with 100 
mg ritonavir once daily) or best avail-
able PI. The subjects were 90% male 
and 73% white, and 23% used enfu-
virtide for the first time. The median 
baseline CD4+ count was 157 to 243 
cells/µL and mean baseline HIV-1 RNA 
level was 4.5 to 4.7 log10 copies/mL. 
The 20-mg arm was stopped early 
due to inferior virologic performance. 
Through 16 weeks, the control arm 
had an average virologic reduction of 
1.2 log10 HIV-1 RNA copies/mL com-
pared with 1.5 log10 copies/mL in the 
50-mg group and 1.7 log10 copies/mL 
in the 125-mg group. Although this 
was a noninferiority study design, the 
125-mg group had a statistically signifi-
cantly greater viral load reduction than 
the control group. Thirty-eight percent 
and 40% of subjects receiving the 2 
higher doses achieved below 50 HIV-1 
RNA copies/mL at week 16 compared 
with 30% of subjects in the control 
arm. Subjects with no active drugs in 
the OBR tended to have a rapid drop in 
plasma HIV-1 RNA at week 2 followed 
by virologic rebound, whereas subjects 
with 1 or more active drugs in the OBR 
had more sustained virologic suppres-
sion. Thus, GS-9137 was well tolerated 
and no marked safety concerns were 
identified. This study highlights the im-
portance of supporting integrase inhib-
itor use with other active drugs in the 
regimen to avoid the rapid emergence 
of drug resistance to this new class.

New Reverse Transcriptase Inhibi-
tors: Rilpivirine (TMC278) and (±)-
ß-2', 3'-dideoxy-3'-thia-5-fluorocyto-

sine ([±]-FTC) Pozniak and colleagues 
(Abstract 144LB) presented data from 
the TMC278-C204 trial, a phase IIb 
study of an investigational non-nucle-
oside reverse transcriptase inhibitor 
(NNRTI) with retained antiviral activity 
against HIV and resistant to currently 
FDA-approved NNRTIs, in treatment-
naive subjects. Subjects were random-
ized to 1 of 3 doses of rilpivirine or 
efavirenz once daily, given with fixed-
dose tenofovir/emtricitabine or zidovu-
dine/lamivudine. The median baseline 
plasma HIV-1 RNA was 4.9 log10 cop-
ies/mL and the median CD4+ count 
was 203 cells/µL. Three hundred sixty-
eight subjects (33% women and 53%-
56% nonwhite) were randomized. In 
an intention-to-treat analysis, 77% 
to 81% of subjects in the rilpivirine 
arms achieved the primary endpoint 
of below 50 HIV-1 RNA copies/mL 
compared with 81% in the efavirenz 
arm, a difference that was not statis-
tically significant. Increases in CD4+ 
count were similar in both arms (123-
145 cells/µL in the rilpivirine arms vs 
125 cells/µL in the efavirenz arm; P = 
not significant). There were, however, 
better overall lipid profiles and signifi-
cantly lower rates of rash and central 
nervous (CNS) system side effects in 
the rilpivirine arms than in the efavi-
renz arm. The rates of serious adverse 
events were low and there was not a 
statistically significant difference be-
tween groups. Complete resistance 
analysis is underway and was not 
available at this presentation.

(±)-FTC is an investigational mix-
ture of emtricitabine plus its D-enan-
tiomer. Cahn and colleagues (Abstract 
488) presented data on a double-blind, 
phase II trial of (±)-FTC in treatment-
experienced subjects. Entry criteria 
included current virologic failure on a 
lamivudine–containing regimen and 
presence of the M184V mutation. Sub-
jects were randomized to receive (±)-
FTC 600 mg and discontinue lamivu-
dine (n=26) or continue lamivudine 
(n=16) for 28 days. The lamivudine 
group had an increase in plasma HIV 
RNA-1 of 0.13 log10 copies/mL com-
pared with a decrease of 0.4 log10 cop-
ies/mL in the (±)-FTC group (P < .01). 
Subgroup analysis showed that sub-

jects with less than 3 thymidine ana-
logue mutations (TAMs) accounted for 
the majority of the benefit (reduction 
of 0.7 log10 copies/mL). No obvious 
safety issues were noted.

Antiretrovirals in Phase I and 
Preclinical Development

Nucleoside Reverse Transcriptase In-
hibitors: IDX12899 and IDX12989. 
Richman and colleagues (Abstract 489) 
presented data on 2 investigational 
NNRTIs: IDX12899 and IDX12989. 
Both compounds exhibited potent ac-
tivity against a broad range of clinical 
isolates including isolates with single- 
and double-NNRTI mutations. The 
pharmacokinetic profiles in various 
animal models supported once-daily 
dosing. No adverse events were noted 
in acute toxicology models. Serial pas-
sage studies exhibited a longer time 
for development of resistance to these 
compounds than to efavirenz.

Protease Inhibitors: GS-8374. Callebaut 
and colleagues (Abstract 491) presented 
data on a novel peptidomimetic PI, GS-
8374. In vitro studies showed potent 
activity against a range of clinical iso-
lates including those with resistance to 
darunavir and brecanavir. Development 
of resistance to this compound did not 
occur after 6 months of serial passage 
experiments despite development of 
resistance to lopinavir, atazanavir, and 
darunavir in parallel experiments. GS-
8374 showed minimal effects on lipid 
accumulation and insulin-stimulated 
glucose uptake in adipocytes.

Integrase Inhibitors: MK-2048 and 
GSK364735. Wai and colleagues (Ab-
stract 87) presented data on a new 
series of compounds that inhibit the 
strand transfer reaction of HIV inte-
grase and are similar to 2 integrase 
inhibitors in late-stage clinical devel-
opment (napthyridine [L-870810] and 
pyrimidinone [MK-0518, raltegravir]), 
but were designed to have a higher 
genetic barrier to resistance and lim-
ited cross-resistance to previously de-
scribed compounds. One compound, 
MK-2048, was found to have a 95% in-
hibitory concentration (IC95) of 41 nM 
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and a pharmacokinetic profile in dogs 
and rats that suggests once-daily dos-
ing in humans is possible, and demon-
strated retained activity against HIV-1 
strains resistant to integrase inhibitors 
currently in clinical development.

Reddy and colleagues (Abstract 562) 
presented data on the safety and phar-
macokinetics of an HIV-1 integrase in-
hibitor, GSK-364735, in HIV-uninfected 
subjects. Among 79 subjects, they found 
only mild adverse events except for 1 
moderate headache. No grade 2 or high-
er laboratory events were noted. Food 
increased the bioavailability of this com-
pound by 30% to 100%, and aluminum 
and magnesium hydroxide decreased 
bioavailability by 50%. The compound 
did not markedly alter CYP450 enzymes 
except for weak inhibition of CYP1A2 
and the pharmacokinetic profile was not 
affected by ritonavir. The pharmacoki-
netic data supported twice-daily dosing 
in future phase II studies.

CXCR4 Inhibitors: AMD11070. Two 
studies evaluated AMD11070, an investi-
gational oral CXCR4 inhibitor: the X4 An-
tagonist Concept Trial (XACT), presented 
by Moyle and colleagues (Abstract 511), 
and AIDS Clinical Trials Group (ACTG) 
A5210 presented by Saag and colleagues 
(Abstract 512). Both were phase I stud-
ies that evaluated exposure to 10 days 
of AMD11070 given twice daily. Eligible 
subjects were off antiretroviral therapy, 
had plasma HIV-1 RNA levels above 
5000 copies/mL, and above 2000 rela-
tive luminescence units (RLU) of CXCR4 
usage in the trofile assay. Nearly all sub-
jects received 200 mg of AMD11070 
twice daily for 10 days. Four of 9 in XACT 
and 3 of 6 in ACTG 5210 subjects had at 
least a 1-log10 reduction in X4 RLU (indi-
cating a decrease of plasma HIV–1-using 
CXCR4 for entry in CD4+ cells) after 10 
days of monotherapy. Both studies con-
cluded that proof-of-concept has been 
established and that further studies are 
warranted. The clinical development of 
AMD11070 has been put on hold due to 
abnormal liver histology in long-term 
toxicology studies in animals.

Morphilino Antisense Oligonucle-
otides. Phosphorodiamidate morpho-
lino oligomers (PMOs) are water-soluble 

antisense oligonucleotide analogues that 
block complementary RNA sequences. 
Bestwick and colleagues (Abstract 499) 
investigated the potential for PMO to act 
against the highly conserved start codon 
region of the HIV-1 vif gene and the Tar 
stem-loop. They found that the optimal 
vif PMO generated was able to inhibit 
viral replication with a median effective 
concentration (EC50) of 260 nM whereas 
the Tar stem-loop PMO inhibited with an 
EC50 of 3.6 µM. These data support pur-
suing this strategy for antiretroviral drug 
development.

Histone Deacetylase Inhibitors. La-
tently infected, resting memory CD4+ 
T cells are a major reservoir for HIV and 
represent a significant barrier to eradi-
cation of HIV from infected individuals. 
Histone deacetylases (HDACs), of which 
there are 3 classes (I, II, and III), are 
important in maintaining viral latency 
by causing the DNA to become tightly 
bound, thus preventing access to HIV 
DNA by nuclear transcription factors. 
HDAC inhibitors may lead to expression 
of HIV genes resulting in productive in-
fection, which would then expose the 
previously latent HIV-infected cells to 
immune surveillance and the effects of 
antiretroviral drugs. Valproic acid is a 
known nonspecific HDAC inhibitor. Wei-
man and colleagues (Abstract 500) pre-
sented data on several small molecules 
that inhibit class I HDACs and showed 
that these molecules promoted histone 
acetylation. Archin and colleagues (Ab-
stract 501) then tested these HDAC in-
hibitors on latently infected CD4+ cells 
and showed that they increased viral 
transcription and effectively withdrew 
cells from latency.

Vpu Ion Channels. Vpu has been 
shown to have 2 important functions in 
the lifecycle of HIV-1: virion assembly 
and release, and CD4+ degradation. It 
associates in pentamers to form a cat-
ion-specific ion channel. Luscombe and 
colleagues (Abstract 502) presented data 
on several inhibitors of the Vpu ion chan-
nel. Such inhibitors should be effective 
at interfering with viral replication in 
macrophages, a reservoir not targeted 
by currently available drugs. The lead 
compound, BIT225, showed potent an-

tiretroviral activity at an EC50 1.1µM in 
HIV-1-infected macrophages. The 50% 
cytotoxicity concentration was 212 µM, 
suggesting a favorable antiviral index. It 
showed broad activity against a range of 
clinical isolates and appeared to be syn-
ergistic with several antiretrovirals. 

Clinical Trials in  
Treatment-naive Patients

Trials in Treatment-naive Patients 
with Established HIV-1 Infection

Results of selected treatment trials in 
antiretroviral-naive patients are sum-
marized in Table 2. 

Mildvan and colleagues (Abstract 
138) presented results of the A5073 
trial, a 48-week, multicenter, 3-arm, 
open-label trial that compared lopina-
vir 400 mg/ritonavir 100 mg soft gel 
capsule self-administered twice daily, 
lopinavir 800 mg/ritonavir 200 mg self-
administered once daily, and lopinavir 
800 mg/ritonavir 200 mg via directly 
observed therapy once daily. Partici-
pants were antiretroviral-naive with 
HIV-1 RNA levels above 3.3 log10 cop-
ies/mL and were randomized in a 2:2:1 
ratio stratified by screening HIV-1 RNA 
levels above or below 5.0 log10 cop-
ies/mL. All patients received emtric-
itabine 200 mg with extended-release 
stavudine 100 mg or tenofovir 300 mg 
once daily. The 402 patients enrolled 
had a baseline median CD4+ count 
of 197 cells/µL and median HIV-1 RNA 
level of 4.8 log10 copies/mL. The differ-
ence in plasma HIV-1 RNA at 48 weeks 
between the once- and twice- daily 
groups was 0.03 log10 copies/mL (95% 
confidence interval [CI], −0.07-0.12). 
However, in the higher HIV-1 RNA level 
stratum, the probability of sustained 
virologic response at 48 weeks was 
statistically significantly higher in the 
twice-daily group than in the once-daily 
self-administered group (0.89; 95% CI, 
0.79-0.94 vs 0.76; 95% CI, 0.64-0.84, 
respectively). Probabilities of sustained 
virologic response at 24 and 48 weeks 
between the directly observed therapy 
and once-daily self-administered arms 
were not statistically significantly dif-
ferent.

Rey and colleagues (Abstract 503) 
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presented the preliminary results of 
the DAUFIN study, a randomized, 
open-label, multicenter, noninferiority 
trial of once-daily lamivudine 300 mg, 
tenofovir 245 mg, and nevirapine 400 
mg versus twice-daily zidovudine 300 
mg/lamivudine 150 mg and nevirap-
ine 200 mg. The trial was stopped by 
the steering committee after 12-week 
data showed 7 early nonresponses 
(defined as plasma HIV-1 RNA with a 
less than 2.0 log10 copies/mL decrease 
or rebound of more than 1.0 log10 cop-
ies/mL after initial decrease) in the 
once-daily arm and no early nonre-
sponses in the twice-daily arm. The 
early nonresponders had higher base-
line median plasma HIV-1 RNA levels 
and lower median CD4+ count, and 
all had 1 or more NNRTI mutations. 
Viral genotypes showed that 6 of the 
9 individuals who did not respond to 
therapy in the once-daily arm also had 
K65R mutations.

Walker and colleagues (Abstract 
506) presented 48-week results of the 
Evaluating the Safety of Nevirapine or 
Abacavir (NORA) trial, a randomized 
substudy of the Development of Anti-
retroviral Therapy in Africa (DART) trial 
in Uganda of 600 antiretroviral-naive 
patients with CD4+ counts below 200 
cells/µL. The trial compared zidovu-
dine 300 mg/lamivudine 150 mg plus 
abacavir 300 mg twice daily with zi-
dovudine 300 mg/lamivudine 150 mg 
plus nevirapine 200 mg twice daily and 
was placebo-controlled for the first 24 
weeks. Baseline median CD4+ count 
was 99 cells/µL and mean plasma HIV-
1 RNA was 5.4 log10 copies/mL. At 48 
weeks, 77% of the nevirapine arm and 
62% of the abacavir arm had plasma 
HIV-1 RNA levels below 1.7 log10 cop-
ies/mL (P < .001). The CD4+ cell 
count increase at 48 weeks was sta-
tistically significantly higher in the ne-
virapine arm (173 cells/µL) than in the 
abacavir arm (147 cells/µL; P = .006). 
Despite the greater HIV-1 RNA level 
decreases and CD4+ cell increases, 
the authors noted a trend suggesting 
clinical outcome superiority of the aba-
cavir arm at 48 weeks, with 29 (10%) 
of individuals in the nevirapine arm 
developing new World Health Organi-
zation (WHO) stage IV events or death, 

compared with 17 (6%) in the abaca-
vir arm (P = .06). A similar trend was 
observed for WHO stage III events, but 
was not statistically significant.

Bussmann and colleagues (Abstract 
507) presented preliminary results 
from the Tshepo Study, an open-label, 
randomized, ongoing study in Botswa-
na examining 3 different nucleoside 
reverse transcriptase inhibitor (nRTI) 
regimens, 2 NNRTI regimens, and 
community-based directly observed 
therapy versus standard of care. The 
study enrolled 650 antiretroviral-naive 
patients between December 2002 and 
December 2004. Sixty-nine percent of 
the patients were female and baseline 
patient age, CD4+ count, and me-
dian follow up were 35.9 years, 199 
cells/µL, and 89.7 weeks, respectively. 
The patients were randomized in a 3 
× 2 × 2 factorial design to: A) zid-
ovudine/lamivudine, zidovudine/di-
danosine, or stavudine/lamivudine; B) 
efavirenz or nevirapine; and C) com-
munity-based directly observed ther-
apy or standard of care. There were 
also 2 balanced strata of CD4+ cell 
counts: below 201 cells/µL with any 
viral load, and between 201 and 350 
cells/µL with plasma HIV-1 RNA above 
4.74 log10 copies/mL. The analysis was 
undertaken after the Data and Safety 
Monitoring Board (DSMB) suspended 
the zidovudine/didanosine-containing 
arm owing to inferiority in the pri-
mary endpoint of virologic failure. The 
authors pooled data from the 2 NNRTI 
arms and compared patients receiv-
ing zidovudine/didanosine with those 
receiving zidovudine/lamivudine or 
stavudine/lamivudine. The rate of viro-
logic failure with genotypic resistance 
was 11% in the zidovudine/didanosine 
arm and 2% in the zidovudine/lamivu-
dine or stavudine/lamivudine arm (P 
= .0002). No difference in death rate 
or time to first treatment-limiting tox-
icity was observed in either nRTI arm. 
Unexpectedly, there were no differ-
ences between the community-based 
directly observed therapy and stan-
dard-of-care arms, which the authors 
suggested was due to overall low rates 
of virologic failure. No results were 
given comparing efavirenz and nevi-
rapine groups. 

Trials in Treatment-naive Patients 
with Acute HIV-1 Infection

Estes and colleagues (Abstract 67) ex-
amined the impact of antiretroviral treat-
ment on CD4+ cell populations in lymph 
nodes, Peyer’s patches, and the lamina 
propria by obtaining inguinal lymph 
node and ileum biopsies in 32 HIV-1-in-
fected and 11 HIV-seronegative individu-
als. They obtained follow-up biopsies in 
15 of the HIV-1-infected individuals 6 
months after initiation of potent antiret-
roviral therapy. All compartments were 
significantly depleted of CD4+ cells in 
HIV-1-infected patients and, after initia-
tion of antiretroviral therapy, there was 
an increase in CD4+ cells in peripheral 
blood and lymph nodes, but not in the 
lamina propria. In patients who began 
antiretroviral therapy in the acute and 
early stages of infection, the mean in-
crease in peripheral blood CD4+ counts 
was 388 cells/µL and the parafollicular 
T-cell zone was 12.5% occupied. In pa-
tients who initiated therapy with estab-
lished infection in the presymptomatic 
phase the increase in peripheral blood 
CD4+ count was 176 cells/µL and the 
parafollicular T-cell zone was 13.65% 
occupied. Earlier initiation of antiretrovi-
ral therapy was associated with greater 
increases in the central memory cell pop-
ulation of the Peyer’s patches. There was 
no change in measured T-cell subsets in 
patients who initiated antiretroviral ther-
apy after being diagnosed with AIDS. 

Thus far, studies of the immuno-
logic and virologic outcomes of early 
treatment of primary HIV disease have 
been contradictory.1-3 Four abstracts at 
this year’s conference used data from 
large cohort studies to examine this, 
but did not end controversy. Similar 
definitions of primary infection were 
used in each of the following studies.

Steingrover and colleagues (Abstract 
124LB) used data from 2 large cohorts 
of HIV-seropositive patients in Dutch 
treatment centers, the Amsterdam Co-
hort Study and the Athena cohort, to 
examine the immunologic and virologic 
outcomes of initiating potent antiretro-
viral therapy within 6 months of HIV 
seroconversion. Of the 332 patients 
identified with primary HIV-1 infection, 
64 were treated with potent antiretrovi-
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Table 2. Selected Trials of Antiretroviral Therapy in Treatment-naive Patients

Study Name

Abstract No.

Description

Population Regimen(s) Baseline 
CD4+  
cells/μL,

Log10 copies 
of HIV 
RNA/mL

Follow-up 
Time

 Response  Comments

TMC278-C204

Abstract 144LB

Efficacy and 
safety testing of 3 
doses of rilpivirine 
(TMC278), an 
investigational 
NNRTI with 
activity against 
HIV-1 resistant to 
currently available 
NNRTIs

33% female

53%-56% 
nonwhite

Randomized to:

 rilpivirine 25 mg qd 
 rilpivirine 75 mg qd 
 rilpivirine 150 mg qd

 or

 efavirenz 600 mg qd

plus:

 zidovudine/ 
 lamivudine (76%)

 or

 tenofovir/ 
 emtricitabine (24%)

(n=368)

203 
(median)

4.9 
(median)

48 weeks Primary endpoint 
of intent-to-treat 
analysis:

Rilpivirine arms: 
77%-81% with 
<50 copies/mL 

Efavirenz arm: 
81% with <50 
copies/mL P = ns

CD4+ count rise:

Rilpivirine arms: 
123-145 cells/μL

Efavirenz arm: 
125 cells/μL P = ns

Some differences in 
side-effect profiles:

Incidence of rash 
and central nervous 
system side effects 
were significantly 
lower in the 
rilpivirine arms.

Rilpivirine associated 
with lower total 
cholesterol, lower 
LDL, and lower 
triglycerides, 
although the 
efavirenz group had 
a higher HDL.

Complete resistance 
analysis was not 
available.

ACTG A5073

Abstract 138

Comparison of qd 
(with or without 
DOT) versus bid 
lopinavir/ritonavir

Plasma HIV-1 
RNA >3.3 log10 
copies/mL

Stratified by 
plasma HIV-1 
RNA < or ≥5.0
log10 copies/mL

Non-blinded

Lopinavir 400 mg/ 
ritonavir 100 mg soft 
gel capsule 400/100 mg, 
self-administered bid

Lopinavir 800 mg/
ritonavir 200 mg, 
self-administered qd

Lopinavir 800 mg/
ritonavir 200 mg via 
DOT qd

plus:

   emtricitabine/      
   stavudine

   or  
   emtricitabine/  
   tenofovir 
(n=402)

197 
(median)

4.8 
(median)

48 weeks Difference in plasma 
HIV-1 RNA at 48 
weeks between qd 
and bid groups was 
0.03 log10 copies/mL 
(95%CI, –0.07-0.12)

No significant 
difference in 
probability of 
sustained virologic 
response between 
DOT and qd, self-
administered arms at 
24 and 48 weeks

Probability of 
sustained virologic 
response at 48 weeks 
in higher stratum 
was higher in bid 
group (0.89; 95% CI, 
0.79-0.94) than in the 
qd self-administered 
group (0.76; 95% CI, 
0.64-0.84). 

DAUFIN Study

Abstract 503

Non-inferiority trial 
of qd nevirapine vs 
bid nevirapine

Preliminary results

CD4+ count 
<350 cells/μL

Non-blinded

(n=71)

Lamivudine 300 mg/ 
tenofovir 245 mg/ 
nevirapine 400 mg qd

(n=36)

207 
(median)

4.85 
(median)

12 weeks 7 early non-
responses

19% early non-
response rate

The trial steering 
committee stopped 
the study.

The definition of early 
non-response was 
plasma HIV-1 RNA 
with either <2.0 log10 
copies/mL decrease 
or rebound of >1.0 
log10copies/mL

1 or more NNRTI 
resistance mutations 
seen in all cases.

Zidovudine 300 mg/ 
lamivudine 150 mg/ 
nevirapine 200 mg 
bid

(n=35)

209 
(median)

4.94 
(median)

12 weeks 0 early non-
responses

(Continued on next page)
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ral therapy within 180 days of serocon-
version, and 32 subsequently stopped 
the therapy. Higher plasma HIV-1 RNA 
levels at seroconversion independently 
predicted initiation of early antiretrovi-
ral therapy. Viral load at 7 weeks post-
treatment interruption was lower in 
the treatment interruption group than 
at 7 weeks post-seroconversion among 
patients who did not initiate treatment 
(−0.6 log10 copies/mL; P < .001). This 
difference decreased over time, and at 
approximately 100 weeks the plasma 
HIV-1 RNA levels were indistinguishable 

between the 2 groups. There was no 
difference in the CD4+ count decline 
between the untreated patients and pa-
tients after treatment interruption.

Koegl and colleagues (Abstract 125LB) 
performed a similar analysis using data 
from 2 German cohorts of patients with 
primary HIV-1 infection who were or 
were not treated with early antiretrovi-
ral therapy (the Prime-DAG cohort and 
the Ac-DAG cohort, respectively) and 
found differences in both viral load and 
CD4+ count in treated versus untreat-
ed groups. Of the 200 cases of primary 

HIV-1 infection, 95.5% were men and 
144 started antiretroviral therapy either 
before or during seroconversion. The 
median CD4+ cell count was lower and 
the median plasma HIV-1 RNA level was 
higher in the treatment group than in the 
non-treatment group: 453 versus 629 
cells/µL (P = .001), and above 5.7 versus 
5.38 log10 copies/mL (P < .001), respec-
tively. One hundred of the 144 patients 
who initiated treatment stopped antiret-
roviral therapy after a median time of 
9.5 months (range, 2.1-28.7 months). 
Although the plasma HIV-1 RNA levels 

Table 2. Selected Trials of Antiretroviral Therapy in Treatment-naive Patients (cont’d)

Study Name

Abstract No.

Description

Population Regimen(s) Baseline 
CD4+  
cells/μL,

Log10 copies 
of HIV 
RNA/mL

Follow-up 
Time

 Response  Comments

NORA Trial, 
nested substudy 
within DART

Abstract 506

Comparison of 
abacavir-based vs 
nevirapine-based 
regimens

Ugandan adults

 72% women

 median age,  
 36

19% WHO 
stage IV

CD4+ count 
<200 cells/μL

(n=600)

Zidovudine 300 mg/ 
lamivudine 150 mg, 
abacavir 300 mg bid

99 
(median)

5.4 (mean)

48 weeks HIV-1 RNA <50 
copies/mL at week 
48: 62%

Mean CD4+ count 
increase from 
baseline: 147 cells/μL

More subjects in the 
nevirapine arm died 
or developed WHO 
grade IV events:  
17 (6%) vs 29 (10%)  
P = .06

Zidovudine 300 mg/ 
lamivudine 150mg, 
nevirapine 200 mg 
bid

HIV-1 RNA <50 
copies/mL at week 
48: 77%  
(P < .001)

Mean CD4+ count 
increase from 
baseline: 173 cells/μL

(P = .006)

Tshepo Study

Abstract 507

Comparison 
of didanosine-
containing regimen 
to other nRTIs

Trial also looking at 
2 NNRTIs and DOT 
vs standard of care

Botswanan 
adults

 69.4% 
 female

 median age, 
 35.9

Stratified to 
CD4+ count 
<201 or 201-
350 cells/μL 
with plasma 
HIV-1 RNA 
> 4.74 log10 
copies/mL

(n=650)

Zidovudine/ 
didanosine + NNRTI

199 
(median)

5.3 
(median)

89.7 
weeks 
(median)

Rates of virologic 
failure with 
genotypic resistance: 

11%

Increase in CD4+ cells, 
percentage of patients 
with undetectable 
plasma HIV-1 RNA, 
death rates, and time 
to first treatment-
modifying toxicity 
were equivalent in the 
2 arms.

Zidovudine/
didanosine- 
containing arms were 
suspended by the 
DSMB.

Zidovudine/lamivudine 

or 

stavudine/lamivudine 
+ NNRTI

2%

(P = .0002)

NNRTI indicates nonnucleoside analogue reverse transcriptase inhibitor; LDL, low-density lipoprotein cholesterol; HDL, high-density lipoprotein 
cholesterol; ACTG, AIDS Clinical Trials Group; CI, confidence interval; DOT, directly observed therapy; WHO, World Health Organization; nRTI 
nucleoside analogue reverse transcriptase inhibitor; DSMB, Data Safety Monitoring Board; qd, once-daily; bid, twice-daily.
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differed significantly between treated 
and untreated patients at 6 months (4.4 
log10 copies/mL vs 5.0 log10 copies/mL; P 
= .01), they did not differ significantly 
at 12 months (4.58 vs 4.72 log10 copies/
mL; P = ns). The absolute CD4+ counts 
were not significantly different at 6 or 12 
months. However, 12 months after treat-
ment cessation, the CD4+ count had 
increased by 60 cells/µL in the treated 
group, and 12 months after seroconver-
sion, the CD4+ count had decreased by 
86 cells/µL in the untreated group, a sta-
tistically significant difference (P = .01).

Seng and colleagues (Abstract 347) 
found no difference in CD4+ count 
trends in patients in the Agence Natio-
nale de Recherches Sur le Sida (ANRS) 
PRIMO cohort with primary HIV-1 in-
fection after interruption of potent 
antiretroviral therapy compared with 
patients in the ANRS SEROCO cohort 
with primary HIV-1 infection who never 
received antiretroviral therapy. The 170 
patients included from the ANRS PRIMO 
cohort began antiretroviral therapy with-
in 3 months of their HIV-1 diagnosis. All 
responded with plasma HIV-1 RNA lev-
els below 2.7 log10 copies/mL within 6 
months, continued treatment for at least 
6 months (average duration, 19 months), 
and discontinued treatment for at least 3 
months (average duration, 21 months). 
Mean CD4+ count at 36 months after 
treatment interruption in the PRIMO co-
hort (n=170) and after HIV-1 infection 
in the SEROCO cohort (n=123) were 
equal at 416 cells/µL (95% CI for PRIMO, 
369-464; for SEROCO, 360-476). Tran-
sient antiretroviral therapy initiated dur-
ing primary HIV-1 infection did not ex-
tend time spent off treatment or time to 
a CD4+ count of below 350 cells/µL.

In a case-controlled study of patients 
with primary HIV-1 infection who re-
ceived potent antiretroviral therapy 
(Abstract 348), early antiretroviral treat-
ment correlated with immunologic but 
not virologic outcomes. Eighty-nine 
patients with primary HIV-1 infection 
who received 3 months of antiretroviral 
therapy in the St. Mary’s cohort were 
matched for age, sex, HIV-1 risk group, 
year of estimated seroconversion, and 
seroconversion window interval, with 
179 patients from the Concerted Action 
on Seroconversion to AIDS and Death in 

Europe (CASCADE) cohort. After adjust-
ing for confounders, rate of CD4+ cell 
decline over the 3 years following sero-
conversion was greater in the untreated 
controls than in the treated case patients, 
with a mean decrease of 51 cells/µL per 
year in the case patients (95% CI; 32-69) 
and 77 cells/µL per year  in the controls 
(95% CI; 65-89). The estimated hazard 
ratio (HR) for the combined events of 
antiretroviral treatment initiation and 
a CD4+ count below 350 cells/µL was 
1.445 (95% CI, 1.020-2.054, P = .039) 
for the untreated controls compared with 
the treated cases. Plasma HIV-1 RNA lev-
els did not show a statistically significant 
difference between the 2 groups either 
at 18 months or 2 years after serocon-
version. It is unclear what effect, if any, 
the significantly longer follow-up time 
for the case patient group (2.45 years) 
compared with the controls (1.20 years, 
P < .001) had on this analysis. 

The above studies indicate that early 
antiretroviral treatment in primary HIV-
1 infection may have beneficial virologic 
and immunologic effects, though the re-
sults are inconsistent and limited by the 
studies’ observational natures. The ques-
tion of whether early antiretroviral treat-
ment in primary HIV-1 infection should 
become standard-of-care awaits results 
from randomized, controlled trials that 
are currently underway.

