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About This Issue

This issue features highlights of the 16th annual Conference on Retroviruses and 
Opportunistic Infections, held in Montreal, Canada, from February 8 to 11, 2009. 
Mario Stevenson, PhD, reviews recent advances in basic HIV science and patho-
genesis, including mechanisms of viral attack and cellular defense, cellular restric-
tions, and viral replication and pathogenicity. David I. Watkins, PhD, discusses 
issues in HIV vaccine development, including HIV variants that initiate infection, 
lessons learned from negative vaccine trials, and a novel use of an adeno-asso-
ciated virus as a gene therapy agent in monkey studies. Susan Buchbinder, MD, 
reviews testing and prevention strategies, including new approaches to preexpo-
sure prophylaxis, the epidemiology of HIV infection in specific global populations, 
and strategies to improve the rate of HIV testing. Neurologic complications of HIV 
disease and their management are reviewed by Scott Letendre, MD, and col-
leagues, including the prevalence of distal sensory polyneuropathy and neurocog-
nitive disorders, resistance testing of cerebrospinal fluid, and management of 
neurologic opportunistic infections. Judith S. Currier, MD, and Diane Havlir, MD, 
review updates on the complications of HIV disease and therapy such as coinfec-
tions, serious non–AIDS-related events, and long-term complications of antiretro-
viral therapy. The final conference review article by Timothy J. Wilkin, MD, and 
colleagues addresses new information on investigational drugs, antiretroviral drug 
resistance, the use of drugs to prevent mother-to-child transmission, the consider-
able information on therapy from resource-limited settings, and results of ongo-
ing trials of interleukin-2 treatment.
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Basic Science Summary
Mario Stevenson, PhD

Viral Attack and Cellular 
Defense, Update on Cellular 
Restrictions

In addition to gag, pol, and env genes that 
are common to all retroviruses, primate 
lentiviruses contain additional small 
open reading frames. Four of these 
small open reading frames, namely vif, 
vpu, nef, and vpr/vpx, are referred to as 
accessory genes. For many years, the 
function of these accessory genes in vi-
ral replication has remained elusive, but 
it is now becoming apparent that they 
may share a common purpose, that is, 
to protect the virus from the antiviral ef-
fects of cellular restrictions. 

Pioneering studies in the laborato-
ries of Malim and Kabat were the first 
to reveal that the Vif protein of primate 
lentiviruses counteracted a dominant 
cellular restriction. This was eloquently 
demonstrated when researchers gen-
erated heterokaryons between cells 
in which Vif was dispensable for in-
fectious virus production and cells in 
which Vif was necessary for produc-
tion of infectious virus. The fact that 
the resultant heterokaryons produced 
noninfectious virus indicated that cells 
in which Vif was required for viral rep-
lication harbored a dominant antiviral 
restriction and that Vif neutralized this 
restriction.1,2 Research by Malim and 

colleagues subsequently revealed the 
identity of the dominant restriction, a 
cellular cytidine deaminase known as 
aPobec 3G.3 

In the past year, it has been revealed 
that the accessory protein Vpu, which is 
expressed by HIV-1 and certain simian 
immunodeficiency virus (SIV) lineages 
such as chimpanzee SIV (SIVcpz), coun-
teracts a cellular restriction that has 
been independently identified by re-
search groups led by bieniasz and Gua-
telli as tetherin (also known as bST-2 
or cD317).1-5 Presentations at the con-
ference this year described evidence 
that the Vpx protein of HIV-2 and sooty 
mangabey SIV (SIVsm) and the Nef pro-
tein also play roles in neutralizing cel-
lular restrictions of retrovirus infection. 
Previous studies suggested that Vpx 
and Vpr may play specific roles in vi-
ral replication of myeloid-lineage cells. 
Heterokaryons formed between mac-
rophages, in which Vpx is necessary for 
viral infection, and coS cells, in which 
Vpx is dispensable, were resistant to 
infection by Vpx-deleted viruses.6 This 
evidence suggests that myeloid-lineage 
cells harbor a restriction that is neutral-
ized by the Vpx protein. Two presenta-
tions (abstracts 25, 238) suggested that 
this restriction is also active against 
simple retroviruses including murine 
leukemia virus (MLV) and may restrict 
infection of quiescent monocytes by 
HIV-1. 

a central characteristic that distin-
guishes lentiviruses from simple ret-
roviruses is the ability to infect termi-
nally differentiated, nondividing cells. 
Whereas retroviruses transduce cells 

during mitosis, lentiviruses appear to 
have the capacity to transduce cells at 
all stages of the cell cycle (with the ex-
ception of quiescent cells, see below). 
For this reason, lentivirus vectors have 
been exploited for the transduction of 
nondividing cells including neurons, 
macrophages, muscle cells, and den-
dritic cells. 

What governs the ability of lentivi-
ruses to transduce nondividing cells 
is a matter of some debate. a popular 
model is that the relative abilities of ret-
roviruses and lentiviruses to transduce 
nondividing cells is dictated by the abil-
ity of these viruses to circumvent the 
nuclear envelope. Upon infection of a 
cell, viral cDNa is reverse transcribed 
within the context of a large nucleo-
protein reverse transcription complex. 
In a nondividing cell, these complexes 
must traverse the nuclear envelope 
to integrate within chromatin. There-
fore, it has been proposed that reverse 
transcription complexes of lentiviruses 
harbor nucleophilic determinants that 
allow the lentiviral reverse transcrip-
tion complex to translocate across the 
intact nuclear envelope. 

In retroviruses, however, it is general-
ly believed that the reverse transcriptase 
complexes lack the nucleophilic de-
terminants that permit translocation 
across the nuclear envelope and con-
sequently, access the nuclear compart-
ment only after the nuclear envelope 
dissipates during mitosis. abstract 
25 provided the alternative explana-
tion that the relative abilities of retro-
viruses and lentiviruses to transduce 
nondividing macrophages are dictated 
by the ability of these viruses to neu-
tralize a restriction operative in these 
cells. When HeLa cells permissive to 
MLV infection were fused with mac-
rophages that are restricted for MLV 
infection, the resultant heterokaryons 
were resistant to MLV infection, indi-
cating that nondividing macrophages 
harbor a restriction that antagonizes 
MLV. Macrophages harbor a dominant 
restriction that antagonizes lentiviral 

Dr Stevenson is Professor in the Program 
in Molecular Medicine and Department of 
Molecular Genetics and Microbiology at the 
University of Massachusetts Medical School 
in Worcester.

The 16th Conference on Retroviruses and Opportunistic Infections featured a 
strong and balanced program that showcased exciting research into cellular 
restrictions that defend the cell against viral infection as well as cellular 
cofactors that regulate central steps in viral replication. Immunopathogenesis 
presentations continued to reveal some surprises such as evidence for 
pathogenicity in natural simian immunodeficiency virus infection. The 
identification of novel cellular restrictions and cellular cofactors of viral 
replication indicate the possibility of numerous opportunities for the 
development of novel therapeutic agents for the treatment of HIV and AIDS.
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reverse transcription, and this restric-
tion is counteracted by Vpx of HIV-2 
and SIVsm. Kaushik and colleagues sug-
gested that this same restriction was 
operative against MLV, given that the 
block to macrophage infection by MLV 
was at the level of reverse transcription. 
Furthermore, infection of macrophages 
with an SIV variant that expressed Vpx 
rendered macrophages permissive to 
MLV infection, and an MLV variant that 
was engineered to package Vpx pro-
tein efficiently transduced nondividing 
macrophage. 

collectively, these results suggest 
the presence of a dominant restriction 
that is active against retroviruses and 
lentiviruses and that this restriction is 
the obstacle to transduction of nondi-
viding, terminally differentiated cells 
by retroviruses. Therefore, to establish 
myeloid cell reservoirs, primate lenti-
viruses have evolved Vpx (and perhaps 
Vpr) proteins to neutralize a dominant 
restriction that otherwise prevents in-
fection of these cells. 

In abstract 238, the same research 
group demonstrated that the mac-
rophage restriction neutralized by Vpx 
might also be an obstacle to infection 
of quiescent monocytes by primate 
lentiviruses. although macrophages 
and dendritic cells are permissive to 
lentivirus transduction, a large body of 
experimental evidence demonstrates 
that quiescent monocytes, which are 
the circulating precursors to tissue 
macrophages, are refractory to lentivi-
rus infection. Infection of monocytes 
is blocked primarily at the level of re-
verse transcription, and the blocks have 
been attributed to rate-limiting levels 
of deoxynucleotide triphosphates that 
are required for optimal reverse tran-
scription or to the presence of inhibi-
tory complexes of aPobec 3G. Using 
a heterokaryon approach, researchers 
uncovered evidence that monocytes 
harbor a dominant restriction and that 
expression of Vpx in these heterokary-
ons conferred the ability to support 
HIV-1 infection. Furthermore, packag-
ing of Vpx within HIV-1 variants con-
ferred the ability to infect quiescent 
monocytes. Susceptibility to infection 
did not reflect a change in the distribu-
tion of aPobec 3G between low- and 

high-molecular-mass complexes; it ap-
pears that the restriction was unrelated 
to aPobec 3G. 

a prediction stemming from these 
observations is that lentiviruses that 
express a Vpx protein have a greater 
capacity to infect quiescent monocytes 
than, for example, HIV-1 does. Wheth-
er the ability to establish a reservoir of 
infected monocytes has an impact on 
the immunopathogenicity of infection 
remains to be determined. 

Tetherin, or bST-2, is an interferon-
inducible, cellular protein that inhibits 
the dissociation of progeny HIV-1 viri-
ons from the surface of the infected cell. 
To overcome this restriction, HIV-1 has 
evolved Vpu, which neutralizes tetherin 
by a poorly understood process. a long-
standing question has been how mem-
bers of the HIV-2 and SIVsm lineages 
that do not have a vpu gene counteract 
the antiviral effects of tetherin. one 
study (abstract 28Lb) suggests that the 
Nef protein of SIV may have assumed 
this responsibility. Nef is an enigmatic, 
viral accessory protein required for effi-
cient viral replication and pathogenicity 
in vivo, and many activities have been 
ascribed to it. Nef has been shown to 
down-regulate immunoregulatory mol-
ecules from the cell surface, inducing 
cD4 and major histocompatibility com-
plex class I (MHc-I) receptors, and as a 
consequence, Nef is believed to play a 
general role in immune evasion. 

Deletion mutants of SIV were tested 
for virion production in 293T cells that 
expressed either human or rhesus teth-
erin, and results revealed that SIV Nef 
could promote particle release by in-
hibiting rhesus tetherin. However, SIV 
Nef was not able to neutralize human 
tetherin. conversely, HIV-1 Vpu specifi-
cally neutralized human tetherin but 
not rhesus tetherin. Jia and colleagues 
identified a 4-amino-acid motif in the 
cytoplasmic domain of tetherin that 
was required for its ability to be neutral-
ized by SIV Nef. However, this domain 
was absent from human tetherin. 

With these new findings on the role 
of Nef in neutralization of tetherin, it 
now appears that all 4 viral accessory 
proteins play a role in counteracting 
cellular antagonists of HIV and SIV rep-
lication. The fact that lentiviruses have 

evolved these counter-defense mecha-
nisms supports the notion that these 
viral accessory proteins represent 
highly attractive targets for therapeutic 
intervention.

a number of presentations fea-
tured research aimed at improving 
understanding of how viral accessory 
proteins counteract cellular restric-
tions. Two (abstracts 129Lb, 130Lb) 
presented nuclear magnetic resonance 
structures of the deaminase domain of 
aPobec 3G. These structures have be-
gun to reveal insight into loops within 
the active site that are directly involved 
in binding to substrate. although the 2 
structures presented very different ori-
entations of the substrate groove, they 
are important first steps toward identi-
fying elements in aPobec 3G that can 
aid in the rational design of small mol-
ecules that enhance substrate binding 
and antiviral activity of aPobec 3G. 

Additional ApoBeC Studies

although considerable insight into the 
mechanism by which Vif counteracts 
the antiviral activity of aPobec 3 pro-
teins has been obtained, gaps remain 
in our understanding of the mecha-
nisms by which aPobec 3 proteins 
inhibit viral replication. aPobec 3G is 
a cytidine deaminase that is packaged 
into viral particles, and the consensus 
is that it restricts viral replication by 
catalyzing deamination of cytosines 
in minus-strand viral cDNa. Whereas 
aPobec 3G has 2 cytidine deaminase 
domains, only the c-terminal domain 
has catalytic activity. 

Several studies provide evidence 
that the antiviral activity of aPobec 
3G is dependent upon cytidine deami-
nase activity. However, studies by 
Malim, Sheehy, and colleagues have 
provided evidence that aPobec 3G 
may exhibit antiviral activity indepen-
dent of aPobec 3G enzymatic activity. 
For example, packaging of aPobec 3G 
protein into Vif-deleted HIV-1 virions 
correlates with an inhibition of en-
dogenous reverse transcription within 
the virion.7 This would suggest that 
aPobec 3G has the capacity to inhibit 
viral reverse transcription. abstract 240 
continued in this vein by describing a 
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large panel of aPobec 3G proteins, 
some of which retain cytidine deami-
nase activity yet do not have antiviral 
activity. Studies presented in abstract 
233 reinforced the model that the ex-
tent of deamination of viral cDNa cor-
related inversely with viral infectivity 
and that packaging of a single mole-
cule of aPobec 3G was sufficient to 
affect HIV-1 infectivity, which further 
implicated that restriction is depen-
dent upon enzymatic activity. 

The level to which aPobec 3G is 
expressed in cells also shapes the out-
come of infection. at higher levels of 
aPobec 3G expression, neutraliza-
tion by Vif may be incomplete, which 
would create the scenario in which 
even wild-type viruses are suppressed 
by aPobec 3G. abstract 241 pre-
sented evidence that the differential 
expression of aPobec 3G in T helper 
lymphocyte subsets (TH1 or TH2) cor-
related with their susceptibility to in-
fection. aPobec 3G was expressed at 
higher levels in TH1 than TH2 cells, and 
virus produced from TH1 cells was less 
infectious than virus obtained from 
TH2 cells. This suggests that strategies 
that augment aPobec 3G expression 
in vivo may be effective in inhibiting 
the replication of HIV-1.

abstract 26 employed biochemical 
procedures to evaluate the interaction 
between the cellular restriction TRIM5 
and lentiviral capsid proteins. TRIM5α 
from rhesus monkeys potently inhib-
its HIV-1 infectivity at an early step in 
the viral life cycle. It has been hypoth-
esized that TRIM5α interferes with 
retroviral uncoating. However, study 
of the uncoating process in the con-
text of an infected cell has been a dif-
ficult challenge. abstract 26 presented 
evidence that a recombinant form of 
TRIM5α, containing the RING domain 
of human TRIM21, formed monomers 
and dimers and bound directly to syn-
thetic capsids of HIV-1 ca-Nc proteins 
as well as to core particles of equine 
infectious anemia virus. Furthermore, 
TRIM5-TRIM21 chimeric proteins were 
able to autoubiquitylate in vitro. The 
ability to recapitulate ubiquitin ligase 
activity and Gag binding in vitro with 
recombinant TRIM proteins should al-
low a more detailed investigation into 

the mechanism by which TRIM5 pro-
teins affect capsid function and viral 
uncoating. 

abstract 24 presented studies aimed 
at monitoring the uncoating process in 
vivo. The investigators incorporated a 
fluorescent label into the membranes 
of HIV-1 virions that had also packaged 
green fluorescent protein (GFP) through 
its association with Vpr. cells were then 
infected and virions visualized with an-
tibody to capsid. The investigators fol-
lowed the timing of uncoating from the 
percentage of virions that had lost the 
membrane fluorescent signal. They ob-
served that capsid remained associated 
with the viral core after fusion and grad-
ually associated over the first 4 hours 
after infection. curiously, when cells 
were treated with reverse transcriptase 
inhibitors, the percentage of capsid-
associated virions increased with time. 
collectively, these findings suggest that 
capsid can remain associated with the 
viral core for hours after infection and 
that reverse transcription may be im-
portant for HIV-1 uncoating because the 
process was delayed in the presence of 
reverse transcriptase inhibitors. 

Cellular Cofactors and Viral 
Replication

over the past year, considerable atten-
tion has focused on cellular cofactors 
that regulate early events in the retro-
viral life cycle and in particular, cellu-
lar proteins that aid in translocation of 
viral complementary DNa (cDNa) into 
the nucleus. Last year, a short interfer-
ing RNa (siRNa) screen by brass and 
colleagues identified more than 200 
potential HIV-1 cofactors required for 
viral replication.8 among these were 
nuclear pore proteins and nuclear 
shuttling proteins that may play a role 
in trafficking of viral reverse transcrip-
tion complexes from the cytoplasm to 
the nucleus. 

This aspect of retroviral replication 
has remained highly elusive. after in-
fection of a cell and synthesis of viral 
cDNa, viral integrase remains associ-
ated with viral cDNa as it translocates 
to the host cell nucleus. because these 
nucleoprotein reverse transcription 
complexes approach the size of a ri-

bosome, some specialized mecha-
nism must permit them to translocate 
across the nuclear envelope during in-
fection of a nondividing cell. abstract 
23 presented evidence that transpor-
tin-SR2 binds to HIV-1 integrase but 
not MLV integrase. Upon siRNa-medi-
ated knockdown of transportin-SR2, 
nuclear translocation of HIV-1 reverse 
transcription complexes was blocked. 
Interestingly, transportin-SR2 knock-
down inhibited nuclear translocation of 
HIV-1 in cells that had not been growth 
arrested. This suggests that infection 
of the cell by HIV-1 may depend upon 
nuclear transport factors irrespective 
of the cycling state of the target cell. 

In a plenary presentation, Debyser 
(abstract 74) discussed ongoing stud-
ies aimed at developing small molecule 
inhibitors of the interaction between 
HIV-1 integrase and its cellular cofac-
tor, lens epithelium-derived growth 
factor/p75 (LeDGF/p75). This cellular 
protein was originally identified in as-
sociation with integrase complexes ex-
pressed in cells.9 Subsequent studies 
using RNa interference (RNai)-mediat-
ed knockdown of LeDGF indicated that 
it played an important role in viral in-
tegration. crystallographic information 
on LeDGF/p75-integrase interaction 
has aided in the design of inhibitors of 
the interaction by computer modeling. 
Debyser discussed a lead compound 
that fits in the LeDGF binding pocket. 
This compound was antiviral and was 
active against viruses resistant to the 
integrase inhibitor raltegravir. Impor-
tantly, this small molecule appeared 
to act at the interface between LeDGF 
and integrase rather than the interface 
of LeDGF with cellular binding partners 
such as JPo2. Therefore, inhibition of 
LeDGF-integrase interaction may be 
possible without affecting the normal 
cellular function of LeDGF. 