Antiretroviral Treatment 
Strategies

Lopinavir/Ritonavir Monotherapy as 
a De-escalation Strategy

In the OK and OK04 studies (Abstracts 
513 and 638) patients on a regimen 
of lopinavir/ritonavir plus 2 nRTIs with 
plasma HIV-1 RNA levels below 1.7 log10 
copies/mL for at least 6 months and no 
history of virologic failure on PIs were 
randomized to either continue treatment 
with lopinavir/ritonavir plus 2 nRTIs or 
to lopinavir/ritonavir monotherapy. Data 
from 121 participants in both open-la-
bel trials assigned to lopinavir/ritonavir 
monotherapy were analyzed to identify 
risk factors for loss of virologic suppres-
sion, defined as a plasma HIV-1 RNA level 
above 1.7 log10 copies/mL at 48 weeks 
(Abstract 513). Baseline CD4+ counts 

for the patients from the OK and OK04 
trials were 662 cells/µL and 474 cells/µL, 
respectively, and baseline plasma HIV-1 
RNA levels before receiving antiretrovirals 
were 5.1 log10 copies/mL in both trials. 
Of 121 patients, 15 had loss of virologic 
suppression by week 48, with a Kaplan-
Meier probability of loss of virologic sup-
pression of 12.7%. Independent factors 
associated with loss of virologic suppres-
sion were low adherence (HR, 6.3; 95% 
CI, 2.0-19.6; P = .002), lower baseline 
hemoglobin (HR per g/dL, 0.68; 95% CI, 
0.50-0.92; P = .013) and nadir CD4+ 
count below 100 cells/µL (HR, 4.1; 95% 
CI, 1.3-13.5; P = .02).

Arribas and colleagues (Abstract 
638) reported drug resistance out-
comes from the OK04 trial. During the 
trial, genotype testing was performed 
on all plasma samples in which HIV-1 
RNA was greater than 2.7 log10 copies/
mL. Eleven subjects in the monother-
apy arm and 4 subjects in the control 
arm qualified for genotype by these 
criteria (P = .07), and 2 isolates in the 
monotherapy arm and 1 in the control 
arm had major PI mutations as defined 
by the International AIDS Society-USA 
2006 guidelines (V82A or M46I).4 The 
authors concluded that the incidence of 
PI resistance over the first 48 weeks of 
the OK04 study was low, and similar be-
tween the 2 treatment arms. They also 
noted that 5 of 11 patients with plasma 
HIV-1 RNA levels above 2.7 log10 copies/
mL did not have resistance mutations, 
remained on monotherapy, and had re-
suppressed their plasma HIV-1 RNA to 
less than 1.7 log10 copies/mL.

Campo and colleagues (Abstract 
514) reported results from the M03-613 
trial, which randomized 155 antiretro-
viral-naive patients with HIV-1 infec-
tion in a 2:1 ratio to: lopinavir/ritonavir 
plus zidovudine/lamivudine induction 
therapy for at least 24 weeks, followed 
by maintenance with lopinavir/ritona-
vir monotherapy after 3 consecutive 
months of plasma HIV-1 RNA levels 
below 1.7 log10 copies/mL, or efavirenz 
plus zidovudine/lamivudine. Eligible 
subjects had plasma HIV-1 RNA levels 
above 1000 copies/mL, were antiret-
roviral naive, and had no evidence of 
resistance to study drugs. At 96 weeks, 
60% of the lopinavir/ritonavir mono-
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therapy arm and 63% of the efavirenz 
plus zidovudine/lamivudine arm had 
plasma HIV-1 RNA levels below 1.7 
log10 copies/mL. In subjects who dein-
tensified to monotherapy, 32 had con-
firmed plasma HIV-1 RNA levels above 
1.7 log10 copies/mL. Time to loss of vi-
rologic response to a level above 1.7 
log10 HIV-1 RNA copies/mL was statis-
tically significantly different between 
the lopinavir/ritonavir (approximately 
60% maintaining response at 64 
weeks) and efavirenz arms (approxi-
mately 90% maintaining response at 
64 weeks; P < .0001). When the vi-
rologic threshold for time to loss of vi-
rologic response was raised to greater 
than 2.7 log10 HIV-1 RNA copies/mL, 
there was no statistically significant 
difference between the groups. Low 
adherence, defined as a subject report-
ing at least 1 missed lopinavir/ritona-
vir dose (P = .07), and baseline CD4+ 
cell count (P = .06) predicted virologic 
rebound in the monotherapy group.

Treatment Interruptions

In contrast to last year’s conference, 
few new antiretroviral therapy outcome 
data were presented on treatment in-
terruption strategies. Some further 
analysis of complications arising from 
interruption is reviewed elsewhere in 
this issue (see “Complications of HIV 
Disease and Antiretroviral Therapy”), 
and selected trials on outcomes are 
below.

The Experienced (E)-184V study 
(Abstract 516) is a prospective, open-
label study. Patients in whom lamivu-
dine-containing antiretroviral regimens 
were failing and who had document-
ed M184V mutations, CD4+ counts 
above 500 cells/µL, and plasma HIV-1 
RNA levels above 1000 copies/mL, and 
who requested treatment interrup-
tion, were randomized to either treat-
ment interruption or lamivudine 300 
mg daily as monotherapy. Data were 
presented for 144 weeks and the 29 
patients in each group did not differ in 
baseline parameters, including CD4+ 
count (566 cells/µL in the treatment 
interruption group vs 580 cells/µL in 
the lamivudine monotherapy group) 
or HIV-1 RNA level (3.7 log10 copies/mL 

in the treatment interruption group vs 
3.8 log10 copies/mL in the lamivudine 
group). Time to immunologic or clini-
cal failure (defined as CD4+ count be-
low 350 cells/µL or Centers for Disease 
Control and Prevention [CDC] class B 
or C diagnosis) took a median of 20 
weeks (interquartile range [IQR], 16-
84 weeks) for the treatment interrup-
tion group and 84 weeks (IQR, 36-144 
weeks) for the lamivudine monothera-
py group. In analysis of variance (ANO-
VA), the treatment interruption group 
had greater declines in CD4+ count 
over time than the lamivudine mono-
therapy group (P = .0095), as did pa-
tients with baseline CD4+ counts of 
700 cells/µL or lower compared with 
patients with baseline CD4+ counts of 
greater than 700 cells/µL (P < .0001). 
The plasma HIV-1 RNA trend did not 
differ statistically significantly over 
time between the 2 groups. By 144 
weeks, 93% of patients in the treat-
ment interruption group and 90% of 
patients in the lamivudine monother-
apy group had discontinued the study. 
There were more grade III and IV ad-
verse events in the treatment inter-
ruption group than in the lamivudine 
monotherapy group (8 vs 1; P = .012). 
Lamivudine monotherapy in this study 
of treatment-experienced patients led 
to persistently better clinical and viro-
logic outcomes than complete treat-
ment interruption.

Watts and colleagues (Abstract 751) 
examined the effects of treatment inter-
ruption after pregnancy in the Women 
and Infant Transmission Study (WITS) 
cohort. The 206 women included in 
the analysis were antiretroviral-naive, 
had CD4+ counts above 350 cells/µL, 
and were similar in baseline character-
istics to the larger WITS cohort. One 
hundred and forty-seven women con-
tinued antiretrovirals post-partum, and 
59 stopped therapy. Those continu-
ing therapy were slightly older (mean 
ages 27.7 years vs 25.9 years; P = 
.04) and a smaller percentage of them 
had CD4+ counts above 500 cells/µL 
(54.4% vs 71.2%; P = .03). Neither 
the slopes of the CD4+ cell count 
changes, plasma HIV-1 RNA levels, nor 
the number of class B events differed 
between the 2 groups during the first 

postpartum year. Although the data are 
reassuring that stopping antiretroviral 
therapy after delivery does not lead to 
a more rapid decline in CD4+ count, 
studies with larger sample sizes and 
longer follow-up periods are needed.

Interleukin-7-based Therapies

Interleukin-7 (IL-7) is a cytokine that 
induces T-cell development, homeo-
stasis, thymopoiesis, and T-cell mat-
uration. It has been shown to cause 
dose-dependent increases in T cells 
in patients undergoing chemotherapy 
for cancer.

In an evaluation the safety and bio-
logic effects of recombinant human IL-
7 in patients chronically infected with 
HIV-1 (Abstract 127), 6 patients with 
CD4+ counts between 100 and 400 
cells/µL and plasma HIV-1 RNA levels 
below 1.7 log10 copies/mL received 8 
subcutaneous injections of 3µg/kg IL-7 
over 18 days. Plasma HIV-1 RNA levels 
remained below 1.7 log10 copies/mL 
for all patients and no biologic adverse 
effects above grade II were observed. 
The median CD4+ count increased 
from 210 cells/µL at baseline to 405 
cells/µL at day 21 and remained above 
baseline at 300 cells/µL at week 12 
(P < .01). An expansion of CD8+ cells 
expressing CD28 was also noted, sug-
gesting that IL-7 may promote CD8+ 
cell maturation in vivo. The trial con-
tinues to examine the efficacy and 
safety of higher doses of IL-7.

Sereti and colleagues (Abstract 128) 
report the results of ACTG A5214, a 
randomized, placebo-controlled, dou-
ble-blind phase I dose escalation study 
of IL-7. Sixteen participants (12 active, 
4 placebo) with a median CD4+ count 
of 601 cells/µL and plasma HIV-1 RNA 
level of below 1.7 log10 copies/mL were 
stratified by plasma HIV-1 RNA into 1 
of 2 groups, below 1.7 log10 copies/mL 
or 1.7 to 4.7 log10 copies/mL. They 
were then randomized in a 3-to-1 fash-
ion to receive one dose of 3, 10, 30, 
or 60 µg/kg of IL-7 or placebo subcu-
taneously. Two dose-limiting toxicities 
were seen at the 60 µg/kg dose, there-
fore the maximum tolerated dose was 
set at 30 µg/kg. For the placebo group, 
no statistically significant increase in 
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within-subject change in CD4+ count 
from baseline was seen at day 1, 4, 14, 
or 28. For the IL-7 group, a statistically 
significant within-subject CD4+ count 
change from baseline occured at day 
1 (decrease of 426 cells/µL; P = 423) 
and day 14 (increase of 186 cells/µL; 
P = .04). At day 28, the within-subject 
CD4+ count in the IL-7 group had in-
creased by 213 cells/µL, but this was 
not statistically significant.

Antiretroviral Therapy in 
Resource-limited Settings

One of the most exciting aspects of this 
year’s conference was the increasingly 
global nature of the event. Several ple-
nary sessions and many abstracts pre-
sented data from resource-limited set-
tings, and the level of commitment to 
HIV/AIDS treatment in resource-limit-
ed settings was inspiring. Results from 
selected studies in resource-limited 
settings are summarized in Table 3.

Adult Treatment Outcomes  
in Large Cohorts

Matthias Egger delivered a plenary 
talk (Abstract 62) entitled “Outcomes 
of Antiretroviral Therapy in Resource-
limited Settings.” He pooled data from 
several sources, including the Antiret-
roviral Therapy Cohort Collaboration 
(ART-CC), a network of European and 
North American cohorts, and the Inter-
national Epidemiological Databases to 
Evaluate AIDS (IeDEA), a collaborative 
effort to establish regional networks 
of treatment sites throughout Africa, 
Latin America, and Asia. Using data 
from 33,008 treatment-naive patients 
across 42 countries and 176 treatment 
sites, Egger and colleagues determined 
that the median CD4+ count in se-
lected countries at initiation of ther-
apy ranged from 164 to 187 cells/µL 
in North America, 87 to 125 cells/µL 
in sub-Saharan Africa, and 53 to 206 
cells/µL in Asia. Although the trend in 
median CD4+ count increased from 
2001 to 2005 in sub-Saharan Africa, 
it remains significantly lower than in 
European and North American co-
horts. The investigators found that all 
areas except for Western Europe used 

a combination of 2 nRTIs and a NNRTI 
as the most frequent first-line regi-
men. However, the number of possible 
first-line regimens used to treat 90% 
of antiretroviral-naive patients is 59 in 
North America, 47 in Western Europe, 
and 3 in all regions of Africa and Asia. 

In an analysis of loss to follow up, 
Egger presented data from the Anti-
retroviral Therapy in Lower Income 
Countries (ART-LINC) collaboration on 
16 treatment programs in resource-
limited settings, 12 of which use active 
tracing of patients. He included 5575 
adult patients (46% women) initiating 
antiretroviral therapy with a median 
age of 35 years, and found that 4% of 
patients did not return after their first 
visit and 17% were lost to follow up af-
ter the first 6 months. The HR for loss 
to follow up increased in each calendar 
year since 2000. In 2001 and 2002 the 
HR was 2.77 (95% CI, 1.69-4.55) and 
in 2003 and 2004 it was 7.86 (95% CI, 
4.71-13.1). Patients with CD4+ counts 
below 50 cells/µL were also more like-
ly to be lost to follow up, highlighting 
the need for active follow up in the 
determination of mortality estimates. 
Curves for virologic response, defined 
as plasma HIV-1 RNA below 2.7 log10 
copies/mL, were developed using data 
from the Swiss HIV Cohort and the Gu-
gulethu and Khayelitsha township co-
horts in South Africa; responses were 
similar between the cohorts, as were 
the rates of virologic rebound. In con-
trast, rates of treatment change varied 
dramatically between the cohorts: at 
24 months approximately 60% of the 
Swiss cohort had changed regimens, 
compared with approximately 35% of 
the South African cohorts. The major-
ity of this difference was attributed to 
changes for toxicity and by patient re-
quest, not for treatment failure.

An analysis of the 4 sub-Saharan 
Africa cohorts in the IeDEA collabo-
ration and the ART-CC data revealed 
that tuberculosis (TB) is currently the 
most common opportunistic infection 
in both resource-limited and industri-
alized settings, although the incidence 
of TB is much higher in sub-Saharan 
Africa (approximately 250 cases per 
1000 person-years) than in Europe 
and North America (approximately 25 

cases per 1000 person-years). Crude 
mortality at 4 years was approximate-
ly 15% in sub-Saharan Africa, com-
pared with approximately 5% in North 
America and Europe. A rapid increase 
in cumulative mortality in the first few 
months of treatment in sub-Saharan 
Africa was not observed in the ART-CC 
cohort. Breaking down mortality rates 
within the first year of treatment by 
cohort, and adjusting for baseline age, 
sex, CD4+ cell count, year, and dis-
ease stage, a wide range of mortality 
was observed in the North American 
and European cohorts, some with rates 
of 4% to 6%, similar to those observed 
in sub-Saharan Africa. Egger conclud-
ed that many patients in resource-lim-
ited settings are starting antiretroviral 
therapy later than recommended, but 
that virologic and immunologic re-
sponses are similar across regions. He 
highlighted the problem of loss to fol-
low up in programs, which likely leads 
to underestimates of mortality, and the 
need for continued monitoring in the 
setting of rapid scale-up in resource-
limited settings. Finally, he noted that 
although mortality rates are higher, 
particularly in the first few months 
of treatment, it is possible to achieve 
mortality rates in resource-limited set-
tings that are comparable with some 
cohorts in North America and Europe.

El-Sadr and colleagues (Abstract 534) 
presented data on 171,259 patients re-
ceiving care from International Center 
for AIDS Care and Treatment Programs 
(ICAP)-sponsored sites in 7 different 
African countries, 71,482 of whom ini-
tiated potent antiretroviral therapy be-
tween July 2004 and December 2006. 
The investigators noted wide variations 
in populations, treatment outcomes, 
loss to follow up, and mortality among 
patients enrolled at each treatment site. 
Of the 116,609 patients who received 
HIV care from October 2006 to Decem-
ber 2006, 15% were eligible for antiret-
roviral treatment. Initiation of therapy 
varied from site to site, with 47% of 
eligible patients initiating antiretroviral 
therapy within 3 months in South Af-
rica compared with 100% of eligible 
patients in Rwanda. Baseline CD4+ 
counts were low and ranged from 104 
to 198 cells/µL. Most adult patients ini-
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tiated treatment with stavudine/lamivu-
dine/nevirapine, except in South Africa, 
where stavudine/lamivudine/efavirenz 
was the most common regimen. After 
12 months on therapy, the average me-
dian CD4+ count was 291 cells/µL, and 
in the overall cohort 98% of adults and 
93% of children remained on first-line 
regimens. The proportion of patients 
known to have died without active case-
finding ranged from 5% to 6% when 
averaged by country, but some sites in 
Ethiopia and Mozambique reported that 
more than 15% of patients on anitret-
rovirals were known to have died. The 
proportion of patients lost to follow up 
without active case-finding ranged from 
1% in Rwanda to 17% in Kenya.

The importance of active case-find-
ing of patients who are lost to follow up 
was highlighted in a retrospective cohort 
study among 410 HIV-1-infected adults 
consecutively presenting to an urban 
clinic in Botswana (Abstract 537). Stan-
dard of care in the clinic was active case-
finding for all patients lost to follow up 
and involved telephone calls and home 
visits if needed. Patient outcomes were 
retrospectively classified by passive case-
finding, in which patients were classified 
as dead if their death was recorded in 
the clinic chart, and lost to follow up if 
their last clinic contact was more than 
30 days past their last visit. Median du-
ration of follow up was 44 weeks among 
the 410 patients initiating antiretroviral 
therapy during the study period. Passive 
case-finding classified 29 patients (7%) 
as dead and 68 of 410 patients (17%) as 
lost to follow up. Active case-finding clas-
sified 69 patients as dead (17%) and 22 
(5%) as lost to follow up. The 52-week 
Kaplan-Meier survival estimates differed 
significantly: 0.93 (95% CI, 0.88-0.94) 
for passive and 0.79 (95% CI, 0.74-0.81) 
for active case-finding. Baseline CD4+ 
count below 100 cells/µL and male sex 
were independently associated with 
death in the first 12 months of antiret-
roviral therapy.

Nachega and colleagues (Abstract 
33) examined the effectiveness of efavi-
renz- and nevirapine-based antiretroviral 
regimens in a cohort of 2821 patients on 
antiretroviral therapy in 9 Southern Af-
rican countries between January 1999 
and March 2003. Mean age was 37 

years and median follow-up time was 
2.2 years. All patients initiated first-line 
antiretroviral treatment; 64.6% received 
efavirenz-based regimens (60% female) 
and 35.4% received nevirapine-based 
regimens (68% female). The baseline 
mean CD4+ count was 146 cells/µL for 
the efavirenz group and 167 cells/µL for 
the nevirapine group, and plasma HIV-1 
RNA level was above 5.0 log10 copies/mL 
for 61% and 55% of the efavirenz and 
nevirapine groups, respectively. CD4+ 
count outcomes data were not present-
ed, but in a multivariate analysis control-
ling for adherence and other baseline 
variables, the HR for time to virologic 
failure after initial suppression was 0.72 
(95% CI, 0.59-0.88) for efavirenz com-
pared with nevirapine. Low adherence 
based on pharmacy claims data, low 
baseline CD4+ count, and high base-
line plasma HIV-1 RNA correlated with 
decreased time to virologic failure.

Determinants of mortality were evalu-
ated in a cohort of 1120 antiretroviral-na-
ive patients enrolled in a home-based 
treatment program in Uganda (Ab-
stract 34). Median age was 38 years, 
73% were female, and 39% were 
WHO stage III or IV when they initiated 
therapy. Median baseline CD4+ count 
and HIV-1 RNA level were 127 cells/µL 
and 5.3 log10 copies/mL, respectively. 
Early mortality, defined as death oc-
curring within 3 months of treatment 
initiation, was 16.4 per 100 person-
years of observation in the cohort. 
Mortality decreased in each time peri-
od to a low of 1.3 per 100 person-years 
of observation at 18 to 24 months on 
treatment. Baseline factors associated 
with mortality were low CD4+ count, 
hemoglobin less than 10 g/dL, body 
mass index (BMI) less than 18 kg/m,2 
and a history of prior TB. Adherence to 
antiretroviral treatment strongly cor-
related with mortality in reported ad-
herence of less than 90% in the first 6 
months (HR, 3.3; P < .001) and after 
the first 6 months (HR, 7.4; P < .001). 
The most common conditions associ-
ated with death in first 3 months on 
treatment were no diagnosis, TB, cryp-
tococcal disease, and oropharyngeal 
candidiasis. 

Van Custem and colleagues (Ab-
stract 535) presented 5 years of data 

from one of the longest-running treat-
ment cohorts in a resource-limited set-
ting, the Khayelitsha township program 
in Cape Town, South Africa. A total of 
2565 antiretroviral-naive patients initiat-
ed therapy between 2001 and mid-2006, 
70% of whom were female. Median 
CD4+ count at treatment initiation in-
creased over time from 44 cells/µL in 
2001 to 2002, to 99 cells/µL in 2005. 
After 3 years of antiretroviral therapy, 
median CD4+ count was 422 cells/µL 
and plasma HIV-1 RNA was below 2.6 
log10 copies/mL in 80% of the patients. 
Mortality at 6 months after antiretrovi-
ral initiation decreased each year, and 
was 12.4% in 2001 and 5.4% in 2005. 
Determinants of mortality included 
an initial CD4+ count of less than 50 
cells/µL, WHO stage IV disease, and a 
history of or current Kaposi’s sarcoma 
(KS). At 48 months on treatment 14% 
had started second-line therapy, and 
the proportion of patients remaining in 
care at 54 months (combining mortal-
ity and loss to follow up) was 78%.

Two abstracts presented data on re-
sponses to second-line therapy in re-
source-limited settings from Médecins 
Sans Frontières-supported programs. The 
first, presented by Calmy and colleagues 
(Abstract 35), detailed outcomes from 
22 countries in Africa, Asia, and Central 
America. Of more than 80,000 antiret-
roviral-naive patients first initiating an-
tiretroviral therapy since 2001 at a Mé-
decins Sans Frontières site, 354 (0.4%) 
had changed regimens. The median 
age of those switching was 35 years, 
57% were female, and 87% were WHO 
stage III or IV at therapy initiation. Stavu-
dine/lamivudine/nevirapine was the ini-
tial regimen for 91% of the patients. Of 
the second-line regimens, 47% were 
nelfinavir-based and 46% were lopina-
vir/ritonavir-based. The median CD4+ 
count at switch was 99 cells/µL and the 
median plasma HIV-1 RNA level was 
4.64 log10 copies/mL for those programs 
with virologic testing. The median in-
crease in CD4+ count was 91 cells/µL at 
6 months and 113 cells/µL at 12 months. 
Approximately 6% were lost to follow up 
at 5 months, and 7% of the patients had 
died by 6 months. Probabilities of surviv-
al within the cohort, including death and 
loss to follow up, were 0.91 at 6 months 
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(IQR, 0.88-0.95 months) and 0.86 at 12 
months (IQR, 0.82-0.91 months).

Ferradini and colleagues (Abstract 
36LB) examined the efficacy of lopina-
vir/ritonavir-based second-line therapy 
at several Médecins Sans Frontières 
sites in Cambodia. One hundred and 
thirteen patients who had been followed 
up for at least 6 months on second-line 
therapy were identified; 50% were fe-
male and median age was 38 years. 
The decision to stop first-line therapy 
was based on immunologic and viro-
logic criteria in 35 and 78 patients, re-
spectively. Median CD4+ count at regi-
men switch was 70 cells/µL and median 
plasma HIV-1 RNA level was 4.7 log10 
copies/mL. The most frequent second-
line regimens were didanosine/lami-
vudine/lopinavir/ritonavir (n=47) and 
didanosine/zidovudine/lopinavir/ritona-
vir (n=21), and the median duration of 
second-line therapy at the time of the 
evaluation was 10.2 months. Median  
CD4+ count increase was 105 cells/µL 
at 6 months and 180 cells/µL at 12 
months. Plasma HIV-1 RNA at evalua-
tion was below 2.6 log10 copies/mL for 
101 patients (89.4%), between 2.7 and 
3 log10 copies/mL for 6 patients (5.3%), 
between 3 and 4 log10 copies/mL for 
2 patients (2.7%), and more than 4 
log10 copies/mL for 4 patients (3.5%). 
Genotypic analysis in all patients with 
plasma HIV-1 RNA above 2.7 log10 cop-
ies/mL did not reveal any protease 
mutations, but 100% had NNRTI resis-
tance and 91.5% had an M184V muta-
tion. Other than low CD4+ cell count 
at switch, there were no predictors of 
second-line therapy failure. The authors 
concluded that short-term outcomes of 
empiric, second-line lopinavir/ritonavir-
based regimens were successful and 
that adherence, although not measured 
in this study, was a main determinant 
of second-line regimen failure.

Treatment Outcomes for Children in 
Large Cohorts

Kline and colleagues (Abstract 79) 
pooled database and medical record in-
formation for 11,926 children, including 
5151 children receiving antiretroviral 
treatment through January 31, 2007, at 
5 Baylor College of Medicine-supported 

sites in Botswana, Uganda, Lesotho, 
Swaziland, and Malawi. Mean age at 
antiretroviral initiation ranged among 
sites from 5.1 to 7.8 years, 50% were 
female, and 50% to 92% had WHO 
stage III or IV disease. The vast majority 
of children were on first-line antiretrovi-
ral regimens, with 50% having received 
zidovudine/lamivudine/nevirapine. In 
the Botswana clinic, the median CD4+ 
cell percentage at baseline was 15, 
compared with 8 in Uganda. In Botswa-
na (n=880), the CD4+ cell percentage 
was 27 at 6 months, 30 at 12 months, 
and 32 at 36 months. In Uganda, the 
CD4+ cell percentage was 18 at 6 
months, 23 at 12 months, and 26 at 24 
months. Plasma HIV-1 RNA data were 
available in the Botswana clinic, with 
levels of below 400 copies/mL in 79%, 
81%, and 71% of patients at 6, 12, 
and 24 months, respectively. The crude 
mortality of the entire Botswana clinic 
population, both on and off antiretro-
viral therapy, decreased dramatically 
from 4.7% in 2004 to 0.3% in 2006. 
At 2.5 years of follow up the Botswana 
clinic had 10% of its patient population 
on second-line regimens and 93% still 
alive and on antiretroviral therapy.

Arrivé and colleagues (Abstract 727) 
presented data from 8 clinical centers 
participating in the KIDS-ART-LINC col-
laboration. Of 2142 children initiating 
antiretroviral therapy between 1 and 15 
years of age, 53.5% were 5 to 15 years 
old, 16.5% were 36 to 59 months old, 
20.9% were 12 to 35 months old, and 
9.1% were less than 1 year old. Based 
on CD4+ cell percentage, 65.7% of 
the children met WHO criteria for se-
vere immunodeficiency. PI-based regi-
mens were used initially in 57.8% and 
NNRTI-based regimens in 37.0%. Af-
ter 1 year of antiretroviral treatment 
without active case-finding, 4.4% were 
dead and 12.2% were lost to follow up. 
Estimated cumulative mortality was 
5.5% (95% CI, 4.3-7.1) at 6 months 
and 6.5% (95% CI, 5.1-8.2) at 1 year. 
The probability of death varied dra-
matically by age group: 16.8% mor-
tality (95% CI, 11.7-23.7) among chil-
dren initiating antiretrovirals before 12 
months of age compared with 4.0%, 
1.8%, and 4.3% mortality for those 
initiating at 12 to 35 months, 36 to 59 

months, and more than 60 months, re-
spectively. Severe immunodeficiency 
and severe anemia were associated 
with increased risk of death.

Outcomes of 370 children receiv-
ing potent antiretrovirals with NNRTIs 
(48.6%) and PIs (51.4%) were com-
pared in a clinic in Cape Town, South 
Africa (Abstract 728). The NNRTI group 
was 41% female compared with 53% 
female in the PI group (P = .02), and 
the median age was 34.3 months and 
21.8 months in the NNRTI- and PI-
based groups, respectively (P < .01). 
Duration on therapy was longer for the 
NNRTI group (3 years) than for the PI 
group (1.2 years; P < .001). Baseline 
CD4+ cell percentage was 13 and 
plasma HIV-1 RNA was 5.5 log10 cop-
ies/mL for both groups. At 24 months 
there was no difference between groups 
in median CD4+ percentage (26.3) 
and survival curves were superimpos-
able. However, plasma HIV-1 RNA lev-
els differed, with 43% of the NNRTI 
group achieving virologic suppression 
at 24 months compared with 60% of 
the PI group (P = .05), and median 
plasma HIV-1 RNA was higher in the 
NNRTI group than in the PI group 
(3.8 log10 copies/mL vs 2.6 log10 cop-
ies/mL, respectively, P = .05). The 
authors speculated that the effective-
ness of NNRTI-based regimens could 
be impaired by drug-drug interactions, 
suboptimal dosing, or pre-existing re-
sistance as a result of prior exposure 
through prevention of mother-to-child 
transmission (PMTCT) programs.

Kamya and colleagues (Abstract 732) 
examined predictors of long-term vi-
rologic failure in a prospective cohort 
of 250 children and 526 adults initiat-
ing first-line antiretroviral treatment in 
Uganda between April 2004 and June 
2005. The adult population was 69% 
female, had a mean age of 37 years, 
and 88% had WHO stage III and IV dis-
ease. The children were 48% female, 
had a mean age of 9.2 years, and 98% 
had WHO stage III and IV disease. All 
initiated NNRTI-based regimens, with 
stavudine/lamivudine/nevirapine be-
ing the most common in adults (73%) 
and zidovudine/lamivudine/efavirenz 
the most common in children (55%). 
Median CD4+ count was 99 cells/µL in 
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Table 3. Selected Studies from Resource-limited Settings

Study Name

Abstract No.

Country, Treatment 
Program

Duration of follow up

Baseline treatment regimen

(No. Patients)

Baseline age, sex, clinical 
stage, treatment 
experience

Baseline CD4+ cells/μL*

Log10 Copies  
HIV RNA/mL*

CD4+ cells/μL * 
Response

Response in Plasma 
HIV RNA copies/mL*

Mortality Comments

Efavirenz- vs  
Nevirapine-based ART 
Regimens: Adherence and 
Virologic Outcomes

Abstract 33

9 countries in southern Africa, 
Private-sector Aid for AIDS 
Disease Management Program

Jan 1999-Mar 2003;  
median, 2.2 y

nRTI + efavirenz  
(64.6%)

vs 

nRTI + nevirapine 
(35.4%)

(n=2821)

37.0 y, efavirenz: 60% female, 
nevirapine: 68% female, 
antiretroviral treatment-naive

Efavirenz 146 (mean)

Nevirapine 167 (mean)

>5.0 efavirenz: 61%

>5.0 nevirapine: 55%

Data not  
presented

In multivariate analysis 
controlling for adherence, 
hazard ratio for time 
to virologic failure after 
initial suppression was 
0.72 (0.59-0.88) for 
efavirenz vs nevirapine

Data not  
presented

Low adherence, low baseline CD4+ 
count, and high baseline plasma HIV 
RNA levels correlate with decreased 
time to virologic failure

Results could be due to efavirenz 
superiority or unmeasured 
confounders

Determinants of Mortality 
among HIV-infected 
Individuals Receiving Home-
based ART in Rural Uganda 

Abstract 34

Uganda, Global AIDS Program

Median, 2 y

Nevirapine/lamivudine/stavudine 
(96%)

Efavirenz/lamivudine/stavudine  
(4%)

(n=1120)

Median 38.0 y, 73% female, 
39% WHO Stage III or IV, 
antiretroviral treatment-naive

127 (median)

5.3 (median)

Data not  
presented

Data not presented Defined early mortality as <_ 
3 mos, 16.4 per 100 person-
years

Mortality decreased in each 
time period to 1.3 per 100 
person-years from 18-24 mos

Significantly more deaths from 
wasting in 0-3 mos

Most common conditions 
contributing to death in first 3 mos 
were: no diagnosis, Tb, cryptococcal 
disease, o/p candida

Baseline factors associated with 
mortality: CD4+ count 50-199 cells/
μL, Hgb <_ 10g/dL, BMI < 18 kg/m2, 
prior Tb, and depression index score

Variability in Populations 
Enrolled and Their Outcomes 
in HIV Care and Treatment 
Programs Across Countries in 
Sub-Saharan Africa

Abstract 534

Ethiopia, Kenya, Mozambique, 
Nigeria, Rwanda, South Africa, 
Tanzania, ICAP-supported, 
PEPFAR-funded

Sep 2004-Jun 2006

Majority on stavudine/lamivudine/nevirapine, 
except South Africa: stavudine/lamivudine/
efavirenz (86%)

(n=116,284 total; 71,482 on antiretrovirals)

58% female (of those on 
antiretrovirals), antiretroviral 
treatment-naive

104-198

 HIV RNA n.a.

At 6 mos: 246 
(range, 223-290)

At 12 mos: 291 
(range, 277-305)

No data available Mortality varied from 5% in 
Rwanda, Mozambique, and 
Tanzania to 15% in individual 
sites in Mozambique and 
Ethiopia (without active case 
finding)

The proportion of patients lost 
to follow up, without active 
case-finding, ranged from 1% in 
Rwanda to 17% in Kenya

98% of adult and 93% of children 
remained on first-line regimens

Clinical Outcomes and 
Emerging Challenges after 
5 Years of ART in a South 
African Township

Abstract 535

South Africa, government-
sponsored program

2001-mid-2006

Stavudine/lamivudine/efavirenz (37%)

Stavudine/lamivudine/nevirapine (43%)

(n=2565)

Median 32 y, 70% female, 
90% WHO Stage III and IV, 
antiretroviral treatment-naive

44 (median, 2001-2002)

and

99 (median, 2005)

HIV RNA n.a.

At 3 years: 
422 
(median)

At 3 years: 
80% with <400

Mortality at 6 mos (year of 
antiretroviral start):

12.4% (2001) 
5.4% (2005)

Proportion remaining in care at 
54 mos: 78%

Determinants of mortality: initial 
CD4+ count < 50 cells/μL, WHO 
stage IV disease, Kaposi’s sarcoma 
at any point

14% started second-line therapy by 
48 mos

Field Effectiveness of HAART 
in HIV-infected Adults in West 
Africa: The Aconda/ISPED/
EGPAF Program, Abidjan, Côte 
d’Ivoire 2004-06

Abstract 541

Côte d’Ivoire, PEPFAR-
sponsored

Mar 2004-Aug 2006

Stavudine/lamivudine/nevirapine (50%)

Stavudine/lamivudine/efavirenz (22%)

Zidovudine/lamivudine/efavirenz (21%) 

(n=7862)

34 y, 71% female, 77% WHO 
Stage III or IV, antiretroviral 
treatment-naive

116 (median)

 HIV RNA n.a.

At 6 mos: +136 
At 12 mos: +163 
At 18 mos: +213 
(in those still on 
treatment)

No data available 12-mo survival probability 
(baseline CD4+ count):

77% (<_ 50 cells/μL) 
86% (51-100 cells/μL) 
89% (101-150 cells/μL) 
93% (>150 cells/μL)

Lost to follow up at 12 mos: 19%

Factors associated with mortality: 
baseline CD4+ count <50 cells/μL, 
male sex, older age, low baseline 
Hgb, baseline BMI <18.5 kg/m2, 
baseline WHO stage III or IV, care 
center

Catalyzing the Care and 
Treatment of HIV-infected 
Children in Sub-Saharan 
Africa: Early Outcomes from 
5 Baylor College of Medicine 
Centers

Abstract 79

Botswana, Uganda, Lesotho, 
Swaziland, and Malawi, 
joint Baylor, CDC, industry 
foundations, and government-
sponsored

Dec 2001-Jan 2007

First-line therapy with zidovudine/lamivudine/ 
nevirapine

(n=5151)

5.1-7.8 y (mean), 50% female, 
50%-92% with WHO Stage III 
or IV, antiretroviral treatment-
naive

Botswana: 
CD4+ percentage: 15 
0%<400 copies/mL

Uganda: 
CD4+ percentage: 8

HIV RNA n.a.

Botswana: 
(n=880) 
 at 6 mos: +27% 
 at 12 mos: +30% 
 at 36 mos: +32%

Uganda: 
 at 6 mos: +18% 
 at 12 mos: +23% 
 at 24 mos: +26%

Botswana: 
 at 6 mos: 79% <400  
 at 12 mos: 81% <400  
 at 36 mos: 71% <400

Botswana: crude mortality 
of entire clinic (on and off 
antiretrovirals):

2003: 4.7% 
2004: 2.1% 
2005: 1.1% 
2006: 0.3%

Botswana at 2.5 y:

10% switched to second or third-
line treatment

93% alive and on treatment 

Outcomes of Adults Receiving 
Second-line ART in Médecins 
Sans Frontières-supported 
Projects in Resources-limited 
Countries

Abstract 35

22 countries in Africa, Asia, 
and Central America, MSF-
supported programs

Median time from antiretroviral 
initiation to switch 20 mos, 
median follow-up post-switch 
was 7 mos

91% had first-line stavudine/lamivudine/
nevirapine

47% had second-line nelfinavir-based, 46% 
had second-line lopinavir/ritonavir-based 
59% had didanosine-containing

(n=352, 0.4% of adults initiating antiretroviral 
treatment with MSF since 2001)

Median, 35 y, 57% female, 
at first-line antiretroviral 
initiation: 87% WHO Stage III 
or IV, included only patients 
entering program who were  
antiretroviral treatment-naive

At first-line antiretroviral 
initiation: 
63 (median), and at 
antiretroviral switch: 
99 (median)

4.64 (for those available)

At 6 mos: + 91 
(median)

At 12 mos: +113 
(median)

No data available At 6 mos: ~7% died

Probabilities of survival (death 
plus lost to follow-up): 

At 6 mos: 0.91 
At 12 mos: 0.86

At 5.0 mos: 6% lost to follow up

Factors associated with progression to 
death: CD4+ nadir <50 cells/μL

Authors’ speculation: low rate of 
second-line therapy use may be due to 
lack of availability, provider hesitation 
due to clinical status

FAR, United States President’s Emergency Plan for AIDS Relief; TB, Tuberculosis; WHO, World Health Organization. *CD4+ counts and HIV 
RNA are in units stated unless indicated otherwise.

BMI indicates body mass index; CDC, Centers for Disease Control and Prevention; HAART, highly active antiretroviral therapy; Hgb,  
hemoglobin; ICAP, International Center for AIDS Care and Treatment Programs; MSF, Médecins Sans Frontières; n.a., not available; PEP-
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Table 3. Selected Studies from Resource-limited Settings

Study Name

Abstract No.

Country, Treatment 
Program

Duration of follow up

Baseline treatment regimen

(No. Patients)

Baseline age, sex, clinical 
stage, treatment 
experience

Baseline CD4+ cells/μL*

Log10 Copies  
HIV RNA/mL*

CD4+ cells/μL * 
Response

Response in Plasma 
HIV RNA copies/mL*

Mortality Comments

Efavirenz- vs  
Nevirapine-based ART 
Regimens: Adherence and 
Virologic Outcomes

Abstract 33

9 countries in southern Africa, 
Private-sector Aid for AIDS 
Disease Management Program

Jan 1999-Mar 2003;  
median, 2.2 y

nRTI + efavirenz  
(64.6%)

vs 

nRTI + nevirapine 
(35.4%)

(n=2821)

37.0 y, efavirenz: 60% female, 
nevirapine: 68% female, 
antiretroviral treatment-naive

Efavirenz 146 (mean)

Nevirapine 167 (mean)

>5.0 efavirenz: 61%

>5.0 nevirapine: 55%

Data not  
presented

In multivariate analysis 
controlling for adherence, 
hazard ratio for time 
to virologic failure after 
initial suppression was 
0.72 (0.59-0.88) for 
efavirenz vs nevirapine

Data not  
presented

Low adherence, low baseline CD4+ 
count, and high baseline plasma HIV 
RNA levels correlate with decreased 
time to virologic failure

Results could be due to efavirenz 
superiority or unmeasured 
confounders

Determinants of Mortality 
among HIV-infected 
Individuals Receiving Home-
based ART in Rural Uganda 

Abstract 34

Uganda, Global AIDS Program

Median, 2 y

Nevirapine/lamivudine/stavudine 
(96%)

Efavirenz/lamivudine/stavudine  
(4%)

(n=1120)

Median 38.0 y, 73% female, 
39% WHO Stage III or IV, 
antiretroviral treatment-naive

127 (median)

5.3 (median)

Data not  
presented

Data not presented Defined early mortality as <_ 
3 mos, 16.4 per 100 person-
years

Mortality decreased in each 
time period to 1.3 per 100 
person-years from 18-24 mos

Significantly more deaths from 
wasting in 0-3 mos

Most common conditions 
contributing to death in first 3 mos 
were: no diagnosis, Tb, cryptococcal 
disease, o/p candida

Baseline factors associated with 
mortality: CD4+ count 50-199 cells/
μL, Hgb <_ 10g/dL, BMI < 18 kg/m2, 
prior Tb, and depression index score

Variability in Populations 
Enrolled and Their Outcomes 
in HIV Care and Treatment 
Programs Across Countries in 
Sub-Saharan Africa

Abstract 534

Ethiopia, Kenya, Mozambique, 
Nigeria, Rwanda, South Africa, 
Tanzania, ICAP-supported, 
PEPFAR-funded

Sep 2004-Jun 2006

Majority on stavudine/lamivudine/nevirapine, 
except South Africa: stavudine/lamivudine/
efavirenz (86%)

(n=116,284 total; 71,482 on antiretrovirals)

58% female (of those on 
antiretrovirals), antiretroviral 
treatment-naive

104-198

 HIV RNA n.a.

At 6 mos: 246 
(range, 223-290)

At 12 mos: 291 
(range, 277-305)

No data available Mortality varied from 5% in 
Rwanda, Mozambique, and 
Tanzania to 15% in individual 
sites in Mozambique and 
Ethiopia (without active case 
finding)

The proportion of patients lost 
to follow up, without active 
case-finding, ranged from 1% in 
Rwanda to 17% in Kenya

98% of adult and 93% of children 
remained on first-line regimens

Clinical Outcomes and 
Emerging Challenges after 
5 Years of ART in a South 
African Township

Abstract 535

South Africa, government-
sponsored program

2001-mid-2006

Stavudine/lamivudine/efavirenz (37%)

Stavudine/lamivudine/nevirapine (43%)

(n=2565)

Median 32 y, 70% female, 
90% WHO Stage III and IV, 
antiretroviral treatment-naive

44 (median, 2001-2002)

and

99 (median, 2005)

HIV RNA n.a.

At 3 years: 
422 
(median)

At 3 years: 
80% with <400

Mortality at 6 mos (year of 
antiretroviral start):

12.4% (2001) 
5.4% (2005)

Proportion remaining in care at 
54 mos: 78%

Determinants of mortality: initial 
CD4+ count < 50 cells/μL, WHO 
stage IV disease, Kaposi’s sarcoma 
at any point

14% started second-line therapy by 
48 mos

Field Effectiveness of HAART 
in HIV-infected Adults in West 
Africa: The Aconda/ISPED/
EGPAF Program, Abidjan, Côte 
d’Ivoire 2004-06

Abstract 541

Côte d’Ivoire, PEPFAR-
sponsored

Mar 2004-Aug 2006

Stavudine/lamivudine/nevirapine (50%)

Stavudine/lamivudine/efavirenz (22%)

Zidovudine/lamivudine/efavirenz (21%) 

(n=7862)

34 y, 71% female, 77% WHO 
Stage III or IV, antiretroviral 
treatment-naive

116 (median)

 HIV RNA n.a.

At 6 mos: +136 
At 12 mos: +163 
At 18 mos: +213 
(in those still on 
treatment)

No data available 12-mo survival probability 
(baseline CD4+ count):

77% (<_ 50 cells/μL) 
86% (51-100 cells/μL) 
89% (101-150 cells/μL) 
93% (>150 cells/μL)

Lost to follow up at 12 mos: 19%

Factors associated with mortality: 
baseline CD4+ count <50 cells/μL, 
male sex, older age, low baseline 
Hgb, baseline BMI <18.5 kg/m2, 
baseline WHO stage III or IV, care 
center

Catalyzing the Care and 
Treatment of HIV-infected 
Children in Sub-Saharan 
Africa: Early Outcomes from 
5 Baylor College of Medicine 
Centers

Abstract 79

Botswana, Uganda, Lesotho, 
Swaziland, and Malawi, 
joint Baylor, CDC, industry 
foundations, and government-
sponsored

Dec 2001-Jan 2007

First-line therapy with zidovudine/lamivudine/ 
nevirapine

(n=5151)

5.1-7.8 y (mean), 50% female, 
50%-92% with WHO Stage III 
or IV, antiretroviral treatment-
naive

Botswana: 
CD4+ percentage: 15 
0%<400 copies/mL

Uganda: 
CD4+ percentage: 8

HIV RNA n.a.

Botswana: 
(n=880) 
 at 6 mos: +27% 
 at 12 mos: +30% 
 at 36 mos: +32%

Uganda: 
 at 6 mos: +18% 
 at 12 mos: +23% 
 at 24 mos: +26%

Botswana: 
 at 6 mos: 79% <400  
 at 12 mos: 81% <400  
 at 36 mos: 71% <400

Botswana: crude mortality 
of entire clinic (on and off 
antiretrovirals):

2003: 4.7% 
2004: 2.1% 
2005: 1.1% 
2006: 0.3%

Botswana at 2.5 y:

10% switched to second or third-
line treatment

93% alive and on treatment 

Outcomes of Adults Receiving 
Second-line ART in Médecins 
Sans Frontières-supported 
Projects in Resources-limited 
Countries

Abstract 35

22 countries in Africa, Asia, 
and Central America, MSF-
supported programs

Median time from antiretroviral 
initiation to switch 20 mos, 
median follow-up post-switch 
was 7 mos

91% had first-line stavudine/lamivudine/
nevirapine

47% had second-line nelfinavir-based, 46% 
had second-line lopinavir/ritonavir-based 
59% had didanosine-containing

(n=352, 0.4% of adults initiating antiretroviral 
treatment with MSF since 2001)

Median, 35 y, 57% female, 
at first-line antiretroviral 
initiation: 87% WHO Stage III 
or IV, included only patients 
entering program who were  
antiretroviral treatment-naive

At first-line antiretroviral 
initiation: 
63 (median), and at 
antiretroviral switch: 
99 (median)

4.64 (for those available)

At 6 mos: + 91 
(median)

At 12 mos: +113 
(median)

No data available At 6 mos: ~7% died

Probabilities of survival (death 
plus lost to follow-up): 

At 6 mos: 0.91 
At 12 mos: 0.86

At 5.0 mos: 6% lost to follow up

Factors associated with progression to 
death: CD4+ nadir <50 cells/μL

Authors’ speculation: low rate of 
second-line therapy use may be due to 
lack of availability, provider hesitation 
due to clinical status

FAR, United States President’s Emergency Plan for AIDS Relief; TB, Tuberculosis; WHO, World Health Organization. *CD4+ counts and HIV 
RNA are in units stated unless indicated otherwise.

BMI indicates body mass index; CDC, Centers for Disease Control and Prevention; HAART, highly active antiretroviral therapy; Hgb,  
hemoglobin; ICAP, International Center for AIDS Care and Treatment Programs; MSF, Médecins Sans Frontières; n.a., not available; PEP-
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adults and 272 cells/µL (CD4+ cell per-
centage, 8.6) in children; mean plas-
ma HIV-1 RNA level at baseline was 
5.3 log10 copies/mL in both children 
and adults. Nevirapine or zidovudine 
had been used for PMTCT in 21 of the 
adults and 9 children. Children were 
almost twice as likely as adults to have 
plasma HIV-1 RNA above 2.6 log10 cop-
ies/mL (26% vs 14%, respectively;  
P = .0001). Predictors of virologic fail-
ure in children were male sex (odds 
ratio [OR], 2.54; 95% CI, 1.18-5.57), 
CD4+ percentage below 5 (OR, 3.99; 
95%CI, 1.75-9.07), and initial antiret-
roviral regimen of stavudine/lamivu-
dine/nevirapine versus zidovudine/la-
mivudine/efavirenz (OR, 3.33; 95% 
CI, 1.51-7.36). The same initial anti-
retroviral regimen predicted failure in 
adults.

Nkengasong and colleagues (Ab-
stract 729) analyzed data from 134 
children receiving their first antiret-
roviral treatment regimen between 
August 1998 and September 2003 in 
Côte d’Ivoire. At baseline, the median 
age was 7 years, 80% of the children 
had a CD4+ percentage of below 15, 
and the median plasma HIV-1 RNA 
level was 5.6 log10 copies/mL. After 1 
year of antiretroviral therapy, 54% of 
children had an undetectable plasma 
HIV-1 RNA and cumulative probability 
of developing any class of drug resis-
tance was 0.44 (95% CI, 0.35-0.53). 
The magnitude of the virologic re-
sponse was associated with emergence 
of drug resistance, as were smaller in-
creases in CD4+ count from baseline, 
and dual-drug regimens.

Adherence in  
Resource-limited Settings

Although the need for strict adherence 
to antiretroviral medications is well 
documented in the literature, factors 
affecting antiretroviral treatment dis-
continuation and modification in re-
source-limited settings are not well de-
scribed. Three abstracts took different 
approaches to adherence evaluation in 
Africa.

Kiguba and colleagues (Abstract 
530) conducted a cross-sectional study 
of 686 individuals on antiretroviral 

therapy in 2 treatment centers in Kam-
pala, Uganda. The median age of par-
ticipants was 36 years, median CD4+ 
count was 175 cells/µL, and 70% were 
female. The majority of the patients 
(83.8%) were receiving NNRTI-based reg-
imens. Adherence was assessed by self-
report using semistructured quantitative 
and unstructured qualitative interviews. 
Ninety-four patients (13.7%) had at least 
1 episode of discontinuation (defined as 
simultaneous discontinuation of all an-
tiretroviral drugs for at least 1 month). 
There were 175 patients (25.5%) who 
reported modifying therapy by chang-
ing or switching at least 1 antiretroviral 
medication. The most common reason 
for discontinuation was drug cost (43%), 
and for modification was avoidance of 
adverse events (71.8%). In a multivari-
ate logistic regression analysis adjusting 
for baseline parameters, factors associ-
ated with discontinuation were duration 
of antiretrovirals of less than 1 year (OR, 
11.11; 95% CI, 5.00-25.00), year of ini-
tiation being 2004 or earlier (OR, 4.42; 
95% CI, 1.90-10.47), prior antiretroviral 
experience (OR, 3.70; 95% CI, 2.13-
6.25), history of hospitalization (OR, 
2.36; 95% CI, 1.32-4.20), and use of al-
ternative medicines (OR, 2.18; 95% CI, 
1.06-4.47). Modification was associated 
with duration of therapy more than 3 
months (OR, 3.13; 95% CI, 1.16-8.33), 
year of initiation being 2004 or less (OR, 
2.10; 95% CI, 1.02-4.31), being married 
(OR, 0.61; 95% CI, 0.37-0.98), and low 
regimen pill burden (OR, 0.04; 95% CI, 
0.02-0.08).

Mosoko and colleagues (Abstract 
536) used a retrospective cohort analy-
sis to examine adherence to antiretrovi-
ral therapy and loss to follow up during 
2 time periods in Limbe, Cameroon. 
The investigators compared data for 
patients before and after October 2004, 
when the government reduced the cost 
of antiretrovirals from approximately 
US $30 per month to US $6 per month. 
The annual gross domestic product per 
capita in Cameroon is US $2400 (2006 
estimate), but the population served 
by the clinic is highly economically 
disadvantaged and costs for antiretro-
viral therapy remain a large portion of 
household income even after the price 
reduction. A total of 2920 patients were 

included in the study; the median age 
was 35 years, 62% were female, and 
the median follow-up time was 6.2 
months. Some 55.7% had “good” ac-
cess to the clinic, defined as living less 
than 40 kilometers away. Probability 
of remaining alive and in care at 15 
months without active case-finding 
was not statistically significantly dif-
ferent between the 2 time periods 
(HR, 1.1; 95% CI, 1.0-1.2). Multivari-
ate analysis revealed several factors 
associated with remaining in care, in-
cluding female sex (HR, 1.2; 95% CI. 
1.1-1.3; P = .003), good access to the 
clinic (HR, 1.5; 95% CI, 1.3-1.8; P < 
.001), and treatment paid by a funding 
program or employer (HR, 3.6; 95% 
CI, 2.2-6.0; P < .001). The investiga-
tors found that mean enrollment per 
month increased significantly with 
the decrease in antiretroviral cost: 
46.5 persons enrolled per month in 
the first time period and 95.5 persons 
per month in the second (P < .001).

Nachega and colleagues (Abstract 
548) performed an analysis of direct 
health care costs associated with pa-
tient demographic characteristics, 
baseline CD4+ cell count, and level 
of antiretroviral adherence as deter-
mined by pharmacy claims data in 
5455 HIV-1-infected adults initiating 
NNRTI-based antiretroviral therapy 
in southern Africa between 1998 and 
2003. The cohort had a mean age of 
37.1 years, and was 59.6% female. 
Mean baseline CD4+ count was 
152.6 cells/µL and the mean follow-up 
period was 27.3 months. The investi-
gators noted a statistically significant 
dose-response relationship between 
nonantiretroviral therapy-related 
health expenditures (eg, consulta-
tions, hospitalizations, investigations, 
and medications other than antiret-
rovirals) and adherence. In those pa-
tients whose adherence rate was 95% 
or higher, nonantiretroviral therapy 
costs were US $152 per month (95% 
CI, 146-157), and in those with lower 
than 50% adherence, costs were US 
$200 per month (95% CI, 189-211). 
Total monthly health care costs de-
creased with time on antiretroviral 
therapy by approximately US $9 per 
month. Poor adherence, low baseline 
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CD4+ cell count, older age, and black 
race were all associated with higher to-
tal expenditures.

Laboratory Monitoring in  
Resource-limited Settings

Plasma HIV-1 RNA measurements are 
frequently unavailable in resource-
limited countries and low-cost sur-
rogates for virologic response would 
be a great benefit to monitoring anti-
retroviral therapy in these settings. In 
an attempt to predict virologic failure 
with CD4+ count change, Wood and 
colleagues (Abstract 538) examined a 
cohort of 161 patients receiving anti-
retroviral therapy in Capetown, South 
Africa, who had experienced at least 
1 episode of virologic failure, defined 
as a single episode of plasma HIV-1 
RNA above 3.0 log10 copies/mL follow-
ing a first plasma HIV-1 RNA of below 
2.6 log10 copies/mL. Risk of virologic 
failure was independently associated 
with baseline CD4+ count (relative 
risk [RR] 2.48; 95% CI, 1.07-5.74, P = 
.04) and with CD4+ count increases 
of less than 100 cells/µL during follow 
up (RR, 2.54; 95% CI, 1.01-6.43, P = 
.03). However, a negative CD4+ count 
slope in values 3 to 2 months prior to 
failure had a sensitivity for detecting 
virologic failure of only 55.3% (95% 
CI, 47.2-63.1), a specificity of 61.5% 
(95% CI, 59.6-63.3), a positive predic-
tive value of 7.8% (95% CI, 6.3-9.5), 
and a negative predictive value of 
95.9% (95% CI, 94.8-96.8) indicating 
that change or negative slope in CD4+ 
cell count was a poor predictor of viro-
logic failure.

Meya and colleagues (Abstract 531) 
expanded on the above strategy in a 
cross-sectional study of 496 patients 
in Uganda on NNRTI-based antiretrovi-
ral regimens. They searched for treat-
ment, adherence, clinical, and labo-
ratory parameters that could predict 
virologic failure, defined as a plasma 
HIV-1 RNA level above 2.6 log10 cop-
ies/mL. The cohort was 65% female 
and had a median age of 38 years, 
and 63% were on a nevirapine-based 
regimen. One hundred and seventeen 
patients had plasma HIV-1 RNA above 
2.6 log10 copies/mL. Predictors of vi-

rologic failure in multivariate analysis 
were CD4+ count below baseline with 
a fall of greater than 30% from the 
peak value achieved on antiretroviral 
treatment (OR, 3.7; 95% CI, 1.4-9.4, 
P = .007) and any treatment inter-
ruption of more than 2 days (OR, 3.6; 
95% CI, 1.7-7.4, P = .001). A failure 
score was then developed using these 
2 parameters with 1 point for each 
parameter. If both parameters were 
absent (score=0) the test had a sen-
sitivity of 57% (95% CI, 42-71), speci-
ficity of 81% (95% CI, 77-84), a posi-
tive predictive value of 25% (95% CI, 
17-34), and negative predictive value 
of 95% (95% CI, 91-96) for predict-
ing plasma HIV-1 RNA below 2.6 log10 
copies/mL. Applying this monitoring 
algorithm to the cohort, 112 patients 
would have had a failure score of 1 or 2 
and been assigned to virologic testing, 
and 384 would have been assigned as 
score of 0 and not tested, resulting in 
21 missed failures.

Iqbal and colleagues (Abstract 
673) compared the performance of a 
non-nucleic acid-based plasma HIV-1 
RNA assay to a gold standard nucle-
ic acid-based assay on 121 plasma 
specimens from 107 HIV-1 subtype 
C-infected patients. The sensitivity of 
the non-nucleic acid-based assay to 
detect HIV-1 RNA below 2.6 log10 cop-
ies/mL (equivalent to <5500 copies/
mL) was 100%. The difference seen 
in the non-nucleic acid-based assay 
compared with standard polymerase 
chain reaction (PCR) was a decrease 
of 0.23 log10 copies/mL (95% CI, 
−0.91-0.45). This study suggested 
that this less expensive and techni-
cally simpler method should be eval-
uated further as a substitute for cur-
rent plasma HIV-1 RNA tests.

Waters and colleagues (Abstract 
674) conducted an analysis of filter 
paper transfer of whole blood and 
plasma samples from resource-limit-
ed settings to a European laboratory 
for plasma HIV-1 RNA determinations 
in patients on antiretroviral therapy. 
Blood samples from 402 patients in 
Uganda underwent local testing using 
a standard reverse transcriptase PCR-
based assay. Blood droplets were si-
multaneously transferred to filter pa-

per that was sent to Holland every 3 
weeks for RNA extraction and testing 
using a real-time reverse transcrip-
tase PCR assay with a lower limit of 
detection of 2.7 log10 copies/mL. Us-
ing the local testing as the gold stan-
dard, the whole-blood filter-paper 
transfer assay had a sensitivity of 
86% (99% CI, 67-100), a specificity 
of 77% (99% CI, 69-85), a negative 
predictive value of 27% (99% CI, 14-
40), and a positive predictive value of 
98% (99% CI, 95-100). The plasma 
filter paper transfer assay showed 
improved performance, with a sen-
sitivity of 100% (99% CI, 84-100), 
specificity of 99% (99% CI, 97-100), 
negative predictive value of 95% 
(99% CI, 77-99) and positive predic-
tive value of 100% (99% CI, 98-100) 
compared with the local gold stan-
dard. Filter paper transfer of plasma 
specimens could be a reliable means 
of virologic testing in resource-limit-
ed settings. Whole-blood filter-paper 
transfer testing was limited by a high 
number of false-positive results.

Dried blood spots are used in re-
source-limited settings as an alter-
native to plasma for drug resistance 
testing. Masciotra and colleagues 
(Abstract 629) evaluated the level of 
concordance between resistance de-
tected in plasma versus dried blood 
spot. Specimens from 60 patients 
infected with HIV-1 subtype B virus 
were collected, and successfully RNA 
genotyped in 50 patients. There was 
good correlation between plasma and 
dried blood spot identification of re-
sistance mutations with dried blood 
spot detecting 97% (306 of 316) of 
mutations identified in plasma, and 
plasma detecting 95% (306 of 322) 
of mutations identified in dried blood 
spot. A majority of discrepancies 
were secondary to mixtures contain-
ing minor protease position altera-
tions and unusual amino acids substi-
tutions in reverse transcriptase. Only 
2 major mutations were absent in 
dried blood spots (M46L and K103N). 
In this small study, dried blood spots 
appeared to be a feasible and reliable 
alternative to plasma for resistance 
mutation detection in resource-lim-
ited settings (see also5).
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Prevention of Maternal-to-child 
Transmission 

Bulterys presented an overview re-
garding the status of PMTCT and the 
reasons it continues to be inadequate 
in resource-limited settings (Abstract 
11). Rates of maternal-to-child trans-
mission (MTCT) of HIV without inter-
vention are 15% to 45% but can be 
reduced to 1% using antiretroviral 
prophylaxis, caesarian delivery, and 
avoidance of breastfeeding. In indus-
trialized nations, these interventions 
have been successful at reducing rates 
of MTCT to around 2% or less but in 
resource-limited settings, particularly 
sub-Saharan Africa, rates of MTCT 
remain close to rates without inter-
vention. According to United Nations 
International Children’s Emergency 
Fund (UNICEF) global estimates for 
2005, there were 21 million HIV-sero-
positive pregnant women worldwide, 
of whom only 22% were identified as 
infected during pregnancy or delivery; 
10% of mothers received antiretroviral 
prophylaxis and 8% of HIV-exposed 
infants received antiretroviral prophy-
laxis. Bulterys suggested that PMTCT 
continues to fail in resource-limited 
settings. Lack of resources is a key 
limitation to successful PMTCT, and 
includes inadequate antenatal care 
infrastructures, limited availability of 
rapid HIV test kits and antiretroviral 
medications, a disconnection between 
PMTCT programs that identify HIV-se-
ropositive pregnant women and their 
families and programs that provide 
long-term HIV care and antiretroviral 
therapy, and competing health pri-
orities in the face of decreasing health 
care resources. Lack of access to clean 
water and good alternatives to breast-
feeding counteract decreased rates of 
HIV transmission in resource-limited 
settings due to increased rates of mor-
tality in formula-fed infants (see “HIV 
Epidemiology and Prevention Inter-
ventions” in this issue). Bulterys con-
cluded that the United Nations goal to 
decrease new HIV infections globally 
by 50% can be met but only by radi-
cally increasing access to and imple-
mentation of PMTCT. He suggested 
that full integration of maternal and 

child health care, incorporation of non-
professional trained birth attendants 
into PMTCT programs, recognition of 
PMTCT as a crucial entry point to care 
for HIV-seropositive women and their 
families, and improvement of linkages 
between PMTCT and long-term anti-
retroviral services are key strategies to 
decrease rates of MTCT. The following 
abstracts reported on current efforts 
and barriers to decreasing MTCT.