Studies were presented of HIV rep-
lication using analyses of single mol-
ecules aimed at visualizing the path-
way that viruses use to navigate in and 
out of the cell (Session 44). abstract 
167 presented studies using virions in 
which integrase was fused to a fluores-
cent protein. This permitted analysis 
of the spatial and dynamic distribu-
tion of viral reverse transcription com-
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plexes in the nucleus. This strategy 
indicated that viral reverse transcrip-
tion complexes localized primarily to 
decondensed regions of chromatin but 
not to heterochromatin, suggesting the 
existence of a mechanism by which 
viral reverse transcription complexes 
are oriented toward particular integra-
tion sites. In a parallel presentation 
(abstract 166), fluorescently tagged 
derivatives of Gag were used to follow 
the assembly of HIV-1 virions at the 
surface of the infected cell. Using a va-
riety of fluorescent imaging approach-
es, virions were found to appear at the 
cell surface sequentially, and assembly 
of a single virion typically required 5 
minutes to 6 minutes. 

Studies of Nef

abstract 258 presented research aimed 
at identifying small molecule inhibitors 
of HIV-1 Nef. as discussed above, of 
the myriad of activities that have been 
described for lentiviral Nef proteins, its 
ability to down-regulate MHc-I recep-
tor expression on the surface of the 
infected cells is generally considered 
an important function of Nef because 
it would protect the infected cell from 
immune surveillance by cytotoxic T 
cells. a cell-based assay was described 
that screens for small molecules that 
stabilize surface expression of MHc-I 
in the presence of HIV-1 Nef. From a 
library of 70,000 compounds, 2 were 
identified that could prevent down-reg-
ulation of MHc-I on the cell surface in 
the presence of HIV-1 Nef. Studies are 
underway to determine whether these 
small molecules restore the sensitivity 
of HIV-1-infected cells to killing by cy-
totoxic T lymphocytes. 

although Nef plays a central role in 
viral replication, it is also implicated 
as a determinant of pathogenicity in 
HIV and SIV infection. Nef may be a 
determinant that contributes to an in-
creased risk of cardiovascular disease 
in HIV infection (abstract 147). There 
is an increased incidence of dyslipi-
demia and cardiovascular disease in 
HIV-1-infected individuals. examining 
high-density lipoprotein (HDL) metab-
olism in SIV-infected macaques fed an 
atherogenic diet, bukrinsky and col-

leagues observed an SIV-specific block 
in HDL remodeling in the liver and 
down-regulation of abca1 (adenosine 
triphosphate-binding cassette, subfam-
ily a, member 1) activity in the liver. 
Soluble extracellular Nef was found 
in liver tissue and in plasma. In vitro, 
Nef inhibited abca1-dependent cho-
lesterol efflux from macrophages and 
hepatocytes, suggesting a model in 
which Nef released from infected cells 
inhibits reverse cholesterol transport. 
This effect may lead to changes in HDL 
metabolism that may contribute to in-
creased risk of cardiovascular disease. 

Viral Replication and 
pathogenicity

Pathogenic lentivirus infection (HIV-1 
infection of humans and SIV infection 
of rhesus macaques) is associated with 
high-level viral replication and viremia, 
accelerated turnover of cD4+ lympho-
cytes and cD4+ cell depletion, and gen-
eralized immune activation. In contrast, 
primate lentiviruses are not considered 
pathogenic in their natural hosts (SIVcpz 
infection, SIVsmm infection). Nonpatho-
genic infection exhibits most of the 
characteristics of pathogenic infection 
including efficient viral replication, high-
level viremia, and accelerated cD4+ 
lymphocyte turnover. However, the 
cD4+ lymphocyte depletion and gener-
alized immune activation characteristic 
of pathogenic infection are not apparent 
in nonpathogenic infection. 

abstract 80 presented the surprising 
finding that SIVcpz  may have a substan-
tial impact on the health of infected 
chimpanzees as well as their survival 
and reproduction, indicating that SIVcpz 

is pathogenic in its natural host. be-
cause chimpanzees are a protected 
species, it has been difficult to study 
the natural history of SIVcpz infection 
in these animals. However, the inves-
tigators exploited 50 years of observa-
tional data, combined with antibody 
and DNa polymerase chain reaction 
status, to study SIVcpz infection in chim-
panzees in Gombe National Park, Tan-
zania. SIVcpz prevalence rates increased 
from 8% in 2001 to 17% in 2007. There 
was a higher mortality risk in infants 
born to SIVcpz-infected mothers than 

in infants born to uninfected mothers, 
and infected chimpanzees had a 6- to 
17-fold increased death hazard. cD4+ 
lymphocyte depletion was also evident 
in 2 of 3 SIVcpz-infected animals but not 
in 4 uninfected controls. Thus, in terms 
of the extent of pathogenicity, mortality 
data in SIVcpz infection in chimpanzees 
is lower than that of HIV-1-infected hu-
mans but higher than in SIVsmm infec-
tion. Whether the extent of pathogenic-
ity in SIVcpz-infected monkeys correlates 
with levels of generalized immune acti-
vation remains to be determined. 

In a plenary presentation, Douek 
discussed the role of immune activa-
tion in pathogenic lentivirus infection 
as well as factors that may drive im-
mune activation (abstract 20). The 
mucosal barrier is damaged as a con-
sequence of depletion of gut-associ-
ated lymphoid tissue (GaLT), with the 
preferential loss of TH17 cells in the 
gastrointestinal tract as a result of HIV 
infection. Translocation of microbial 
products from the gut lumen into the 
systemic circulation, as a consequence 
of this damaged mucosa, drives im-
mune stimulation. In contrast, levels of 
TH17 cells in the gastrointestinal tract 
of SIV-infected sooty mangabeys re-
main normal, and there is no evidence 
for increased translocation of immu-
nostimulatory microbial products. 

TH17 cells may be selectively deplet-
ed in HIV-1 infection because the ma-
jority of TH17 cells are cD4+ and are 
thus susceptible to infection (abstract 
78). although the majority of TH17 
cells expressed both cc chemokine re-
ceptor 5 (ccR5) and cXc chemokine 
receptor 4 (cXcR4) coreceptors, ccR5 
expression was higher in the TH17 sub-
set that secretes interleukin-17 and 
interferon-gamma (IFN-γ). These cells 
were highly susceptible to infection by 
X4-tropic and R5-tropic HIV-1 and to 
the cytopathic effects of infection in 
vitro. There was a substantial decrease 
in this IFN-γ-positive TH17 population 
in HIV-1-infected individuals. This TH17 
subset was also decreased in HIV-1-
infected individuals receiving suppres-
sive antiretroviral therapy who have a 
cD4+ count greater than 200 cells/µL. 
Therefore, targeting of these cells by 
HIV-1 may occur even with effective 
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antiviral therapy, or this subpopulation 
of TH17 cells may not recover if viral 
replication is subsequently controlled 
by antiretroviral therapy.

Rowland-Jones discussed features 
of HIV-2 infection and pathogenicity 
(abstract 56). The majority of HIV-2-
infected individuals do not show signs 
of disease, and as such, HIV-2-infected 
individuals share similar characteristics 
with HIV-1-infected long-term nonpro-
gressors. about 20% of HIV-2-infected 
individuals develop a pathogenic infec-
tion similar to aIDS in HIV-1 infection. 
Rowland-Jones presented evidence that 
proviral DNa load in HIV-2 progressors 
and HIV-1-infected individuals at the 
same stage of disease are similar. How-
ever, HIV-2-infected nonprogresssors 
have lower plasma viremia. HIV-2-in-
fected individuals with nonprogressive 
infection are more able to mount an ef-
fective immune response and preserve 
HIV-specific T-helper-cell responses and 
strong cD8+ cell responses. Low viral 
load correlated with the presence of T-
cell responses to HIV-2 Gag. 

Surprisingly, there are variations 
in HIV-2 Nef that affected its ability to 
down-regulate T-cell-receptor complex, 
and although this correlated with levels 
of systemic immune activation, there 
was no correlation with the extent of dis-
ease progression. It was previously hy-
pothesized that down-regulation of the 
T-cell-receptor–cD3 complex from in-
fected T cells by Nef may inhibit their re-
sponse to activation and that this ability 
to down-regulate the T-cell receptor was 
lost in HIV-1 Nef.10 The interpretation 
was that an inability to down-regulate 
the T-cell receptor and prevent infected 
cell responsiveness to activation may 
contribute to the extent of pathogenicity. 
although the ability to down-regulate the 
T-cell receptor may not directly correlate 
with clinical outcome in HIV-2 infection, 

accumulating evidence suggests that Nef 
plays a role either in contributing to the 
state of immune activation or in regulat-
ing the ability of the infected cell to re-
spond to immune stimuli. 

as in some HIV-2-infected individu-
als, rare SIVsm-infected sooty mangabeys 
show profound cD4+ lymphocyte 
depletion. This lymphocyte depletion 
is accompanied by emergence of SIV 
that is able to use several coreceptors 
for entry (R5/X4/R8/R2). To determine 
whether viral or host determinants de-
fined the extent of lymphocyte deple-
tion, plasma from sooty mangabeys 
with depleted cD4+ cells was used to 
infect additional animals. This led to a 
rapid depletion of cD4+ cells within 4 
weeks of plasma transfer. In addition, 
virus recovered from 3 additionally in-
fected monkeys retained its ability to 
infect cells by several coreceptors. De-
spite the profound depletion of cD4+ 
lymphocytes, levels of immune activa-
tion remained at levels observed in un-
infected monkeys. Furthermore, plas-
ma lipopolysaccharide levels remained 
low, which suggested that profound de-
pletion of cD4+ lymphocytes was not 
accompanied by an impairment of gut 
epithelial integrity. 

collectively, these results indicate 
that SIV variants capable of using nu-
merous coreceptors can induce severe 
systemic cD4+ cell loss in the natural 
host without inducing simian aIDS. 
This indicates that the natural host of 
SIV infection is able to maintain mu-
cosal integrity and adaptive immune 
responses without the presence of 
high levels of cD4+ cells.

Financial Disclosure: Dr Stevenson has 
served as a consultant to Merck & Co, Inc.

A list of all cited abstracts ap-
pears on pages 89-95. 

Additional References
1. Madani N, Kabat D. an endogenous inhibi-
tor of human immunodeficiency virus in hu-
man lymphocytes is overcome by the viral Vif 
protein. J Virol. 1998;72:10251-10255.

2. Neil SJ, Zang T, bieniasz PD. Tetherin in-
hibits retrovirus release and is antagonized by 
HIV-1 Vpu. Nature. 2008;451:425-430.

3. Sheehy AM, Gaddis Nc, choi JD, Malim 
MH. Isolation of a human gene that inhibits 
HIV-1 infection and is suppressed by the viral 
Vif protein. Nature. 2002;418:646-650.

4. Simon JH, Gaddis Nc, Fouchier Ra, Malim 
MH. evidence for a newly discovered cellular 
anti-HIV-1 phenotype. Nat Med. 1998;4:1397-
1400.

5. Van Damme N, Goff D, Katsura c, et al. 
The interferon-induced protein bST-2 restricts 
HIV-1 release and is downregulated from the 
cell surface by the viral Vpu protein. Cell Host 
Microbe. 2008;3:245-252.

6. Sharova N, Wu Y, Zhu X, et al. Primate 
lentiviral Vpx commandeers DDb1 to coun-
teract a macrophage restriction. PLoS Pathog. 
2008;4:e1000057.

7. Bishop KN, Verma M, Kim eY, Wolinsky 
SM, Malim MH. aPobec3G inhibits elonga-
tion of HIV-1 reverse transcripts. PLoS Pathog. 
2008;4:e1000231.

8. Brass AL, Dykxhoorn DM, benita Y, et al. 
Identification of host proteins required for 
HIV infection through a functional genomic 
screen. Science. 2008;319:921-926.

9. Cherepanov P, Maertens G, Proost P, et al. 
HIV-1 integrase forms stable tetramers and 
associates with LeDGF/p75 protein in human 
cells. J Biol Chem. 2003;278:372-381.

10. Schindler M, Munch J, Kutsch o, et al. 
Nef-mediated suppression of T cell activation 
was lost in a lentiviral lineage that gave rise to 
HIV-1. Cell. 2006;125:1055-1067.

Top HIV Med. 2009;17(2): 30-34 

©2009, International aIDS Society–USa

1_pg30_34_stevenson.indd   34 4/28/09   7:04:48 AM



35

Conference Highlights — Vaccine Development   Volume 17 Issue 2   April/May 2009

HIV Vaccine Development
David I. Watkins, PhD

Transmission

One of the highlights of the 2008 
(15th) Conference on Retroviruses 
and Opportunistic Infections was the 
discovery that only a few HIV variants 
cross the mucosa to initiate viral infec-
tion. At the 2009 (16th) conference 
this year, data were presented suggest-
ing that the origin of the infecting virus 
in semen is cell-free virus rather than 
viral DNA present in cells (Abstract 
49LB). Four transmission pairs of men 
who have sex with men (MSM) were 
studied; sequences of the virus pres-
ent in plasma of the infected recipi-
ent clustered with donor cell-free virus 
from semen rather than viral DNA in 
lymphocytes from semen. It will now 
be important to assess the origin of 
the transmitted virus in heterosexual 
transmission pairs and in men in-
fected by genital secretions. Nonethe-
less, this result suggests that vaccines 
should target cell-free virus rather than 
cell-associated virus. Furthermore, the 
cell-free viral challenges employed in 
macaque challenge studies may be rel-
evant to HIV transmission.

Step Trial Follow-Up

In a symposium on “Learning from 
Negative Trials,” Hunter discussed pos-
sible reasons for the failure of the Step 

trial (HIV Vaccine Trials Network 502 
study) (Abstract 119). It was suggested 
that despite relatively robust vaccine-
induced T-cell responses, the breadth 
of these responses may not have been 
sufficient to protect against HIV infec-
tion or reduce postinfection viral loads 
in the majority of vaccinees. New T-
cell vaccine approaches may, there-
fore, have to be qualitatively different 
or include an antibody component in 
the future.

In an attempt to explain why vac-
cinees in the Step trial with high ad-
enovirus serotype 5 (Ad5) neutralizing 
antibodies were more susceptible to 
HIV infection, the immune response to 
Ad5 was monitored in individuals par-
ticipating in phase I studies (Abstract 
85). Approximately 73% of individuals 
already had Ad-specific T cells before 
receiving the vaccine. Only individu-
als given 3 injections of 3 × 1010 viral 
particles showed a statistically signifi-
cant increase in the percentage of Ad-
specific CD4+ and CD8+ T cells. These 
CD4+, Ad5-specific cells exhibited mac-
rophage inhibitory protein (MIP)-1 alpha 
activity, which the authors speculated 
might make them resistant to HIV in-
fection.

In a follow-up study of the Step trial, 
data suggest that if vaccinees show a 
response to a “good” epitope after vac-
cination, they will likely exert some 
measure of control over viral replica-
tion after infection (Abstract 86LB). 
Although this would be expected for 
epitopes bound by the “protective” al-
leles HLA-B*57 and -B*27, there were 
9 individuals who showed a response 

to the HLA-A*02-bound epitope Nef 
LV10. The vaccinees who showed a re-
sponse to this epitope before infection 
did better than those that did not.

Further evidence for the concept 
that CD8+ T-cell recognition of good 
epitopes results in control of viral rep-
lication was presented by Streeck and 
colleagues (Abstract 112). The authors 
showed that if individuals recognized 
frequently targeted immunodominant 
epitopes during the acute infection 
phase, they would control viral replica-
tion later. Preservation of this recogni-
tion pattern into the chronic infection 
phase also correlated with a slower 
CD4+ decline.

Finally, 2 studies (Abstracts 90aLB, 
90bLB) presented the effects of inter-
leukin-2 on clinical outcomes. Despite 
evidence of preservation of CD4+ cells 
and increases in some patients, there 
was no reduction in the rate of oppor-
tunistic infections or death.

Monkey Vaccine Studies 
Using Attenuated Simian 
Immunodeficiency Virus

Two studies (Abstracts 116, 117) shed 
light on protection induced by live at-
tenuated simian immunodeficiency vi-
rus (SIV) SIVmac239∆Nef. The first study ex-
amined the expansion of natural killer 
(NK) cells (CD3-, CD8+, NKG2A+) after 
vaccination and challenge. NK cells ex-
panded by as much as 8-fold in 70% of 
the vaccinated animals. Similarly, NK 
expansion was observed in challenged 
vaccinated monkeys, in the absence of 
obvious anamnestic responses, imply-
ing that these NK cells may play a role 
in vaccine-induced protection.

The second monkey study involving 
SIVmac239∆Nef showed that depletion of 
B cells had little effect on vaccine-in-
duced protection. Although not all of 
the vaccinated macaques exhibited 
adequate B-cell depletion, 5 of 10 anti-
CD20-antibody-treated animals had no 
SIV-specific antibody at time of challenge. 
Of these, 4 of 5 showed no evidence of 

Dr Watkins is a Professor in the Department 
of Pathology and a member of the AIDS 
Vaccine Research Laboratory at the Univer-
sity of Wisconsin Madison. 

Several interesting new vaccine-related studies were presented at the 16th 
Conference on Retroviruses and Opportunistic Infections this year. Transmitted 
viruses appear to be derived from cell-free virus rather than cell-associated 
virus, at least in men who have sex with men. Follow-up studies from the Step 
(HIV Vaccine Trials Network 502) trial indicated that if individuals mounted 
certain vaccine-induced responses, they may control viral replication after 
infection. Finally, adeno-associated-virus-derived neutralizing antibodies 
completely protected macaques from infection, suggesting novel mechanisms 
of viral control.
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replication of the challenge virus, and 
the other showed only limited viral 
replication and subsequent control. 
Thus, B-cell responses likely play only a 
marginal role in vaccine protection in-
duced by SIVmac239∆Nef.

Vaccine Development

In a symposium titled “Vaccines—Back 
to Basics,” several elegant antibody 
studies were described. The first pre-
sented an analysis looking at the first 
antibodies present after detection of 
virus (Abstract 162). At 8 days postin-
fection, antibody-virion complexes were 
present, followed by antibody to gp41 
at 13 days. Anti-gp120-specific antibod-
ies appeared at 28 days post-viral de-
tection. Mathematical modeling sug-
gested that these antibodies had little 
effect on reducing acute-phase viremia 
given the timing of their appearance 
during natural infection.