Antiretroviral Prophylaxis for 
Prevention of Mother-to-Child 
Transmission Among Women Ineligible 
for Antiretroviral Treatment

In the Drug Resource Enhance-
ment against AIDS and Malnutrition 
(DREAM) protocol, all HIV-seroposi-
tive pregnant women received potent 
antiretroviral therapy predelivery and 
postpartum regardless of virologic 
and immunologic status. In Abstract 
747, outcomes of 341 HIV-seroposi-
tive women in Mozambique from the 
DREAM study who received triple- 
antiretroviral prophylaxis for PMTCT 
with either zidovudine/lamivudine/ne-
virapine or stavudine/lamivudine/nevi-
rapine at 25 weeks gestation through 
6 months postpartum were presented. 
At baseline, mean age, CD4+ count, 
viral load, and percent in clinical class 
WHO stage III to IV were 26 years, 422 
cells/µL, 3.94 log10 copies/mL, and 6, 
respectively. Median time of antiret-
roviral therapy predelivery was 87 
days. At 1 month postpartum, 4 of 341 
(1.2%) infants tested were HIV sero-
positive and at 6 months an additional 
2 of 251 (0.8%) infants tested were 
HIV seropositive (98 infants were not 
yet 6 months old and 8 infants were 
lost to follow up). Seven infants died, 
all of whom were HIV seronegative at 
1 month (mortality rate 28.5% child-
years). Risk of MTCT was not associat-
ed with baseline CD4+ count or viral 
load. There was a trend of decreased 
transmission among women with lon-
ger predelivery exposure to antiretrovi-
rals (129 days among nontransmitters 
vs 79 days among transmitters) but 
the difference was not statistically sig-
nificant (P = .58).

In a cost-effectiveness analysis of 

the DREAM study, costs for infections 
averted and Disability Adjusted Life 
Years (DALY) saved were calculated 
according to the Joint United Nations 
Programme on HIV/AIDS (UNAIDS) 
guidelines for intervention evaluation 
(Abstract 762). Of 6175 pregnant wom-
en who received antenatal HIV testing, 
1862 tested HIV seropositive; 1594 of 
these HIV-seropositive pregnant wom-
en entered the program. The majority 
of program costs were spent on labo-
ratory analyses (30%), medications 
(24%), and personnel (21%). Infection 
rates at 1 month and 6 months were 
3.8% and 1.5%, respectively, resulting 
in an estimated 481 averted infections. 
The efficacy of the intervention was 
calculated to be 68.53% avoided infec-
tions through 6 months postpartum, 
with a calculated cost of US $518 per 
infection averted and US $22 per DALY 
saved. Subtracting the cost of care for 
HIV-seropositive children (US $369 per 
HIV-seropositive child), cost per infec-
tion was US $149 per infection averted 
and US $6 per DALY saved. This study 
showed that PMTCT with potent anti-
retroviral prophylaxis is cost-effective. 
Additional benefits not reflected in this 
analysis include decreasing the num-
ber of orphans by increasing the life 
expectancy of the mother, supporting 
the health sector by training of local 
personnel, and decreasing stigma by 
improving the quality of life of HIV-
seropositive adults and their families 
thereby facilitating other HIV and AIDS-
related public health interventions.

Antiretroviral Treatment of HIV-
seropositive Pregnant Women

Providing long-term potent anti-
retroviral therapy for eligible HIV-se-
ropositive women is an important 
global public health initiative both for 
the women who require antiretroviral 
drugs and for PMTCT. The following 
studies evaluated outcomes among 
women who initiated antiretroviral 
therapy during pregnancy.

The DART study is a randomized 
trial of antiretroviral-monitoring strat-
egies among adults with symptomatic 
HIV infection and CD4+ counts below 
200 cells/µL in Uganda and Zimbabwe 
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(Abstract 746). Outcomes of 221 preg-
nancies in 198 women were assessed 
over a median follow-up period of 2.4 
years. Median CD4+ count was 115 
cells/µL and 18% were WHO Stage IV 
at baseline. Most of the women were 
on a regimen of zidovudine/lamivu-
dine plus tenofovir (70%), nevirapine 
(15%), or abacavir (4%). Among the 
164 women with a known outcome 
there were 91 live births (55%), 11 
stillbirths (7%), and 62 terminations 
(38%). No infants were diagnosed 
with HIV infection. Four of the wom-
en died and 3 infants had congenital 
abnormalities. This is the largest data 
set on in utero exposure to triple an-
tiretroviral therapy in resource-limited 
settings, the only data set evaluating in 
utero exposure to tenofovir to date, and 
is reassuring given the absence of peri-
natal transmission detected and rates 
of congenital abnormalities similar to 
other studies. Analysis of maternal and 
infant outcomes is ongoing. 

A prospective study of HIV-seroposi-
tive, antiretroviral-naive (aside from 
prior single-dose nevirapine for PMTCT) 
pregnant women with CD4+ counts 
below 350 cells/µL was conducted at 
a prenatal care clinic in Mozambique 
(Abstract 756). Antiretroviral therapy 
with nevirapine/lamivudine plus zid-
ovudine or stavudine was initiated 3 
weeks after enrollment and continued 
until at least 6 months postpartum. In-
fants were given single-dose nevirap-
ine within 48 hours of delivery. Of 163 
women who enrolled in the study, 148 
received antenatal antiretroviral thera-
py and 146 were followed up through 
delivery. These 146 women delivered 
149 infants, of whom 17 died prior to 
HIV testing and 26 were not tested. 
Seven of 106 (6.6%) tested infants 
were HIV-1 seropositive. Maternal and 
infant characteristics, including mater-
nal baseline CD4+ count, HIV-1 RNA 
viral load, duration of antiretroviral 
therapy, and feeding strategy did not 
correlate with perinatal transmission. 
This relatively high rate of perinatal 
transmission in the setting of potent 
antiretroviral therapy could have re-
sulted from subtherapeutic concen-
trations of antiretroviral drugs in the 
setting of pregnancy and nursing or 

nonadherence, neither of which were 
assessed in this study. 

Suppression of HIV-1 RNA During 
Prevention of Mother-to-Child 
Transmission

The European Collaborative Study is a 
cohort of HIV-1-infected pregnant wom-
en and their infants from 10 European 
countries (Abstract 758). An analysis of 
time to virologic suppression was con-
ducted in 240 women from this cohort 
who had their initial diagnosis of HIV 
during pregnancy or documented non-
receipt of prior antiretroviral therapy. All 
women received potent antiretroviral 
therapy; 156 (65%) initiated a PI-based 
regimen (80% nelfinavir) and 84 (35%) 
initiated a nevirapine-based regimen. 
Fifty-nine percent were black, 90% 
were born in Africa, and 64% were di-
agnosed with HIV during pregnancy. At 
time of delivery, 73% achieved virologic 
suppression. Antiretroviral regimen did 
not correlate with virologic suppression 
but time to undetectable HIV-1 RNA was 
faster among patients on a nevirapine-
based regimen (HR, 1.54), who had 
a country of origin in West Africa (HR, 
1.90), and whose baseline HIV-1 RNA 
was below 3.81 log10 copies/mL (HR, 
2.76). Among women with baseline 
CD4+ count below 250 cells/µL, 82.4% 
on nevirapine-based regimens achieved 
virologic suppression at 8.5 weeks com-
pared with 50.4% on PI-based regimens. 
Faster time to virologic suppression may 
have been due to the suboptimal effica-
cy of non-boosted PI nelfinavir pharma-
cokinetics during pregnancy leading to 
subtherapeutic levels, or nonadherence 
in the PI group, neither of which were 
assessed. Faster virologic suppression 
among women from West Africa may 
have been the result of differences in 
HIV-1 subtype or host biologic or genetic 
differences.

In a retrospective cohort of 114 
women and infant pairs exposed to po-
tent antiretroviral therapy in Vancouver, 
British Columbia (Abstract 759), 80% 
of women had achieved virologic sup-
pression at time of delivery with no dif-
ference in probability of suppression 
between women on a PI-based regimen 
(n=57) versus an NNRTI-based regi-

men (n=34); 1 woman on a salvage 
regimen was not included. Women 
who had prior history of antiretroviral 
therapy had a longer time to achieving 
virologic suppression than did women 
with no prior history of antiretroviral 
therapy (58 vs 34 days, respectively). 
Adherence based on pharmacy records 
correlated with proportion of patients 
achieving virologic suppression: 90.2% 
of patients who had virologic suppres-
sion had “excellent adherence” com-
pared with 54.5% of patients who did 
not achieve virologic suppression.

Antiretroviral Prevention of Mother-
to-Child Transmission: Effects on 
Resistance in Mothers and Infants

Coffie and colleagues (Abstract 93LB) 
presented a prospective cohort study 
of 247 women in Côte d’Ivoire with at 
least 1 prior pregnancy who initiated 
antiretroviral treatment with stavudine 
or zidovudine plus lamivudine plus ne-
virapine or efavirenz. Virologic and im-
munologic responses were evaluated 
12 months after initiation. Eighty-six 
women had previous exposure to sin-
gle-dose nevirapine and short-course 
zidovudine with lamivudine for PMTCT, 
52 had previous exposure to single-
dose nevirapine and short-course zid-
ovudine, and 109 women had no his-
tory of antiretretroviral exposure for 
PMTCT. Of women who received ne-
virapine plus zidovudine/lamivudine, 
11 of 73 had baseline resistance to la-
mivudine (15.1%) and 3 of 70 (4.3%) 
had baseline resistance to nevirapine. 
Sixteen of 42 (38.1%) in the nevirap-
ine plus zidovudine group had baseline 
resistance to nevirapine. Neither group 
had evidence of zidovudine resistance. 
The overall rate of virologic failure (HIV-
1 RNA > 500 copies/mL) at 12 months 
was 19% (42 of 219). Fifty percent of 
women with baseline lamivudine re-
sistance had failure, compared with 
18.9% of women exposed to lamivu-
dine but with no evidence of baseline 
resistance. Among women with base-
line nevirapine resistance 27.8% had 
failure, compared with 18.6% among 
women exposed to nevirapine but with 
no evidence of baseline nevirapine 
resistance. Women with no history of 
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antiretroviral exposure for PMTCT had 
a 16% rate of virologic failure. In multi-
variate analysis, baseline CD4+ count 
below 200 cells/µL, baseline lamivudine 
resistance and, especially, poor adher-
ence were associated with virologic fail-
ure with ORs of 0.34, 6.86, and 12.68, 
respectively. PMTCT-acquired lamivu-
dine resistance was associated with 
poorer 12-month virologic outcomes. 
However, time of initiation and dura-
tion of antiretroviral therapy may have 
confounded the outcomes in the lami-
vudine group, as time to initiation of 
antiretroviral therapy post-PMTCT was 
shorter among the lamivudine-exposed 
group than in women who received 
PMTCT prophylaxis without lamivudine 
(median 15 months vs 28 months), and 
time of exposure to antiretrovirals dur-
ing PMTCT prophylaxis was longer in 
the lamivudine-exposed group (median 
56 days vs 30 days). 

A study of infants born to HIV-sero-
positive women in Mozambique (Ab-
stract 92) compared rates of NNRTI re-
sistance among infants infected in utero 
(HIV-1-seropositive by PCR at birth up 
to 2 weeks postpartum) with rates 
among infants infected intrapartum or 
early postpartum (HIV-1-PCR-positive 2-
8 weeks postpartum). Standard of care 
for PMTCT in this setting is initiation 
of potent antiretroviral therapy in all 
HIV-seropositive pregnant women with 
CD4+ counts below 350 cells/µL, and 
short-course zidovudine at 34 weeks 
gestation followed by single-dose nevi-
rapine in the mother at labor and in the 
infant at birth for HIV-seropositive preg-
nant women with CD4+ counts above 
350 cells/µL. Data for 330 infants who 
have enrolled thus far were presented. 
Twenty-two of 330 infants (6.7%) were 
infected in utero (7 have died, 8 are lost 
to follow up, and 7 continue follow up), 
14 of 199 infants (7.0%) were infected 
peripartum (excluding infants who were 
HIV-1 seronegative at birth but status at 
8-week follow up was unknown) and in 
131 of 330, HIV status at birth was un-
known. Six-month mortality of infants 
infected in utero and intra-peripartum 
was 6 of 16 (37.5%) and 0 of 6 (0%), 
respectively. Oligonucleotide ligation 
assay specific for detecting the NNRTI 
mutations K103N, Y181C, and G190A 

was conducted in samples from 29 in-
fants. Four of 16 infants infected in utero 
and 4 of 13 infants infected intra-peri-
partum had evidence of nevirapine re-
sistance. The 2 infants infected in utero 
who had wild-type virus received single-
dose nevirapine at birth but their moth-
ers did not receive nevirapine. Infants 
infected in utero who had resistance 
mutations had a mixture of mutant and 
wild-type virus, whereas infants infect-
ed intra-peripartum had either 100% 
resistant virus or 100% wild type. The 
dichotomy of virus (all resistant or all 
wild type) among infants infected intra-
peripartum might result in persistent 
nevirapine resistance among infants in-
fected with mutant strains. In contrast, 
the mixture of resistant and wild-type 
virus in infants infected in utero could 
result in a better chance of reversion to 
wild type. The high mortality associated 
with in utero infection indicates a need 
for earlier treatment. However, the high 
rates of nevirapine resistance in this 
group would require a non-nevirapine-
based regimen. This study is ongoing 
and will assess rates of MTCT through 
breastfeeding and whether resistance 
mutations fade over time. 

Antiretroviral resistance in breast 
milk. In a study of PMTCT among 40 
HIV-seropositive pregnant women in 
Mozambique who received zidovudine/
lamivudine/nevirapine at 28 weeks ges-
tation through 4 weeks postpartum, lev-
els of HIV-1 RNA and resistance patterns 
were evaluated in the first week after 
delivery (Abstract 764). Major resistance 
to NNRTIs and lamivudine were present 
in plasma of 3 of 40 (7.5%) and 1 of 40 
(2.5%) women, respectively. Similarly, 
NNRTI and lamivudine resistance muta-
tions were present in virus in the breast 
milk of 7.5% and 5% of women, re-
spectively. Although prevalence of resis-
tance was similar in plasma and breast 
milk, patterns of resistance were differ-
ent in these compartments indicating 
that although some HIV-1 in breast milk 
is derived from diffusion from plasma, 
it is likely that local viral production 
also contributes to the HIV-1 population 
present in breast milk. In plasma and 
breast milk there were no correlations 
between level of HIV-1 RNA or concen-

trations of antiretrovirals and presence 
of major resistance mutations. Duration 
of antiretroviral prophylaxis was differ-
ent between patients with and without 
major mutations (119 days vs 62 days, 
respectively, P = .0002). Given the evi-
dence that avoidance of breastfeeding 
for PMTCT is not a viable option for 
women in living in resource-limited 
settings (see “HIV Epidemiology and 
Prevention Interventions” in this issue), 
the utility of antiretroviral therapy to 
prevent postnatal transmission requires 
further evaluation. 

Antiretroviral Drug Resistance

Transmitted Drug Resistance

Epidemiology of Transmitted Drug 
Resistance. Rates of transmitted drug 
resistance (TDR) in Europe, Australia, 
and the United States range from 11% 
to 15% among patients with primary 
HIV-1 infection and 7% to 11% among 
patients with newly diagnosed HIV-1 
in whom time of infection is unknown 
(Abstract 60). Data from 11 states in 
the US Variant, Atypical, and Resis-
tant HIV Surveillance group (VARHS) 
were analyzed to estimate the preva-
lence of TDR and distribution of sub-
types (Abstract 648). Specimens from 
3130 antiretroviral-naive individuals, 
newly diagnosed with HIV-1 infection 
from March 2003 to October 2006 
were analyzed, and 10.4% had virus 
with drug resistance mutations. Resis-
tance to NNRTIs, nRTIs, and PIs were 
present in 6.9%, 3.6%, and 2.4%, 
respectively, and 1.9% had multi-
class resistance. Predominant muta-
tions were K103N for NNRTI (70.1%), 
M41L for nRTI (45.1%), and L90M for 
PIs (40.0%). Non subtype B or recom-
binant forms were found in 5.1% of 
patients. 

Two large intervention studies 
that recruited HIV-seronegative MSM 
evaluated the prevalence of drug re-
sistance among men who seroconver-
ted during study participation. In the 
EXPLORE study (Abstract 650), men 
were randomized to a behavioral in-
tervention to prevent HIV-1 acquisi-
tion. Two hundred and fifty-nine men 
seroconverted and 195 had genotyp-
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ing results available for analysis. A 
total of 15.9% (31 of 195) had resis-
tance mutations, 3.6% had multi-class 
resistance, and 5 men had CXCR4-
tropic virus. In multivariate analysis, 
there was no association between 
resistance and demographic, clini-
cal, or risk-factor data. In the gp120 
vaccine efficacy trial (in which gp120 
was found ineffective in prevention 
of HIV infection), 5095 HIV-seronega-
tive MSM and 308 women at high risk 
for HIV were enrolled, and 362 men 
and 6 women seroconverted during 
the study (Abstract 653). Two hundred 
and eighty-six samples were avail-
able for sequencing, of which 16% 
had at least 1 resistance mutation and 
7% had multi-class resistance. In this 
study, having an HIV-seropositive part-
ner (OR, 4.6; 95% CI, 1.08-5.2, P = 
.03), reporting unprotected anal sex 
(OR, 5.5; 95% CI, 1.3-14.9, P = .02) 
and marijuana use (OR, 4.0; 95% CI, 
1.02-4.2, P = .04) were independently 
associated with TDR. 

Nambiar and colleagues (Abstract 
657) found that TDR among individu-
als with primary HIV-1 infection was 
associated with diagnosis of a sexu-
ally transmitted disease (STD) within 
3 months of HIV diagnosis. The over-
all rate of TDR was 15% (28 of 185) 
and of the 124 individuals screened 
for an STD, 45% were diagnosed with 
an STD; 68% had TDR versus 31% 
with wild-type virus (P = .03). The au-
thors concluded that this correlation 
between TDR and presence of an STD 
could have resulted from facilitated 
transmission of less fit virus through 
mucosal breakdown in the setting of 
STDs or poor drug adherence among 
HIV-seropositive individuals in the 
sexual networks of people engaging in 
high-risk sexual behavior. 

An analysis comparing cohorts of 
early acute, HIV-1-infected, antiret-
roviral-naive individuals in 2003 to 
2004 and 2005 to 2006 in New York 
City showed a decrease in TDR from 
24.1% (27 of 112) to 12% (13 of 108), 
P = .02 (Abstract 651). The reason 
for this decrease is unclear, although 
the authors hypothesize that better 
drug adherence with less viral break-
through in the potential transmitter 

population may be a factor. Sentinel-
site surveillance in STD clinics and HIV 
testing facilities in San Francisco (Ab-
stract 652) showed that rates of TDR 
remained stable from 2004 to 2006 
with an overall rate of 13.7% (55 of 
402). Whether these trends continue 
and will be similar in other cohorts re-
quires further evaluation. 

Natural History of Transmitted Drug 
Resistance. In the setting of second-
ary drug resistance, it takes an average 
of 12 to 16 weeks for a population of 
predominantly mutant virus to con-
vert to majority wild-type virus after 
removal of drug pressure. In the case 
of TDR, it takes an average of 3 years 
or more for reversion to wild type, as 
the mutant virus is not competing with 
existing wild-type strains. Evaluating a 
group of 14 acutely infected HIV-1-se-
ropositive patients with TDR, Little and 
colleagues (Abstract 60) determined 
the mean time to first appearance of 
a wild-type and resistant mixture to 
be 103 weeks (about 2.0 years; 95% 
CI, 49-216 weeks). They subsequently 
evaluated mean time to last wild-type 
and resistant mixture (ie, no evidence 
of resistant virus) and found that 13 of 
14 patients had pure resistant virus or 
persistence of mixture; time to com-
plete reversion by population sequenc-
ing in the 1 patient that converted to 
wild-type virus was 2.7 years. These 
patients continue to be followed up, 
and at 4 years of follow up, many pa-
tients continue to have pure or mixed 
resistant virus. Mean replication capac-
ity of the TDR virus was 87%, which 
was not statistically significantly differ-
ent from reference wild-type virus. In 
this cohort, detection of wild-type vi-
rus after acquisition of TDR virus takes 
an average of 2 years and complete re-
version to wild-type virus theoretically 
might never occur. The high fitness dis-
played by these TDR viruses may be 
due to selected transmission of more 
fit resistant variants. 

Among patients enrolled in the 
Acute Infection and Early Disease 
Research Program (AIEDRP) DACS 
003 study from June 1993 to January 
2007, the rate of TDR among recently 
HIV-1-infected individuals was 10.2% 

(93 of 913) (Abstract 60). There was 
no statistically significant difference 
in baseline HIV-1 RNA level in patients 
with TDR compared with patients 
with susceptible virus, but when strat-
ified by resistance class, individuals 
with NNRTI resistance had a baseline 
HIV-1 RNA level of 0.4 log10 copies/mL 
higher than patients with susceptible 
virus (P = .003). Patients with nRTI 
resistance had a mean baseline HIV-
1 RNA level of 0.7 log10 copies/mL 
lower than patients with susceptible 
virus (P = .001). There was a trend 
toward lower baseline HIV-1 RNA 
level in patients with PI-resistance 
mutations than in patients with sus-
ceptible virus but the difference was 
not statistically significantly different. 
These differences in viral load con-
tinued for patients with NNRTI- and 
nRTI-resistance mutations at 1 and 
3 years of follow up but the PI trend 
disappeared. The clinical significance 
of these differences in viral load is 
unclear and needs further confirma-
tion in larger cohort studies.

Seven hundred and ninety-six pa-
tients with recent HIV infection were 
enrolled in AIEDRP DACS 002 from 
1995 to 2006 and received antiretro-
viral treatment within 7 months of the 
estimated date of infection (Abstract 
60). Of these patients 84 had TDR, 
and, compared with patients with 
susceptible virus, there was no statis-
tically significant difference in time to 
reach HIV-1 RNA levels below 50 cop-
ies/mL. However, when evaluated by 
class, individuals with PI-resistance 
mutations had a longer time to reach 
HIV-1 RNA levels below 50 copies/mL 
than patients with susceptible virus 
(P = .002). This was likely due to the 
fact that from 1996 to 2000, resis-
tance testing was not routinely per-
formed prior to antiretroviral therapy 
initiation and 50% of patients with 
baseline PI resistance were initiated 
on a PI-based regimen. Complete vi-
ral suppression failed to occur in 45% 
of patients (38 of 84), of whom 70% 
had fewer than 3 active antiretroviral 
medications in their regimen. The 
difference in time to suppression was 
likely related to whether antiretrovi-
rals to which the virus is susceptible 



International AIDS Society–USA        Topics in HIV Medicine

69

were used. Given the relatively high 
rates of TDR in more developed set-
tings, the authors emphasized the im-
portance of performing baseline re-
sistance testing on newly diagnosed, 
antiretroviral-naive patients in these 
areas, reaffirming current consensus 
recommendations. 
Low-frequency Resistance Variants. 
Each HIV-infected patient is infected 
with a strain of HIV that, over time, 
develops into a swarm of viruses con-
taining different polymorphisms (ie, 
intra-patient viral diversity). Some of 
these polymorphisms are a result of 
the natural evolution of wild-type vi-
rus, and other polymorphisms repre-
sent resistance mutations that carry 
clinical significance. Conventional bulk 
resistance testing detects resistant vari-
ants that occur at a frequency greater 
than 20% above “background” wild-
type polymorphisms. Low-frequency 
resistance variants are populations 
of resistant virus that occur at a fre-
quency that is below the level detect-
able by bulk sequencing but above the 
background wild-type polymorphisms. 
Many studies have documented the 
existence of these low-frequency resis-
tance variants among individuals with 
virologic failure but have no evidence 
of resistance based on bulk-resistance 
testing (Abstract 61). Johnson and col-
leagues (Abstracts 61, 639) used a real-
time PCR detection assay to assess the 
prevalence of resistance among anti-
retroviral-naive patients who had no 
detectable resistance by conventional 
sequencing and to evaluate the level 
of baseline low-frequency resistance 
among antiretroviral-naive patients 
with known resistance by conventional 
sequencing. They found that 15% (30 
of 205) of patients with wild-type vi-
rus by conventional sequencing had at 
least 1 major mutation detected by the 
more sensitive assay, 2% of whom had 
dual-class resistance. In a separate co-
hort of patients, 7% (21 of 302) of pa-
tients with known baseline resistance 
gained resistance to another drug 
class, based on real-time PCR testing. 
Rates of triple-class resistance doubled 
in this group to 5%. 

Paredes and colleagues compared 
the detection of M184V and D30N 

resistance mutations using standard, 
population-based genotype-sequenc-
ing versus allele-specific PCR among 
61 antiretroviral-naive pregnant wom-
en enrolled in the WITS. M184V was 
detected 1.5 times more frequently us-
ing allele-specific PCR than using stan-
dard genotype sequencing (13.3% vs 
8.8%, respectively); D30N was detect-
ed 3 times more frequently in using 
allele-specific PCR than using standard 
genotype sequencing (6.7% vs 2.2%, 
respectively). 

Each of these studies supports the 
conclusion that low-frequency resis-
tance mutations are missed by con-
ventional sequencing, but do these 
low-frequency resistant variants carry 
clinical significance, as has been sug-
gested in previous studies? Peuchant 
and colleagues (Abstract 666) evalu-
ated the effect of resistance detected 
by conventional and sensitive resis-
tance testing on virologic and immu-
nologic outcomes. Of 172 antiretrovi-
ral-naive, recent HIV-1 seroconverters, 
9.3% had resistance to at least 1 class 
at baseline. Baseline resistance was 
related to a lower baseline HIV-1 RNA 
level (3.76 log10copies/mL vs 4.59 log10 
copies/mL for resistant and wild-type 
virus, respectively; P = .002), higher 
baseline CD4+ counts (557 vs 425 
cells/µL for resistant and wild-type vi-
rus, respectively; P = .03) and a less 
steep decrease in viral load after 1 
month of treatment. In a substudy of 
78 patients, they found no effect of the 
presence of low-frequency resistant 
mutants on virologic or immunologic 
response to therapy. The authors were 
unable to conclude that detection of 
low-frequency resistant mutants cor-
related with virologic or immunologic 
outcomes but the study was limited 
by small sample size, potential selec-
tion bias, and the limited number of 
mutants that could be detected by the 
sensitive assay employed. 

Johnson and colleagues (Abstracts 61, 
639) conducted a retrospective analy-
sis of antiretroviral-naive patients who 
participated in the treatment trials CNA 
30021 and 30024 and received efavi-
renz and lamivudine with either aba-
cavir or zidovudine. Of 316 patients, 
95 had virologic failure (HIV-1 RNA lev-

el >50 copies/mL) by 48 weeks, and 
221 had suppressed viral loads (HIV-1 
RNA level <50 copies/mL) within 48 
weeks. Using allele-specific PCR test-
ing for K103N, Y181C, and M184V, 9 
patients had low-frequency variants at 
baseline, 7 of whom (78%) had viro-
logic failure. Five of 6 of the genotypes 
available at failure had the same mu-
tations that were present at baseline. 
One patient who experienced failure 
within 2 months of treatment was 
found to have dual-class resistance 
(K103N, Y184V) at baseline. In logistic 
regression, presence of low-frequency 
variants at baseline was associated 
with virologic failure (OR, 11.0; 95% 
CI, 2.2-58.8, P = .004), but baseline 
viral load and baseline CD4+ count 
were not associated with virologic fail-
ure (P = .43 and P = .30, respective-
ly). The authors concluded that there 
are clinical consequences to harboring 
low-frequency resistant variants and 
advocated for baseline sensitive test-
ing, especially among antiretroviral-
naive individuals. 

Global Perspectives on Antiretroviral 
Resistance

Schapiro (Abstract 59) presented an 
overview of the impact of HIV-1 subtype 
on drug resistance. A majority of drug 
development and resistance data have 
focused on HIV-1 subtype B, yet subtype 
B represents a minority of the infections 
worldwide (10%); other subtypes and 
circulating recombinant forms consti-
tute the rest of infections worldwide.7 
Furthermore, rates of non-subtype B in-
fections are increasing in Europe and the 
United States (Abstracts 630, 648). Sub-
types differ in genetic variability, which 
can lead to differences in response to 
antiretrovirals and development of drug 
resistance. Schapiro highlighted several 
examples of how this genetic variability 
before antiretroviral exposure can affect 
development of drug resistance muta-
tions. Patients with subtype B who ex-
perience virologic failure in the context 
of nelfinavir treatment are more likely 
to develop the D30N PI resistance muta-
tion than they are to develop the L90M 
mutation, whereas patients with sub-
type C are more likely to develop L90M.8 



70

Conference Highlights - Advances in Antiretroviral Therapy        Volume 15 Issue 2  April/May 2007

Subtypes B and C differ in consensus 
sequence at position 89 (89L and 89M, 
respectively). When the D30N mutation 
is inserted into a virus with 89M, there 
is no viral replication, whereas insertion 
of L90M allows for a replication capacity 
of 78.9%. This implies that 89M strains, 
and therefore a majority of subtype-C vi-
rus strains, do not replicate successfully 
with D30N mutation and as a result the 
L90M mutation is found more common-
ly than D30N among subtype C patients 
in whom nelfinavir-containing treat-
ment is failing.9 Subtype genetic vari-
ability can also affect resistance through 
different codons that code for the same 
amino acid at key resistance positions. 
At position 106, both subtype B and C 
consensus sequences are V106, howev-
er, at the nucleotide level, subtype B se-
quence is GTA whereas subtype C is GTG. 
The NNRTI resistance mutation V106M 
is encoded by ATG. In order for subtype 
B V106 (GTA) to convert to V106M (ATG) 
it would require a 2-step conversion 
through GTG. In contrast, subtype C re-
quires only a 1-step conversion: GTG to 
ATG. The hypothesis that the preferred 
pathway of resistance in subtype C at 
V106 is V106M is strengthened by the 
observation that clinically, among pa-
tients in whom efavirenz is failing the 
V106M resistance mutation is found 
more frequently in those with subtype 
C virus (24%) than those patients with 
subtype B virus (0.3%).10 

Subtype C and Drug Resistance. Wal-
lis and colleagues (Abstract 661) evalu-
ated resistance patterns in 115 pa-
tients from 2 clinics in Johannesburg, 
South Africa, in whom antiretroviral 
therapy was failing, 94% of whom had 
subtype C virus. They found that resis-
tance patterns were similar to those 
found in patients with subtype B virus 
with the exception of higher rates of 
V106M, K65R, G19A, and P225H mu-
tations. The impact of these resistance 
mutations on second-line treatment is 
unclear and the authors suggest that 
these findings should be confirmed in 
larger controlled studies. 