Mascola discussed approaches to 
generate broadly reactive neutralizing 
antibodies (brNAbs) (Abstract 163). 
These antibodies may be more com-
mon than previously thought, and new 
methods for developing additional 
brNAbs were described. This involved 
sorting of B cells from infected individ-

uals with subsequent cloning of the im-
munoglobulin heavy and light chains. 
After transfection of these heavy and 
light chains, it was possible to produce 
neutralizing antibodies.

One of the most interesting and 
novel discoveries reported at this year’s 
conference involved the use of adeno-
associated virus as a gene therapy 
agent to express an SIV-specific neutral-
izing monoclonal antibody (Abstract 
164). Three monkeys treated in this 
way resisted challenge with SIVmac316, 
whereas 6 naive macaques became 
infected and developed sustained viral 
replication out to 12 months postin-
fection. This novel approach may well 
hold substantial promise as a method 
of controlling the HIV epidemic. 

Encouraging news from the T-cell 
vaccine field closed this symposium 
(Abstract 165). Vaccination with a 
DNA/Ad5 regimen encoding all of the 
SIV proteins except Env induced high-
frequency and broad T-cell responses 
in 8 macaques. Repeated low-dose 
mucosal challenge with a heterologous 
virus demonstrated that these vaccine-
induced T-cell responses controlled 
replication of the challenge virus in 6 
of 8 vaccinees. These data suggest that 
both acute- and chronic-phase viral 

replication can be controlled by T cells 
alone, in the absence of Env-specific 
antibody responses.

New HIV Vaccine Testing

Finally, encouraging immune respons-
es were engendered in a safety trial of a 
protein vaccine adjuvanted (with AS01) 
and consisting of a recombinant fusion 
protein containing p17, p24 Gag, re-
verse transcriptase, and Nef (Abstract 
87LB). Additionally, there were no vac-
cine-related serious adverse effects. At 
the highest doses of this vaccine, 80% 
of the human volunteers showed rec-
ognition of all 4 antigens in the vac-
cine, with a mean CD4+ cell reactivity 
of 1.2%. Interestingly, few CD8+ T-cell 
responses were seen in the vaccinees. 
Further human testing is planned for 
this vaccine approach.
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The Epidemiology of New HIV Infections and  
Interventions to Limit HIV Transmission
Susan Buchbinder, MD

HIV-Affected Populations

We are now nearly 3 decades into the 
HIV epidemic, and it is estimated that 
there were 2.7 million new HIV infec-
tions worldwide in 2008.1 Several pre-
sentations at this year’s conference 
highlighted the diverse nature of the 
epidemic, both in specific risk groups 
and in specific geographic regions. 

Men Who Have Sex with Men

There was renewed recognition of the 
global nature of the HIV epidemic in 
men who have sex with men (MSM). 
Caceres pointed out that, despite lim-
ited data, approximately 7% of the pop-
ulations of men in Latin America and 
Asia report having had sex with men in 
the prior year, and much higher rates 
globally report ever having had sex with 
men (Abstract 13). Conversely, more 
than half of MSM globally also reported 
having sex with women in the prior 
year, with rates especially high in Africa 
and Asia, and considerably lower (19%) 
in Latin America. Two posters at the 
conference (Abstract 1028 on data from 
Kenya, Abstract 1029 on data from Sen-
egal) also found more than half of the 

MSM sampled in these regions reported 
having sex with both men and women, 
raising concerns about spread of infec-
tion from MSM into female populations. 
This speaks to the global need to move 
our thinking beyond risk-group catego-
ries and to ask all patients about sexual 
practices of all types. 

Caceres also reviewed data from 
Baral and colleagues reporting on the 
high HIV prevalence in MSM compared 
with heterosexual populations in many 
regions of the world (odds ratio [OR], 
33.3 in Latin America, 18.7 in Asia, 
and 3.8 in Africa).2 Van Griensven and 
colleagues provided longitudinal data 
on an MSM cohort in Thailand with 
an HIV incidence rate of 5.7 per 100 
person-years over 3 years of follow-up 
despite ongoing risk-reduction coun-
seling, highlighting the severity of the 
epidemic in MSM populations (Ab-
stract 1037b). 

Caceres addressed some of the 
structural drivers of the MSM epidemic 
that limit access to prevention ser-
vices. His group’s survey of antisod-
omy laws worldwide found that highly 
prohibitive laws (with punishments 
of prolonged incarceration or death) 
still exist in 18 countries in Africa, 14 
in East and Southeast Asia, 11 in the 
Caribbean, and 6 in the Middle East 
and North Africa. Caceres called for a 
3-pronged approach to addressing the 
MSM epidemic, including collection 
of more data with better outreach to 

MSM populations globally, implemen-
tation of human rights protections, 
and an increase in access to preven-
tion services. 

There were several cross-sectional 
studies of MSM in resource-constrained 
settings. Solomon and colleagues esti-
mated that there are 2.35 million MSM 
in India but that this population re-
mains largely hidden, in part because 
of cultural “requirements” that young 
people marry, and because of Indian 
law forbidding same-sex relationships 
(Abstract 171LB). In their respondent-
driven sample of 721 MSM, in which 
initial participants were primarily sex 
workers, HIV prevalence was 9%, and 
seropositivity was independently as-
sociated with marriage (adjusted OR 
[AOR], 1.91), herpes simplex virus 2 
(HSV-2) seropositivity (AOR, 3.69), and 
having more than 50 sex partners in the 
past year (AOR, 3.81). One-third of the 
men were married, and two-thirds of 
married men reported having engaged 
in unprotected vaginal sex with at least 
1 female partner in the prior year. 

Beyrer and colleagues presented 
data on the MSM epidemic in Malawi, 
Namibia, and Botswana (Abstract 172). 
Overall prevalence was 17% in this 
sample of 537 men, with men older 
than 25 years having a 4-fold increased 
rate of HIV seropositivity (95% CI, 2–8), 
after adjusting for other demographic 
and risk variables. More than half of 
the men had had sex with both men 
and women in the previous 6 months, 
and 16% reported concurrent relation-
ships with both men and women. Of 
note, being in concurrent bisexual rela-
tionships was statistically significantly 
associated with always using condoms 
with regular sex partners in this sam-
ple (AOR, 4.8; 95% CI, 2.8–8.2), which 
may reduce the risk of transmission to 
female partners. Stigma and discrimi-
nation were high in these populations, 
with 18% to 20% of men in the 3 coun-

Dr Buchbinder is Director of the HIV Re-
search Section of the San Francisco Depart-
ment of Public Health and Associate Clinical 
Professor of Medicine and Epidemiology at 
the University of California San Francisco.

After the disappointing news reported at the 2008 (15th) Conference 
on Retroviruses and Opportunistic Infections regarding HIV vaccines, 
microbicides, and herpes virus suppression trials, the 16th conference this 
year brought welcome advances in the HIV prevention field. In particular, 
substantial progress is being made in approaches to preexposure prophylaxis 
in preclinical and clinical trials, and an efficacy trial of a vaginal microbicide 
appeared to provide women in Africa and the United States with modest 
protection against HIV acquisition. This review covers presentations on the 
epidemiology of HIV infection in specific global populations, strategies to 
improve the uptake of HIV testing, lessons from previous negative prevention 
trials, and progress in the development of new biomedical interventions.
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tries afraid to seek health services, 
and 18% to 26% reporting that they 
had been blackmailed because of their 
sexuality. Being blackmailed was sta-
tistically significantly associated with 
disclosing their same-sex behavior to 
family members or to a clinic or health 
care worker, and with not having had 
an HIV test in the previous 6 months. 
This report provides concrete evidence 
of how stigma, failure to protect confi-
dentiality in clinical settings, and laws 
against homosexuality may directly af-
fect the receipt of health care services. 

HIV Infections in Diverse 
Geographic Regions

Other presentations focused on the 
diverse epidemics within specific geo-
graphic locations. For example, Session 
16 focused on the global nature of the 
epidemic as told through the epidemi-
ology and public health response in 4 
cities in different regions of the world: 
Washington, DC (Abstract 57); Cape-
town, South Africa (Abstract 58); Rio 
de Janeiro, Brazil (Abstract 59); and Al-
maty, Kazakhstan (Abstract 60). Hader 
presented data on the diverse HIV epi-
demic in Washington, DC, where over-
all prevalence is 3%, rates are high in 
nearly all wards in the city, and new in-
fections represent all high-risk-behavior 
groups (25% MSM, 15% injection drug 
users [IDU], > 35% heterosexual) (Ab-
stract 57). Rates are particularly high 
among black men (prevalence, 6.5%) 
and persons aged 40 years to 49 years 
(prevalence, 7.2%) and 50 years to 59 
years (prevalence, 5.2%). Numerous 
city agencies have begun implementing 
a broad array of prevention programs, 
with early indicators of success in an 
increased rate of HIV testing, higher 
CD4+ counts at initial presentation, 
increased rates of school-based test-
ing for sexually transmitted diseases 
(STDs), and decreased STD prevalence 
in several schools. 

Gray and McIntyre gave a broad 
overview of the evolution of the AIDS 
epidemic in South Africa in this year’s 
N’Galy-Mann Lecture (Abstract 18). Well 
after HIV was recognized to cause AIDS, 
the epidemic continued unchecked in 
South Africa, growing from 160,000 in-

fections in 1987 to 5.7 million in 2007. 
South Africa is home to 17% of HIV in-
fections worldwide, while making up 
only 0.7% of the world’s population. 
Gray and McIntyre reiterated Jonathan 
Mann’s statement to the United Nations 
General Assembly in 1987 that the “so-
cial, cultural, economic and political 
reaction to AIDS [is] as central to the 
global AIDS challenge as the disease it-
self.” Their informative and moving ac-
count of the South African AIDS story 
can be viewed on the conference Web 
site at www.retroconference.org. 

Coetzee focused on the high rates 
of sexual concurrency fueling the 
HIV epidemic in Capetown, South Af-
rica (Abstract 58). HIV prevalence is 
twice as high among persons living in 
“informal” (nonpermanent) housing 
as among persons living in standard 
housing. He also focused on efforts to 
roll out antiretroviral therapy and pre-
vention of mother-to-child transmis-
sion (PMTCT), which was particularly 
challenging under the previous South 
African government that denied that 
HIV infection caused AIDS. Substantial 
progress is being made in these areas, 
and there is now government support 
for these programs. 

El-Bassel discussed the rising epi-
demic in 2 cities in Khazakstan, the 
largest country in Central Asia (Ab-
stract 60). Here, the epidemic largely 
affects IDUs, and the epidemic may 
be fueled by external forces (eg, drug-
trafficking patterns in Asia) and inter-
nal policies in the treatment of IDUs 
(eg, lack of needle-exchange programs, 
criminalization of drug use, lack of 
harm-reduction programs). HIV preva-
lence has increased dramatically since 
the early 2000s, pointing to the need 
to act quickly to prevent a much more 
substantial epidemic in this region of 
the world.

Uptake and Impact of HIV 
Testing

HIV prevention and treatment both be-
gin with knowledge of HIV serostatus. 
A number of presentations focused on 
the continuing problem of undiagnosed 
HIV infection in the United States and 
globally. Campsmith and colleagues at 

the US Centers for Disease Control and 
Prevention reported that as of the end 
of 2006, more than 1 million persons 
at least 13 years old were infected in 
the United States, and that 21% of these 
persons were unaware of their HIV in-
fection (Abstract 1036). More than half 
of these undiagnosed infections oc-
curred in MSM. The number of undi-
agnosed infections was highest among 
blacks (113,100), followed by whites 
(72,000), and Hispanics (41,900); by 
age, 35- to 44-year-olds (76,100) had 
the highest number. The proportion of 
all HIV-infected persons who remained 
undiagnosed was highest among MSM 
(23.5%) and heterosexual men engag-
ing in high-risk behaviors (26.7%), al-
though the absolute number of undi-
agnosed MSM was more than 4-fold 
higher than that of undiagnosed het-
erosexual men (125,900 vs 27,900, re-
spectively). Of note, the proportion of 
undiagnosed HIV infections was lowest 
among men and women IDUs, possibly 
the result of the HIV testing and pre-
vention services offered through drug-
treatment programs, medical care, and 
syringe-exchange programs. 

Chen and colleagues reported on 
data from administrative claims from 8 
US health plans covering 7.8 million in-
sured persons in the United States (Ab-
stract 1044). After excluding persons 
with known HIV infection, organ-trans-
plant recipients, hospice patients, and 
those receiving immunosuppressive 
medications, they found nearly 7500 
continuously insured patients with new 
diagnoses of a potential AIDS-defining 
event. Overall, 4.3% had received an 
HIV antibody test, CD4+ count de-
termination, or HIV viral load mea-
sure within 150 days before receiving 
their potential AIDS-defining diagnosis 
through 60 days after the diagnosis. 

It has been estimated that world-
wide, only 10% of persons at risk of 
HIV infection receive HIV testing (Ab-
stract 12). Mohammed and colleagues 
reported that 63.5% of persons includ-
ed in a nationally representative survey 
in Kenya had never received an HIV 
antibody test (Abstract 137LB). April 
and colleagues reported that testing 
rates among the population living near 
Capetown, South Africa, had increased 
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substantially from approximately 4% in 
2001 to 20% in 2006, although median 
CD4+ count at the time of diagnosis 
did not change over that time period 
(Abstract 1048).

Two presentations documented 
progress in early HIV testing in some 
populations. Golden and colleagues 
reported on the proportion of persons 
newly diagnosed with HIV through a 
public health program in Seattle, Wash-
ington, from 1995 to 2008 (Abstract 
1043). The proportion of newly diag-
nosed MSM reporting never previously 
receiving an HIV test declined substan-
tially (from 25% in 1995–1996 to 5% 
in 2007–2008; P < .0001), although 
no statistically significant improve-
ments were seen in other groups en-
gaging in high-risk behavior (average, 
40%). Median CD4+ count at diagno-
sis improved for both groups (to 487 
for MSM, 407 for non-MSM). Bezemer 
and colleagues also reported reduced 
time from infection to diagnosis among 
MSM in the Netherlands (now 2.47 
years) (Abstract 1019). Although they 
estimate that only 20% of HIV-infected 
men were unaware of their infection 
at the beginning of 2007, their mod-
els indicate that these men account for 
89% of new infections, pointing to the 
importance of locating and frequently 
testing within this population.

Strategies to Improve HIV 
Testing Rates

Heffelfinger and colleagues reported on 
acceptance and completion of opt-out 
testing among nearly 50,000 emer-
gency department visits in Alameda 
County (California) Medical Center from 
August 2007 to March 2008 (Abstract 
1038). Only 36.3% of eligible patients 
accepted testing; younger patients, 
women, black patients, and patients 
not acutely ill were more likely to ac-
cept screening. Of those who accepted 
screening, only 62% actually had test-
ing performed; predictors of receiving a 
test were older age and lack of acute ill-
ness. Walensky and colleagues reported 
results of a randomized controlled trial 
of counselor- versus emergency depart-
ment provider–initiated HIV counseling 
and testing (Abstract 1039). Offer rates 

were higher in the counselor group 
(57% vs 27%; P < .0001), and provider 
rates declined statistically significantly 
over time. Christopoulos and colleagues 
reported on a program providing 1 
dedicated rapid test counselor each to 
2 emergency departments during busi-
ness hours on Mondays through Fridays 
(Abstract 1040). Of nearly 70,000 emer-
gency department visits, just over 2500 
persons underwent rapid HIV testing, 
which yielded 24 new HIV diagnoses. 
In these studies, dedicated counselors 
increased testing rates, although only 
for a small fraction of the total popula-
tion of patients seen in emergency de-
partments.

Two presentations described home-
based testing programs in Uganda. 
Lugada and colleagues made the case 
that family members of HIV-infected 
persons are among those with the high-
est HIV prevalence, with more than half 
of spouses and 5% of the children of 
HIV-infected persons also found to be 
HIV-seropositive (Abstract 138). They 
report on the first direct comparison 
of home- versus clinic-based testing for 
family members of HIV-infected per-
sons in Jinja, Uganda. HIV testing rates 
were higher among home- than clinic-
based testers (56% vs 11%, respectively; 
AOR, 10.4), and the authors estimate 
that they identified 56% of HIV-infected 
household members through the home-
based group compared with 27% in the 
clinic-based group. 

Gupta also reported on the impact 
of a door-to-door voluntary counsel-
ing and testing program in the Bush-
enyi district, Uganda, from 2005 to 
2007, by comparing responses in a 
population-based, district-wide survey 
conducted before and after the inter-
vention (Abstract 139). The proportion 
of persons who reported ever having 
been tested increased (from 20% to 
63%; P < .001), as did the proportion 
disclosing serostatus to partners (72% 
to 81%, respectively; P = .04). Several 
measures of stigma also statistically 
significantly decreased. Self-reported 
condom use at last intercourse did not 
change overall (15.5% to 13.8%, respec-
tively), although there was a statistical-
ly significant increase in condom use in 
the small number of HIV-infected men 

surveyed (1/9 to 21/46, respectively; P 
= .02) and no statistically significant 
change in women (18.6% to 27.6%, re-
spectively; P = .4). These results point 
to the need to find successful behavior-
change strategies that can be incorpo-
rated into home-based voluntary coun-
seling and testing programs, including 
for HIV-uninfected persons. 

There is interest in identifying per-
sons with primary HIV infection, to 
interrupt transmission chains and re-
fer newly infected persons into care. A 
number of posters at this year’s con-
ference reported on the sensitivity of 
fourth-generation assays that measure 
both p24 antigen and IgM and IgG anti-
bodies in identifying newly infected in-
dividuals (Abstracts 988–992, Abstract 
997). These assays identified 62% to 
98% of persons with primary infection 
in these studies, substantially better 
than available third-generation assays, 
and nearly as sensitive as pooled nucle-
ic acid testing. Most of the specimens 
that were nonreactive on these combi-
nation assays came from patients who 
had low levels of plasma HIV RNA. The 
new HIV antigen-antibody combina-
tion assay (Abbott ARCHITECT Ag/Ab 
Combo Assay; Abbott Park, IL) used in 
most of these reports is not currently 
sold in the United States and is not a 
point-of-care test. Although this strat-
egy can detect early infection, it does 
not differentiate primary from chronic 
infection, so in situations for which it 
is important to differentiate primary 
from chronic infection, other strate-
gies must be used. 

Lessons from Negative Trials

The past several years brought disap-
pointing results from efficacy trials of 
HIV vaccines, HSV-2 suppression, mi-
crobicides, and behavioral trials. Sym-
posium 31 focused on lessons from 
these negative trials, differentiating 
failed trials (in which study design, 
selection of study population, or ad-
herence to protocols fail to answer the 
research question) from trials that are 
successfully completed but yield nega-
tive results. The latter type are part of 
the scientific process of hypothesis test-
ing and may provide important insights 
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that guide their respective fields. Buve 
quoted Popper, who said, “… science is 
one of the very few human activities—
perhaps the only one—in which errors 
are systematically criticized and fairly 
often, in time, corrected. This is why 
we can say that, in science, we often 
learn from our mistakes, and why we 
can speak clearly and sensibly about 
making progress there.”

Hunter presented a summary of re-
sults from the Step trial (HIV Vaccine 
Trials Network 502/Merck 023 study) 
of replication-incompetent adenovirus 
serotype 5 (Ad5) gag/pol/nef vaccine 
(Abstract 119). Initial results were pre-
sented at the 2008 (15th) conference 
and published last year.3,4 Hunter made 
several points about lessons learned. 
First, he noted that despite robust im-
mune responses among vaccinees, the 
vaccine failed to prevent HIV infection 
or control early plasma viral load. He 
speculated that this indicates that the 
magnitude, breadth, or quality of the 
immune response must be improved 
to provide protection with other T-cell-
based vaccines. He noted the success 
of the test-of-concept trial design in 
achieving a definitive result relatively 
quickly (< 3 years). He also stated that 
the apparent increased acquisition of 
infection in subgroups of male partici-
pants is leading to new insights into the 
role of preexisting vector-based immu-
nity in vaccine effects, and he called 
for additional effort in understanding 
this relationship. He noted that the trial 
provided insight into development of 
appropriate nonhuman primate mod-
els, stating that simian-human immu-
nodeficiency virus (SHIV) is not an ade-
quate challenge model for T-cell-based 
vaccines, but that SIVmac239/251 challenge 
studies do indicate that T-cell-based 
vaccines can control viral replication in 
the absence of broadly neutralizing an-
tibody, and that T-cell-based vaccines 
should continue to be pursued. 

Hunter also showed data indicating 
sharp declines in risk behavior in both 
vaccine and placebo recipients, raising 
the issue of indirect benefit to partici-
pants in clinical trials. He closed with 
a discussion of unanswered questions 
in developing HIV vaccines, describing 
the need to develop and validate im-

munologic assays that correlate with 
immune protection, proposing a po-
tential role of systems biology in differ-
entiating protective and nonfunctional 
immune responses, and speculating 
about a potential role of nonneutraliz-
ing antibody in protection. Hunter also 
called for close coordination of clinical 
trials and nonhuman primate studies 
to ensure maximum relevance in de-
veloping an effective HIV vaccine. 

Whitley summarized data from 2 
trials of long-term acyclovir therapy to 
prevent HIV acquisition among HSV-
2-infected women and men (Abstract 
120).5,6 After summarizing the ma-
jor findings from the trials, Whitley 
pointed to several lessons from these 
trials. Given the substantial epidemio-
logic data linking HSV-2 infection with 
an increased risk of HIV acquisition, 
he speculated about several possible 
explanations for the lack of efficacy in 
these 2 well-conducted trials. He sug-
gested that HSV-2 reactivates more 
frequently than previously appreci-
ated and that more potent drugs may 
be required. He pointed to the poten-
tial need to use drugs that also con-
trol the local inflammatory response 
and reduce CD4 and CD8 activation, 
which may contribute to the increased 
susceptibility among HSV-2-infected 
persons. He also pointed to the impor-
tance of developing an effective HSV-2 
vaccine to prevent initial acquisition of 
this STD. In the question-and-answer 
session, he reminded the audience 
that data will soon be available from 
a separate randomized controlled trial 
of acyclovir suppression among HIV-
infected persons, a potential method 
to prevent HIV transmission to their 
HIV-uninfected partners. 

Buve provided an overview of chal-
lenges in the topical microbicide field 
in the past several years and the in-
sights gained from these trials (Abstract 
121). Early trials overestimated HIV 
incidence in trial populations, particu-
larly in populations receiving ongoing 
risk-reduction counseling. Use of non-
oxynol-9 led to increased risk of HIV ac-
quisition, and these results clarified that 
traditional safety measures of microbi-
cide effects (eg, symptoms, colposcopy) 
may not correlate with in vitro studies 

on epithelial integrity and permeability. 
Buve also pointed out that nonhuman 
primate models of the efficacy of cellu-
lose sulfate against SHIV challenge also 
failed to translate into actual protection 
in human efficacy trials, suggesting ad-
ditional work is needed in developing 
animal models that predict clinical re-
sults. She noted the challenges in mea-
suring product use (eg, self-report may 
not correlate well with objective mea-
sures of applicator use) and empha-
sized the importance of using accurate 
adherence measures in understanding 
microbicide trial results. She also point-
ed to the challenges in maximizing ad-
herence and the need to study micro-
bicide effects in pregnant women, to 
maximize their ultimate utility. Finally, 
she discussed the lessons being learned 
from the HIV Prevention Trials Network 
(HPTN) 035 microbicide trial, described 
further below. 

Koblin described a recent meta-
analysis that indicates that behavioral 
interventions reduce HIV-related risk 
behavior and sexually transmitted in-
fections,7 although their impact on HIV 
incidence has not been studied exten-
sively (Abstract 122). She highlighted 
several challenges in this field, includ-
ing the likely substantial behavioral 
intervention provided even to control 
participants, which may undermine 
measurement of effects in the inter-
vention groups. Studies also suggest 
that maximal benefit from behavioral 
interventions may occur in the first 
year, so that trials of shorter duration 
may report beneficial effects, whereas 
trials of longer duration will fail to see 
sustained improvement. 

Koblin differentiated between sta-
tistically significant reductions in self-
reported risk and public health benefit. 
For example, data from the EXPLORE 
study (HPTN 015) in MSM in the United 
States found modest but statistically sig-
nificant reductions in self-reported risk 
but no statistically significant reduction 
in HIV incidence. Initial evaluation of 
these data suggested that there was no 
correlation between sites with larger 
reductions in risk practices and those 
measuring more substantial declines 
in HIV incidence in the intervention 
group. However, additional analysis, in-
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cluding use of multiple measures of risk 
to create a composite score and use of 
continuous rather than dichotomous 
variables, did uncover a high degree of 
correlation between those sites report-
ing statistically significant reductions in 
risk practices in the intervention group 
and statistically significant reductions 
in HIV incidence in intervention versus 
control participants. This points to the 
complexity not only of measuring HIV-
related risk, but also of analyzing the 
data to understand intervention effects. 
Koblin also noted the wealth of ancil-
lary studies supported by these clinical 
trials that address a range of important 
HIV prevention questions.

Progress in Biomedical 
Interventions

Microbicides 

Karim and colleagues reported po-
tentially promising results from an 
efficacy trial of 2 investigational mi-
crobicides (BufferGel, ReProtect, Balti-
more, MD; and 0.5% PRO 2000/5 gel, 
Indevus Pharmaceuticals, Lexington, 
MA) when used vaginally by women at 
risk of sexually acquired HIV infection 
(Abstract 48LB). BufferGel was hypoth-
esized to provide protection through 
its buffering effects on vaginal pH, and 
PRO 2000/5 (a polyanionic polymer) 
through its binding to the variable loop 
of HIV, thereby blocking attachment. 
In this 4-group test-of-concept trial, 
3087 HIV-uninfected women in Ma-
lawi, South Africa, Zambia, Zimbabwe, 
and the United States were assigned 
randomly to receive either active prod-
uct, a placebo gel, or no microbicide. 
Retention was greater than 90% in all 
groups in the trial; adherence to gel 
use was relatively high (81% overall); 
and adverse events were comparable 
between all study groups. 

No efficacy was seen with the Buffer-
Gel product. There was a 30% reduc-
tion in infections in the PRO 2000/5 
group compared with the placebo 
and no-gel groups, although neither 
comparison achieved statistical sig-
nificance. However, subgroup analyses 
lent support to the possibility that PRO 
2000/5 provided protection against 

HIV infection. Participants were di-
vided into high-adherence and low-ad-
herence gel users and high-adherence 
and low-adherence condom users, 
based on median use of these prod-
ucts. Among high-adherence gel-using 
women, those receiving PRO 2000/5 
were 44% less likely to acquire HIV 
than were placebo recipients. Among 
the subgroup of high-adherence gel us-
ers and low-adherence condom users 
(the subgroup most likely to benefit 
from an efficacious microbicide), HIV 
incidence was reduced by 78% in PRO 
2000/5 recipients compared with pla-
cebo recipients. 

Karim was careful to point out that 
these exploratory analyses are not de-
finitive and that potential for protection 
must be corroborated through addition-
al clinical trials. A Microbicides Devel-
opment Programme (MDP) trial of PRO 
2000 (MDP 301) is currently under way 
that was designed to evaluate high-dose 
(2%) and low-dose (0.5%) PRO 2000 in 
women at high risk in South Africa, Tan-
zania, Uganda, and Zambia. Based on 
an interim analysis in February 2008, 
the high-dose group was stopped be-
cause of futility. However, the trial’s in-
dependent Data and Safety Monitoring 
Board has recommended continuing 
follow-up of the low-dose group (identi-
cal to the product used in the HPTN 035 
trial), and this follow-up is due to be 
complete in August 2009, with results 
released publicly by the end of 2009. 

A themed poster discussion session 
focused on novel microbicide gels and 
rings (Session 41). Progress has been 
made in sustained delivery of antiret-
roviral drugs from vaginal rings, an ap-
proach that would not require coitally 
dependent administration (Abstracts 
1065, 1069, 1070). Investigators are 
also beginning to explore methods for 
studying the safety (Abstract 1066) 
and potential efficacy (Abstract 1067) 
of topical microbicides for rectal use, 
which will be important both for het-
erosexual and MSM populations.

Preexposure Prophylaxis

Hillier provided an overview of the field 
of preexposure prophylaxis (PrEP), the 
use of antiretroviral medications in HIV-

uninfected persons before and during 
periods of risk to prevent HIV acquisi-
tion (Abstract 73). She reviewed the 8 
trials currently under way or soon to be 
launched that will include more than 
20,000 participants worldwide. These 
trials each address somewhat different 
research questions, including PrEP ef-
ficacy in different populations (women 
engaging in high-risk behaviors, MSM, 
IDUs, serodiscordant couples), differ-
ent regimens (tenofovir or combined 
tenofovir/emtricitabine), different routes 
of administration (oral or vaginal), and 
different dosing regimens (continuous 
or coitally dependent). The first results 
from the efficacy trials are expected in 
2010, and results will be compared with-
in and across trials. Additional work is 
being done to plan alternative strategies 
(eg, intermittent dosing, methods for 
sustained systemic or topical delivery). 
Further work is needed to enhance ad-
herence in these trials and to consider 
how to scale up access to any particular 
strategy, should it prove efficacious.

Two nonhuman primate studies 
provided support for topical and inter-
mittent dosing regimens. Dobard and 
colleagues reported on the success of 
a topical gel containing tenofovir or 
tenofovir/emtricitabine in protection 
against low-dose SHIV intravaginal 
challenge (Abstract 46). Gel was ap-
plied 30 minutes before challenge, 
twice weekly. Ten of 11 control ani-
mals were infected after a median of 
4 challenges, but none of 6 animals 
receiving tenofovir gel and none of 6 
animals receiving tenofovir/emtricabi-
ne gel became infected after 20 chal-
lenges. Systemic levels of the study 
drug were quite low, with absorption 
less than 0.03% of either drug. 

Garcia-Lerma and colleagues re-
ported on protection against rectal 
challenge with intermittent pre- and 
postexposure tenofovir/emtricitabine 
dosing (Abstract 47). In these experi-
ments, animals were each given 2 oral 
doses of tenofovir/emtricitabine by 
gastric feeding tube at levels compa-
rable to human dosing. Weekly rectal 
challenges used 10 50% tissue culture 
infectious doses of an R5-tropic SHIV 
strain to more closely mirror human 
exposures. Two groups of animals re-
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ceived study drug 1 or 3 days before 
exposure followed by an additional dose 
2 hours postexposure. These were the 
most successfully protected, with 5 of 
6 animals protected in each of these 2 
groups. Moderate protection was seen 
when the initial dose was earlier (7 days 
before) followed by the second dose 2 
hours later (4/6 animals protected), or 
when dosing was given around the time 
of exposure (first dose 2 hours before or 2 
hours after exposure) followed by a dose 
at 1 day postexposure (3/6 animals pro-
tected in each of these 2 groups). The au-
thors stated the postexposure dose was 
needed to improve the protection seen 
in earlier experiments that used only a 
single preexposure dose. Protection did 
not seem to be associated with plasma 
drug levels or area under the curve, and 
no drug resistance was apparent in in-
fected animals. The relevance of these 
animal models for predicting human ef-
ficacy is not yet known. 

Treatment as Prevention 

There has been substantial focus on the 
potential role that treating HIV-infected 
persons may play in reducing HIV trans-
mission globally, including a recent publi-
cation suggesting that widespread roll-out 
of testing and treatment globally could 
substantially reduce new infections and 
provide cost savings within several de-
cades.8 Fraser focused on several ques-
tions related to the effect of HIV treat-
ment on transmission (Abstract 14). The 
model used in the paper by Granich and 
colleagues8 presumes a 99% reduction in 
transmission, although this effectiveness 
level has yet to be measured directly. In 
Fraser’s models, lower levels of effective-
ness would substantially diminish the ef-
fect of this approach, and levels of 80% 
would actually lead to a paradoxical in-
crease in HIV transmission rates as HIV 
prevalence rises. 

He also pointed out that HIV testing 
strategies may need to differ for differ-
ent types of epidemics. For example, in 
generalized epidemics fueled by serial 
monogamy, almost all transmissions 
occur from persons with chronic HIV 
infection, so standard testing strategies 
would reach the appropriate popula-
tions. However, in subgroups of per-

sons with numerous concurrent sexual 
partners, approximately one-third of 
new infections may come from per-
sons with acute HIV infection, suggest-
ing new strategies would be needed to 
reach and test these persons frequently 
using the appropriate diagnostic tests. 
Fraser called for more direct data to 
assess the impact of treatment on HIV 
transmission (such as data on serodis-
cordant couples, described below, and 
data from the HPTN 052 randomized 
controlled trial of the effect of treatment 
on transmission to uninfected partners). 
Fraser also encouraged more investiga-
tors to conduct mathematical models of 
the public health impact of various ap-
proaches to testing and treatment. 

Two groups reported on HIV trans-
mission rates in observational studies 
of serodiscordant heterosexual couples. 
Reynolds and colleagues (Abstract 52a) 
reported on data from 205 serodiscor-
dant couples in Rakai, Uganda, observed 
from 2004 to 2007, 20 of whom initi-
ated antiretroviral therapy. There were 
34 transmissions in 396.4 couple-years 
of follow-up among couples not receiv-
ing antiretroviral therapy (incidence, 
8.6/100 couple-years) versus no trans-
missions in the 24.6 couple-years of 
follow-up among treated couples. These 
are promising data, albeit on a relatively 
small group of serodiscordant couples. 

Sullivan and colleagues reported on 
a larger group of serodiscordant couples 
from Lusaka, Zambia, and Kigali, Rwanda 
(Abstract 52bLB). In their study of 2993 
serodiscordant couples, HIV incidence 
was 3.4 per 100 person-years among un-
treated couples and 0.7 per 100 person-
years among treated couples, indicating 
a 79% reduction in transmission risk 
(95% CI, 41%–92%). Although they col-
lected only limited behavioral risk data, 
there appeared to be a reduction in risk 
association with antiretroviral therapy, 
suggesting no behavioral disinhibition 
among treated couples. However, Smith 
and colleagues reported data on 1833 
persons surveyed in a population-based, 
cross-sectional study in Kisumu, Kenya 
(Abstract 1017). Among this largely un-
treated sample, the belief that antiretro-
viral therapy cures HIV was associated 
with higher-risk sexual activity, particu-
larly among younger participants, point-

ing to the need for broad education with-
in communities, and not just directed at 
those receiving antiretroviral therapy. 

Although these presentations point to 
the likely beneficial impact of treatment 
on risk of transmission to uninfected 
partners, 2 presentations focused on the 
potential for ongoing viral shedding in se-
men despite antiretroviral therapy. Sheth 
and colleagues used the branch DNA as-
say to measure virus levels in blood and 
semen (Abstract 50). Of 25 treatment-
naive persons initiating antiretroviral 
therapy, suppression of virus in blood 
preceded suppression in semen. Over-
all, there was virus detectable in semen 
but not in blood at least once in 48% of 
study participants, with HIV RNA levels 
of 6600 copies/mL to 16,000 copies/mL 
in 3 of these 12 participants. All isolated 
virus was wild type. The investigators 
tested the individual with the highest 
semen viral load for infectivity in vitro 
and found this virus was infectious. They 
also found isolated semen shedding in 4 
(31%) of 13 patients with long-term anti-
retroviral therapy suppression of plasma 
viremia (minimum, 4 years; median, 82 
months). Marcelin and colleagues re-
ported on 145 HIV-infected men seen in 
an assisted reproductive technology pro-
gram (Abstract 51). In 264 paired semen 
and blood specimens tested using an in 
vitro nucleic acid amplification HIV-1 as-
say, 5% had low levels of seminal HIV 
RNA despite undetectable blood levels, 
most of whom were RNA positive at sev-
eral time points. 

A themed poster discussion session 
on genital tract HIV shedding in women 
confirmed the possibility of genital tract 
shedding in women receiving antiretrovi-
ral therapy, as well as factors associated 
with increased shedding (Session 11). Cu-
Uvin and colleagues pointed out that in 
women switching antiretroviral therapy 
because of failed regimens, rebound may 
occur, but one-third of women with HIV 
RNA rebound had virus that was first de-
tectable in the genital tract, rather than 
plasma (Abstract 973). Coleman and col-
leagues reported that cytomegalovirus 
and HSV-2 reactivation lead to increased 
HIV shedding among Kenyan women 
(Abstract 970). Graham and colleagues 
reported that genital tract shedding de-
creased by more than 2 log10 copies/swab 
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on average when 98 Kenyan women 
initiated antiretroviral therapy, although 
shedding continued to be detected in 
cervical samples from 33% of women 
and in vaginal fluid from 51% of women 
(Abstract 971). Poorer adherence and 
use of hormonal contraception with de-
pot medroxyprogesterone acetate were 
associated with higher levels of genital 
tract shedding. Although there is no con-
sensus on the quantitative or qualitative 
measures of genital tract HIV RNA levels 
that are likely to lead to HIV transmission 
events, these studies suggest that viral 
suppression in blood does not guarantee 
viral suppression in genital secretions.
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For information about any of these Cases on the Web, please contact the International AIDS Society–USA.
Phone:  (415) 544-9400  •  Fax:  (415) 544-9401  •  E-mail: info2009”at”iasusa.org  •  Web site: www.iasusa.org/cow

Cases on the Web (COW) is an online continuing medical education 
(CME) program sponsored by the International AIDS Society–USA. 
Presented in a convenient, case-based format, COW activities offer 
physicians access to top-quality advanced education about HIV and 
AIDS care. Please take this opportunity to advance your CME plans 
by studying some of these popular activities developed by our dis-
tinguished faculty of expert HIV clinicians and educators.