The nRTI resistance mutation K65R 
is relatively rare in subtype B and 
causes decreased replication capacity 
that can be augmented or decreased in 

combination with other resistance mu-
tations (Abstracts 591, 592). In areas 
where subtype C is prevalent, K65R is 
found at relatively higher rates11  and is 
selected more rapidly in culture by sub-
type C than other subtypes.12 Coutsinos 
and colleagues (Abstract 585) evaluated 
whether the effects of K65R mutation 
on reverse transcriptase in subtype C 
differ from its effects in subtype B. The 
authors found that subtype C recombi-
nant virus with the K65R mutation had 
decreased replication capacity that is 
enhanced by M184V mutation and that 
M184V resensitizes K65R to tenofo-
vir. These results are similar to what is 
found in subtype B.

Subtype G and Resistance. In Nige-
ria, subtype G and CRF 02-A/G are the 
predominant subtypes. Idigbe and col-
leagues (Abstract 641) evaluated the 
prevalence of resistance mutations 
among patients in Nigeria in whom a 
regimen of stavudine/lamivudine/ne-
virapine was failing. Of 125 patients, 
a majority were subtype G (43%) or 
CRF 02 (42%). Twenty-two (17.6%) 
were susceptible to all antiretrovirals, 
indicating likely non- or poor adher-
ence as the cause of virologic failure, 
and 7 (5.6%) had resistance only to 
NNRTIs and 93 (74.4%) had resistance 
to NNRTI with TAMs or lamivudine re-
sistance. The most common resistance 
mutations were M184V, Y181C, and 
K103N and there were no statistically 
significant differences in prevalence of 
resistance between treatment-expe-
rienced and treatment-naive patients 
nor among subtypes. There did, how-
ever, appear to be a higher frequency 
of TAMs (K70R and D67N) in patients 
with subtype G than in those CRF 02. 
Patterns of resistance in subtype G vi-
rus are similar to those described in 
subtype B infection but there was a 
higher prevalence of TAMs in subtype 
G than in CRF 02. 

Schapiro (Abstract 59) concluded 
that although it is clear that genetic 
variability between subtypes impacts 
resistance, the clinical significance of 
this impact depends on the drug and 
the subtype. Thus far, subtype does 
not appear to influence antiretroviral 
therapy success or failure and should 

not dictate a particular antiretroviral 
regimen. Resistance databases should 
continue to be expanded to include 
new information regarding resistance 
mutations in a variety of subtypes and 
algorithms should be updated accord-
ingly. Furthermore, as new antiretrovi-
ral medications are developed, the po-
tential effect of subtype variability on 
response to treatment should continue 
to be evaluated (Abstract 624).

Resistance in Resource-limited Set-
tings. Marconi and colleagues (Ab-
stract 94) presented rates of resistance 
after virologic failure among a cohort 
of patients in Durban, South Africa. 
One hundred and forty-one patients 
who had been on antiretroviral thera-
py for at least 24 weeks, were on their 
first regimen of potent antiretrovirals, 
or had history of prior mono- or dual-
antiretroviral therapy, and who had 
virologic failure (defined as an HIV-1 
RNA level >1000 copies/mL, failure 
to achieve at least a 1-log10 copies/mL 
decrease in viral load after 4 weeks, or 
rebound after virologic suppression) 
were included in this cross-sectional 
study. Of these patients, 47.6% were 
on a regimen of stavudine/lamivudine 
plus either efavirenz (43.3%) or ne-
virapine (4.3%), and 31.2% were on 
a regimen of zidovudine/lamivudine 
plus either efavirenz (21.3%) or nevi-
rapine (9.9%). In 71.6%, at least 1 sig-
nificant resistance mutation emerged 
(63% nRTI, 66% NNRTI, 4% PI) and 
in 53.9%, dual-class mutations were 
present. Of patients with no prior his-
tory of antiretroviral therapy, those on 
a regimen of zidovudine/lamivudine/
NNRTI had statistically significantly 
higher rates of mono- and dual-class 
resistance (approximately 85% and 
69%, respectively) than patients on a 
stavudine/lamivudine/NNRTI regimen 
(approximately 70% and 53%, respec-
tively). Patients who had a history of 
antiretroviral therapy had no statisti-
cally significant difference in presence 
of at least 1 resistance mutation but pa-
tients on a regimen of ritonavir-boosted 
lopinavir and 2 nRTIs had statistically 
significantly lower rates of dual-class 
resistance than patients on an NNRTI-
based regimen (approximately 20% vs 
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80%, respectively). The most preva-
lent resistance mutation was M184V 
(54.6%) followed by K103N (43.3%), 
with K103N and M184V mutations 
appearing together at a rate of 33%. 
TAMs were present in 29% of patients 
with resistance with the TAM 2 path-
way representing a majority of these 
mutations (17.7%). In multivariate 
analysis, presence of at least 1 resis-
tance mutation and virologic failure 
were significantly associated with re-
cent or history of opportunistic infec-
tion (OR, 3.10; 95% CI, 1.27-7.58) 
and history of HIV-1 RNA level below 
300,000 copies/mL at enrollment (OR, 
5.96; 95% CI, 1.08-32.8). Resistance 
was not associated with adherence 
but this may have been due to under-
reporting of nonadherence, which was 
measured by self-report.

Chaix and colleagues (Abstract 646) 
presented data on a large cohort of pa-
tients in Côte d’Ivoire who received con-
tinuous antiretroviral therapy and were 
followed up for 6 months as part of a 
prerandomization phase for structured 
treatment interruption. The majority of 
patients were women (76%) and initi-
ated a regimen of zidovudine/lamivu-
dine/efavirenz (90%) At 6-month follow 
up, 10 patients had died, 1 was lost 
to follow up, and 15 had no viral load 
data available. One hundred seventeen 
patients (15%) had detectable HIV-1 
RNA levels (above 300 copies/mL) of 
which samples from 112 were success-
fully amplified. Rates of resistance were 
4.2% overall, 3.9% in patients on an 
NNRTI-based regimen, and 6.9% in pa-
tients on a PI-based regimen. Women 
who received zidovudine/nevirapine 
for PMTCT had high rates of resistance 
(20.4%) compared with women who 
received zidovudine/lamivudine/nevi-
rapine (0%) or zidovudine alone (0%) 
for PMTCT. This cohort demonstrated 
a high rate of virologic success (85%) 
at 6 months, with low rates of virologic 
resistance (4.2%). However, the preva-
lence of low-frequency variants among 
patients in whom treament failed but 
who did not have detectable resistance 
(70%) was not assessed. 

In a cross-sectional analysis of HIV-
1-infected pregnant women in the 
Gauteng Provence of South Africa (Ab-

stract 640), 65 of 128 plasma samples 
from the year 2002 and 48 of 117 
samples from the year 2004 were suc-
cessfully amplified and evaluated for 
resistance mutations. No resistance 
mutations were identified among sam-
ples from 2002 and only 2 patients had 
resistance mutations (T69D, K70R) in 
samples obtained from 2004. Using the 
sensitive allele-specific real-time PCR 
assay, 1 additional sample was found 
to contain K103N. Prevalence of TDR 
was less than 5%. Although prevalence 
of resistance was low, it increased from 
2002 to 2004. As availability of anti-
retroviral treatment increases, national 
surveys evaluating prevalence of drug 
resistance will be important in assess-
ing trends in drug resistance. 

In a cohort of 106 patients on anti-
retroviral therapy in Côte d’Ivoire (Ab-
stract 645), patients were followed up 
for a median of 2 months to evaluate 
the correlation between baseline char-
acteristics, including resistance, serious 
morbidity (WHO stage III-IV classifica-
tion, hospitalization, or death), and im-
munologic failure (CD4+ count below 
200 cells/µL). At baseline, 54% were on 
2 nRTIs and a PI, 44% were on 2 nRTIs 
and an NNRTI, 58% had detectable viral 
loads (HIV-1 RNA level above 300 cop-
ies/mL), 20% had detectable viral loads 
without major resistance mutations, and 
22% had detectable viral loads with at 
least 1 major resistance mutation. The 
most common mutations were M184V, 
D67N, M41L, K103N, and L90M. De-
tectable viral load with or without evi-
dence of resistance was not predictive 
of serious morbidity, but presence of 
at least 1 resistance mutation was as-
sociated with immunologic failure (HR, 
4.32; 95% CI, 1.38-13.57).

Sungkanuparph and colleagues (Ab-
stract 663) evaluated rates and predic-
tors of tenofovir resistance among teno-
fovir-naive patients in whom a first-line 
regimen of stavudine/lamivudine/nevi-
rapine was failing. Ninety-eight patients 
met inclusion criteria, which included 
history of undetectable viral load at 4 to 
6 months after antiretroviral initiation 
and at least 2 subsequent HIV-1 RNA 
levels of above 1000 copies/mL. Ten 
patients were noted to have tenofovir 
resistance (6 with K65R and 4 with at 

least 3 TAMs). All 10 patients with teno-
fovir resistance had concurrent NNRTI-
resistance mutations. Factors associat-
ed with presence of tenofovir resistance 
included longer duration of antiretrovi-
ral therapy prior to detection of failure 
(OR, 1.12; 95% CI, 1.03-1.21) and high-
er level of HIV-1 RNA at time of failure 
(OR, 10.48; 95% CI, 1.77-62.13). 

Resistance to New Antiretrovirals

Resistance to Tipranavir and Daruna-
vir and Cross-resistance to PIs. Koh 
and colleagues (Abstract 606) conduct-
ed an in vitro analysis of emergence 
of darunavir resistance, comparing 
a wild-type strain of HIV-1 with poly-
clonal strains of HIV-1 obtained from 8 
patients with known treatment failure 
of 9 to 11 antiretrovirals. They found 
that it was difficult to develop daruna-
vir resistance in the wild-type strain 
but in the polyclonal multi-resistant 
strains, mutants with high levels of re-
sistance to darunavir, saquinavir, am-
prenavir, indinavir, nelfinavir, ritonavir, 
and lopinavir emerged. The authors 
suggested that there is a significant 
barrier to development of darunavir 
resistance; however, in the setting of 
multi-resistant virus, high levels of re-
sistance to darunavir can emerge.

In Abstract 607, investigators as-
sessed darunavir cross-resistance to 
ritonavir-boosted amprenavir, tiprana-
vir, and lopinavir by evaluating resis-
tance profiles of 2682 patients with at 
least 1 major PI mutation. There was 
minimal evidence of cross-resistance 
between darunavir and atazanavir or 
tipranavir. There was more of a corre-
lation of darunavir resistance with lopi-
navir resistance, and the tightest corre-
lation was with amprenavir resistance. 
Patient-derived viral strains susceptible 
to darunavir were also susceptible to 
amprenavir, tipranavir, and lopinavir at 
rates of 100%, 89%, and 99.7%, re-
spectively. Among patient strains with 
amprenavir resistance, 89% retained 
at least partial susceptibility to daruna-
vir (39% remained completely suscep-
tible to darunavir). In 84% and 88% 
of strains with tipranavir and lopina-
vir resistance, respectively, at least 
partial susceptibility to darunavir was 
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retained. Similarly,  in Abstract 609, 
investigators found that patients with 
known virologic failure in the setting of 
amprenavir or evidence of amprenavir 
resistance retained good virologic re-
sponse to darunavir at 48 weeks. Both 
studies found a correlation between 
genotypic evidence of resistance to da-
runavir and amprenavir, but this cross-
resistance appeared to be overcome 
by the high potency of darunavir at the 
lower levels of amprenavir resistance. 
Furthermore, there did not appear to 
be easily definable cross-resistance of 
darunavir to other PIs. 

Elston and colleagues (Abstract 602) 
evaluated development of cross-PI 
resistance in 62 patients who experi-
enced virologic rebound while on a tip-
ranavir-based regimen. A majority of 
failures were associated with the V82L/T 
mutation (47%) and 43% had other 
tipranavir resistance mutational pat-
terns, typically L33F and 154V/A; 10% 
had no identified genotypic changes. 
Virus in 84% of all patients remained 
fully susceptible to darunavir and no 
patient had complete darunavir resis-
tance. Virus remained susceptible to all 
other PIs with the possible exception 
of atazanavir. Patients with non-V82L/T 
tipranavir resistance mutations had in-
creased susceptibility to all other PIs. 
Investigators from Tipranavir ANRS 
(Agence Nationale de Recherches sur 
le SIDA) study group (Abstract 612) 
identified mutations associated with 
loss of virologic response among PI-
experienced patients on tipranavir-
based regimens (n=143). A tipranavir 
mutation score was developed based 
on virologic data from a multi-PI-ex-
perienced cohort and included amino 
acid positions 36 to 53, as well as 58,  
69, and 89. In a multivariate analysis, 
previous enfuvirtide use (OR, 3.99; P 
= .0015) and a high tipranavir muta-
tion score, implying higher numbers of 
tipranavir-associated resistance muta-
tions, (OR, 6.8; P < .001) were asso-
ciated with poorer virologic response, 
and an efavirenz background regimen 
(OR, 0.14; P = .035) was associated 
with better virologic response. Under-
standing the susceptibility and resis-
tance patterns that emerge with tip-
ranavir and darunavir treatment will 

assist in optimizing the use of these 
agents in PI-experienced patients. 

Resistance to Integrase Inhibitors. A 
series of in vitro studies were conducted 
with the investigational strand-trans-
fer inhibitor elvitegravir to characterize 
resistance mutations to this integrase 
inhibitor (Abstract 627). Two major 
patterns of resistance to elvitegravir 
emerged: T66I and E92Q. T66I de-
creased sensitivity to elvitegravir 15-fold 
but had no effect on susceptibility to 
raltegravir. E92Q decreased susceptibili-
ty to both elvitegravir (30-fold) and ralte-
gravir (6-fold). Minor mutations includ-
ing F121Y and S147G were identified to 
have low-level resistance to elvitegravir 
and augment resistance conferred by 
T66I and E92Q. All 4 of these resistance 
mutations have been observed to cause 
resistance to other integrase inhibitors 
and have no effect on susceptibility to 
other classes of antiretrovirals including 
nRTIs, NNRTIs, and PIs. 

Several studies evaluated the natu-
ral occurrence of integrase-inhibitor 
resistance in antiretroviral-naive and 
treatment-experienced individuals. In-
tegrase sequences from 2081 patients 
(1744 of whom were treatment-naive) 
from the GenBank database were evalu-
ated (Abstract 623) and included strains 
that were representative of a variety of 
subtypes including subtype C (n=504), 
subtype A (n=288), and subtype B 
(n=274). Of 288 amino acid positions, 
162 were polymorphic, all of which were 
in the non-catalytic region of integrase. 
There were low rates of conservative 
polymorphisms at extended active resi-
dues 141, 151, 155 and 156. Similarly, 
researchers from the Aaron Diamond 
AIDS Research Center (Abstract 625) 
found few polymorphisms associated 
with integrase-inhibitor resistance in vi-
tro among 13 patients with multi-drug 
resistance virus and 103 recently infect-
ed, antiretroviral-naive patients. Yerly 
and colleagues (Abstract 626) evaluated 
prevalence of integrase polymorphisms 
in 35 patients with subtype B and 54 
patients with non-subtype B virus and 
found that polymorphisms associated 
with integrase-inhibitor resistance were 
present at similar levels in subtype B 
and non-subtype B isolates. The most 

commonly occurring integrase-inhibi-
tor-associated resistance mutations 
were V72I (17% of subtype B, 19% 
non-subtype B), V201I (11% subtype B, 
17% non-subtype B), V165I (11% sub-
type B, 9% non-subtype B), and T206S 
(9% subtype B, 47% non-subtype B). 
The clinical significance of naturally 
occurring resistance to integrase inhibi-
tors is an area of ongoing research.

Resistance to Entry Inhibitors. Base-
line susceptibility to CCR5 blockers 
as HIV-1 entry inhibitors depends on 
the presence of a predominant CCR5-
tropic virus population in an individu-
al, and change in tropism may be one 
avenue for HIV-1 to escape from CCR5 
blockade. Tropism was initially thought 
to be the major source of resistance 
to entry inhibitors. However, the ma-
jor mechanism of resistance to CCR5 
blockers, such as maraviroc, appears 
to result from mutations that permit 
HIV-1 to utilize the CCR5 coreceptor 
despite the presence of bound inhibi-
tor (Abstract 108). The following 2 ab-
stracts conducted clinical and in vitro 
studies to evaluate factors associated 
with tropism switch in HIV-1 strains. 

The rate and predictors of tropism 
switch among chronically infected pa-
tients with known antiretroviral drug re-
sistance was evaluated among patients 
in the Study on the Consequences of 
the Protease Inhibitor Era (SCOPE) co-
hort (Abstract 619). Sixty-six patients 
met inclusion criteria, which included 
baseline plasma HIV-1 RNA level above 
1000 copies/mL, presence of at least 1 
major or 1 minor genotypic resistance 
mutation, and use of stable antiretro-
viral regimen for 120 days or more 
before baseline. Patients were followed 
up until regimen change. At baseline, 
52, 22, and 2 patients had CCR5-, dual 
and mixed-, and CXCR4-tropic virus, 
respectively. Risk of progression from 
CCR5 to dual and mixed tropism at 1 
year was 12% (95% CI, 6-26%) and 
in multivariate analysis, presence of 
CCR5 Δ32 heterozygosity was inde-
pendently predictive of switch (P = 
.024). Risk of switch from mixed and 
dual to pure CXCR4 and to CCR5 was 
8% (95% CI, 1-43%) and 11% (95% 
CI, 3-37%), respectively. Neither of the 
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2 CXCR4-tropic viruses identified at 
baseline had observed tropism switch. 
Of populations noted to have a tropism 
switch, 30% showed small changes in 
CXCR4 at entry as measured by reduc-
tions in relative light units, implying 
that the clinical significance of switch 
in these populations may be limited. 
This study implies that deferring a 
change in antiretroviral treatment 
among patients with known resistance 
may carry a small risk of losing CCR5 
tropism (approximately 10%). 

Moncunill and colleagues (Abstract 
618) conducted in vitro studies of CCR5 
coreceptor switches in the presence 
and absence of CCR5, CXCR4, and 
reverse transcriptase inhibitors (RTIs). 
They found that in the absence of drug 
pressure, 3 of 6 strains switched from 
CCR5 to CXCR4 and demonstrated 
increased rates of replication. In the 
presence of CCR5 antagonists, CXCR4-
using virus emerged more quickly in 
the presence of TAK-799 but was pre-
vented by plerixafor (AMD3100). These 
studies indicate that cell culture mod-
els can be useful in predicting the pro-
pensity of clinical isolates to develop 
entry inhibitor resistance in the setting 
of antiretroviral drug pressure. 

Antiretroviral Resistance Mutations: 
Interactions and Effects on Fitness

Resistance to Nucleoside Reverse 
Transcriptase Inhibitors. Sluis-Cremer 
presented an overview of mechanisms 
of resistance to nRTIs and interactions 
among RTI resistance mutations (Ab-
stract 58). HIV-1 reverse transcriptase 
is essential for transcribing an RNA 
template into DNA. The nRTIs are nu-
cleoside or nucleotide analogues that 
compete with the naturally occurring 
deoxynucleotide triphosphate (dNTP) 
and cause chain termination that pre-
vents formation of HIV DNA. Previous 
studies have shown that resistance to 
nRTI occurs due to preferential incor-
poration dNTP over the nRTI (a process 
known as discrimination) or increased 
excision of the nRTI. Kinetic data have 
shown that with the K65R, K70E, L74V, 
M184V, and Q151M mutations, resis-
tance occurs through discrimination, 
whereas TAM-mediated resistance oc-

curs through facilitated excision of the 
nRTI. These mechanisms of resistance 
appear to be antagonistic; there is 
evidence that when M184V, L74V, or 
K70E occur in conjunction with TAMs, 
the virus or enzyme is less susceptible 
to zidovudine. K65R and TAMs (of the 
TAM 67 pathway) appear to have bidi-
rectional antagonism: clinical isolates 
with both mutations are infrequently 
observed. The presence of K65R with 
TAM 67 decreases the resistance to zid-
ovudine in the presence TAM 67 alone 
from 54-fold to 1.5-fold, and TAM 67 
with K65R decreases the resistance 
to tenofovir in the presence of K65R 
alone from 4.2-fold to 2.4-fold. 

Sluis-Cremer also provided evidence 
that antagonism among resistance 
mutations affects virologic response. 
In the ESS30009 study13, at 12 weeks 
49% (50 of 102) of patients random-
ized to tenofovir/abacavir/lamivudine 
were virologic nonresponders. Of these 
virologic nonresponders, 98% had 
M184V/I, either in combination with 
(44%) or without (53.5%) K65R. This 
relatively high rate of virologic nonre-
sponse could be the result of a low ge-
netic barrier to emergence of M184V 
and K65R and the fact that K65R con-
fers resistance to all of the medications 
in the regimen.14 This is in contrast to 
the A5095 study15 in which patients 
randomized to receive zidovudine/aba-
cavir/lamivudine had a rate of virologic 
nonresponse of only 21% (82 of 382). 
Of these nonresponders, 70% had evi-
dence of resistance: 51% (29 of 57) 
with M184V alone, 14% (8 of 57) with 
TAMs and M184V in combination, and 
3.5% (2 of 57) with TAMs alone. Sluis-
Cremer hypothesized that the relative-
ly low rate of virologic nonresponse 
could be attributed to the higher ge-
netic barrier to TAMs and M184V, as 
well as the antagonism between TAMs 
and M184V. 

K65R. The K65R mutation is associated 
with decreased susceptibility to nRTIs 
and decreased replication capacity. In a 
database analysis of patients in whom 
tenofovir therapy failed (Abstract 591), 
K65R was often accompanied by A62V 
and S68G mutations. Site-directed 
mutagenesis was conducted to create 

K65R, K65R/A62V, K65R/S68G, and 
K65R/A62V/S68G mutants, and their 
fitnesses were compared with wild-
type virus in the presence and absence 
of tenofovir. The results suggested that 
A62V and S68G act as partial compen-
satory mutations for K65R by increas-
ing replication capacity. In the absence 
of tenofovir, wild-type virus was more 
fit than the K65R/A62V/S68G mutant, 
but in the presence of greater than 
7µM of tenofovir, the triple mutant 
was more fit. Incorporation kinetics 
showed that the K65R mutants with 
A62V/S68G exhibited more efficient 
incorporation of dATP and dGTP than 
mutants with K65R alone.

In contrast to A62V and S68G, the 
K70E mutation, which is associated 
with patients in whom tenofovir-con-
taining regimens are failing, is rarely 
found in conjunction with K65R (Ab-
stract 584). Site-directed mutagen-
esis has shown very poor replication 
capacity among K70E/K65R double 
mutants, suggesting antagonism be-
tween these mutations.16 Using molec-
ular dynamic simulations, Kagan and 
colleagues (Abstract 592) evaluated 
whether there was a structural basis to 
this antagonism. In wild-type virus, the 
K65 was found to stabilize the triphos-
phate moiety of the dNTP ligand but 
with K65R mutation the stabilization 
was lost. The K70 in wild type appears 
to compensate for the loss of stabili-
zation conferred by the K65R mutant. 
The double mutant K65R+K70E has 
no compensation for this loss of stabi-
lization, which leads to a more severe 
defect, thus providing a structural basis 
for the antagonism between the K65R 
and K70E mutants. Molecular dynam-
ic simulation may be a useful tool to 
evaluate other antagonistic mutation 
interactions.

Resistance to Enfuvirtide. Enfuvirtide 
blocks fusion of HIV with CD4 through 
competitive interactions with the HR1 
and HR2 helices of the gp41 trans-
membrane protein. Genotypic changes 
in HR1 and HR2 have been associated 
with resistance to enfuvirtide. Resis-
tance mutations in the HR1 (N43D) 
and HR2 (E137K) sequences among 5 
enfuvirtide-experienced patients were 
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identified, cloned, and evaluated for 
their effect on fitness and response 
to enfuvirtide through in vitro assays 
of viral envelope fusogenicity and in-
fectivity (Abstract 620). N43D single 
mutants and N43D/137K double mu-
tants had decreased susceptibility to 
enfuvirtide compared with wild type at 
magnitudes of 28-fold and 32-fold, re-
spectively. However, the N43D single 
mutant had decreased fitness com-
pared with wild type by 92%, and the 
N43D/E137K double mutants had no 
statistically significant difference in 
fitness compared with wild type. The 
E137K single mutant conferred no 
statistically significant difference in 
sensitivity to enfuvirtide or in fitness 
compared with wild type. The N43D 
mutation appeared to decrease sus-
ceptibility to enfuvirtide, but at a sub-
stantial cost to fitness, for which the 
E137K mutation can compensate. An 
analysis of previously published data 
regarding prevalence of resistance 
mutations to enfuvirtide supported 
this hypothesis: the N43D mutation 
occurred at higher rates among pa-
tients with E137K/Q mutations than 
those without E137K/Q mutations.

Resistance to Protease Inhibitors. 
Previous studies have shown that ami-
no acid inserts near the cleavage and 
noncleavage sites in Gag compensate 
for decreased viral fitness secondary 
to PI-resistance associated mutations. 
Aoki and colleagues (Abstract 601) 
evaluated the effect of a 7 amino acid 
insert (TTNTRNS) near the p17/p24 
cleavage site in a heavily drug-experi-
enced, HIV-infected patient. Samples 
were obtained throughout the course 
of treatment that included a regimen 
of zidovudine/lamivudine/nelfinavir 
followed by stavudine/ritonavir-boost-
ed saquinavir and then stavudine/rito-
navir-boosted saquinavir/abacavir. 
Seventy percent of clones from the 
patient contained the TTNTRNS insert 
and were found early in the course 
of antiretroviral treatment. The pres-
ence of the insert had no effect on the 
propensity to acquire nelfinavir mu-
tations. Introduction of the insert to 
wild-type virus resulted in decreased 
fitness. However, clones with saquina-

vir-, indinavir-, nelfinavir-, or ampre-
navir-associated mutations containing 
the insert had increased fitness. In 
this study, presence of TTNTRNS in-
sert near the p17/p24 cleavage sites 
improved the fitness of otherwise 
replication-compromised PI-resistant 
mutants. 
Hypersusceptibility to Non-nucleo-
side Reverse Transcriptase Inhibitors.  
The nRTI induction of NNRTI hyper-
susceptibility and accompanying influ-
ences on virologic response have been 
previously described but the mecha-
nism of this mutational interaction has 
remained unclear. Clark and colleagues 
(Abstract 598) evaluated 3 nRTI muta-
tions (118I, 208Y, and 215Y) that are 
strongly associated with NNRTI hyper-
susceptibility and their effects in vitro 
on fitness and reverse transcriptase 
activity. Replication capacity varied 
depending on the combination of mu-
tations present: 208Y/215Y, 118I/208Y/
215Y, and 118I/215Y mutants had rep-
lication capacities of 40%, 35%, and 
equal to wild type, respectively. The 
effect of mutation combination on re-
verse transcriptase activity and poly-
merase activity of reverse transcriptase 
was similar to its effect on replication 
capacity: 208Y/215Y, 118I/208Y/215Y, 
and 118I/215Y exhibited 47%, 30%, 
and equal to reverse transcriptase ac-
tivity compared with wild type, respec-
tively. It was hypothesized that hyper-
susceptibility to NNRTIs conferred by 
208Y/215Y and 118I/208Y/215Y mu-
tants may be related to altered gag-
pol processing and the mechanism 
of hypersusceptibility conferred by 
118I/215Y double mutants is distinct 
and remains to be determined. 

Fading of Resistance Mutations with 
Treatment Interruption. Ceccherini-
Silberstein and colleagues (Abstract 
587) evaluated the evolution of resis-
tance mutations among 138 patients 
experiencing virologic failure who un-
derwent treatment interruption for at 
least 1 month. Genotypes were avail-
able at the time of virologic failure and 
at least once during treatment inter-
ruption. Disappearance of resistance 
mutations correlated with known ef-
fects of resistance on fitness. M184V, 

Y115F, and K65R had completely dis-
appeared within 4 months of treatment 
interruption and were associated with 
the fastest viral load increase, which 
is consistent with their detrimental 
effects on fitness. In contrast, TAMs, 
L74V, E44D, and H208Y progressively 
declined during treatment interrup-
tion but were still present in more than 
10% of individuals 9 months post-
treatment interruption. E44D, V181I, 
E203K, and H208Y were all associated 
with maintenance of TAM 1 pathway 
mutations and K20R and D218E were 
associated with persistence of TAM 2 
pathway mutations. The dynamics of 
resistance mutation evolution in the 
absence of drug pressure appears to be 
related to the relative fitness of the vi-
rus conferred by resistance mutations 
and resistance mutation combinations. 
Prevalence of low-frequency resistance 
variants, however, was not assessed.

Charpentier and colleagues (Ab-
stract 622) evaluated the disappear-
ance of mutations associated with re-
sistance to enfuvirtide after treatment 
discontinuation. Bulk sequencing was 
used to detect resistance mutations in 
7 patients who had immunovirologic 
failure while on enfuvirtide at baseline, 
during treatment, and after treatment. 
Molecular cloning was used to detect 
low-frequency resistance variants. Me-
dian medication duration was 6 to 4 
months. Of 7 patients, 3 had complete 
reversion to wild type, 2 had persis-
tence of enfurvirtide-resistant virus 
as a minority population, and 2 had 
persistence of resistance as a major-
ity population. A high proportion of 
patients in whom resistance persisted 
were those who received enfurvirtide 
for long periods of time (>6 months). 
There was no association between en-
furvirtide resistance mutations and the 
kinetics of mutation disappearance. 
Further investigation is required to de-
termine the clinical significance of per-
sistent enfurvirtide resistance.

Mutations in the Connection and 
RNase H Domains of Reverse 
Transcriptase

The HIV-1 reverse transcriptase is com-
posed of 3 domains of the p66 subunit 
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(polymerase, connection, and RNase 
H) and 2 domains of the p51 subunit 
(polymerase and connection). Most 
resistance assays sequence only the 
polymerase domain and do not evalu-
ate for resistance mutations in the con-
nection and RNase H domains. Sev-
eral studies at this year’s conference 
presented evidence that mutations in 
these infrequently analyzed domains 
may be clinically significant. 

Mutations in the RNase H Domain. 
The function of RNase H is to cleave 
the RNA moiety of RNA and DNA hy-
brids during reverse transcription. Re-
cent studies have shown that HIV-1 
reverse transcriptase mutations in the 
RNase H domain can increase nRTI 
resistance, presumably by decreasing 
RNase H activity, allowing more time 
for excision of the incorporated nRTI-
monophosphate.17 

To evaluate mutations in reverse 
transcriptase outside of the catalytic 
domain, selections of zidovudine-re-
sistant HIV-1 were made in vivo and 
the entire coding region of reverse 
transcriptase was sequenced (Abstract 
90). Sequencing identified the A371V 
mutation (located in the connection 
domain) and Q509L mutation (lo-
cated in the RNase H domain). Using 
site-directed mutagenesis, A371V and 
Q509L mutants were found to be 1.7-
times more resistant to zidovudine 
than wild type, but in conjunction with 
TAMs (D67N and K70R), resistance 
increased to 39-fold that of wild type 
(compared with a 4.6-fold increase 
with TAMs alone). The mechanism of 
augmented resistance by A371V and 
Q509L appeared to be a decrease in 
RNase H cleavage activity, which may 
lead to facilitated zidovudine excision 
in the presence of TAMs. RNase H is 
also being evaluated as a novel target 
for antiretroviral therapy (Abstract 89), 
further emphasizing the need to evalu-
ate the effects of RNase H activity on 
resistance and fitness.