HIV-Infection and International Travel: Pretravel Patient 
Assessment and Management
by Carlos Franco-Paredes, MD, MPH

Many HIV-infected persons live active lives that include business 
and leisure travel. Receiving a pretravel medical consultation is 
beneficial for all HIV-infected patients but crucial for those who 
are traveling to resource-limited regions of the world. This activ-
ity discusses how to determine HIV-related entry requirements at 
international travel destinations, surveys travel-related vaccinations 
and vaccine safety and efficacy issues specific to HIV-infected pa-
tients, and discusses prophylaxis for vector-borne diseases such as 
malaria and gastrointestinal infections.

Initial Evaluation of a Patient with a New HIV Diagnosis 
by Michael Melia, MD, and Howard Libman, MD

More than 56,000 people receive an HIV diagnosis in the United 
States each year, and a substantial number present to primary care 
physicians for initial management. A systematic approach to the 
initial evaluation of patients with a recent HIV diagnosis should be 
adopted owing to the numerous and potentially complex issues 
that can affect care. This case will help learners identify relevant 
aspects of the medical history of those with a new HIV diagnosis, 
select diagnostic and screening tests that should be part of an ini-
tial evaluation, plan for antimicrobial prophylaxis for opportunistic 
infections, and determine necessary and contraindicated immuni-
zations in this population.

Management of Cryptococcal Meningitis in the Antiretro-
viral Therapy Era: More than Just Antifungals
by Anuradha Ganesan, MD, and Henry Masur, MD

In many urban areas, one-third of patients presenting with an ini-
tial HIV diagnosis have CD4+ counts below 200 cells/µL, and many 
such patients present with opportunistic infections. This case re-
views the epidemiology and major clinical manifestations of crypto-
coccal infections in HIV-infected patients and discusses an approach 
to the diagnosis of such infections. Learners will identify preferred 
treatment strategies for cryptococcal infections using amphotericin 
B, flucytosine, and azole antifungal drugs, review risk factors for 
immune reconstitution inflammatory syndrome (IRIS), and distin-
guish Cryptococcus-related IRIS from active cryptococcal infection.

Immune Reconstitution Inflammatory Syndrome in HIV-In-
fected Patients: Diagnostic and Management Challenges
by Jaime C. Robertson, MD, and Carl J. Fichtenbaum, MD

Despite the increase in the number of CD4+ lymphocytes and partial 
recovery of immune responses from starting antiretroviral therapy, 
some patients experience a clinical deterioration that is believed to 
be related to the restored ability of the immune system to mount 
an inflammatory response. This activity provides a comprehensive 
focus on the diagnosis and management of IRIS as a complication 
of antiretroviral therapy. Learners will identify the clinical criteria 
for the diagnosis of IRIS, examine considerations for starting anti-
retroviral therapy in HIV-infected patients with opportunistic infec-
tions, and identify approaches to managing patients with IRIS.

Issues in the Care of HIV and Hepatitis C Virus–Coinfect-
ed Patients: Antiretroviral Pharmacokinetics, Drug Inter-
actions, and Liver Transplantation
by David L. Wyles, MD

An understanding of the sequelae of chronic hepatitis C virus 
(HCV) coinfection, such as antiretroviral drug intolerance and 
decompensated liver disease, is vital to the optimal management 
of coinfected patients. This presentation explains the impact of he-
patic dysfunction on antiretroviral pharmacokinetics and the effect 
of antiretroviral therapy on the natural history of HCV infection. 
Learners will also identify unique issues in liver transplantation for 
end-stage liver disease resulting from HCV coinfection.

Managing Oral Health Problems in People with HIV 
Infection 
by David A. Reznik, DDS

Late diagnosis of HIV is common, and a substantial portion of new 
patients with HIV infection receive an AIDS diagnosis. Such pa-
tients are more likely to present with oral diseases that are associ-
ated with HIV disease progression. This activity discusses common 
oral lesions that HIV practitioners can address in the absence of a 
dental health care professional. On completing this activity, learn-
ers will be able to explain the association between necrotizing ul-
cerative periodontitis and advanced HIV disease, discuss the role 
of biopsy for oral hairy leukoplakia, and differentiate and explain 
how to manage the 2 most common presentations of oral ulcers 
in HIV-infected patients.

   COMING IN sPrING 2009!

Look for these new Cases on the Web activities in coming months:
Preconception health care for HIV-infected women• 
Initiation of HIV treatment in an adolescent• 
Managing end-stage renal disease in HIV-infected • 
patients

   CrEDITs

The International AIDS Society–USA designates these educa-
tional activities for a maximum of 1 or 2 AMA PRA Category 1 
Credit(s)TM. Physicians should only claim credit commensurate 
with the extent of their participation in the activity.
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  Educational Programs of the International AIDS Society–USA
Established in 1992, the International AIDS Society–USA is a not-for-profit, HIV clinical specialist education organization. The mission of 
the International AIDS Society–USA is to improve the treatment, care, and quality of life of persons with HIV and AIDS through balanced, 
relevant, innovative, and state-of-the-art education and information for practitioners who are actively involved in HIV and AIDS care. The 
organization’s educational activities are particularly intended to bridge clinical research and patient care.

For information about any of these programs, please contact the International AIDS Society–USA.
Phone:  (415) 544-9400  •  Fax:  (415) 544-9402  •  E-mail: Registration2009”at”iasusa.org  •  Web site: www.iasusa.org

Los Angeles, CA
Monday, February 23, 2009
Los Angeles Marriott Downtown 
Cochairs: Ronald T. Mitsuyasu, MD
 Constance A. Benson, MD, FACP

New York, NY
Friday, March 13, 2009
New York Marriott Marquis
Cochairs: Gerald H. Friedland, MD
 Paul A. Volberding, MD

Atlanta, GA
Friday, April 3, 2009
Hyatt Regency Atlanta
Cochairs: Michael S. Saag, MD
 Jeffrey L. Lennox, MD

San Francisco, CA
Monday, April 20, 2009
Grand Hyatt San Francisco
Cochairs: Robert T. Schooley, MD
 Stephen E. Follansbee, MD

Washington, DC
Friday, May 8, 2009
JW Marriott Hotel
Cochairs: Henry Masur, MD
 Michael S. Saag, MD

Chicago, IL
Tuesday, May 19, 2009
Marriott Chicago Downtown
Cochairs: John P. Phair, MD
 Paul A. Volberding, MD

2009 Full-Day Courses 

Improving the Management of HIV Disease®, now in its 17th year, continues to focus on cutting-edge, 
scientifically rigorous agendas presented by leading experts in the field.

2009 Annual Continuing Medical Education Course Schedule
Visit the IAS–USA Web site at www.iasusa.org for current course information and online registration.

These activities have been approved for AMA PRA Category 1 CreditTM

Bronx, NY
Friday, January 30, 2009
Faculty: Marshall J. Glesby, MD, PhD
 David Alain Wohl, MD

Los Angeles, CA
Tuesday, February 24, 2009
Faculty: Steven G. Deeks, MD
 Andrew R. Zolopa, MD

New York, NY
Thursday, March 12, 2009
Faculty: Marshall J. Glesby, MD, PhD
 David Alain Wohl, MD

Melville, NY
Wednesday, April 1, 2009
Faculty: Roy M. Gulick, MD, MPH
Local host: Lisa M. Chirch, MD

Atlanta, GA
Thursday, April 2, 2009
Faculty: Marshall J. Glesby, MD, PhD 
 David Alain Wohl, MD

San Francisco, CA
Tuesday, April 21, 2009
Faculty: Andrew R. Zolopa, MD
 Charles B. Hicks, MD

Washington, DC
Thursday, May 7, 2009
Faculty: Joel E. Gallant, MD, MPH

Chicago, IL
Monday, May 18, 2009
Faculty: Steven G. Deeks, MD
 Michael S. Saag, MD

Seattle, WA
Friday, May 29, 2009
Faculty: Eric S. Daar, MD
 Joel E. Gallant, MD, MPH

Denver, CO
Thursday, June 11, 2009
Faculty: Steven C. Johnson, MD
 Jeffrey L. Lennox, MD

2009 Half-Day Intensive Workshops
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HIV-Associated Peripheral 
Neuropathy

Neuropathy Remains Common

Changes in the epidemic may affect 
the occurrence and severity of distal 
sensory polyneuropathy (DSPN) in 
people living with HIV or AIDS. Many 
of the potentially influential changes 
link to the use of combination antiret-
roviral therapy, including the substan-
tial immune recovery that can occur, 
the advancing age of people whose 
survival has been extended by anti-
retroviral therapy, and declines in the 
use of neurotoxic nucleoside analogue 
reverse transcriptase inhibitors (nRTIs) 
(eg, the dideoxynucleoside analogues, 
stavudine and didanosine, sometimes 
referred to as “d-drugs”). Two comple-

mentary posters evaluated the chang-
es in several putative risk factors for 
DSPN and their impact on its diagnosis 
and severity. 

Ellis and colleagues reported on find-
ings in the CHARTER (Central Nervous 
System [CNS] HIV Antiretroviral Thera-
py Effects Research)  cohort, compris-
ing 1539 HIV-infected individuals who 
enrolled in a prospective, observational 
study at 6 US sites (Abstract 461). DSPN 
was defined as having at least 1 clinical 
sign in a symmetric, bilateral pattern 
on neurologic examination; signs in-
cluded diminished distal vibratory and 
pin sensation and reduced ankle reflex-
es. Correlates of DSPN and neuropathic 
pain evaluated in univariate and multi-
variate analyses were age, antiretrovi-
ral therapy and d-drug use, HIV disease 
markers (plasma viral load, the lowest 
CD4+ cell count [the lowest reported 
or measured “CD4+ nadir”], and ex-
tent of immune recovery [estimated 
by the difference between the current 
and nadir CD4+ cell counts]), hepatitis 
C virus (HCV) serostatus, substance use 
disorders (alcohol, opiates), and recent 
nonprescription opiate use. Pain and its 
effect on quality of life were assessed 
using the Medical Outcomes Survey for 
HIV (MOS-HIV). Fifty-seven percent of 
the patients had at least 1 abnormal 
clinical sign of DSPN, and 28% had 2 or 

more signs. Of those with at least 1 sign, 
335 (38%) reported neuropathic pain, 
which was statistically significantly as-
sociated with reduced quality of life as 
measured by the MOS-HIV. Statistically 
significant risk factors for objective evi-
dence of DSPN in multivariate analyses 
were older age, lower CD4+ nadir, cur-
rent antiretroviral therapy use, past d-
drug use, and a history of opiate abuse 
or dependence. Subjective neuropathic 
pain was predicted by prior d-drug use 
and lower CD4+ nadir. 

The CHARTER study’s findings on 
the burden of DSPN in a cohort of 
mostly antiretroviral-experienced in-
dividuals were complemented by an 
analysis from the ALLRT (AIDS Clini-
cal Trials Group [ACTG] Longitudinal 
Linked Randomized Trials)  cohort. 
Evans and colleagues studied 2135 
antiretroviral-naive participants ob-
served longitudinally for up to 7 years 
(Abstract 462). All volunteers initiated 
a new antiretroviral regimen, and ap-
proximately 90% of them had achieved 
undetectable viral loads after 48 weeks 
of therapy. Thirty percent of partici-
pants had at least 1 abnormal neu-
ropathy sign on clinical examination at 
week 48. The frequency of abnormal 
signs increased to 41% among those 
who were observed for 8 years, even 
though d-drug use declined during 

Dr Letendre is Associate Professor in the De-
partment of Medicine, Division of Infectious 
Diseases, at the University of California San 
Diego (UCSD). Dr Ellis is Associate Profes-
sor in the Department of Neurosciences, at 
UCSD. Dr Everall is Professor of Psychiatry 
at UCSD. Dr Ances is Assistant Professor of 
Neurology  at Washington University in St 
Louis, Missouri. Dr Bharti is NeuroAIDS Fel-
low at UCSD. Dr McCutchan is Professor in 
Residence in the Department of Medicine, 
Division of Infectious Diseases, at UCSD.

Substantial work on the peripheral and central nervous system complications of HIV was presented at the 16th 
Conference on Retroviruses and Opportunistic Infections. Six studies of more than 4500 volunteers identified that distal 
sensory polyneuropathy remains common, ranging from 19% to 66%, with variation based on disease stage, type of 
antiretroviral therapy, age, and height. Eight studies of more than 2500 volunteers identified that neurocognitive 
disorders are also common, ranging from 25% to 69%, with variation based on stage of disease, antiretroviral use, 
diabetes mellitus, and coinfection with hepatitis viruses. Therapy-focused studies identified that resistance testing 
of cerebrospinal fluid (CSF)-derived HIV may improve management of people with HIV-associated neurologic 
complications, that poorly penetrating antiretroviral therapy is associated with persistent low-level HIV RNA in CSF, 
and that efavirenz concentrations in CSF are low but in the therapeutic range in most individuals. Neuroimaging 
reports identified that people living with HIV had abnormal findings on magnetic resonance imaging (gray matter 
atrophy, abnormal white matter), magnetic resonance spectroscopy (lower neuronal metabolites), and blood-oxygen-
level dependent functional magnetic resonance imaging (lower cerebral blood flow). Other important findings on the 
basic neuroscience of HIV and diagnosis and management of neurologic opportunistic infections are discussed.

Neurologic Complications of HIV Disease and 
Their Treatment
Scott L. Letendre, MD, Ronald J. Ellis, MD, PhD, Ian Everall, MB, ChB, PhD, Beau 
Ances, MD, Ajay Bharti, MD, and J. Allen McCutchan, MD, MSc 
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the period of observation. Importantly, 
concurrent rates of symptomatic DSPN 
were 3% and 5%, indicating that most 
DSPN in this study was asymptomatic. 
Statistically significant risk factors for 
DSPN in multivariate models were old-
er age, d-drug use during the period of 
observation, higher pretreatment viral 
loads in plasma, and lower pretreat-
ment CD4+ cell counts in blood. 

These 2 studies assessed 2 large and 
distinct cohorts, but their findings were 
consistent: DSPN remains common 
and is associated with older age and d-
drug use. The consistent, strong associ-
ation of DSPN with more advanced im-
munosuppression, even among those 
with successful virologic suppression 
from antiretroviral therapy, suggests 
that earlier introduction of antiretrovi-
ral therapy may protect patients from 
neuropathic disability and improve 
quality of life. As more effective and 
less toxic therapies are developed, this 
goal becomes increasingly achievable. 

Other Risk Factors for Neuropathy

Recent Conferences on Retroviruses 
and Opportunistic Infections have 
included reports on genetic suscepti-
bility factors for the neurologic com-
plications of HIV disease. Prominent 
among these factors have been poly-
morphisms that increase the likelihood 
of developing painful neuropathy with 
the use of neurotoxic d-drugs. In light 
of the continuing use of stavudine and 
didanosine in resource-limited settings, 
such polymorphisms may be particu-
larly important in sub-Saharan Africa, 
India, China, and elsewhere. Canter 
and colleagues approached this issue 
by performing a subanalysis of genetic 
risk factors for symptomatic neuropa-
thy in non-Hispanic black participants 
exposed to zidovudine/lamivudine or 
stavudine/didanosine in clinical trial 
ACTG 384 (Abstract 160). These inves-
tigators sequenced the coding region 
of each participant’s mitochondrial 
DNA and determined subhaplogroups 
based on published algorithms. Pe-
ripheral neuropathy was more likely 
to develop in individuals with African 
subhaplogroup L1c (9/16 patients, or 
56%) than in those with other subhap-

logroups (42/140 patients, or 30%; P = 
.048). In multivariate analyses, older 
age, randomization to the stavudine/
didanosine group, and subhaplogroup 
L1c were each predictors for incident, 
symptomatic DSPN, even after adjust-
ment for sex, pretreatment CD4+ cell 
count and HIV RNA level, and random-
ization to nelfinavir.

DSPN occurs more commonly in 
the legs than the arms, and one ex-
planation for this is that longer nerves 
are more susceptible to injury. Be-
cause of this, DSPN may develop more 
frequently in taller patients than in 
shorter ones. Cherry and colleagues 
tested this hypothesis by examining 
the association between neuropathy 
risk and several simple clinical indica-
tors, including height (Abstract 161). In 
a mixed cohort of 100 Australians, 98 
Malaysians, and 96 Indonesians receiv-
ing antiretroviral therapy who did not 
have DSPN at baseline, the investiga-
tors screened for new-onset DSPN. In 
addition to stavudine exposure, taller 
height and older age were indepen-
dently associated with the risk of in-
cident DSPN. The DSPN risk increased 
from 20% in younger, shorter patients 
to 33% in younger, taller patients, 38% 
in older, shorter patients, and 66% in 
those older than 40 years and taller 
than 170 cm who received stavudine. 
These data suggest that older, taller 
patients may be prioritized to receive 
nonstavudine-containing antiretroviral 
regimens in resource-limited settings. 

The metabolic syndrome includes 
hyperlipidemia, insulin resistance, hy-
pertension, and inflammation and has 
been linked to the vascular disease 
that can occur with aging. HIV infec-
tion and antiretroviral therapy each ap-
pear to increase the risk of metabolic 
syndrome. Because components of the 
metabolic syndrome are known to also 
increase the risk of polyneuropathy, 
some investigators have speculated 
that the metabolic syndrome may be 
among the factors leading to persistent 
DSPN in  individuals treated with anti-
retroviral therapy. 

Ances and colleagues evaluated this 
possibility in a subgroup of 130 patients 
from the CHARTER cohort who had 
fasting measurements of blood levels 

of glucose and triglycerides (Abstract 
463). For these analyses, the metabolic 
syndrome was defined as having 3 or 
more of the following 5 risk factors: (1) 
high body mass index (BMI > 30 kg/
m2), (2) hypertriglyceridemia (≥ 150 
mg/dL), (3) low concentration of high-
density lipoprotein (HDL) cholesterol 
(< 40 mg/dL for men and < 50 mg/dL 
for women), (4) hypertension (systolic 
≥ 130 mm Hg, diastolic ≥ 85 mm Hg) 
or use of antihypertensive medication, 
(5) hyperglycemia (≥ 110 mg/dL) or use 
of antidiabetic medication. Although 
almost one-third of participants met 
criteria for the metabolic syndrome 
and more than half had DSPN, the 2 
disorders were not associated. Among 
the metabolic syndrome components, 
only hypertriglyceridemia was associ-
ated with DSPN. In a separate analysis 
of the larger cohort, diabetes mellitus, 
although uncommon, was associated 
with an increased frequency of DSPN.

The role of HCV infection in neurop-
athy has been a matter of controversy 
for several years. Cherry and colleagues 
took advantage of unique cohorts com-
prising a total of 503 patients of diverse 
ethnic backgrounds in Melbourne, Aus-
tralia; Jakarta, Indonesia; Kuala Lum-
pur, Malaysia; and Baltimore, Maryland, 
who had HCV seroprevalences ranging 
from 10% to 61% (Abstract 466). When 
results of all cohorts were combined, 
no association was found between HCV 
serostatus and symptomatic DSPN (P 
= .8). In fact, HCV infection was as-
sociated with a slightly reduced risk 
of DSPN at the Melbourne site. Adjust-
ing for exposure to neurotoxic d-drugs 
did not alter these findings. Notably, in 
the CHARTER cohort, DSPN was more 
prevalent among HCV-seropositive 
individuals, but this relationship was 
not statistically significant in a multi-
variate model. Taken together, the find-
ings of these studies suggest that HCV 
infection is not a major risk factor for 
DSPN in coinfected individuals. Table 1 
summarizes the major findings of this 
group of abstracts.

Treatment of Neuropathy

Existing treatments for painful neurop-
athy are only symptomatic, and inves-
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tigators have long sought treatments 
that would enhance peripheral nerve 
regeneration and restore function, in 
addition to relieving pain. The type of 
DSPN that is linked to the neurotox-
icity of d-drugs—as opposed to the 
DSPN that occurs in people living with 
HIV who have never taken d-drugs—
probably results from mitochondrial 
“poisoning.” Although the use of d-
drugs has declined in North America 
and Europe because of the availability 
of alternatives, they are still widely 
prescribed in resource-limited settings 
because low-cost generic versions are 
available.

Cherry and colleagues reported 
on a neuroprotective treatment for d-
drug-associated DSPN, coenzyme Q10 
(CoQ10; ubiquinone) (Abstract 447). 
CoQ10 is a component of the electron 
transport chain in mitochondria and 
participates in aerobic cellular respira-
tion, which generates the vast major-
ity of the body’s energy in the form 
of adenosine triphosphate. These in-
vestigators studied an in vitro model 
of d-drug neurotoxicity using fetal rat 
dorsal root ganglia exposed to d-drugs 
with or without CoQ10 in a novel wa-

ter-soluble formulation. Neurite growth 
was relatively preserved in the CoQ10-
treated samples, despite the presence 
of d-drug. Furthermore, CoQ10 did not 
interfere with the antiviral activity of d-
drugs. Although CoQ10 is currently too 
expensive for widespread use in re-
source-limited settings, these data sup-
port continued investigation of CoQ10 
and related compounds as a potential 
management strategy for patients with 
possible nRTI-induced neuropathy.

One proposed mechanism of neu-
rotoxicity causing DSPN in HIV infec-
tion is abnormal activation by the virus 
of CC chemokine receptor 5 (CCR5) re-
ceptors on sensory neurons, triggering 
apoptotic cellular pathways. Yeh and 
colleagues considered whether treat-
ment with the investigational CCR5 
antagonist vicriviroc might result in 
reduced frequency of DSPN or im-
provement in signs or symptoms in 
those with DSPN (Abstract 486). They 
studied 118 antiretroviral therapy–
experienced patients with advanced 
HIV disease, 90 of whom underwent 
randomization to receive 1 of 3 dose 
levels of vicriviroc plus background 
antiretroviral therapy and 28 of whom 

underwent randomization to receive 
placebo plus background antiretrovi-
ral therapy. Approximately two-thirds 
of each group had abnormal signs of 
neuropathy; many were symptomatic. 
After 24 weeks of treatment, there 
was no difference in the prevalence of 
DSPN or symptomatic neuropathy in 
any of the treatment groups. The au-
thors caution, though, that the relative-
ly small numbers of enrolled subjects 
limited the study’s power to demon-
strate an effect on DSPN.

Basic Neuroscience of HIV

Basic neuroscience abstracts fell into 5 
broad thematic categories that reflect 
growing trends in the field. The first 
and largest group encompassed the 
theme of neuroprotection. Ensuring 
adequate protection of the brain from 
the deleterious effects of HIV has be-
come an important focus of investiga-
tional treatments, especially as mod-
ern cohort studies demonstrate that 
many individuals living with HIV have 
mild to moderate cognitive impair-
ment despite good virologic responses 
to antiretroviral therapy.

Table 1. Summary of Studies Evaluating HIV-Associated Distal Sensory Polyneuropathy (DSPN)

Abstract No.
Authors

Location Sample Size Prevalence Correlates

Abstract 461

Ellis et al

United States 1539 57% ≥ 1 sign
28% ≥ 2 signs
38% symptomatic

Older age, lower CD4+ nadir, history 
of d-drug use, current antiretroviral 
therapy use, history of opiate use

Abstract 462

Evans et al

United States 2135 30% ≥ 1 sign at 48 weeks
41% ≥ 1 sign at 8 years
5% symptomatic

Older age, history of d-drug use, higher 
pre–antiretroviral therapy plasma viral 
load, lower pre–antiretroviral therapy 
CD4+ count

Abstract 160

Canter et al

United States 230 Up to 56% DSPN Mitochondrial haplogroup, older age, 
d-drug use

Abstract 161 

Cherry et al

Australia, Indonesia, 
Malaysia

37 Up to 66% DSPN Taller height, older age, d-drug use

Abstract 463

Ances et al 

United States 130 55% DSPN Fasting hypertriglyceridemia, diabetes 
mellitus

Abstract 466

Cherry et al

Australia, Indonesia, 
Malaysia, United 
States

503 Up to 62% DSPN Varied by site (Kuala Lumpur, 19%; 
Baltimore, 62%), not hepatitis C virus 
infection

D-drug indicates the dideoxynucleoside analogue–containing drugs stavudine and didanosine.
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A number of researchers are inves-
tigating protection of the brain in the 
presence of low-grade HIV replication 
and immune responses in the brain. 
For instance, Zhang and colleagues re-
ported on a research collaboration be-
tween the University of Massachusetts 
and Bristol-Myers Squibb, identifying 
that HIV attachment inhibitors pre-
vented neuronal viral Env-mediated 
toxicity in neuronally differentiated 
SH-SY5Y and B2-M17 cell lines, where-
as CCR5 inhibitors did not display the 
same neuroprotection (Abstract 448). 
The investigators used a variety of virus 
particles (including Env from a patient 
with HIV-associated dementia [HAD], 
and particles deficient in pol, reverse 
transcriptase, vif, and vpr) and identi-
fied reduced apoptosis with the inhibi-
tors, although only 1 marker, annexin 
V staining, was used. These promising 
findings should be confirmed with oth-
er apoptosis markers and performed 
in primary human neuronal tissue cul-
ture and an animal model. 

The second theme was the role of 
the immune system in neurodegenera-
tion. Zhu and colleagues have contin-
ued their work on the consequences of 
cleavage of stromal cell-derived factor 
1α (SDF-1α, also called CXC chemokine 
ligand 12 [CXCL12]) into a neurotoxic 
peptide that binds CXC chemokine 
receptor R3 (CXCR3) (Abstract 449). 
They noted that CXCR3 was upregulat-
ed in neurons in HIV or feline immu-
nodeficiency virus (FIV) disease, which 
was accompanied by suppression of 
autophagy, reduced neuronal viability, 
and neurobehavioral abnormalities. In-
terestingly, the investigators noted that 
didanosine may have neuroprotective 
properties independent of its effects 
on HIV replication because it seemed 
to prevent activation of CXCR3 and its 
consequent inhibition of autophagy. 

Maingat and colleagues assessed 
the impact of the systemic immune 
response on neurodegeneration by 
exposing specific pathogen-free cats 
infected with a neurovirulent strain 
of FIV to repeated lipopolysaccharide 
(LPS) exposure  (Abstract 457). LPS 
activates the innate immune system, 
and repeated LPS administration can 
induce tolerance or nonactivation of 

this immune response. The investiga-
tors found that repeated LPS adminis-
tration reduced CD3+ cell infiltration 
into the brain and improved neurobe-
havioral performance. The importance 
of this observation is that selective 
modulation of the systemic innate im-
mune system could affect cognition. In 
a similar vein, Yao and colleagues in-
vestigated the neuroprotective proper-
ties of CC chemokine ligand 2 (CCL2; 
also called monocyte chemotactic 
protein-1, [MCP-1]), which they dem-
onstrated involved activation of the 
kinase Akt and nuclear factor κB (Akt/
NF-κB) pathway (Abstract 451). This 
is in keeping with other work demon-
strating that HIV neuroprotection is 
mediated via activation of Akt.

The third theme focused on HIV vi-
rology in the nervous system. Schnell 
and colleagues reported their cross-
sectional and longitudinal analyses 
using single genome amplification of 
cerebrospinal fluid (CSF)- and blood-
derived HIV, expanding their prior 
work that identified that the degree of 
compartmentalization was associated 
with neurocognitive impairment (Ab-
stract 158).1 In the reported analysis, 4 
volunteers who had no neurocognitive 
symptoms had mixing of env sequenc-
es between CSF and blood, although 
some similar sequences tended to 
cluster in 1 compartment or the other. 
Eight volunteers with HAD, the severe 
form of HIV-associated neurocogni-
tive disorder (HAND),  had much more 
distinct partitioning between CSF and 
blood sequences, consistent with prior 
reports.2-4 In volunteers with advanced 
immunosuppression, CSF-derived se-
quences appeared to be more closely 
related to each other than were blood-
derived sequences, indicating am-
plification from a smaller number of 
clones in the nervous system. 

The study’s particularly provocative 
findings were based on changes in se-
quences over time preceding incident 
HAD, identifying that CSF-derived HIV 
sequences from up to 2 years before 
the diagnosis of HAD were present 
when HAD was diagnosed, consistent 
with restricted evolution of HIV in the 
CNS. When combined with their find-
ings that some sequences in blood 

appeared to derive from CSF, these 
findings raise the possibility that “sig-
nature” sequences for HAD may be 
detectable in blood before the onset of 
HAD. If so, this could provide a valu-
able clinical tool for making a diagno-
sis in individuals who might be at risk 
of virus-driven HAND (as opposed to 
host-driven HAND). 

Pasutti and colleagues provided ad-
ditional evidence of limited expression 
of HIV in the brain by comparing genet-
ic diversity of HIV DNA and RNA from 
the brains and spleens of 9 people who 
died with HIV or AIDS (Abstract 159). 
C2-V3 sequences were compartmen-
talized in all subjects and, within the 
brain, DNA and RNA sequences were 
phylogenetically distinct in most (8 of 
9) cases. DNA diversity in brain was 
greater than RNA diversity in brain, 
and the genetic distances from the 
most recent common ancestor were 
shorter for brain-derived sequences 
than for spleen-derived sequences. 
Together, these data support the idea 
that only a subset of the viruses that 
infect the CNS are expressed, possibly 
reflecting CNS-specific constraints on 
viral fitness.5-7 

The fourth theme was other mecha-
nisms of HIV-associated neurotoxic-
ity. Kandanearatchi and colleagues 
presented continuing work on the role 
of the kynurenine pathway, which in-
volves the production of the excitotox-
in quinolinic acid (Abstract 454). The 
current work identifies that quinolinic 
acid results in up-regulation of CCR5 
expression, which can increase suscep-
tibility to HIV infection, lead to damage 
of neuronal and glial cells, and is in-
dependent of the damage proposed to 
occur by quinolinic acid at N-methyl-d-
aspartate (NMDA) receptors. Yang and 
colleagues presented work on NMDA 
receptor-mediated excitotoxicity, iden-
tifying that soluble factors produced 
by macrophages were associated with 
activation of extrasynaptic NMDA re-
ceptors with resultant neuronal injury 
(Abstract 453).

The fifth theme was new models 
for HIV-associated neurotoxicity. Pardo 
and colleagues reported work with 
adult human organotypic cerebral 
cortex cultures (Abstract 446). This 
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culture model is as close to the clini-
cal in vivo situation as yet obtained. 
One important, potential drawback is 
that the tissue is obtained from surgi-
cal lobectomies, which are typically 
performed because of antiepileptic 
drug-resistant pathology in the tempo-
ral lobe. The nature of the underlying 
pathology raises concerns regarding 
its impact on the function of the tis-
sue in culture. Gorantla and colleagues 
refined an existing mouse model using 
HIV-infected NOD/scid-IL-2Rgnull mice 
with human hematopoietic CD34+ 
stem cells (Abstract 456). This mouse 
model manifested hallmarks of human 
HIV-associated central nervous system 
disease, and the authors proposed that 
it would be useful to model virologic, 
immunologic, and pathologic manifes-
tations of HIV disease.

HIV-Associated Neurocognitive 
Disorders

The widespread use of antiretrovi-
ral therapy has led to a decline in the 
more severe neurologic complications 
of HIV, such as HAD, but people liv-
ing with HIV continue to experience 
mild and moderately severe forms of 
nervous system disease. The updated 
definition of HAND has helped stan-
dardize reports from different regions 
of the world. This diagnostic approach 
defines asymptomatic neurocognitive 
impairment (ANI) and mild neurocog-
nitive disorder (MND) as impairment 
in cognitive functioning that involves 
at least 2 domains and is document-
ed by performance that is at least 1.0 
standard deviation below the mean for 
age-education-appropriate normative 
values on standardized neuropsycho-
logic tests.8  MND and ANI are distin-
guished by their impact on everyday 
functioning, with impairment occur-
ring in MND but not in ANI. Implicit in 
the definition is the requirement to test 
or observe at least 5 cognitive domains 
through comprehensive testing using 
standardized neuropsychologic tests. 

Heaton and colleagues reported 
many of the primary findings of the 
CHARTER cohort (Abstract 154). The 
1555 volunteers in this observational 
study were mostly middle-aged (mean, 

43 years), nonwhite (61%) men (77%) 
who had received a diagnosis of AIDS 
(63%) by CD4+ counts below 200 cells/
µL. The mean CD4+ count at the time 
of assessment was 420 cells/µL, with 
83% of values above 200 cells/µL. Con-
sistent with this, a substantial majority 
(71%) was taking antiretroviral therapy, 
whereas about half of the remainder 
(14%) had discontinued antiretroviral 
therapy and the rest had never taken it 
(15%). Even though most subjects were 
taking effective antiretroviral therapy 
and had substantial immune recovery, 
a majority (53%) had impaired neu-
ropsychologic performance compared 
with healthy controls. Among those 
who had impaired global performance, 
more than half performed poorly on 
tasks of learning, executive function-
ing, recall, and working memory. 

Compared with the report on the 
University of California San Diego HIV 
Neurobehavioral Research Center co-
hort in 1995,9 the proportion of im-
paired individuals among those who 
had US Centers for Disease Control 
and Prevention (CDC) stage C disease 
had declined, but the proportions of 
impaired individuals among those 
with CDC stages A or B disease had 
remained stable or increased. Follow-
ing the updated nosology guidelines, 
the investigators carefully assessed co-
morbid conditions, such as history of 
severe head injury, severe or intracta-
ble epilepsy or psychiatric disease, and 
severe or ongoing substance use disor-
ders, and they categorized volunteers 
into those who seemed to be affected 
or unaffected by these conditions. The 
majority (84%) did not seem to be se-
verely affected by these comorbidi-
ties and, in this group, 47% still met 
criteria for neurocognitive impairment 
(compared with 84% of the remaining 
238 whose performance was affected 
by these conditions). Neurocognitive 
impairment was associated with lower 
nadir CD4+ cell counts, detectable HIV 
RNA levels in blood, and the use of an-
tiretroviral therapy. In particular, vol-
unteers whose CD4+ counts had never 
dropped below 200 cells/µL and who 
currently had HIV RNA levels in blood 
below 50 copies/mL performed better 
than other volunteers, strongly argu-

ing that earlier, effective antiretroviral 
therapy prevents or treats HAND. 

Important and confirmatory find-
ings of the impact of HIV on the brain 
were reported from other countries. In 
an analysis of data from 107 volunteers 
of the French Neuradapt cohort, Vas-
sallo and colleagues reported that 25% 
of participants were diagnosed with 
HAND (ANI, 11%; MND, 10%; HAD, 4%), 
which requires impairment in at least 
2 cognitive abilities, and an additional 
44% had impairment in 1 cognitive do-
main, even though most volunteers in 
this study were antiretroviral therapy–
treated (86%), middle-aged (mean, 44 
years) men (77%) who did not have 
HCV coinfection (78%) (Abstract 464). 
Most were successfully treated, with 
viral loads in blood that were below 40 
copies/mL and a mean CD4+ count of 
527 cells/µL. Univariate analyses iden-
tified associations between any neu-
rocognitive impairment and HCV sero-
positivity or antidepressants (used by 
8% of the cohort). Multivariate analysis 
identified that HCV coinfection was the 
only independent risk factor for abnor-
mal neuropsychologic performance. 

Another analysis from France iden-
tified links between cognitive impair-
ment and hepatitis B virus (HBV) coin-
fection instead of HCV coinfection 
(Abstract 474). Bonnet and colleagues 
assessed 230 volunteers who had sim-
ilar demographic and disease charac-
teristics to the other cohorts detailed 
above and were enrolled in the French 
National Agency for Research on AIDS 
and Viral Hepatitis (ANRS) CO3 Aquita-
ine cohort. This analysis focused on 
the diagnosis of MND, identifying the 
condition in 24% of the cohort, which 
is substantially higher than the preva-
lence identified in the CHARTER cohort 
(10%). This difference is important be-
cause MND is, by definition, associat-
ed with impaired daily functioning. In 
a multivariate analysis, MND was as-
sociated with older age (10% increased 
odds for each year), AIDS (2.4-fold in-
creased odds), and HBV surface anti-
genemia (4.0-fold increased odds) as 
well as lower levels of education and 
current unemployment. 