Mutations in the Connection Do-
main: N348I. Abstracts 593 and 594 
described the resistance mutation 
N348I, which is found in the connec-
tion domain and confers resistance to 

NNRTIs and nRTIs. Hachiya and col-
leagues (Abstract 593) identified 2 clin-
ical isolates that were phenotypically 
highly resistant to nevirapine and dela-
virdine despite a lack of NNRTI-asso-
ciated resistance mutations. Sequenc-
ing of the entire reverse transcriptase 
domain of these isolates identified 
the N348I. Compared with wild type, 
N348I mutants conferred increased 
resistance to zidovudine (8.6-fold), di-
danosine (5-fold), nevirapine (22-fold), 
and delavirdine (4.3-fold). 

Yap and colleagues (Abstract 594) 
performed genotyping on 1377 treat-
ment-naive and treatment-experienced 
patients and identified N348I as the 
ninth most prevalent mutation, oc-
curing 11.3-times more frequently in 
treatment-experienced patients than 
in treatment-naive patients. N348I 
appeared relatively early in virologic 
failure, before the appearance of TAMs 
and about the same time as NNRTI-re-
sistance mutations, and was associated 
with zidovudine and combination zid-
ovudine/nevirapine treatment. N348I 
decreased susceptibility to zidovudine 
between 2-fold alone and 4-fold in 
combination with TAMs, did not an-
tagonize M184V resistance to zidovu-
dine, conferred resistance to efavirenz 
and nevirapine as a single mutant, and 
augmented K103N-related resistance 
to efavirenz and nevirapine. Molecular 
dynamics simulation suggested that 
the N348I mutation inhibits movement 
of the thumb region of the polymerase 
domain, thereby allowing more time 
for zidovudine excision. These stud-
ies indicate that this novel N348I has 
clinical relevance and suggest that ge-
notypic and phenotypic analysis of the 
entire reverse transcriptase should be 
conducted to identify the prevalence 
of other clinically-significant resistance 
mutations outside of the polymerase 
domain. 

Predictors of Immunologic, 
Virologic, and Clinical Outcomes

From the first days of the Multicenter 
AIDS Cohort Study (MACS), investiga-
tors have gained insights by following 
up groups of HIV-infected individuals 

over time. The following section is a 
selected review of predictors of clinical 
outcomes from cohort studies at this 
year’s conference.

Sabin and colleagues (Abstract 528) 
presented an analysis from the Collab-
oration of Observational HIV Epidemi-
ological Research in Europe (COHERE), 
a collaboration of 33 cohorts from 30 
European countries contributing data 
on 827 children under 17 years of age 
and 49,094 adults. Patients eligible 
for inclusion in this study (n=49,921) 
were antiretroviral therapy naive, aged 
6 years or older, had initiated antiretro-
viral therapy between 1998 and 2006, 
and had more than 1 CD4+ cell count 
and plasma HIV-1 RNA measurement 
taken pre-antiretroviral initiation and 
during follow up. Baseline characteris-
tics included median age of 37 years, 
29% female, CD4+ count of 210 cells/
µL, and plasma HIV-1 RNA level of 4.9 
log10 copies/mL. Thirty-eight percent 
had initiated an NNRTI-based regimen 
and 28% had initiated non-ritonavir- 
boosted PI regimens.

Age was found to be a predictor of 
immunologic, virologic, and clinical 
outcome. Immunologic responses to 
therapy in the cohort were appropri-
ate, with 59.2% achieving a confirmed 
CD4+ cell response by 1 year, but 
the probability of an immunologic re-
sponse was higher in younger individ-
uals (particularly those under 12 years 
of age) and reduced in those over 60 
years of age. In the first year of ther-
apy, 53.7% of patients achieved a vi-
rologic response to antiretroviral treat-
ment, but the probability of response 
was lower in those aged 6 to 17 years, 
and higher in those aged 50 years and 
older than those aged 30 to 39 years. 
Older individuals were more likely 
to develop an AIDS-defining event or 
death in the first year on antiretrovi-
rals, with adjusted HRs of 1.19 (95% 
CI, 1.05-1.34) and 1.34 (95% CI, 1.19-
1.51) for those aged 55 to 59 years and 
over 60 years.

Braithwaite and colleagues (Ab-
stract 520) examined the relationship 
between antiretroviral regimen, ad-
herence, and virologic response in a 
cohort of 6394 patients initiating an-
tiretroviral therapy within the Veterans 
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Affairs Healthcare System. Initiation 
of treatment with NNRTI-based regi-
mens was compared with initiation of 
ritonavir-boosted PI-based regimens. 
Adherence, estimated from pharmacy 
refill data, was statistically significantly 
greater with efavirenz-based regimens 
(67%) and nevirapine- based regimens 
(65%) than with boosted  (59%) or un-
boosted (61%) PI-based regimens (P < 
.001). In multivariate analyses, plasma 
HIV-1 RNA suppression was inferior in 
nevirapine-based regimens (OR, 0.60), 
boosted PI- (OR, 0.57), and unboosted 
PI-based regimens (OR 0.48) com-
pared with efavirenz (all, P < .001).

Using data from the Swiss HIV Co-
hort Study, predictors for long-term 
CD4+ count increases in 2860 pa-
tients initiating first-line antiretroviral 
therapy were evaluated (Abstract 518). 
Sixty-three percent achieved virologic 
suppression, and median CD4+ count 
increases were 87, 52, and 19 cells/μL 
in the 3 time periods examined: 1, 2 to 
3, and 4 to 5 years after plasma HIV-
1 RNA suppression, respectively. In 
multivariate modeling, median CD4+ 
count increase was statistically signifi-
cantly higher for patients with female 
sex (P < .001), lower age (P < .001), 
higher plasma HIV-1 RNA at start of 
antiretroviral therapy (P = .002), and 
CD4+ count of below 650 cells/μL at 
start of the period (P = .010).

Another evaluation of the Swiss HIV 
Cohort Study determined the predic-
tive value of longitudinal self-reported 
adherence assessment for virologic re-
bound, defined as 2 consecutive plas-
ma HIV-1 RNA measurements above 
2.7 log10 copies/mL (Abstract 523). 
Patients were included in the analysis 
if they were on antiretroviral therapy, 
over 16 years of age, had plasma HIV-1 
RNA below 1.7 log10 copies/mL over the 
previous 3 months, and had completed 
adherence questionnaires before June 
1, 2006. Among the 2638 subjects 
who met inclusion criteria, the me-
dian follow up was 2.5 years. Patients 
reported missing 1 or more doses at 
25% of visits, and missing more than 
2 doses at 9.9% of visits. A total of 97 
patients (3.7%) experienced virologic 
rebound. In an unadjusted analysis, 
there was no difference in rates of vi-

rologic failure between patients who 
reported perfect adherence and those 
who reported missing 1 dose. HRs 
for 2 missed doses and more than 
2 missed doses were 1.89 (95% CI, 
1.24-2.88) and 3.88 (95% CI, 2.74-
5.48), respectively. In a multivariate 
analysis, nonadherence, defined as a 
self-report of missing 2 or more doses 
of medication in the previous 28 days, 
was associated with an increased risk 
of virologic rebound (HR, 2.82; 95% 
CI, 1.76-4.50). Other risk factors for 
virologic rebound were having had 
more than 5 previous antiretroviral 
regimens (HR, 2.75; 95% CI, 1.65-
4.61) and comedication for cardio-
vascular problems, opportunistic in-
fections, or hepatitis C virus infection 
(HR, 2.42; 95% CI, 1.54-3.82). 

Gibb and colleagues (Abstract 701) 
combined data from 11 studies of HIV-
1-infected children in resource-limited 
settings to examine factors predicting 
mortality for these children. Ten Afri-
can studies and 1 Brazilian study of un-
treated children older than 12 months 
were used to form a retrospective co-
hort of 2510 children, 3769 person-
years of observation, and 357 deaths. 
The majority (81%) of the follow up 
occurred after the initiation of co-tri-
moxazole therapy. The first available 
data points were used as baselines, 
and the investigators found a median 
age of 4.0 years, CD4+ cell percent-
age of 15, and weight-for-age z-score 
of –1.9. Predictors of mortality were 
CD4+ cell percentage, CD4+ count, 
weight-for-age, and hemoglobin level. 
Children with weight-for-age z- scores 
lower than –3 and hemoglobin level 
of below 8 mg/dL had a mortality rate 
of 55.2 per 100 person-years com-
pared with 1.4 per 100 person-years 
when weight-for-age z-score was 1 or 
higher and hemoglobin level was 10 
mg/dL or higher. This trend was seen 
even in children who had a baseline 
CD4+ cell percentage of more than 
15. This report highlights the need for 
consideration of weight-for-age and 
hemoglobin level in decisions regard-
ing antiretroviral therapy initiation in 
resource-limited settings, as is recom-
mended in the most recent WHO an-
tiretroviral treatment guidelines.

Clinical Outcomes Associated with 
Resistance

Phillips and colleagues (Abstract 532) 
presented data from the UK Collabora-
tive HIV Cohort Study (UK CHIC) on 
the cumulative risk of extensive triple-
class failure. They defined failure of a 
drug as plasma HIV-1 RNA above 2.6 
log10 copies/mL after more than 4 
months of continuous use of that drug. 
Extensive failure of the nRTI class was 
failure of at least 1 drug from each of 
the following sub-classes: zidovudine 
and stavudine; lamivudine and emtric-
itabine; and didanosine, tenofovir, and 
abacavir. Extensive failure of NNRTIs 
was determined by failure of either 
nevirapine or efavirenz, and extensive 
failure of PIs involved virologic failure 
of at least 1 ritonavir-boosted PI. Ex-
tensive triple-class failure was defined 
as failure of all 3 classes. Of 10,603 
patients evaluated, 25% were female, 
and median age, CD4+ count, and 
viral load were 36 years, 185 cells/μL, 
and 4.96 log10 copies/mL, respectively. 
During 38,190 person-years of obser-
vation, 169 patients developed exten-
sive triple-class failure, 70% of whom 
had at least 1 prior measurement of 
plasma HIV-1 RNA below 1.7 log10 cop-
ies/mL. Of 169 patients, 95 (56%) sub-
sequently had at least 1 plasma HIV-1 
RNA measurement below 1.7 log10 
copies/mL. A baseline CD4+ count 
of below 200 cells/μL carried a HR of 
2.2 for extensive triple-class failure (P 
< .0001), and for those with a base-
line CD4+ count above 200 cells/μL, 
the cumulative risk of extensive triple-
class failure was 4% (95% CI, 2-6).

The correlation between resistance 
and clinical outcomes was analyzed 
among 1929 antiretroviral-naive pa-
tients in the Swiss HIV Cohort Study 
who initiated treatment with at least 2 
nRTIs plus an NNRTI or ritonavir-boost-
ed PI (n=518) from January 1999 to 
December 2005 (Abstract 667). Six-
ty-nine of 805 (8.6%) patients in the 
NNRTI group and 24 of 518 (4.6%) in 
the PI/ritonavir group experienced vi-
rologic failure, which was defined as 
viral load of 500 copies/mL or higher 
after at least 180 days on continuous 
treatment. Although discontinuation of 
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antiretroviral therapy due to virologic 
failure was not statistically significantly 
different between the groups, discon-
tinuation due to an adverse event was 
more common among patients on an 
NNRTI than among patients on PI/rito-
navir (n=189 vs n=122, respectively, 
log rank P = .0241). Among patients 
for whom genotypic resistance testing 
was available (n=1323), patients on a 
PI/ritonavir regimen had higher rates 
of susceptibility to lamivudine/emtric-
itabine (75% vs 42.1%, P = .026) and 
to a third antiretroviral drug (90% vs 
52.6%, P < .001) than patients on an 
NNRTI-based regimen. There was no 
statistically significant difference in 
susceptibility to nRTIs. Although rates 
of virologic failure were not different 
between PI/ritonavir-based regimens 
and NNRTI-based regimens, rates of 
adverse events and resistance were 
higher among patients initiated on an 
NNRTI-based regimen.

Predictors of mortality were evalu-
ated among patients enrolled the Dan-
ish HIV Cohort study who experienced 
triple-class virologic failure from 1995 
to 2004. Triple-class failure was defined 
as viral load above 1000 copies/mL for 
a total of 120 days while on antiretro-
viral treatment, and median time of 
follow up after triple-class failure was 
4.3 years. One hundred and seventy 
patients experienced triple-class fail-
ure, 133 of whom received resistance 
testing. The median number of resis-
tance mutations was 8 and 61% (81 of 
133) had resistance to 3 major classes. 
Mortality from time of triple-class fail-
ure was 70 (95% CI, 54-92) per 1000 
person-years in patients who expe-
rienced triple-class failure compared 
with 29 (95% CI, 26-32) per 1000 per-
son-years from time of antiretroviral 
initiation in all patients in the cohort. 
In multivariate analysis, mortality rate 
ratio (MRR) was associated with pres-
ence of 9 or more resistance mutations 
(MRR, 2.3; 95% CI, 1.1-4.8), presence 
of T215Y (MRR, 3.4; 95% CI, 1.6-6.66), 
G190A/S (MRR, 3.2; 95% CI, 1.6-6.6), 
or V82F/A/T/S (MRR, 2.5; 95% CI, 1.2-
5.3). After adjusting for latest CD4+ 
count, only presence of T215Y and lat-
est CD4+ count remained associated 
with mortality. The authors concluded 

that a majority of resistance mutations 
among patients with triple-class failure 
accumulated during suboptimal treat-
ment in the 1990s and that perhaps 
T215Y is a marker of earlier develop-
ment of immunodeficiency. With the 
availability of newer drug classes, it re-
mains to be seen if multi-class failure 
to RTIs and PIs will remain associated 
with mortality.

The relationship between mortality 
and use of resistance testing was ana-
lyzed using data from the HIV Outpa-
tient Study (HOPS) (Abstract 660). Of 
patients enrolled in the cohort since 
January 1999, 3202 were evaluated 
and had median follow up of 3.3 years. 
Resistance testing was performed in 
1110 of these patients. Patients who 
were white, had private insurance, had 
a lower CD4+ count, and whose risk 
behavior was MSM were more likely to 
have had resistance testing performed. 
Among patients who had received po-
tent antiretroviral therapy (n=2107), 
receiving a resistance test and pri-
vate health insurance were associated 
with decreased mortality even after 
adjusting for stage of HIV disease, de-
mographics, age, and year (HR, 0.60 
and 0.63, respectively). Among pa-
tients who were antiretroviral naive 
with CD4+ counts below 200 cells/µL 
(n=257), resistance testing before ini-
tiation of antiretroviral therapy was also 
protective (HR, 0.22, although 95% CI 
approaches 1.0). Although limited by 
the retrospective nature of the study 
design, this analysis provides evidence 
that antiretroviral therapy guided by 
resistance testing is associated with a 
substantial clinical benefit.

Host-factor Influence on Response to 
Therapy

The human leukocyte antigen (HLA) 
variants Bw4 and Bw6 help determine 
HLA interactions with natural killer 
cells, and Bw4 has been associated 
with enhanced control of HIV infec-
tion. Rauch and colleagues (Abstract 
141) combined data from the Swiss 
HIV Cohort Study and the Western Aus-
tralia HIV Cohort Study to examine the 
effects of Bw4 on immunologic and vi-
rologic responses to antiretroviral ther-

apy. Data from 161 Bw4+ adult, white 
men initiating antiretroviral treatment 
between 1997 and 2002 were ana-
lyzed. In the Australian cohort, baseline 
mean age of Bw4+ individuals was 4 
years older than Bw4– individuals, and 
in the Swiss cohort, mean CD4+ count 
of Bw4+ individuals was 90 cells/µL 
lower than Bw4– individuals. Baseline 
plasma HIV-1 RNA, follow-up time, ini-
tial antiretroviral regimen, and mode 
of infection did not differ significantly 
between Bw4+ and Bw4– individuals 
in either cohort. CD4+ percentage and 
absolute CD4+ counts were consis-
tently lower in Bw4+ carriers than in 
the remainder of the cohort from 1 to 5 
years on antiretrovirals. CD4+ counts 
were approximately 85 cells/µL lower 
in Bw4+ than Bw4– individuals in the 
Swiss cohort and 55 cells/µL lower in 
the Australian cohort (P = .005 and  
P = .01, respectively). These differ-
ences were more profound in patients 
carrying the variant Bw4-80T, and re-
mained statistically significant after 
adjusting for virologic response rates.

Rosignoli and colleagues (Abstract 
451) presented data on the effect of 
antiretroviral therapy on expression of 
CD279, also known as programmed 
death 1 (PD-1), and its ligand (PD-L1), 
which has been implicated in promot-
ing and regulating anergy of HIV-1-spe-
cific CD8+ cells. They examined PD-1 
and PD-L1 activity in 22 HIV-1-infected 
individuals on antiretroviral therapy 
who had plasma HIV-1 RNA below 1.7 
log10 copies/mL and a median CD4+ 
count of 547 cells/µL, and compared 
it with levels in 10 uninfected con-
trols. There were no statistically sig-
nificant differences in levels of PD-1, 
even after stratification by antiretrovi-
ral treatment regimen. Previous stud-
ies have shown higher levels of PD-1 
in untreated viremic patients, so this 
may represent a normalization of PD-1 
levels with antiretroviral therapy. The 
mean fluorescence intensity of PD-L1 
on T cells was higher in HIV-1-infected 
individuals regardless of their antiret-
roviral therapy status. Evidence of PD-
1 activity could be a signature of the 
persistent anergic state.

Liptrott and colleagues (Abstract 
452) also explored the relationship 
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between PD-1 and response to anti-
retroviral treatment, but they focused 
on PD-1.3, an allele of the PD-1 gene 
that has been shown to alter the regu-
lation of PD-1 gene expression. PD-
1.3 genotyping and an assay for CCR5 
Δ32 were conducted on samples from 
77 antiretroviral-naive patients initiat-
ing efavirenz-based regimens. Median 
CD4+ count at baseline was 202 cells/
μL and median plasma HIV-1 RNA 
level was 4.9 log10 copies/mL. Fifteen 
heterozygotes and 1 homozygote for 
PD-1.3 and 7 heterozygotes for CCR5 
Δ32 were identified. Baseline median 
CD4+ counts were statistically signifi-
cantly lower in patients with PD-1.3 al-
leles (121 cells/μL, range 5-335) than 
patients with wild type (187 cells/μL; 
range 10-760; P = .02 for the differ-
ence between the 2 CD4+ counts). 
CD4+ counts were also significantly 
lower in individuals with the PD-1.3 al-
lele at 2, 4, 6, and 8 months after ini-
tiation of antiretroviral therapy. There 
were no significant differences in viro-
logic response between the 2 groups, 
and CCR5 Δ32 did not have an appre-
ciable effect on response to therapy. 
The results were limited by small sam-
ple size, but suggest that further inves-
tigations are needed.

Selected Pharmacokinetic 
Presentations

Antiretroviral Drug Interactions

Waters and colleagues (Abstract 557) 
presented data on the interaction of 
abacavir with atazanavir/ritonavir and 
lopinavir/ritonavir in HIV-infected pa-
tients. The pharmacokinetics of aba-
cavir before and after adding 2 weeks 
of either atazanavir/ritoanvir or lopina-
vir/ritonavir and the pharmacokinetics 
of atazanavir/ritonavir or lopinavir/rito-
navir before and after adding abacavir 
were evaluated. Atazanavir/ritonavir 
and lopinavir/ritonavir levels were not 
affected by the addition of abacavir, 
however, the AUC (area under the con-
centration curve) of abacavir was de-
creased by 17% after the addition of 
atazanavir/ritonavir and by 32% after 
the addition of lopinavir/ritonavir. The 

mechanism of this interaction and the 
clinical significance are not clear. 

Kakuda and colleagues (Abstract 560) 
presented data from TMC125-C223, a 
phase II study of etravirine (an investiga-
tional NNRTI) in treatment-experienced 
subjects. The pharmacokinetic param-
eters of etravirine were decreased by 
coadministration of either a PI or teno-
fovir. Etravirine trough concentrations, 
AUC, and de novo enfuvirtide use were 
associated with improved virologic re-
sponse. The association between phar-
macokinetic parameters and virologic 
response appeared to be relevant in the 
lower but not the higher dose group.

Bertz and colleagues presented phar-
macokinetic and pharmacodynamic 
data from BMS 424-089, a study com-
paring ritonavir-boosted atazanavir 
to unboosted atazanavir with 2 nRTIs 
in treatment-naive subjects (Abstract 
565). As expected, trough concentra-
tion of atazanavir was lower in subjects 
receiving unboosted atazanavir than 
subjects receiving boosted atazanavir 
(125 ng/mL and 663 ng/mL, respective-
ly). The trough concentration correlat-
ed with probability of having a plasma 
HIV-1 RNA level below 50 copies/mL 
at week 48 and higher bilirubin lev-
els, but did not correlate with changes 
in lipid parameters. The authors sug-
gested that the relatively adverse lipid 
effects seen with boosted atazanavir 
versus unboosted atazanavir were due 
to ritonavir administration, not due to 
higher atazanavir levels per se.

Tebas and colleagues (Abstract 572) 
presented data on the pharmacoki-
netics of enfuvirtide in patients with 
severe renal impairment (defined as 
calculated creatinine clearance of 11 
to 35 mL/minute) and patients on he-
modialysis. They found that the AUC 
of enfuvirtide was higher in patients 
with renal disease (80.3 μg·h/mL in 
patients with severe renal impairment 
and 71.1 μg·h/mL in patients with 
end-stage renal disease [ESRD]) than 
in controls with normal renal function 
(49.6 μg·h/mL). Despite the higher ex-
posure in patients with renal disease, 
all patients tolerated enfurviritide well 
and no safety concerns were identi-
fied, therefore no dose adjustment was 
recommended. 

Interactions Between Antiretroviral 
and Non-antiretroviral Medications

Hoody and colleagues (Abstract 564) 
presented data on the interaction of 
lopinavir/ritonavir and rosuvastatin, an 
HMG Co-A reductase inhibitor. A drug-
drug interaction was not expected 
as rosuvastatin is not a substrate for 
CYP3A4. However, investigators found 
that rosuvastatin AUC was increased 
2.1 fold and maximum concentration 
(Cmax) by 4.7 fold. The authors sug-
gested that a dose separation strategy 
should be tested to overcome this in-
teraction. 

Agarwala and colleagues (Abstract 
568) investigated several strategies to 
coadminister famotidine with atazana-
vir/ritonavir and tenofovir through 
pharmacokinetic studies with HIV-se-
ronegative volunteers. Four different 
famotidine dosing strategies led to 
modest reductions in the minimum 
concentration (Cmin) of atazanavir: 20 
mg orally twice daily (morning dose 
of famotidine and atazanavir/ritonavir 
coadministered) led to a 19% reduc-
tion, 20 mg orally twice daily (atazana-
vir/ritonavir and famotidine separated 
by 2 hours) led to an 18% reduction, 
40 mg orally once daily (separated by 
12 hours from atazanavir/ritonavir) led 
to a 23% reduction, and 40 mg orally 
twice daily led to a 28% reduction.

Rifampin is known to decrease lev-
els of PIs, precluding their coadmin-
istration. Acosta and colleagues (Ab-
stract 575) presented data from ACTG 
A5213, which studied higher doses of 
atazanavir without ritonavir to over-
come this interaction. Regimens stud-
ied included atazanavir 300 mg twice 
daily, atazanavir 400 mg twice daily, 
and atazanavir 600 mg twice daily. 
Even at the highest dose, the trough 
concentration of atazanavir (55 ng/
mL) was statistically significantly lower 
than that of historic controls receiving 
400 mg daily (159 ng/mL). Coadminis-
tration of these drugs is therefore not 
recommended. 

German and colleagues (Abstract 
577) presented data on the interaction 
of efavirenz and a leading antimalarial 
treatment, artesunate and amodia-
quine. The study was stopped early af-
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Table 4: Key Findings and Potential Clinical Implications

 Clinical Trials of Antiretroviral Agents
Summary Potential Clinical Implications

Treatment of antiretroviral-experienced patients (Abstracts 104aLB, 104bLB, 105aLB, 105bLB)

2 studies of maraviroc and 2 studies of raltegravir achieved 
excellent virologic suppression in highly treatment-expe-
rienced subjects when using these new agents. The best 
responses occured when there were 1 or more active drugs 
in the optimized background regimen. These drugs appeared 
safe and well tolerated.

Achieving complete virologic suppression (plasma HIV-1 RNA <50 
copies/mL) is a realistic goal for all patients initiating or changing 
antiretroviral therapy.

New agents, especially those in new drug classes, are optimally 
given when there is at least 1 other agent to which the patient is 
sensitive.

Treatment of antiretroviral-naive patients (Abstracts 138, 503, 506, 507)

2 trials examining once-daily regimens, 1 with a once-daily 
lopinavir/ritonavir-based regimen and 1 with once-daily nevi-
rapine regimen had suboptimal virologic response profiles.

No new once-daily options were evident from the data pre-
sented, although once-daily lopinavir/ritonavir regimens were 
comparable to twice-daily regimens in individuals with plasma 
HIV-1 RNA <5.0 log10 copies/mL.

Antiretroviral treatment strategies (Abstracts 513, 514, 516, 638)

Lopinavir/ritonavir de-escalation was associated with contin-
ued suppression of plasma HIV-1 RNA for >1 year, but nonad-
herence consistently predicted loss of virologic suppression. 

Lamivudine monotherapy allowed patients with M184V mu-
tations to remain off combination antiretroviral therapy for a 
longer period of time and was associated with fewer adverse 
events than treatment interruption.

Treatment interruption is associated with serious adverse events 
and de-escalation to monotherapy with lopinavir/ritonavir or 
lamivudine may be alternative short-term options for patients on 
long-term antiretroviral therapy who request treatment interrup-
tion.

 Antiretroviral Resistance
Summary Potential Clinical Implications

Transmitted drug resistance (TDR; Abstracts 60, 648, 650, 653, 657)

TDR occurs at relatively high frequencies in industrialized 
countries and if undetected can lead to initiation of inactive 
antiretroviral medications.

Baseline resistance testing in treatment-naive individuals should 
precede and guide initiation of antiretroviral therapy. 

The natural history of TDR and its impact on clinical outcomes 
deserve further evaluation.

Low-frequency resistance variants (Abstracts  61, 639, 658, 666)

Low-frequency resistance variants are not detected by 
standard resistance testing but appear to affect antiretroviral 
therapy response.

Additional studies should be conducted to determine the impact 
of low-frequency variants on outcome, and clinical cut-offs for 
sensitive resistance tests should be established.

Future standard-of-care may include detection of low-frequency 
resistance variants to guide antiretroviral therapy but this is too 
labor intensive and too costly to be incorporated into practice in 
the near future.

Effect of subtype on resistance (Abstracts 59, 585, 624, 661, 664)

Genetic variability of subtypes affects development of resis-
tance mutations.

Clinicians should know the HIV-1 subtype of their patients, be 
familiar with resistance mutations associated with this subtype, 
and take these factors into consideration when choosing antiret-
roviral regimens.

Additional research should be conducted to evaluate prevalence 
of resistance mutations among non-B subtypes, and their clinical 
implications, and databases and resistance algorithms should be 
updated accordingly.

(Continued on next page)
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ter 2 of 2 subjects receiving efavirenz 
and the antimalarial drugs developed 
asymptomatic elevations in transami-
nases. The AUC of amodiquine was in-
creased by 114% and by 302% in the 
2 subjects and was the likely cause of 
the hepatitis. 

Antiretroviral Exposure in Pregnancy. 
Peytavin and colleagues (Abstract 579) 
conducted a case-controlled study to 
evaluate the effect of pregnancy on 
lopinavir/ritonavir pharmacokinetics. 
Lopinavir trough levels were monitored 
in 100 HIV-infected women in the sec-

ond and in the third trimester and in 
nonpregnant controls. Trough levels 
were statistically significantly lower in 
pregnant women than in controls (Cmin, 
3806 and 3274 ng/mL in the second 
and third trimester, respectively, 5122 
ng/mL in controls). Lower levels have 

 Antiretroviral Treatment In Resource-limited Settings
Summary Potential Clinical Implications

Treatment outcomes in large adult cohorts (Abstracts 33, 34, 35, 36LB, 62, 531, 535, 537)

In resource-limited settings antiretroviral therapy initiation 
occurs at an advanced disease stage, active case-finding of 
patients lost to follow up is essential, and mortality within the 
first 3 months is high. 

Appropriate responses to first- and second-line antiretroviral 
treatment are observed, and adjusted mortality is comparable 
to that in some European and North American cohorts, but 
options for second-line therapy are very limited. 

Addressing early mortality and loss to follow up remain impor-
tant challenges in resource-limited settings.

Further options for second-line therapy are urgently needed.

Treatment outcomes in large pediatric cohorts (Abstracts 79, 727, 728, 729, 732)

Children in resource-limited settings initiate treatment at a 
more advanced disease stage and at an older age. 

Response to therapy is encouraging, but anemia and low 
weight-for-age are predictors of mortality.

Increased access to and earlier initiation of treatment are needed 
for children in resource-limited settings.

As recommended by the most recent World Health Organization 
guidelines, anemia and malnutrition should be considered in the 
decision to initiate antiretroviral treatment.

Laboratory monitoring in resource-limited settings (Abstracts 538, 531, 629, 673, 674)

Neither CD4+ cell count change over time nor a derived 
failure score performed well as substitutes for plasma HIV-1 
RNA monitoring. 

Several new techniques for monitoring response to antiret-
roviral therapy in resource-limited settings are promising, but 
filter paper transfer of whole blood may lead to high false-
positive rates.

No clear alternative to monitoring plasma HIV-1 RNA in resource-
limited settings exists.

Further development of less expensive, simpler assays is needed.

Adherence in resource-limited settings (Abstracts 530, 536, 548)

Nonadherence to antiretroviral treatment is high in some 
resource-limited settings. 

In addition to factors traditionally associated with decreased 
adherence in non-resource-limited settings, discontinuation of 
antiretroviral therapy in resource-limited settings may be re-
lated to transportation, other health care costs, and depression.

Formal screening for adherence and addressing costs such as 
transportation and additional health care expenditures may 
improve adherence in resource-limited settings.

Novel mutations in HIV-1 reverse transcriptase (Abstracts 90, 593, 594)

Mutations in the connection and RNase H domains of HIV-1 
reverse transcriptase have only recently been evaluated and 
may represent novel resistance mutations.

Further studies should evaluate the impact of these mutations on 
resistance and fitness. 