The difference between the impact 
of HCV and HBV in these analyses from 
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Nice and Bordeaux raises important 
points. First, even though HCV can in-
fect glial cells, the primary target cells 
of each virus are hepatocytes. There-
fore, the consolidating explanation for 
the observed difference in the findings 
is that these viruses primarily injure the 
brain via their impact on the liver (eg, 
via subclinical hepatic encephalopa-
thy) or perhaps via persistent immune 
activation. Second, even though many 
comorbid conditions can injure the 
brain, the ones that impact a particu-
lar population are strongly determined 
by the prevalence of those conditions 
in the local population. In the United 
States, where active HBV disease is 
uncommon relative to high-prevalence 
regions of the world, the impact of 
HBV coinfection on neuropsychologic 
performance in population analyses is 
negligible. In other regions where ac-
tive HBV disease is more common, it 
may be a more influential determinant 
of clinically apparent brain injury. 

The link identified between older 
age and worse neuropsychologic per-
formance confirms prior observa-
tions.10 Because antiretroviral therapy 
has improved survival, an expanding 
population has lived with the disease 
for many years. As this group reaches 
their 40s and 50s, their risk of cogni-
tive impairment may be substantially 
higher than for people who do not 
have HIV. Candidate mechanisms that 
might affect the aging, HIV-infected 
brain include accelerated neurode-
generation of the type that can occur 
with normal aging, disorders of amy-
loid (similar to Alzheimer’s disease), 
or vascular injury that can occur with 
metabolic disorders such as insulin re-
sistance and dyslipidemias. 

Dulioust and colleagues presented 
the results of a neurologic substudy of 
the Sigma cohort, which cross-section-
ally assessed 37 antiretroviral therapy–
treated individuals who were 60 years 
of age or older (Abstract 459). Most 
(36/37 patients) had suppressed HIV 
RNA levels in blood below 50 copies/
mL with antiretroviral therapy, had a 
median nadir CD4+ count of 113 cells/
µL, and had substantial immune recov-
ery (median current CD4+ count, 522 
cells/µL). Brief neuropsychologic testing 

identified that more than half (19/37 
patients, 51%) of the older individuals 
in this study were impaired and that 
the pattern of impairment was subcor-
tical and typical of HAND. A substantial 
proportion of participants also had car-
diovascular risk factors (25/37 patients, 
68%) such as hypertension and dyslipi-
demia, but they were not more likely 
to have impaired neuropsychologic 
performance.

The role of metabolic abnormalities, 
such as dyslipidemia or insulin resis-
tance, was also examined in a substudy 
of CHARTER that was presented by Mc-
Cutchan and colleagues (Abstract 458). 
Measurements of fasting glucose, insu-
lin, and lipid levels were added to the 
comprehensive CHARTER assessments 
in 145 volunteers. Forty-five individu-
als (31%) in this subgroup had HAND, 
and these individuals also had higher 
body mass indices (27 vs 25, respective-
ly; P = .07), lower HDL-cholesterol lev-
els (43 vs 50 mg/dL, respectively; P < 
.05), higher triglyceride levels (184 vs 
136 mg/dL, respectively; P < .05), and 
a greater prevalence of type II diabe-
tes mellitus (17% vs 4%, respectively; P 
< .05), but not higher levels of fasting 
glucose, insulin, or a measure of insulin 
resistance (homeostasis model assess-
ment for insulin resistance). Multivari-
ate analysis identified that only diabe-
tes mellitus was associated with worse 
neuropsychologic performance (odds 
ratio [OR] = 7.6; P < .01). One expla-
nation for why this finding may differ 
from those of Dulioust and colleagues 
is that the Sigma group did not include 
individuals who had diabetes mellitus. 

In addition to comorbid conditions, 
like infection with HCV or HBV, and host 
factors, like aging and metabolic disor-
ders, the impact of HIV disease on the 
brain can be influenced by viral factors. 
Abstracts from prior Conferences on 
Retroviruses and Opportunistic Infec-
tions have identified specific mutations 
that are present in the brains of people 
dying with HAD and that these muta-
tions can be associated with reduced 
dependence on CD4 for cell entry. 
Other investigators have found in vitro 
evidence that the subtypes of HIV may 
differ in their impact on the brain. This 
work has focused primarily on subtype 

C, but data presented at this year’s con-
ference focused on subtype F. 

Romania has a unique population 
of young adults who were parenterally 
infected with subtype F HIV as infants 
and have been living for approximately 
2 decades. Duiculescu and colleagues 
evaluated volunteers from this popula-
tion who received care in Bucharest (Ab-
stract 477). In a retrospective analysis of 
the 110 children (76 boys, 34 girls) with 
a mean age of 11.1 years at the begin-
ning of the follow-up, HIV encephalopa-
thy (HIVE) accounted for 20% of AIDS-
defining illnesses before the availability 
of combination antiretroviral therapy 
and 18.8% afterward (P > .10). 

HIV RNA levels measured in CSF 
from 19 children with HIVE were high-
er than those who did not have neu-
rologic disorders (P < .05). In fact, HIV 
RNA levels in CSF were higher than 
those in blood in 12 of the 19 children 
with HIVE. Computerized tomography 
revealed that brain atrophy was the 
most frequent finding (84%), and mag-
netic resonance imaging (MRI) revealed 
white matter lesions in two-thirds. In a 
prospective evaluation of a subgroup of 
43 young adults, 26 (60%) received a 
diagnosis of HAND: 16 (37%) had mild 
impairment, 4 (9%) had moderate im-
pairment, and 6 (14%) were severely 
impaired. These data demonstrate the 
high prevalence of HAND in this unique 
Romanian cohort and do not support 
that the neurovirulence of subtype F 
HIV differs from that of subtype B.

Two studies reported on data from 
continents other than North America 
and Europe. Robertson and colleagues 
used a brief neuropsychologic testing 
battery and medical examination to 
determine the prevalence of HAND in 
volunteers in ACTG 5199 from coun-
tries within Africa (Malawi, Zimba-
bwe), Asia (India, Thailand), and South 
America (Brazil, Peru) (Abstract 485). 
They identified that 29% had at least 
1 neurologic abnormality, including 
6% with MND, 1% with HAD, 10% with 
“diffuse CNS disease,” and 6% with 
“focal CNS disease.”

Ruel and colleagues evaluated neu-
rocognitive function in African chil-
dren, a group that has been understud-
ied in recent years (Abstract 920). The 
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investigators evaluated 96 HIV-infected 
and 122 HIV-uninfected children from 
Kampala, Uganda, who were aged 3 
years to 12 years and enrolled in the 
CHAMP (Children with HIV and Malaria 
Project). All HIV-seropositive children 
had CD4+ counts that exceeded 250 
cells/µL (median, 714 cells/µL) and 15% 
(median, 26%), with a median HIV RNA 
level of 52,500 copies/mL in blood.

Despite this relatively early dis-
ease, HIV-infected children who were 
between 3 years and 5 years old per-
formed worse than HIV-uninfected chil-
dren in 3 of 5 measures in the Mullen 
Early Learning Scales, an indication 
of developmental delay. Older HIV-
seropositive children (6-12 years) also 
performed worse in 14 of 15 measures 
in the Kaufman Assessment Battery for 
Children-2 and in all 8 measures in the 
Bruininks and Oseretsky Test of Motor 
Proficiency-2. Worse performance was 
associated with higher HIV RNA levels 
in blood but not CD4+ counts. Although 
malaria is a focus of the research, this 
particular analysis did not address the 
impact of asymptomatic or minimally 
symptomatic malaria on performance. 

The study has important implica-
tions because, as the investigators in-
dicate, few clinics have the resources 
to assess children for developmental 
delay and, in the absence of testing, 
the children in this study would not be 
eligible to receive antiretroviral thera-
py based on current World Health Or-
ganization guidelines. Because HAND 
is not always completely reversible in 
adults, these findings argue for testing 
and early treatment of HIV-infected 
children with developmental delay or 
cognitive impairment.

From the US National NeuroAIDS 
Tissue Consortium, Everall and col-
leagues reported on the pathologic 
findings from brain tissue of 589 peo-
ple who had died with HIV or AIDS (Ab-
stract 155). One hundred nine (17%) 
cases exhibited evidence of typical 
HIV-related brain pathology (HBP; HIV 
encephalitis, HIV leukoencephalopa-
thy, or microglial nodules). HBP was 
not more common when typical op-
portunistic conditions (eg, cryptococ-
cal meningitis, toxoplasmic encephali-
tis) were present (19% of cases), with 

the exception of cerebral lymphoma, 
which occurred in 10% of cases that 
had HBP compared with 4% of cases 
without HBP (P = .026). 

Even though most brains did not 
have typical HBP, most (78%) were not 
normal. One hundred fifteen (20%) had 
evidence of a noninfectious pathology, 
and another 69 (12%) had minimal ab-
normalities that were not typical for 
another diagnosis. Volunteers who died 
with evidence of HBP were less likely to 
be taking antiretroviral therapy before 
death and had lower nadir CD4+ counts 
and higher HIV RNA levels in blood be-
fore death. Substantial proportions of 
individuals had HAND (88%) or major 
depressive disorder (60%) during their 
lives, but neither condition was associ-
ated with typical HBP. Instead, HAND, 
particularly HAD, was associated with 
type II Alzheimer gliosis (P = .027). 
Overall, these findings indicate that the 
prevalence of HBP has remained stable 
or decreased since the widespread use 
of combination antiretroviral therapy 
but, despite this, other forms of brain 
pathology were common and few peo-
ple died with normal-appearing brains. 
Table 2 summarizes the major findings 
of this group of abstracts. 

Fatigue is a common symptom re-
ported by HIV-infected individuals. 
Schifitto and colleagues found that 64% 
of participants of ACTG 5090 reported 
fatigue (Abstract 479). They found no 
statistically significant differences be-
tween fatigued and nonfatigued par-
ticipants with regard to HIV RNA level 
in CSF or blood, CD4+ count, or per-
formance on neuropsychologic tests. 
A subset of participants (n = 44) un-
derwent magnetic resonance spectros-
copy (MRS) imaging, identifying lower 
levels of the cellular energy marker 
creatine in the basal ganglia of fatigued 
participants. Based on these findings, 
alterations in energy metabolism in 
the brain may be responsible for the 
fatigue that afflicts a large proportion 
of people living with HIV. 

Antiretroviral Therapy and the 
Nervous System

Penetration of antiretroviral drugs into 
the nervous system has been an impor-

tant focus of research in recent years, 
identifying that drugs that better pen-
etrate into the CNS result in greater 
reductions of HIV RNA levels in CSF 
and greater improvements in neurop-
sychologic performance. Such research 
is limited by the inability to directly 
measure antiretroviral concentrations 
in brain tissue in humans and by the 
absence of pharmacokinetic data in 
CSF for many antiretroviral drugs. Di-
rect measurement of antiretroviral 
drug concentrations in brain tissue 
may best be accomplished in animal 
studies, but human studies reported at 
the conference extended work in the 
field by measuring drug concentrations 
in CSF and improving current assess-
ment tools.

In a substudy of CHARTER, Best 
and colleagues measured efavirenz 
and emtricitabine concentrations in 
CSF (Abstract 702). Efavirenz concen-
trations have been measured previ-
ously in CSF,11,12 but the results were 
inconsistent, with 1 study finding low 
levels of efavirenz in CSF and the other 
finding none. Best and colleagues ini-
tially found efavirenz to be undetect-
able in CSF also but used an extraction 
method (with methyl tert-butyl ether) 
to lower the sensitivity of the assay by 
an order of magnitude. Once they did 
so, they found that efavirenz concen-
trations were 0.5% of those in blood 
and exceeded the median inhibitory 
concentration in most of the 80 CSF 
specimens assayed. Emtricitabine was 
much easier to detect in CSF (43% of the 
concentration in blood) and exceeded 
the median inhibitory concentration in 
all 21 CSF specimens assayed. These 
results may explain the inconsistency 
in the published findings on efavirenz 
concentrations in CSF (ie, additional 
steps are necessary in the laboratory 
to measure the low concentrations of 
efavirenz present in CSF) and identify 
that emtricitabine may be an excellent 
choice for controlling HIV in the ner-
vous system.

In another substudy of CHARTER, Le-
tendre and colleagues  used a modified 
version of a commercial nucleic acid 
sequence-based amplification assay to 
more sensitively measure HIV RNA lev-
els in CSF from 300 individuals whose 
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HIV RNA levels were below 50 copies/
mL when measured by a commercial 
reverse transcriptase-polymerase chain 
reaction assay (Abstract 484b). Forty-
one percent (122) had HIV RNA levels 
between 2 copies/mL and 50 copies/
mL in CSF, and these individuals used 
antiretroviral regimens that had worse 
estimates of penetration into the cen-
tral nervous system (CNS penetration-
effectiveness [CPE] scores < 1.5; 64% 
vs 51%, respectively; OR, 1.7; P = .03). 
The more sensitive assay was also per-
formed in 100 matched blood plasma 
specimens from these 122 individuals, 
identifying that 26% had no detectable 
HIV RNA in blood, even though HIV 
was present in CSF. These individuals 
performed much worse on neuropsy-
chologic testing (d = 0.71; P = .006) 
than did those who had detectable HIV 
RNA in both fluids. These findings in-
dicate that a substantial proportion 

of effectively treated individuals have 
low-level HIV in CSF and that this is as-
sociated with worse antiretroviral drug 
penetration characteristics and worse 
neuropsychologic performance, sug-
gesting that this measure may reflect 
ongoing viral-induced injury of the ner-
vous system. These findings also sup-
port that a more sensitive viral load as-
say may have clinical value.

Canestri and colleagues also pre-
sented data supporting that antiretro-
viral therapy is not effective in the ner-
vous system in all treated individuals 
and that this can lead to neurologic ab-
normalities (Abstract 484a). The group 
identified 10 individuals who were 
on stable antiretroviral therapy for a 
median of 14 months but had a new 
onset of acute or subacute neurologic 
abnormalities such as symptoms of 
neurocognitive impairment, psycho-
sis, and nervous system inflammation. 

Even though HIV RNA levels were be-
low 500 copies/mL in blood in all sub-
jects and below the quantitation limit 
of the assay in 7, HIV RNA levels in 
CSF averaged 952 copies/mL and were 
more than 1 log10 copies/mL higher 
than in blood. Resistance testing was 
performed using HIV from CSF, and an-
tiretroviral therapy was modified based 
on these results as well as estimates of 
antiretroviral drug penetration into the 
CNS (CPE scores). Treatment modifica-
tion resulted in clinical improvement 
in all subjects and declines in HIV RNA 
levels in CSF below quantitation in 7. 
These data reinforce that antiretroviral 
therapy can fail primarily in the CNS 
and identify a clinical approach that 
improves the effectiveness of treat-
ment when this occurs. 

Cross-sectional analyses of data can 
be biased because they cannot accurate-
ly account for interindividual differenc-

Table 2. Summary of Studies Evaluating HIV-Associated Neurocognitive Disorders (HAND) and other Central Nervous 
System Disorders

Abstract No.
Authors

Location Sample Size Prevalence Correlates

Abstract 154

Heaton et al

United States 1555 53% global neuropsychologic 
impairment

Lower nadir CD4+ counts, detectable 
HIV RNA in blood, current antiretrovi-
ral therapy use

Abstract 464

Vassallo et al

France 107 69% HAND or neuropsycho-
logic deficit

Hepatitis C virus coinfection

Abstract 474

Bonnet et al

France 230 25% mild neurocognitive 
disorder

Older age, AIDS, active hepatitis B 
virus disease

Abstract 458 

McCutchan et al

United States 145 31% HAND Diabetes mellitus, higher body mass 
index and triglycerides, lower high-
density lipoprotein cholesterol

Abstract 459

Dulioust et al 

France 37 51% HAND Not cardiovascular risk factors

Abstract 477

Duiculescu et al

Romania 43 60% HAND Higher HIV RNA in cerebrospinal fluid

Abstract 485

Robertson et al

Various 293 29% neurologic abnormalities

Abstract 920

Ruel et al

Uganda 218 HIV-infected performed worse 
in most measures

Abstract 155

Everall et al

United States 589 17% typical HIV brain pathol-
ogy, 78% at least 1 central 
nervous system abnormality

Antiretroviral therapy nonuse, lower 
nadir CD4+ counts,  higher HIV RNA 
levels in blood
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es in time-dependent data such as du-
ration of antiretroviral therapy, immune 
deterioration or recovery, and fluctua-
tions in neuropsychologic performance. 
Longitudinal analyses can eliminate 
many of the biases inherent in cross-
sectional analyses. Tate and colleagues 
used comprehensive, computerized 
neuropsychologic testing at 1 timepoint 
and the prior year’s clinical records to 
calculate slopes of change in CD4+ cell 
counts and transitions between detect-
able and undetectable HIV RNA levels 
in blood (Abstract 476). Better perfor-
mance in tasks assessing attention and 
executive functioning was predicted by 
increasing CD4+ cell counts over the 
prior year and transitions from detect-
able to undetectable HIV RNA levels in 
blood, consistent with use of effective 
antiretroviral therapy during that peri-
od. Although computerized testing can 
be flawed and the authors do not report 
global performance, this relatively small 
analysis (n = 81) reinforces the value 
of longitudinal data in understanding 
complex relationships between disease 
markers and brain health.

Few studies have reported on the 
cognitive benefits of antiretroviral ther-
apy in regions outside Europe, North 
America, and Australia. After antiret-
roviral therapy was initiated in volun-
teers of ACTG 5199 (based in Africa, 
Asia, and South America), Robertson 
and colleagues identified statistically 
significant improvements in neuropsy-
chologic functioning even after con-
trolling for baseline performance, age, 
education, sex, CD4+ cell count, and 
HIV RNA levels in blood (Abstract 485). 
Of note, neuropsychologic response to 
antiretroviral therapy varied by coun-
try, suggesting important differences 
between treatment and regional differ-
ences such as HIV subtype, host char-
acteristics, and comorbidities.

One challenge to understanding the 
impact of antiretroviral therapy on the 
brain is the rapidly expanding num-
ber of drugs available to patients and 
prescribers. A recent class of antiretro-
viral drugs, CCR5 antagonists, was de-
signed to interfere with the use of this 
cell-entry receptor by HIV. Two drugs 
in this category are either currently 
available (maraviroc) or in develop-

ment (vicriviroc), and physicochemical 
data indicate that both may penetrate 
into the CNS in therapeutic concentra-
tions. The expression of CCR5 and of 
the other common coreceptor of HIV, 
CXC chemokine receptor R4 (CXCR4), 
varies by cell type. HIV strains that in-
fect macrophages and microglia, the 
cells that are productively infected in 
the brain, are more likely to use CCR5 
than CXCR4. The combination of pref-
erential use of CCR5 in the brain and 
good penetration of CCR5 antagonists 
suggests that this class of drugs could 
play an important role in treatment of 
the HIV-infected nervous system.