If these mutations prove to have clinical significance in addi-
tion to mutations already identified in the polymerase domain, 
routine sequencing of the entire HIV-1 reverse transcriptase may 
become standard in resistance testing.

Table 4: Key Findings and Potential Clinical Implications   (continued)
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been associated with inadequate viro-
logic suppression. In contrast, Khoung-
Jones and colleagues (Abstract 743) 
found that lopinavir levels were ad-
equate (Cmin, 5300 ng/mL) in 36 preg-
nant women who received the tablet 
formulation of lopinavir/ritonavir. 

Burger and colleagues (Abstract 741) 
conducted an uncontrolled study of 14 
pregnant women receiving saquinavir 
1000 mg/ritonavir 100 mg twice daily 
plus 2 nRTIs. They found that all 14 
women achieved adequate levels of 
saquinavir that were comparable with 
published data.

Ripamonti and colleagues (Abstract 
742) presented data on 9 pregnant 
women receiving atazanavir/ritonavir 
during the third trimester of pregnan-
cy. The pharmacokinetic parameters 
obtained during the third trimester 
were similar to those seen at 8 to 16 
weeks postpartum. Cord blood levels 
of atazanavir were 220 ng/mL, ap-
proximately 10% that of concurrent 
maternal plasma levels. Natha and col-
leagues (Abstract 750) collected trough 
concentrations of atazanavir from 15 
women receiving atazanavir/ritonavir 
during pregnancy and found a mean 
trough level of 421 ng/mL. All but 1 
woman were above the minimum tar-
get level of 100 ng/mL. 

Read and colleagues (Abstract 740) 
investigated the pharmacokinetics of 
nelfinavir among women in the third 
trimester of pregnancy compared with 
postpartum levels. Trough concentra-
tions were lower during pregnancy and 
were suboptimal for most women at both 
time points. In addition, the metabolism 
of nelfinavir was statistically significantly 
altered during pregnancy. The AUC of 
M8, the virologically active metabolite of 
nelfinavir, was 80% lower during preg-
nancy than postpartum, further compro-
mising the efficacy of this drug.

Antiretroviral Concentrations in 
Breastfeeding Infants. Substantial evi-
dence was presented at this year’s 
conference that formula feeding as a 
strategy for PMTCT of HIV is associat-
ed with a higher rate of mortality than 
is breastfeeding (see “HIV Epidemiol-
ogy and Prevention Interventions” in 
this issue). The Kisumu breastfeeding 

study in Kenya (Abstract 72) is a phase 
II, open label study providing nevirap-
ine, lamivudine, and zidovudine in HIV-
1-seropositive women for PMTCT during 
breastfeeding. An analysis of concen-
trations of antiretrovirals in maternal 
plasma, breast milk, and infant plasma 
in the 67 mother-infant pairs enrolled 
showed statistically significant variabil-
ity of concentrations in each compart-
ment. Maternal plasma and breast-milk 
concentrations of zidovudine were low 
(medians of 23 and 9 ng/mL, respec-
tively) and median plasma concentra-
tion in infants was below the assay level 
of detection. Lamivudine concentrations 
were higher in breast milk and maternal 
plasma and the median plasma concen-
tration in infants was 25 ng/mL, equal 
to the median inhibitory concentration 
(IC50) but less than the optimal dose for 
virologic suppression. Nevirapine con-
centrations in maternal breast milk and 
plasma were even higher than that of 
lamivudine, and median infant plasma 
concentrations (911 ng/mL) were well 
above the IC50 but below the target dose 
for virologic suppression. The authors 
concluded that providing antiretroviral 
prophylaxis for mothers of breastfeeding 
infants may be effective for PMTCT but 
there are risks of adverse effects and the 
possibility of resistance in infants who 
become infected. The variable pharma-
cokinetics of antiretroviral use in nursing 
mothers warrants further research.

Conclusion

This year’s conference maintained its 
reputation as the premier forum for 
presentation of new information in 
the field of antiretroviral therapeutics 
(see table 4). The likely additions of 
maraviroc and raltegravir, represent-
ing 2 new drug classes, to the list of 
FDA-approved antiretroviral drugs will 
improve our ability to maintain maxi-
mum virus suppression even in highly 
treatment-experienced patients. In ad-
dition, further clinical research involv-
ing these agents and others in their 
classes may well change current para-
digms of therapy. Although the com-
plexity of antiretroviral therapy and 
HIV-1 drug resistance is increasing, 

data presented at this year’s confer-
ence clearly demonstrate that public 
health approaches to delivery of anti-
retroviral therapy in resource-limited 
settings can be highly successful. Chal-
lenges in the field remain formidable 
but the basic and clinical research ho-
rizons in antiretroviral therapeutics are 
bright, and provide hope that these 
challenges can be met for the benefit 
of the nearly 40 million HIV-1-infected 
persons worldwide.
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plexity of CCR5 Inhibition. Daniel Kuritzkes.

112. Viruses, microRNAs and RNA Interfer-
ence. Bryan Cullen.

113. This Is Your Brain Off Drugs: Neurocogni-
tive Function before and after ART Discontin-
uation in Patients with High CD4 Nadir (ACTG 
A5170). Kevin Robertson, Z Su, A Krambrink, 
S Evans, D Havlir, D Margolis, D Skiest, and 

ACTG 5170 team.

114. HIV-1-associated Dementia Associated 
with HIV DNA within Monocytes in Subjects 
Treated or Not Treated with Antiretroviral 
Medications. Bruce Shiramizu, C Shikuma, S 
Ratto-Kim, J Ananworanich, and V Valcour.

115. Predictors of Cerebrospinal Fluid Viral 
Burden during Primary HIV-1 Infection. Ser-
ena Spudich, M Gisslen, L Hagberg, N Lollo, E 
Lee, B Brew, L Pemberton, P Cinque, G Tam-
bussi, and R Price.

116. MRS Can Detect HIV-induced Inflamma-
tion and Oxidative Stress in the Lenticular 
Nuclei. Beau Ances, A Roc, S Chawla, M Korc-
zykowski, D Kolson, J Detre, and H Poptani.

117. Longitudinal Stability of Psychomotor 
Speed and Cognitive Flexibility in Long-term 
Asymptomatic HIV-infected Individuals. Mi-
chael Cole, J Margolick, C Cox, X Li, O Selnes, 
E Martin, J Becker, H Aronow, and E Miller.

124LB. Early Treatment of Primary HIV-1 
Infection Lowers the Viral Set Point. Radjin 
Steingrover, D Bezemer, E Fernandez Garcia, 
F Kroon, F de Wolf, M Prins, J Lange, and J 
Prins.

125LB. No Benefit from Early Treatment in 
Primary HIV-Infection? Christine Koegl, E 
Wolf, H Jessen, K Schewe, M Rausch, J Goelz, 
A Goetzenich, H Knechten, H Jaeger, and the 
Prime-DAG and Ac-DAG Study Group.

127. Repeated r-hIL-7 Doses Improve T-cell 
Recovery in HIV-1-infected Patients Enrolled 
in a Phase I/II Multicentric Study. Y Levy, L 
Weiss, J P Viard, J Molina, C Goujard, F Boué, 
S Delluc, C Rouzioux, M Morre, and Jean-
François Delfraissy.

128. rhIL7 in HIV-1-infected Subjects with 
CD4 T-cell Count >100cells/µL and Viral Load 
<50,000 copies/mL: Results from a Ran-
domized, Placebo-controlled, Double-blinded 
Study (ACTG5214). Irini Sereti, E Aga, J Sprit-
zler, A Landay, S Pahwa, M Fischl, D Asmuth, 
A Tenorio, R Buffet, M Lederman, and ACTG 
5214 team.

130. Acute Hepatitis C in Men Who Have Sex 
With Men Is Not Confined to Those Infected 
with HIV, and Their Number Continues to In-
crease. Martin Fisher, D Richardson, and C 
Sabin.

133. HIV-specific T Cells Accumulate in the 
Liver in HCV/HIV Co-infection. F Yue, B Valli, 
D Wong, J Heathcote, C Kovacs, M Loutfy, R 
Gray, R Halpenny, and Mario Ostrowski.

135. Selection of HBV-resistant Mutants in 
HIV/HBV-co-infected Patients Failing ART with 
Anti-HBV Activity: Implications for Diagnostic 
and Vaccine Escape. Julie Sheldon, B Ramos, 
A Bartholomeusz, J Garcia-Samaniego, P Rios, 
M Romero, S Locarnini, and V Soriano.
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136LB. The Anti-Hepatitis B Drug Entecavir 
Inhibits HIV-1 Replication and Selects HIV-1 
Variants Resistant to ARV Drugs. M McMahon, 
B Jilek, T Brennan, L Shen, Y Zhou, S Bhat, B 
Hale, R Hegarty, R Silicano, and Chloe Thio.

138. Randomized Comparison in Treatment-
naïve Patients of Once-daily vs Twice-daily 
Lopinavir/ritonavir-based ART and Compari-
son of Once-daily Self-administered vs Direct-
ly Observed Therapy. D Mildvan, C Tierney, 
Robert Gross, A Andrade, C Lalama, S Eshle-
man, T Flanigan, J Santana, M Dehlinger, C 
Flexner, and the ACTG A5073 Study Team.

141. Carriage of HLA-Bw4 Is Associated with 
Lower CD4 Cell Counts after Starting HAART: 
Consistent Findings in the Western Australian 
HIV Cohort Study and the Swiss HIV Cohort 
Study. Andri Rauch, H Furrer, D Nolan, E 
McKinnon, A Telenti, and I James.

143LB. The HIV Integrase Inhibitor GS-9137 
Demonstrates Potent ARV Activity in Treat-
ment-experienced Patients. Andrew Zolopa, 
M Mullen, D Berger, P Ruane, T Hawkins, L 
Zhong, S Chuck, J Enejosa, B Kearney, and A 
Cheng.

144LB. 48-Week Primary Analysis of Trial 
TMC278-C204: TMC278 Demonstrates Potent 
and Sustained Efficacy in ART-naive Patients. 
Anton Pozniak, J Morales-Ramirez, L Mohapi, 
M Santoscoy, P Chetchotisakd, M Hereygers, 
S Vanveggel, M Peeters, B Woodfall, and K 
Boven.

145. HIV among Adolescents and Young 
Adults in the US and Implications for Biomed-
ical Prevention Trials. Jonathan Ellen. 

154LB. Impact of HSV-2 Suppressive Therapy 
on Genital and Plasma HIV-1 RNA in HIV-1 
and HSV-2-seropositive Women Not Taking 
ART: A Randomized, Placebo-controlled Trial 
in Johannesburg, South Africa. Sinead Delany, 
P Mayaud, T Clayton, N Mlaba, G Akpomie-
mie, K Hira, A Capovilla, W Stevens, and H 
Rees.

155aLB. Randomized Trial of Male Circum-
cision for HIV Prevention in Rakai, Uganda. 
Ronald Gray, G Kigozi, D Serwadda, F Ma-
kumbi, S Watya. F Nalugoda, N Sewankambo, 
L Moulton, A Chaudury, M Wawer, and Rakai 
Hlth Sci Prgm.

155bLB. The Effects of Male Circumcision on 
Genital Ulcer Disease and Urethral Symptoms, 
and on HIV Acquisition: An RCT in Rakai, 
Uganda. Maria Wawer, R Gray, G Kigozi, F Na-
lugoda, T Quinn, F Makumbi, D Serwadda.

156. The Role of Nef in Primate Lentiviral 
Pathogenesis. Frank Kirchhoff.

167. Primary Human Eosinophils Are Highly 
Susceptible to Productive Infection by X4 
HIV-1. Dawn Wooley and J Marathe.

170. HIV-1 R5 Envelope Variation of Macro-
phage Tropism in Brain and Lymph Nodes: 
Effect on Sensitivity to Entry Inhibitors and 
Neutralizing Antibodies. Paul Peters, W Sulli-
van, M Duenas-DeCamp, J Robinson, D Bur-
ton, and P Clapham.

184. Evolution of Antiretroviral Activity of 
APOBEC Genes in Primates. Molly OhAinle, 
M Emerman, and H Malik.

185. Human Trim5α Restriction of an Ex-
tinct Retrovirus. Shari Kaiser, H Malik, and M 
Emerman.

188. Inhibition of Retrotransposition by APO-
BEC3 Proteins Requires a Catalytically Func-
tional Active Site. Hui Chen, Y Hakata, N Sun-
seri, and N Landau.

202. Evidence for a Role of CD1a in Langer-
hans Cell-mediated HIV Trans-infection. Shei-
la Barry, K Fahrbach, and T Hope.

204. Comprehensive Mutational Analysis of 
APOBEC3G. Melissa Farrow, E Geoghegan, D 
Espinola, S McKernan, and A Sheehy.

206. The Incorporation of APOBEC Proteins 
into HIV-1 and MLV. Li Zhang and S Cen.

211. Further Insight into the Antiviral Activi-
ties of APOBEC3G and APOBEC3F. Rebecca 
Holmes, F Koning, K Bishop, and M Malim.

216. Examination of TRIM5α Effect on HIV-1 
Capsid Core Uncoating and Degradation Us-
ing a Synchronized Viral Entry Assay. U Chat-
terji, M Bobardt, and Philippe Gallay.

217. HIV-1 Does Not Induce an Intrinsic RNAi 
Antiviral Response in Mammalian Cells. Jen-
nifer Lin and B Cullen.

227. TLR Stimulation Increases HIV-1 Replica-
tion in Memory CD4+ T Cells. Sandra Thibault, 
M Tardif, and M Tremblay.

228. Transcriptional Interference: A Molecu-
lar Mechanism of HIV-1 Latency. Yefei Han 
and R Siliciano.

250. Extension of gp120 Env Co-receptor 
Use to CXCR4 Is Associated with Disease Pro-
gression in LTNP Infected with nef-Defective 
HIV-1. A Crotti, S Ghezzi, E Santagostino, and 
Elisa Vicenzi.

252. Sequential Turnover of env Variants and 
Co-receptor Switching during HIV-1 Chronic 
Infection. Julie Nelson, T Riddle, N Shire, M 
Sherman, K Franco, and H Sheppard.

258. The CCR7 Ligands CCL19 and CCL21 
Increase Permissiveness of Resting CD4+ 
T Cells to HIV Infection. Suha Saleh, A Solo-
mon, F Wightman, M Xhilaga, P Cameron, 
and S Lewin.

269. Defective HIV-1 Proviral env and vpu Are 

Associated with Increased CD4 Counts. Alli-
son M. Land, T Ball, M Luo, R Pilon, P Sand-
strom, J Kimani, J Embree, and F Plummer.

273. Susceptibility of CD34+ Hematopoietic 
Stem Cells to HIV-1 Infection. Tullia Bruno, J 
Dinoso, J Blankson, H Zhang, B Ross, J Sili-
ciano, and R Siliciano.

274. HIV-1 Integration into Resting CD4+ T 
Cells Can Be Enhanced and Provides a Sys-
tem to Study Viral Latency. Gabriela Plesa, J 
Riley, J Dai, C June, and U O’Doherty.

275. Non-proliferating HIV-1-infected CD4 T 
Cells Are More Likely to Become Latently or 
Persistently Infected. Paula Campos Soto, V 
Terry, and C Spina.

276. The CD16+ Monocyte Subset Preferen-
tially Harbors HIV-1 in vivo. Emma Tippett, Y 
L Chui, P Ellery, A Jaworoski, S Lewin, P Cam-
eron, C Sonza, W Greene, and S Crowe.

304. Microbial Products that Bind Toll-like 
Receptors Promote T-cell Activation and Turn-
over—a Model for HIV Immunopathogenesis. 
Nicholas Funderburg, A Luciano, W Jiang, S 
Sieg, and M Lederman.

325. G to A Changes Years after Primary HIV 
Infection Are Associated with Baseline Vif 
Activity. I Alobwede, B Mangeat, L Kaiser, D 
Trono, L Perrin, and Sabine Yerly.

347. CD4 T Cell Count Increase during HAART 
Initiated in Primary Infection Is Transient af-
ter Long-term HAART Interruption. Rémonie 
Seng, C Goujard, L Desquilbet, M Sinet, C De-
veau, F Boufassa, C Rouzioux, J Delfraissy, L 
Meyer, A Venet, and ANRS PRIMO/SEROCO 
Study Groups.

348. Slower CD4 Cell Decline following Ces-
sation of a 3-Month Course of HAART in Pri-
mary HIV Infection. Sarah Fidler, G Touloumi, 
J Fox, N Pantazis, K Porter, A Babiker, J Weber, 
and CASCADE Collaboration.

353. HIV-1-infected or Immune Activated 
Macrophages Affect Human Neural Progeni-
tor Cell Function. Hui Peng, N Whitney, and 
J Zheng.

354. Comparison of Different Viral Strains 
from Clade B and C on Macrophage-mediated 
Inflammatory Factor and Glutamate Produc-
tion and Neurotoxicity. Jialin Zheng, A Lopez, 
Y Huang, A Persidsky, J He, H Zhang, J Zhao, 
and C Wood.

359. Interferon-α and -ß Restrict Polyomavi-
rus JC Replication in Primary Human Fetal 
Glial Cells: Implications for Progressive Mul-
tifocal Leukoencephalopathy Therapy. S Ver-
ma, JG Co, L Sumibcay, U Gurjav, and Vivek 
Nerurkar.

363. Neuroprotection in a Transgenic Mouse 
Model of HIV-associated Sensory Neuropathy. 
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C Jack, C Zhou, and Ahmet Hoke.

364. Selective Depletion of Monocyte/Mac-
rophage Subpopulations by a Polyamine Bio-
synthesis Inhibitor Prevents Development of 
SIV Encephalitis. Kenneth Williams, WK Kim, 
R Veazey, J Borda, M Piatak, J Lifson, K Had-
lock, and M McGrath.

369. Presence of HIV RNA in Cerebrospinal 
Fluid that Is Undetectable with the Ultrasen-
sitive Assay. Scott Letendre, D McClernon, R 
Benjamin, D Clifford, A Collier, B Gelman, J 
McArthur, J McCutchan, S Morgello, R Ellis, 
and CHARTER Group.

370. Chemokines in CSF Are Associated with 
White Matter and Cortical Gray Matter Vol-
umes in HIV-infected Individuals. T Jernigan, 
Scott Letendre, S Archibald, D Clifford, A Col-
lier, B Gelman, J McArthur, J McCutchan, S 
Morgello, R Ellis, and CHARTER Group.

372. Matrix Metalloproteinases in HIV Infec-
tion: in vivo Overexpression by Infected Cells 
and Down-regulation by ART. G Liuzzi, T La-
tronico, C D’Agostino, M Lichtner, F Mengoni, 
P Riccio, V Vullo, and Claudio Mastroianni. 

377. Cerebral Blood Flow and Metabolism 
Are Increased in Unimpaired HIV+ Subjects. 
Beau Ances, O Leontiev, J Perthen, C Liang, 
R Buxton, R Ellis, and HIV Neurobehavioral 
Res Ctr.

379. Acceleration of Immune Recovery on 
Intensified ART Improves Survival in Patients 
with AIDS-related Progressive Multifocal Leu-
koencephalopathy: Preliminary Reports of the 
ANRS 125 Trial. Jacques Gasnault, H Hendel 
Chavez, E Dorofeev, A Dulioust, R Lancar, B 
Dembele, L Porte, P Leclercq, C Merle de Bo-
ever, Y Taoufik, and the ANRS 125 trial team.

381. Single-agent Therapy with Lopinavir/rito-
navir Controls HIV-1 Viral Replication in the 
Central Nervous System. Rosa F Yeh, S Leten-
dre, I Novak, B Lipman, A Hermes, C May-
berry, B Miguel, J Nemecek, M Norton, and 
J Gathe, Jr.

382a. Could Cerebrospinal Fluid ART Pen-
etration Scores Predict Viral Rebound in ART-
naïve Individuals Who Achieve Plasma Viral 
Load Suppression on Their First Therapy? 
Andrea Antinori, A Cozzi-Lepri, P Cinque, M 
Giancola, A De Luca, C Mussini, C Torti, L 
Sighinolfi, V Colangeli, A d’Arminio Monforte, 
and ICoNA Cohort.

382b. Suppression of HIV Replication in Plas-
ma Requires Suppression of HIV Replication 
in Cerebrospinal Fluid. Christina Marra, S 
Sinha, D Clifford, S Evans, S Letendre, R Ellis, 
F Aweeka, G Schifitto, R Coombs, K Robert-
son, and Adult ACTG 736 Team.

383. Recommended Earlier Initiation of ART 
Based on Nadir CD4 Cell Count as a Risk Fac-
tor for HIV-related Neurocognitive Impair-

ment. Jose Muñoz-Moreno, C Rodríguez, A 
Prats, M Ferrer, E Negredo, M Garolera, and 
B Clotet.

384. Clinical Evidence of Antiviral Activity of 
Serotonin Reuptake Inhibitors and HMG-CoA 
Reductase Inhibitors in the Central Nervous 
System. Scott Letendre, J Marquie-Beck, D 
Clifford, A Collier, B Gelman, J McArthur, J 
McCutchan, D Simpson, I Grant, R Ellis, and 
CHARTER Group. 

387. Patterns of Cytokine Change in Cerebro-
spinal Fluid and Blood in Progressive HIV In-
fection and AIDS Dementia Complex: Survey 
Using Multiplex Bead Technology Simultane-
ously Measuring 29 Analytes. P Cinque, M 
Gisslen, L Hagberg, E Lee, N Lollo, S Spudich, 
and Richard Price.

388. A Proteomic Fingerprint of Cerebrospi-
nal Fluids from Individuals with HIV-1-as-
sociated Dementia. W Rozek, S Holloway, 
M Ricardo-Dukelow, L Melendez, and Pawel 
Ciborowski.

395. Intermittent Interleukin-2 Therapy In-
duces the Expansion of Naïve and Central 
Memory CD4 T Cells and Has No Impact 
on HIV-specific T-cell Responses in ART-na-
ïve HIV-infected Patients: Immunological 
Substudy of the ANRS 119 Interstart Trial. 
A Venet, Marie-Lise Gougeon, S Hamonic, C 
Lacabaratz, D Séréni, M Bentata, I Fournier, 
JP Aboulker, JM Molina, Y Lévy, and ANRS 119 
Interstart group.

451. Percentage and Relative Levels of Ex-
pression of PD-1 and PD-L1 in Treated HIV-
1+ Individuals as Markers of Disease Status 
and Therapy Efficacy. Guglielmo Rosignoli, 
A Cranage, C Burton, A Steel, B Gazzard, F 
Gotch, and N Imami.

452. Influence of PD1 Genotype on Virologi-
cal and Immunological Response in Patients 
Initiating ART. Neill Liptrott, T Mahungu, M 
Youle, M Johnson, C Smith, D Back, S Khoo, 
and A Owen.

477. The TILT Trial — A Pilot Trial of ART In-
terruption with and without the Use of Inter-
leukin-2. Brian Angus, F Lampe, G Tambussi, 
C Katlama, M Youle, I Williams, B Clotet, M 
Fisher, F Post, A Babiker, and TILT Trial Steer-
ing Committee.

488. Racivir Demonstrates Safety and Effica-
cy in Patients Harboring HIV with the M184V 
Mutation and <3 TAM. Pedro Cahn, N Sosa, 
A Wiznia, M Patel, D Ward, F Palella, J Sierra-
Madero, D Wheeler, E DeJesus, M Otto, and 
Racivir 201 Study Team.

489. IDX12899 and IDX12989, Novel NNRTI 
with Potent Anti-HIV Activity, Enhanced Bar-
rier to Resistance and Favorable Pharmacoki-
netic Profile. Douglas Richman, C Dousson, 
R Storer, A Moussa, J Randall, E Bridges, M 
Liuzzi, J Jakubik, M Seifer, and D Standring.

491. Profile of GS-8374, a Novel Phospho-
nate-containing HIV PI: in vitro ARV Activity, 
Toxicity, and Resistance. Christian Callebaut, 
K Stray, L Tsai, L Xu, GX He, A Mulato, T Pris-
kich, N Parkin, W Lee, and T Cihlar.

499. Morpholino Antisense Oligonucleotides 
that Target the Lentiviral vif Gene and Tar 
Stem-loop Are Novel Antiretroviral Drug Can-
didates. Richard Bestwick, R Wu, J Kellogg, J 
Deere, D Meadows, E Sparger, T North, and 
P Iversen.

500. Small Molecule Inhibitors of Histone 
Deacetylases as a Means to Induce HIV Ex-
pression from Latently Infected CD4 T Cells. 
Shannon Weiman, V Terry, A Espeseth, D Ha-
zuda, D Richman, and C Spina.

501. Expression of Latent HIV Induced by 
a Selective Class I HDAC Inhibitor. Nancy 
Archin, A Espeseth, A Duff, M Cheema, D 
Parker, D Hazuda, and D Margolis.

502. A Novel Inhibitor of HIV-1 Release from 
Human Macrophage Reservoirs. Carolyn Lus-
combe, L Williams, G Khoury, D Hill, R Ptak, 
G Ewart, and M Miller.

503. Early Virologic Non-response to Once 
Daily Combination of Lamivudine, Tenofo-
vir, and Nevirapine in ART-näive HIV-infected 
Patients: Preliminary Results of the DAUFIN 
Study. David Rey, MP Schmitt, G Hoizey, P 
Meyer, P Chavanet, C Allavena, M Diemer, T 
May, B Hoen, and JM Lang.

505. Efficacy and Safety of Tenofovir-contain-
ing vs non-Tenofovir-containing Regimens in 
Black ART-naive Patients. Joel Gallant, A Poz-
niak, S Staszewski, E DeJesus, SS Chen, J En-
ejosa, and A Cheng.

506. Superior Virological Suppression with 
Nevirapine, Zidovudine, and Lamivudine vs 
Abacavir, Zidovudine, and Lamivudine with-
out Evidence of Clinical Benefit to 48 Weeks: 
A Randomized Comparison in Patients with 
Low CD4 Counts in Africa. Sarah Walker, C 
Kityo, P Kaleebu, F Ssali, F Lyagoba, A Reid, 
D Gibb, C Gilks, P Mugyenyi, P Munderi, and 
the DART Trial Team.

507. HAART Outcomes among HIV-1C-infect-
ed Adults in Botswana: Interim Results from 
a Randomized Clinical Trial. Hermann Buss-
mann, C Wester, A Thomas, V DeGruttola, O 
Okezie, S Moyo, M Mine, J Makhema, M Es-
sex, and R Marlink.

511. CXCR4 Antagonism: Proof of Activity 
with AMD11070. Graeme Moyle, E DeJesus, M 
Boffito, R Wong, E Coakley, C Gibney, K Badel, 
G Calandra, G Bridger, and S Becker.

512. Proof of Concept of Antiretroviral Activity 
of AMD11070 (an Orally Administered CXCR4 
Entry Inhibitor): Results of the First Dosing 
Cohort A Studied in ACTG Protocol A5210. Mi-
chael Saag, S Rosenkranz, S Becker, K Kling-



International AIDS Society–USA        Topics in HIV Medicine

87

man, B Kallungal, A Zadzilka, E Coakley, E 
Acosta, G Calandra, V Johnson, and ACTG.

513. Risk Factors for Loss of Virological Sup-
pression at 48 Weeks in Patients Receiving 
Lopinavir/Ritonavir Monotherapy in 2 Clinical 
Trials Comparing LPV/r Monotherapy vs Tri-
ple Therapy with LPV/r (OK and OK04 Trials). 
Federico Pulido, J Arribas, J González-Garcia, 
J López-Aldeguer, P Domingo, V Estrada, R 
Rubio, P Arazo, J Santamaría, M Norton, and 
OK/OK04 Study Groups.

514. Predictors of Loss of Virologic Response 
in Subjects Who Deintensified to Lopinavir/
Ritonavir Monotherapy after Achieving Plas-
ma HIV-1 RNA <50 Copies/mL on LPV/r plus 
Zidovudine/Lamivudine. R Campo, B da Silva, 
L Cotte, J Gathe, B Gazzard, C Hicks, M De-
haan, K Wikstrom, M King, and G Hanna.

516. 144-Week Clinical and Immunological 
Outcome of HIV-1-infected Subjects Receiv-
ing Lamivudine Monotherapy or Treatment 
Interruption. Antonella Castagna, A Danise, L 
Galli, S Tiberi, N Gianotti, C Vinci, G Fusetti, E 
Seminari, A Soria, and A Lazzarin.

518. Predictors for CD4 Cell Count Increase 
for Patients with Sustained Viral Load Sup-
pression within 1 Year after Starting cART: 
The Swiss HIV Cohort Study. M Wolbers, 
M Battegay, B Hirschel, H Furrer, M Cavas-
sini, R Weber, P Vernazza, E Bernasconi, G 
Kaufmann, Heiner Bucher, and The Swiss HIV 
cohort study (SHCS).

520. Adherence Levels, Virological Respons-
es, and Immunological Outcomes among 
Patients Initiating cART in the VA Healthcare 
System. Scott Braithwaite, M Kozal, C Chang, 
M Roberts, S Fultz, M Goetz, C Gibert, M Ro-
driguez-Barradas, L Mole, and A Justice.

523. Prediction of Viral Rebound in HIV-in-
fected Patients on ART Using Longitudinal 
Data from the Swiss HIV Cohort Study. Tracy 
Glass, S De Geest, R Weber, P Vernazza, H 
Furrer, E Bernasconi, M Cavassini, B Hirschel, 
M Battegay, H Bucher, H Bucher, and Swiss 
HIV Cohort Study.

528. Response to Combination ART: Variation 
by Age. Caroline Sabin and the Collaboration 
of Observational HIV Epidemiological Re-
search Europe (COHERE) Study.

530. Prevalence and Factors Associated with 
Discontinuation and Modification of HAART 
among HIV+ People in Kampala, Uganda. 
Ronald Kiguba, J Byakika-Tusiime, F Ssali, and 
E Katabira.

531. Evaluation of Clinical and Laboratory Pa-
rameters to Predict Viral Response to ART in 
Uganda. David Meya, H Tibenderana, L John, 
L Spacek, I Namugga, S Magero, T Quinn, R 
Colebunders, A Kambugu, and S Reynolds.

532. Cumulative Risk of Extensive Triple-class 

Virologic Failure in 10,603 Patients followed 
as Long as 10 Years from the Start of ART. 
Andrew Phillips, A Wilson, C Leen, and The 
UK CHIC Study Group.

535. Clinical Outcomes and Emerging Chal-
lenges after 5 Years of ART in a South African 
Township. Gilles Van Cutsem, K Hilderbrand, 
D Coetzee, E Goemaere, and A Boulle.

536. Survival and Adherence to ART in an Era 
of Decreasing Drug Cost in Limbe, Cameroon. 
Jembia Mosoko, W Akam, P Weidle, J Brooks, 
A Aweh, M Ebad, T Kinge, C Vitek, and P Ra-
ghunathan.

537. High Rates of Death among Patients Lost 
to Follow-up in Botswana’s National ART Pro-
gram: Implications for Monitoring and Evalu-
ation. G Bisson, N Ndwapi, C Rollins, A Avalos, 
R Gross, S Bellamy, M Mogorosi, H Friedman, 
D Dickinson, and Tendani Gaolathe.

538. Usefulness of CD4 Cell Count Changes 
in Predicting Virological Failure in Patients Re-
ceiving HAART in a Resource-poor Setting. M 
Badri, S Lawn, and Robin Wood.

548. Effect of Adherence to NNRTI-based 
ART on Health Care Costs in a Private Sec-
tor HIV/AIDS Management Program in South-
ern Africa. Jean Nachega, M Hislop, S Omer, 
H Nguyen, L Regensberg, R Chaisson, and G 
Maartens.

557. Abacavir Plasma Pharmacokinetics in 
the Absence and the Presence of Atazanavir/
Ritonavir or Lopinavir/Ritonavir and Vice Ver-
sa in HIV+ Patients. Laura Waters, G Moyle, 
A D’Avolio, M Sciandra, L Else, A Pozniak, M 
Nelson, B Gazzard, D Back, and M Boffito.

560. Pharmacokinetics and Pharmacody-
namics of TMC125 in HIV-infected Patients 
with NNRTI and PI Resistance: TMC125-
C223. Thomas Kakuda, M Schöller-Gyüre, M 
Peeters, J Vingerhoets, C Corbett, B Woodfall, 
and R Hoetelmans.

562. A Double-blind, Parallel, Randomized, 
Placebo-controlled, Single and Repeat Dose-
escalation Study to Investigate the Safety, 
Tolerability, and Pharmacokinetics of the HIV 
Integrase Inhibitor GSK364735 in Healthy 
Subjects (GRZ105655). Sunila Reddy, S Min, J 
Borland, I Song, J Lin, A Mehta, S Palleja, and 
W Symonds.

564. Drug-drug Interaction between Lopina-
vir/Ritonavir and Rosuvastatin. D Hoody, Jen-
nifer J. Kiser, J Predhomme, D Flynn, and J 
Gerber.

565. Assessment of Pharmacokinetic/Pharma-
codynamic Relationships through 48 Weeks 
from a Study in HIV+, ART-näive Subjects Re-
ceiving ARV Regimens Containing Atazanavir 
400 mg or Atazanavir/Ritonavir 300/100 mg 
Once Daily. Richard Bertz, Y Wang, L Mahnke, 
A Persson, E Chung, M Mathew, S Agarwala, 

D Filoramo, J Hammond, and D Grasela.

568. Effect of Famotidine 20- and 40-mg Dos-
ing Regimens on the Bioavailability of Ata-
zanavir with Ritonavir in Combination with 
Tenofovir in Healthy Subjects. Sangeeta Agar-
wala, A Persson, T Eley, M Child, D Filoramo, 
T Li, X Xu, and R Bertz.

572. Enfuvirtide Does Not Require Dose-ad-
justment in Patients with Chronic Renal Fail-
ure: The Results of a Pharmacokinetic Study 
of Enfuvirtide in HIV-1-infected Patients with 
Impaired Renal Function (NP17586). Pablo 
Tebas, N Bellos, C Lucasti, G Richmond, E Go-
dofsky, I Patel, N Buss, YY Chiu, L Rowell, and 
M Salgo.

575. Effect of Rifampin on Pharmacokinetics 
and Safety of Twice-daily Atazanavir: ACTG 
Protocol A5213. Edward Acosta, M Kendall, 
J Gerber, C Suckow, S Koletar, A Zolopa, L 
Laughlin, S Agarwala, M Child, D Haas for the 
A5213 Study Team.

579. Reduced Lopinavir Exposure during 
Pregnancy: A Case Control Study. Gilles Pey-
tavin, S Pierre-François, B Cassard, P de Tru-
chis, C Winter, B Visseaux, F Damond, R Tu-
biana, L Mandelbrot, and S Matheron. 

584. National Survey of Prevalence and Con-
ditions of Selection of HIV-1 RT K70E Muta-
tion. Constance Delaugerre, P Flandre, AG 
Marcelin, C Tamalet, S Yerly, D Descamps, 
J Cottalorda, V Schneider, D Costagliola, V 
Calvez, and ANRS AC Resistance group.

585. Molecular Characterization of Subtype 
C HIV-1 Reverse Transcriptase Harboring 
K65R and K65R/M184V Mutations. Dimitrios 
Coutsinos, H Xu, M Ntemgwa, F Frankel, D 
Turner, B Spira, M Wainberg, and B Brenner.

587. Dynamics of NRTI-resistance Mutations 
during Treatment Interruption after Failure of 
NRTI-containing Regimens. Francesca Cec-
cherini-Silberstein, V Svicher, M Zaccarelli, M 
Santoro, M Trignetti, E Boumis, P De Longis, P 
Narciso, A Antinori, and CF Perno.

591. The A62V and S68G Mutations in HIV-
1 Reverse Transcriptase Partially Restore the 
Replication Defect Associated with the K65R 
Mutation. Evguenia Svarovskaia, J Feng, N 
Margot, F Myrick, D Goodman, J Ly, K White, 
K Borroto-Esoda, and M Miller.

592. Molecular Basis of Antagonism between 
K70E and K65R Tenofovir-associated Muta-
tions in HIV-1 Reverse Transcriptase. Ron Ka-
gan, T Lee, S Potts, and L Ross.

593. A Novel Mutation, N348I in HIV-1 Re-
verse Transcriptase Induced by NRTI Treat-
ment, Confers Nevirapine Resistance. Atsuko 
Hachiya, E Kodama, S Sarafianos, M Schuck-
man, M Matsuoka, M Takiguchi, H Gatanaga, 
and S Oka.
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594. A Mutation in the Connection Subdomain 
of the HIV-1 Reverse Transcriptase (N348I) Is 
Selected Commonly in vivo and Confers De-
creased Susceptibility to Zidovudine and Ne-
virapine. SH Yap, B Wynhoven, M Kuiper, C W 
Sheen, N Sluis-Cremer, R Harrigan, and Gilda 
Tachedjian.

597. L234F, a Unique HIV-1 RT Mutation 
Selected by NcRTI. D Jochmans, M Van Gin-
deren, M Ehteshami, B Van Schoubroeck, P 
Dehertogh, Sabine Hallenberger, M Götte, and 
K Hertogs.

598. Decreases in Reverse Transcriptase Pack-
aged in HIV-1 and DNA Polymerase Activity 
Are Caused by Specific NNRTI Hypersuscep-
tibility Mutations. Shauna Clark, N Sluis Cre-
mer, and J Mellors.

601. TTNTRNS: An Amino Acid Insert near 
the p17/p24 Gag Cleavage Site Associated 
with Resistance to PI. Manabu Aoki, H Aoki, T 
Miyakawa, and H Mitsuya.

602. An Investigation into the Influence of the 
Tipranavir-asssociated V82L/T Mutations on 
the Susceptibility to Darunavir and Brecana-
vir. R Elston, Daniel Kuritzkes, and R Bethell.

606. Selection in vitro of HIV-1 Variants High-
ly Resistant to Darunavir Using a Mixture of 
HIV-1 Isolates Resistant to Multiple PI. Yasuhi-
ro Koh, T Towata, A Ghosh, and H Mitsuya.

607. Darunavir/Amprenavir Cross-resistance 
in Clinical Samples Submitted for Phenotype/
Genotype Combination Resistance Testing. 
Neil Parkin, E Stawiski, C Chappey, and E 
Coakley.

609. Prior Utilization or Resistance to Am-
prenavir at Screening Has Minimal Effect on 
the 48-Week Response to Darunavir/r in the 
POWER 1, 2, and 3 Studies. Gaston Picchio, 
T Vangeneugden, B Van Baelen, E Lefebvre, D 
Miralles, and M de Bethune.

612. Mutations Associated with Response to 
Boosted Tipranavir in HIV-1-infected Protease 
Inhibitor-experienced Patients. AG Marcelin, 
B Masquelier, D Descamps, J Izopet, C Char-
pentier, C Alloui, G Peytavin, M Lavignon, P 
Flandre, Vincent Calvez, and TPV ANRS study 
group.

618. HIV-1 Co-receptor Switch Induced by 
Antagonism to CCR5. Gemma Moncunill, M 
Armand-Ugón, B Clotet, and J Esté.

619. Longitudinal Evaluation of Viral Co-re-
ceptor Tropism Switches among HIV-infected 
Patients with Drug-resistant Viremia. Peter 
Hunt, W Huang, E Coakley, C Petropoulos, M 
Bates, R Hoh, S Deeks, and J Martin.

620. Full Fusion Competence Rescue of the 
Enfuvirtide Resistant HIV-1 gp41 Genotype 
by a Naturally Occurring Polymorphism. 
Martin Tolstrup, J Selzer-Plön, A Laursen, L 
Bertelsen, J Gerstoft, M Duch, F Pedersen, 

and L Ostergaard.

622. Kinetics of Disappearance of Enfuvirtide-
resistance HIV-1 Mutations after Drug Discon-
tinuation. Charlotte Charpentier, M Jenabian, 
C Piketty, P Tisserand, L Belec, L Weiss, and 
A Si-mohamed.

623. Natural Variation of HIV-1 Group M In-
tegrase: Implications for Integrase Inhibitor 
Therapy. R Zioni, S Rhee, T Liu, and R Shafer.

624. Genetic Diversity of Integrase in HIV-
1 Subtypes B, F, and C, Prevalent in Brazil: 
Study in Drug-naïve and Multi-drug-resistant 
Individuals Reveals Impact for Drug Resis-
tance. Caroline Passaes, M Guimarães, R Lo-
rete, J Fernandez, and M Morgado.

625. Frequency of Naturally Occuring Poly-
morphisms Associated with Resistance to 
Integrase Inhibitors in a Recently Infected 
Cohort. Andrea Low, H Mohri, and M Mar-
kowitz.

626. Polymorphism of HIV-1 Subtypes B 
and Non-B Integrase Gene. Sabine Yerly, B 
Hirschel, C Gaille, L Kaiser, and L Perrin.

627. Resistance Profile of HIV-1 Mutants in vi-
tro Selected by the HIV-1 Integrase Inhibitor, 
GS-9137 (JTK-303). G Jones, R Ledford, F Yu, 
M Miller, M Tsiang, and Damian McColl.

629. High Concordance between HIV-1 Drug-
resistance Genotypes Generated from Plasma 
and Dried Blood Spots in Treated Persons. S 
Masciotra, C Garrido, A Youngpairoj, A Mc-
Nulty, N Zahonero, A Corral, W Heneine, C de 
Mendoza, and J. Gerardo Garcia-Lerma.

630. Identification of HIV-1 Non-B Subtypes 
and Antiretroviral Drug-resistant Strains in 
Blood Donors in the US. Catherine Brennan, 
S Stramer, V Holzmayer, J Yamaguchi, G Fos-
ter, E Notari, S Zou, R Dodd, G Schochetman, 
and S Devare.

638. Drug Resistance Outcomes at 48 Weeks 
in the OK04 Trial: A Comparative Trial of 
Single-drug Maintenance Therapy with Lopi-
navir/Ritonavir vs Triple Therapy with LPV/r. 
Jose Arribas, F Pulido, R Delgado, E Cabrero, 
J Pasquau, J Portilla, P Miralles, A Ocampo, C 
Cepeda, M Norton, and OK04 Study Group.

639. Low-frequency Mutations Substantially 
Increase the Prevalence of Transmitted Drug 
Resistance and Greatly Strengthen the Rela-
tionship between Resistance Mutations and 
Virologic Failure. Jeffrey Johnson, JF Li, X Wei, 
J Lipscomb, A Smith, C Stone, D Irlbeck, M 
Monsour, E Lanier, and W Heneine.

640. ARV Drug Resistance among Drug-näive 
HIV-1 Recently Infected Individuals in South 
Africa. Visva Pillay, J Ledwaba, G Hunt, M 
Rakgotho, B Singh, L Makubalo, A Puren, and 
L Morris.

641. ART Drug Resistance Mutations in ART-

experienced and Newly Initiated Patients in 
Nigeria. E Idigbe, B Chaplin, E Ekong, J Idoko, 
I Adewole, G Eisen, JL Sankalé, R Murphy, 
Phyllis Kanki, and APIN Plus/Harvard PEPFAR 
Team.

645. Influence of Genotypic Drug-resistance 
Mutation on Clinical and Immunological Out-
comes in HIV-infected Adults Receiving ART 
in Abidjan, Côte d’Ivoire. Catherine Seyler, C 
Adjé-Touré, N Dakoury-Dogbo, D Gabillard, E 
Messou, S Touré, F Rouet, R Marlink, M No-
lan, and X Anglaret.

646. Low Rate of Resistance to ARV Drugs 6 
Months after HAART Initiation in HIV-1-in-
fected Sub-Saharan African: The ANRS 1269 
TRIVACAN Trial. Marie-Laure Chaix, F Rouet, 
TD Toni, C Danel, R Moh, D Gabillard, R Sal-
amon, E Bissagnene, X Anglaret, and C Rouzi-
oux.

648. Antiretroviral Drug-resistance Mutations 
and Subtypes in Drug-naïve Persons Newly Di-
agnosed with HIV-1 Infection, United States, 
March 2003 to October 2006. W Wheeler, K 
Mahle, Ulana Bodnar, R Kline, I Hall, M McK-
enna, and the US Variant, Atypical and Resis-
tant HIV Surveillance (VARHS) Group.

650. ART Resistance, HIV-1 Tropism, and HIV-
1 Subtype among Men Who Have Sex with 
Men Recently Infected with HIV-1 in the US: 
The EXPLORE Study. Susan H. Eshleman, M 
Husnik, S Hudelson, D Donnell, Y Huang, W 
Huang, J Jackson, T Coates, M Chesney, and 
B Koblin.

651. Recent Trends in Transmitted Drug Re-
sistance in a New York City Cohort. Andrea 
Low, H Mohri, and M Markowitz.

652. Surveillance for Transmitted Drug-resis-
tance in Sentinel-sites: San Francisco, 2005-
2006. Nicola Zetola, K Ahrens, C Kent, HH 
Truong, R Grant, J Dilley, and J Klausner.

653. HIV Genotypic Resistance in Serocon-
verters in the gp120 Vaccine Efficacy Trial. 
Michael Para, J Fuchs, C Celum, R Novak, M 
Gurwith, K Mayer, A Youngpairoj, M Kalish, W 
Heneine, and M Ackers.

657. Acquisition of Transmitted Drug-resis-
tant HIV-1 Infection Is Associated with the 
Presence of Sexually Transmitted Infections. 
Kate Nambiar, M Fisher, D Pao, D Sudarshi, 
I Reeves, G Dean, G Murphy, J Parry, and D 
Pillay.

660. Improved Survival Associated with Use 
of HIV Susceptibility Testing among HAART-
experienced and Therapy-naïve Patients in 
the HIV Outpatient Study. Frank Palella, Jr., 
C Armon, J Chmiel, K Buchacz, R Novack, 
K Wood, A Moorman, J Brooks, and the HIV 
Outpatient Study (HOPS) Investigators.

661. Emerging ART Drug Resistance in Sub-
type C: Experience from the 2 Clinics in Jo-
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hannesburg, South Africa. Carole Wallis, C 
Bell, R Boulme, I Sanne, F Venter, M Papatha-
nasopoulos, and W Stevens.

663. Tenofovir Resistance among HIV-infect-
ed Patients Failing a Fixed-dose Combination 
of Stavudine + Lamivudine + Nevirapine in 
a Resource-limited Setting. Somnuek Sung-
kanuparph, W Manosuthi, S Kiertiburanakul, 
B Piyavong, and W Chantratitra.

666. Transmission of HIV-1 Minority Resis-
tant Variants and Response to First-line ART. 
O Peuchant, R Thiébaut, S Capdepont, V Lavi-
gnolle-Aurillac, D Neau, P Morlat, F Dabis, H 
Fleury, Bernard Masquelier, and the ANRS 
CO3 Aquitaine Cohort.

667. Emergence of Drug Resistance on First-
line Combination Therapy in the Swiss HIV 
Cohort Study: A Comparison between Boost-
ed PI and NNRTI. V von Wyl, S Yerly, J Böni, 
J Schüpbach, P Burgisser, T Klimkait, M Rick-
enbach, L Perrin, B Ledergerber, Huldrych 
Günthard, and the Swiss HIV Cohort Study 
(SHCS).

673. Non-NAT-based Virological Marker as a 
Potential Alternative to Nat-based Plasma Vi-
ral Load for Monitoring ART in Resource-lim-
ited Settings. Syed Iqbal, P Balakrishnano, S 
Solomon, A Cecelia, N Kumarasamy, V Mad-
havan, M Kg, K Mayer, and S Crowe.

674. Evaluation of Filter Paper Transfer of 
Dried Whole Blood and Plasma Spots to 
Monitor the Viral Load of Africans Taking ART. 
Laura Waters, A Kambugu, D Meya, H Tibend-
erana, L John, M Nabankema, T Quinn, B Gaz-
zard, S Reynolds, and M Nelson.

701. Markers for Predicting Mortality in HIV-
infected Children in Resource-limited Set-
tings. Diana Gibb, T Duong, and 3Cs4kids 
Cohort Collaboration.

727. Response to ART in Children in Sub-
Saharan Africa: A Pooled Analysis of Clinical 
Databases, the KIDS-ART-LINC Collaboration. 
Elise Arrivé, B Marquis, N Tumwesiye, M Cot-
ton, M Holland, L Renner, A Aveika, L Valéri-
ane, D Mbori-Ngacha, F Dabis, and The KIDS-
ART-LINC Collaboration.

728. Outcomes of Children on NNRTI vs PI 
HAART Regimens in Resource-limited Set-
tings. Heather Jaspan, A Berrisford, P Roux, 
and A Boulle.

729. Virologic and Immunologic Response to 
ART and Predictors of HIV-1 Drug Resistance 
in Children Receiving Treatment in Abidjan, 
Côte d’Ivoire. John N. Nkengasong, C Adje-
Toure, D Hanson, N Talla-Nzussouo, MY Bor-
get, L Ya Kouadio, O Tossou, P Fassinou, A 
Kadio, and M Nolan.

732. Predictors of Long-term Viral Failure 
among Ugandan Children and Adults Treated 
with ART and Monitored Using Clinical and 

Immunologic Criteria. Moses Kamya, H Ma-
yanja-Kizza, A Kambugu, F Semitala, F Semit-
ala, P Mwebaze-Songa, L Spacek, A Gasasira, 
R Colebunders, D Thomas, A Kekitiinwa, and 
Academic Alliance for AIDS Care and Preven-
tion in Africa.

740. Nelfinavir Pharmacokinetics (625-mg 
Tablets) during the Third Trimester of Preg-
nancy and Post-partum. Jennifer Read, B 
Best, A Stek, C Hu, E Capparelli, D Holland, 
S Burchett, E Smith, B Sheeran, and M Mi-
rochnick.

741. The Pharmacokinetics of Saquina-
vir in New Tablet Formulation + Ritonavir 
(1000/100 mg Twice Daily) in HIV-1-infected 
Pregnant Women. David Burger, A Eggink, 
I Van der Ende, D Hawkins, M Vogel, G Fat-
kenheuer, J Molto, C Richter, P Koopmans, M 
Schutz, and the SARA study group.

742. Atazanavir-based HAART in Pregnancy. 
D Ripamonti, D Cattaneo, M Airoldi, L Frige-
rio, P Bertuletti, M Ruggeri, G Remuzzi, F 
Suter, and Franco Maggiolo.

743. Lopinavir Drug Monitoring in 36 Preg-
nant Women. Marie-Aude Khuong-Josses, A 
Boussaïri, C Palette, and D Méchali.

746. Pregnancy and Pregnancy Outcome 
among Women in the DART Trial. Letitia 
Namale, E Zalwngo, E Chidziva, H Wilkes, R 
Nalumenya, C Gilks, S Mutsai, C Kityo, P Mun-
deri, D Gibb, and DART Trial Team.

747. Safety and Efficacy of Maternal HAART 
in the Prevention of Early and Late Postnatal 
HIV-1 Transmission in Mozambique. Leonar-
do Palombi, P Germano, G Liotta, M Magnano 
san Lio, G Guidotti, A Assane, P Narciso, S 
Ceffa, K Nielsen-Saines, and M Marazzi.

750. Atazanavir Use in Pregnancy: A Report 
of 33 Cases. Macky Natha, P Hay, G Taylor, G 
Brook, L Sarner, L Cunningham, J Watson, C 
Wood, J Anderson, A de Ruiter, and Perinatal 
Pregnancy Group.

751. Treatment Interruption after Pregnancy 
and Disease Progression: A Report from the 
Women and Infants Transmission Study. D 
Watts, Lynne Mofenson, M Lu, B Thompson, 
for the Women and Infants Transmission 
Study.

756. Perinatal HIV Transmission with HAART-
during Late Pregnancy and Post-partum. L 
Jamisse, J Balkus, C Farquhar, N Osman, M 
Djedje, and Jane Hitti.

758. Time to Undetectable Viral Load after 
HAART Initiation in HIV-infected Pregnant 
Women in Europe. D Patel, M Cortina Borja, 
Claire Thorne, ML Newell, and European Col-
laborative Study.

759. Time to HIV Suppression with HAART in 
Pregnancy. J van Schalkwyk, T Chaworth-Mus-
ters, E Maan, S Gilgoff, S Tatum, D Burdge, J 

Forbes, A Alimenti, and Deborah Money. 

770. Role of Infant Feeding and HIV in a Se-
vere Outbreak of Diarrhea and Malnutrition 
among Young Children, Botswana, 2006. Tra-
cy Creek, W Arvelo, A Kim, L Lu, A Bowen, T 
Finkbeiner, L Zaks, J Masunge, N Shaffer, and 
M Davis.

772. Diarrhea in Uninfected Infants of HIV-
infected Mothers Who Stop Breastfeeding at 
6 Months: The BAN Study Experience. Athe-
na Kourtis, D Fitzgerald, L Hyde, HC Tien, C 
Chavula, N Mumba, M Magawa, R Knight, C 
Chasela, C van der Horst, and the BAN Study 
Team.

773. Post-weaning Gastroenteritis and Mortal-
ity in HIV-uninfected African Infants Receiv-
ing ARV Prophylaxis to Prevent MTCT of HIV-
1. G Kafulafula, Michael Thigpen, D Hoover, 
Q Li, N Kumwenda, L Mipando, T Taha, L 
Mofenson, and M Fowler.

774. Rates of Diarrhea Associated with Early 
Weaning among Infants in Kisumu, Kenya. T 
Thomas, Rose Masaba, A van Eijk, R Ndivo, P 
Nasokho, M Thigpen, and M Fowler.

775. Early Breastfeeding Cessation among 
HIV-exposed Negative Infants and Risk of 
Serious Gastroenteritis: Findings from a Peri-
natal Prevention Trial in Kampala, Uganda. 
Carolyne Onyango, F Mmiro, D Bagenda, M 
Mubiru, P Musoke, M Fowler, J Jackson, and 
L Guay.

789. ARV-associated Drug Toxicities Lead-
ing to a Switch in Medication: Experience in 
Uganda, Kenya, and Zambia. Anthony Amo-
roso, R Sheneberger, A Edozien, J Fielder, M 
Etienne, and K Stafford.

790. Changes in Lipid Profile over 24 Months 
among Adults on First-line HAART in the 
Home-based AIDS Care Program in Rural 
Uganda. Kate Buchacz, P Weidle, D Moore, 
W Were, J Mermin, R Downing, A Kigozi, V 
Ndazima, and J Brooks.

791. Renal Function Improves among Ugan-
dans on NNRTI-based HAART: 24-Month Fol-
low-up from the Home-based AIDS Care Pro-
gram in Rural Uganda. Philip Peters, D Moore, 
J Mermin, J Brooks, R Downing, W Were, A 
Kigozi, K Buchacz, and P Weidle.

792. Severe Hyperlactatemia Complicat-
ing ART with Stavudine First-line Therapy 
in South Africa: Incidence, Risk Factors, and 
Outcomes. Meg Osler, D Stead, K Rebe, A 
Boulle, and G Meintjes.

793. Hematologic Changes Associated with Zi-
dovudine after Single-drug Substitution from 
Stavudine in a Home-based AIDS Care Pro-
gram in Rural Uganda. Fatu Forna, D Moore, 
J Mermin, J Brooks, W Were, K Buchacz, R 
Downing, C Borkowf, and P Weidle.

795. High Rates of Non-fatal Toxicities in a 
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24-Month Cohort Receiving Publicly Funded 
HAART in South Africa. Emily B Wong, D Mur-
doch, J Wing, C Feldman, and W Venter.

796. Metabolic Complications of ART in Black 
South African Patients. Jaya George, N Lutch-
man, and N Crowther.

807. Surveillance Data for Myocardial Infarc-
tion Hospitalizations among HIV+ and HIV- 
Northern Californians: 1994–2006. Daniel 
Klein, L Hurley, M Silverberg, M Horberg, C 
Quesenberry, and S Sidney.

808. Predicting the Risk of Coronary Heart 
Disease in HIV-infected Patients: The D:A:D 
Risk Equation. Nina Friis-Møller, R Thiébaut, 
P Reiss, W El-Sadr, S Worm, O Kirk, A Phillips, 
C Sabin, J Lundgren, M Law, and The D:A:D 
Study Group.

810. Carotid Intima-media Thickness, Coro-
nary Artery Calcium Scores, and Framingham 
Risk Scores among HIV-infected Patients in 
the Study to Understand the Natural History 
of HIV/AIDS in the Era of Effective Therapy. 
Kristin Mondy, K Henry, E Overton, T Bush, 
L Conley, K Lichtenstein, E Kojic, W Mack, H 
Hodis, J Brooks, and SUN Study Investigators.

811. Clinical and Angiographic Features of 
Acute Coronary Syndromes in HIV-infected 
Compared with Non-HIV-infected Patients. F 
Boccara, M Mary-Krause, E Teiger, S Lang, P 
Lim, K Wahbi, J Collet, F Beygui, Dominique 
Costagliola, A Cohen, and Sponsored by the 
French National Agency for Research on AIDS 
and Viral Hepatitis.

813. Increased Fat and Cholesterol Intake and 
Relationship to Serum Lipid Levels among 
HIV-infected Patients in the Current Era of 
HAART. H Keogh, T Joy, C Hadigan, K Fitch, 
S You, J Liebau, J Lo, S Johnsen, S Dolan, and 
Steven Grinspoon.

814. Lipid-lowering Therapy Responses in 
HIV+ and HIV− Dyslipidemic Patients En-
rolled in a Large Integrated Healthcare Deliv-
ery System. Michael Silverberg, W Leyden, M 
Horberg, L Hurley, A Go, C Quesenberry, and 
D Klein.

816. Underutilization of Recommended Inter-
ventions for Prevention of Cardiovascular Dis-
ease in HIV-infected Patients with Established 
Cardiovascular Disease or Diabetes. Caroline 
Sabin, R Weber, E Fontas, F Dabis, P Reiss, S 
De Wit, O Kirk, S Worm, N Friis-Møller, J Lun-
dgren, and the D:A:D Study Group.

830. Cystatin C in HIV Infection: A Marker of 
Pre-clinical Kidney Disease. Michelle Odden, 
R Scherzer, L Szczech, S Sidney, P Bacchetti, 
C Grunfeld, and M Shlipak.

832. Tenofovir and Renal Dysfunction in Clin-
ical Practice. Richard Moore, J Keruly, and J 
Gallant.

833. Risk Factors for Tenofovir-associated 

Nephrotoxicity Identified in an HIV Clinic 
Cohort. Homan Wai, T Katsivas, C Ballard, E 
Barber, and C Mathews.

834. Tenofovir Treatment Is Associated with 
a Decrease in Calculated Glomerular Filtra-
tion Rates in a Large Observational Cohort. 
C Fux, M Simcock, M Wolbers, H Bucher, M 
Cavassini, M Opravil, P Vernazza, B Hirschel, 
E Bernasconi, Hansjakob Furrer, and Swiss 
HIV Cohort Study (SHCS).

835. Increased Renal Impairment in Patients 
Receiving TDF+PI vs TDF+NNRTI. Miguel 
Goicoechea, S Liu, B Best, S Sun, S Jain, C 
Kemper, M Witt, C Diamond, R Haubrich, S 
Louie, and California Collaborative Treatment 
Group (CCTG) 578 Team.

836. Factors Associated with Low Bone Min-
eral Density in a Large Cohort of HIV-infected 
US Adults: Baseline Results from the SUN 
Study. ET Overton, K Mondy, T Bush, L Con-
ley, E Kojic, K Henry, J Hammer, K Wood, K 
Lichtenstein, J Brooks, and SUN Study Inves-
tigators.

838. Microarray Analysis of Primary Human 
Osteoclast Differentiation and Activity Identi-
fies Signaling Pathways Altered by Low Lev-
els of Ritonavir, and Restored by Pharmaco-
logic Levels of IFN-gamma: Relationship to 
HIV Therapy-mediated Osteopenia. Rozbeh 
Modarresi, Z Xiang, and J Laurence.

839. The Burden of Opportunistic Infections 
in Adults Receiving ART in Resource-limited 
Settings in Médecins Sans Frontières-support-
ed Projects. Suna Balkan, D O’Brien, P Humb-
let, M Pujades, and MSF AIDS Working Group

847. Impact of HAART on the Incidence of 
TB among HIV-infected Patients. Santiago 
Moreno, I Jarrin, J Iribarren, P Viciana, J Parra, 
J Gómez-Sirvent, J López Aldeguer, F Gutiér-
rez, J Blanco, J del Amo, and Spanish AIDS 
Research Network Cohort (CoRIS).

848. Clinical Predictors of Active TB in HIV-
infected People Attending an ART Program in 
Rural Uganda. Willy Were, D Moore, P Ekwa-
ru, G Mwima, R Bunnell, F Kaharuza, and J 
Mermin.

849. Preventable TB among HIV-infected Per-
sons in the Era of HAART. April Pettit, G Bar-
kanic, R Blackwell, S Raffanti, and T Sterling.

850. Reducing TB Incidence by Tuberculin 
Skin Testing, Preventive Treatment and ART 
in a Setting of Low TB Transmission. Hansja-
kob Furrer, M Schlegel, R Weber, B Hirschel, M 
Cavassini, P Schmid, E Bernasconi, M Ricken-
bach, L Elzi, and the Swiss HIV Cohort Study.

852. Isoniazid Chemoprophylaxis in HIV-in-
fected Patients in Kenya. Edward Phillips, A 
Njoroge, P Mwangi, J Odhiambo, N Wanmbua, 
A Isavwa, L Nganga, and M Ackers.

859. Performance Characteristics of a Whole 

Blood InterferonGamma Release Assay in HIV 
Patients Commencing ART in a High TB Inci-
dence Setting. Julian Elliott, S Sarun, S Chin, 
S Chel, S Huffam, V Saphonn, J Kaldor, M 
French, D Cooper, and C Mean.

860. Comparison of an Interferon-gamma 
Release Assay to Conventional Tuberculin 
Skin Testing for the Diagnosis of Latent TB 
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