This conclusion would be further sup-
ported if coreceptor usage assays indi-
cated differences between HIV derived 
from the CSF and HIV from the blood. 
Spudich and colleagues compared core-
ceptor usage and replication capacity 
in 18 chronically HIV-infected individu-
als using a commercial tropism assay. 
They demonstrated that CCR5 usage 
was similar by HIV derived from CSF 
and from blood but, when CXCR4 was 
used by blood-derived HIV, the relative 
usage by CSF-derived virus was less (P 
= .022) (Abstract 469). They also dem-
onstrated that HIV derived from blood 
had higher estimated replication capac-
ity than HIV derived from CSF (P = 
.0017). The compartmentalization they 
observed in coreceptor usage, however, 
supports the idea that CCR5 antago-
nists may retain activity in the nervous 
system even when they fail in blood.

Neuroimaging of the Brain 

An expanding role for neuroimaging 
in the neurocognitive complications 
of HIV was identified by findings from 
studies that used 3 techniques: struc-
tural MRI with morphometry, MRS, 
and functional MRI. Brain morphom-
etry measures were assessed from a 
subset of the CHARTER cohort, iden-
tifying that lower volumes of cortical 
gray matter and larger volumes of ab-
normal white matter were associated 
with impaired neuropsychologic per-
formance (Abstract 154). Data from 
the HIV Neuroimaging Consortium 
also identified that HIV-infected indi-
viduals had reduced brain volumes, 

whether evaluated as overall volumes 
or regional volumes, such as from the 
cortical (eg, parietal, temporal, and 
frontal cortex) or subcortical (eg, basal 
ganglia) regions (Abstract 480). Within 
certain brain regions, such as the cor-
pus callosum, HIV-infected subjects 
who had the apolipoprotein E allele 
ApoE4 had greater atrophy than HIV-
infected subjects without this allele did 
(Abstract 460). These structural neu-
roimaging results confirm prior stud-
ies13,14 and indicate that, in the current 
era, HIV is associated with loss of corti-
cal and subcortical gray matter as well 
as white matter. 

The HIV Neuroimaging Consortium 
also reported on the relationships be-
tween HIV and regional metabolite 
concentrations as analyzed by MRS 
(Abstract 156). HIV-infected individu-
als who were taking antiretroviral ther-
apy had higher levels of inflammatory 
metabolites (myoinositol-to-creatine 
ratio) in the frontal gray matter, frontal 
white matter, and basal ganglia. Sub-
jects who had HAND had lower lev-
els of neuronal metabolites (N-acetyl 
aspartate-to-creatine ratio), especially 
in the basal ganglia. Interestingly, neu-
ronal injury in the basal ganglia was 
also associated with a measure of fa-
tigue, which afflicts many people living 
with HIV, as discussed above (Abstract 
479). Navia and colleagues posited a 
multistage in vivo model of brain in-
jury, in which early HIV disease is as-
sociated with inflammatory changes 
throughout the brain and leads to neu-
ronal injury and subsequent clinically 
evident neurocognitive impairment. 

The impact of aging in people living 
with HIV was demonstrated by func-
tional MRI. A cohort of HIV-infected 
and -uninfected individuals ranging 
from 20 years to 63 years old identified 
that HIV and older age were each asso-
ciated with lower cerebral blood flow. 
Overall, HIV-infected individuals had 
cerebral blood flow similar to HIV-un-
infected individuals who were 15 years 
to 20 years older. These results have 
important implications for the clinical 
management of HIV-infected individu-
als because an increasing proportion 
is older than 50 years. Although these 
noninvasive neuroimaging results are 
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novel and enable better understanding 
of the basic pathophysiology of HIV 
in the brain, they have not yet assist-
ed in clinical guidelines for diagnos-
ing HAND (Abstract 181). Because of 
the relatively high costs and relatively 
limited availability of many of these 
techniques, these modalities may not 
be available in the clinical setting for 
many years.

Opportunistic Infections of the 
Nervous System

Progressive Multifocal 
Leukoencephalopathy

Interest in progressive multifocal 
leukoencephalopathy (PML) has in-
creased in the wider scientific com-
munity as the disease has been identi-
fied in immunosuppressed individuals 
who are not infected with HIV but are 
treated with immune modulators such 
as natalizumab, an integrin inhibitor 
that reduces migration of activated 
immune cells into the CNS. Infection 
with JC virus (JCV), the causative agent 
of PML, is highly prevalent throughout 
the world, and reactivation of the virus 
during immunosuppression can lead 
to PML. Among people living with HIV, 
however, susceptibility to PML remains 
poorly understood. 

Although antiretroviral therapy has 
generally improved the prognosis of 
PML in those with HIV, nearly all pa-
tients deteriorate neurologically and 
ultimately die despite immune recov-
ery with antiretroviral therapy. To bet-
ter understand interindividual differ-
ences in survival in people with PML, 
Khanna and colleagues studied 29 in-
dividuals with PML from the Swiss HIV 
Cohort Study, 18 of whom survived for 
longer than 1 year and 11 for less than 
1 year (Abstract 794). They measured 
T-cell and humoral immunity against 
JCV using laboratory assays on cryo-
preserved cell and plasma samples at 
times before and after diagnosis. The 
principal finding was that longer dura-
tions of survival were associated with 
greater JCV-specific T-cell and antibody 
responses before the onset of PML 
compared with such responses either 
in patients who had shorter durations 

of survival or in CD4+-count-matched, 
HIV-infected individuals who did not 
have PML. These data indicate that 
better immune responses to JCV lead 
to better survival in people with PML, 
suggesting that enhancing immune re-
sponses, perhaps by vaccination, may 
improve survival.

Understanding the mechanisms by 
which reactivating JCV gains access 
to CNS tissues might lead to effective 
treatments to prevent PML or limit its 
progression. Chapagain and Nerurkar 
studied a potential mechanism of 
JCV migration involving initial infec-
tion of human brain microvascular 
endothelial cells, which form part of 
the blood-brain barrier (Abstract 793). 
This research showed that neuramini-
dase, which blocks specific sialic ac-
ids on endothelial cell surfaces, could 
prevent migration of JCV across an in 
vitro blood-brain barrier model. These 
findings suggest that addition of a sial-
ic acid blocker to antiretroviral thera-
py might serve as a specific treatment 
for PML.

Cryptococcal Meningitis

Parkes-Ratanshi and colleagues com-
pared prophylaxis for cryptococcal 
meningitis (CM) and candidal infec-
tions with fluconazole 200 mg thrice 
weekly in a large, community-based, 
randomized clinical trial enrolling an-
tiretroviral therapy–naive Ugandans 
with CD4+ counts below 200 cells/
µL (Abstract 32). Only 1 case of CM 
occurred in 760 fluconazole recipi-
ents compared with 18 CM cases in 
759 placebo recipients (hazard ratio 
[HR], 0.05; P < .001); rates of candidal 
esophagitis (HR, 0.14; P < .001) and 
vaginitis (HR, 0.15; P < .001) were 
also reduced. Importantly, though, all-
cause mortality did not differ between 
the groups (98 vs 100 deaths; P > .10). 

Diagnosis of chronic meningitis in 
HIV patients in resource-limited set-
tings requires differentiation of CM 
from tuberculous meningitis (TbM), but 
laboratory support for culture and even 
cryptococcal antigen detection is not 
widely available. When clinical profiles 
were compared in 112 CM and 46 TbM 
Malawian patients, high CSF pressure 

and low CSF glucose level supported a 
diagnosis of CM, and fever, neck stiff-
ness, and lower Glasgow Coma Scale 
scores supported a diagnosis of TbM 
(Abstract 791). The investigators de-
rived a potentially useful diagnostic in-
dex by multiple regression that distin-
guished CM and TbM with a sensitivity 
of 83% and specificity of 79% among 
HIV-infected individuals. CM was asso-
ciated with higher opening pressure on 
lumbar puncture (OR, 0.99; P = .015) 
and lower leukocyte counts in CSF (OR, 
1.0028; P = .027), and TbM was asso-
ciated with fever (OR, 8.86; P = .002), 
neck stiffness (OR, 3.11; P = .028), and 
lower Glasgow Coma Scale scores (OR, 
0.79; P = .001). Although the best sen-
sitivity produced by a classification re-
gression tree analysis of the algorithm 
was 57%, these findings still provide 
important guidance for distinguishing 
CM and TbM in resource-limited set-
tings particularly when Gram and In-
dia ink stains may not be available. 

To determine the optimal timing 
of antiretroviral therapy initiation in 
people with CM, Makadzange and col-
leagues compared early (within 72 
hours) and late (after 10 weeks) treat-
ment with stavudine, lamivudine, and 
nevirapine in a randomized clinical 
trial in Harare, Zimbabwe (Abstract 
36cLB). Overall mortality rates were 
high (62%) and were substantially 
higher in the early (23/26 patients, or 
82%) than in the late (8/28 patients, or 
37%) treatment group; death occurred 
much earlier in the early treatment 
group (median, 5 weeks vs 39 weeks, 
respectively; HR, 2.4; P < .03). This 
striking difference in mortality appears 
to contradict conclusions of another, 
similar study in resource-limited set-
tings in which a subgroup of CM pa-
tients survived longer when antiretro-
viral therapy was started early.15 

In resource-limited settings, high-
dose fluconazole (greater than 800 mg/
day) could provide a simple, inexpen-
sive alternative to amphotericin-based 
regimens for the first 2 weeks of ther-
apy for CM. The potentially increased 
efficacy of doses greater than 800 mg 
per day in CM has been demonstrated 
by the recent finding of increased fun-
gicidal activity against CSF cryptococci 
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of oral fluconazole at 1200 mg per day 
compared with 800 mg per day.16 

Supporting this concept, serum and 
CSF levels of fluconazole were mea-
sured in 78 HIV-infected Thai patients 
receiving amphotericin in combination 
with 800 mg, 400 mg, or no flucon-
azole daily for induction therapy of CM 
(Abstract 792). CSF levels of flucon-
azole approached those in serum and 
nearly doubled in those receiving 800 
mg per day compared with 400 mg per 
day. Higher levels in blood and CSF at 
day 14 were associated with improved 
clinical outcomes (alive, culture nega-
tive, and neurologically improved) at 
day 70. Thus, higher concentrations of 
fluconazole from larger doses seem to 
improve clinical outcomes. 

Immune restoration inflammatory 
syndrome (IRIS) in CM was document-
ed in 38 of 75 (51%) patients after a 
median of 6 weeks of treatment with 
antiretroviral therapy in a prospective 
study in Uganda (Abstract 774). Twen-
ty-seven cytokines were measured 
serially in serum by multiplex bead-
based immunoassays. Concentrations 
of many analytes differed between 
those who had been diagnosed with 
IRIS and those who had not (higher in 
IRIS: interleukin [IL]-6, IL-17, tumor 
necrosis factor-alpha, and granulocyte 
macrophage colony-stimulating fac-
tor; lower in IRIS: IL-8 and interferon-
inducible protein-10). Higher levels of 
IL-6 were the most common correlate 
of IRIS. Nineteen subjects had high 
levels of C-reactive protein in blood 
(above 32 mg/L) and, among this sub-
group, 14 (74%) had IRIS and 10 (53%) 
died, suggesting that this widely avail-
able inflammatory indicator may be 
a practical serum biomarker for high 
risk of IRIS in CM.
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Complications of HIV Disease and Antiretroviral Therapy
Judith S. Currier, MD, and Diane V. Havlir, MD 

Tuberculosis Coinfection

When to start antiretroviral therapy in 
patients with tuberculosis (TB) was ad-
dressed in the SAPIT (Starting Antiret-
roviral Therapy in Three Points in Tu-
berculosis Therapy) trial (Abstract 36a). 
In this 3-arm study, 645 South African 
adults with a CD4+ count lower than 
500 cells/µL and a positive acid-fast 
bacillus (AFB) smear for TB underwent 
randomization to start antiretroviral 
therapy at TB treatment initiation or 
after the intensive phase of TB therapy 
but before TB treatment completion 
(the “integrated” groups), or after TB 
treatment completion (the “sequential” 
group). The antiretroviral regimen was 
daily didanosine, lamivudine, and efa-
virenz. The Data and Safety Monitoring 
Board (DSMB) halted the trial when the 
mortality of patients in the 2 integrated 
antiretroviral therapy and TB treatment 
groups was 56% lower than those in 
the sequential group. 

These data support current World 
Health Organization (WHO) guidelines 
that patients with TB who meet criteria 
for antiretroviral therapy should not wait 
until completion of TB therapy to start 
antiretroviral therapy. Although mortal-
ity in patients with CD4+ counts be-
tween 200 cells/µL and 500 cells/µL was 
lower in patients in the integrated treat-

ment groups, the study was not powered 
to determine the benefit of antiretroviral 
therapy in persons with a CD4+ count 
between 350 cells/µL and 500 cells/µL, 
for whom guidelines currently recom-
mend completion of TB therapy before 
starting antiretroviral therapy. An impor-
tant remaining question is the optimal 
timing of antiretroviral therapy during 
TB therapy, for which the ongoing 2 in-
tegrated treatment groups of the SAPIT 
trial, the CAMELIA (Cambodian Early 
Versus Late Introduction of Antiretrovi-
rals) study and the AIDS Clinical Trials 
Group (ACTG) A5221 study, will inform 
the field.

Which antiretroviral therapy to start in 
patients with TB was addressed in Swam-
inathan and colleagues’ Chennai, India– 
based TB treatment study (Abstract 35). 
In this study, 127 HIV-seropositive adults 
with TB underwent randomization to 1 
of 2 once-daily antiretroviral regimens af-
ter completing a 2-month TB treatment 
induction phase: nevirapine, didanosine, 
and lamivudine or efavirenz, didanosine, 
and lamivudine. The DSMB also recom-
mended stopping this study early when 
virologic suppression rates were 28% 
higher in the efavirenz- than in the nev-
irapine-containing regimen. The once-
daily dosing of nevirapine and its interac-
tion with rifampin likely resulted in lower 
levels of nevirapine and worse virologic 
outcome. Thus, when using a once-daily 
antiretroviral regimen in patients with 
TB, an efavirenz-based regimen is pre-
ferred to a nevirapine-based one to opti-
mize virologic outcome.

In general, HIV-seropositive patients 
with TB are prescribed the same TB reg-
imens as are HIV-seronegative patients. 

However, some TB regimens using in-
termittent therapy during TB treatment 
may not be optimal for HIV-infected 
patients. Swaminathan and colleagues 
evaluated TB treatment outcomes in 
HIV-seropositive (n = 212) and HIV-
seronegative (n = 250) persons with 
TB treated with the Indian national 
TB-treatment regimen, which includes 
intermittent therapy for the intensive 
and continuation phase of TB treatment 
(Abstract 783). Among TB treatment 
failures, only 0.4% of HIV-seronegative 
persons had acquired rifampin resis-
tance, whereas 8.9% of HIV-seropositive 
persons had acquired rifampin resis-
tance. Several subjects had preexisting 
isoniazid resistance leading to multi-
drug-resistant (MDR) TB failures. Ri-
fampin resistance was associated with 
a lower CD4+ cell count. None of the 
HIV-seropositive patients had access to 
antiretroviral therapy at the time of this 
study, which may have amplified the 
differences between the study groups. 
However, in view of the crucial role of 
rifampin in TB treatment and the dire 
outcomes in HIV-infected patients with 
MDR TB, the conclusion of this study is 
that intermittent TB treatment should 
be avoided.

Meintjes and colleagues presented 
the results of a randomized, placebo-
controlled trial of a 4-week course of 
prednisone in mild to moderate TB-
associated immune reconstitution syn-
drome (IRIS) (Abstract 34). The pred-
nisone dose was 1.5 mg/kg daily for 
2 weeks, then 0.75 mg/kg daily for 2 
weeks. The major findings in this study 
were (1) a reduction in hospitalizations 
and procedures in the prednisone re-
cipients compared with the placebo re-
cipients, and (2) greater improvement 
in symptoms in the prednisone than 
in the placebo recipients at 2 weeks. 
Corticosteroid side effects were more 
frequent in prednisone (9 events) than 
in placebo (3 events) recipients, but 
serious infections were uncommon 
and did not differ between the groups. 
Thus, physicians can utilize steroids 
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Continued progress in the diagnosis, management, and prevention of 
complications of HIV disease and antiretroviral therapy were reported at the 
16th Conference on Retroviruses and Opportunistic Infections. This year’s 
conference brought new data on the optimal management of antiretroviral 
therapy in the presence of different opportunistic infections and included 
a number of important studies on pathogenesis and epidemiology of long-
term complications. Major areas in which new information was presented 
are highlighted in this article.
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in such patients, knowing that at least 
in the first 4 weeks, benefits appear 
to outweigh risks. Of note, and as the 
authors acknowledged, extended ste-
roid courses may be required to avoid 
recurrence of symptoms, which could 
increase toxicity over the long-term. 

The enormous burden of TB among 
patients starting antiretroviral therapy 
and the difficulty in diagnosing these 
cases without access to TB culture was 
highlighted in several studies conduct-
ed in South Africa. Of 236 patients pre-
senting to care in Capetown screened 
with TB smear, culture, and the urine-
based test for lipoarabinomannan 
(LAM), 26.3% had culture-positive TB 
(Abstract 780). Sputum TB smear sen-
sitivity was only 13%, and 22% of all 
cases were asymptomatic. LAM testing 
had a sensitivity of 51% in those with 
fewer than 100 CD4+ cells/µL. Symp-
tom screens had a sensitivity of 78% 
but a poor specificity of 35%. Sputum 
induction did not improve diagnostic 
yield of cultures. 

In another study in Durban, South 
Africa, 824 patients with a median 
CD4+ count of 100 cells/µL (range, 
48−154 cells/µL) were screened for TB 
(Abstract 779). Nineteen percent of 
patients had a positive result from TB 
culture. The TB smear had a sensitivity 
of 9%, and 22% reported no TB symp-
toms. In a cost analysis, screening with 
cultures doubled the number of cases 
identified compared with cases iden-
tified using current WHO guidelines, 
with only a modest increase of cost 
per case identified. TB was detected 
in 18.1% of participants who provided 
sputum samples.

Another study conducted in Zimba-
bwe, where TB culture is not routinely 
available, tracked the outcomes of 240 
smear-negative, TB-suspect cases (Ab-
stract 778). Of these, HIV prevalence 
was 78%, and TB was ultimately con-
firmed by culture in 85 cases. Not sur-
prisingly, undiagnosed and untreated 
TB was associated with a high mortality 
rate. Martinson and colleagues reported 
on 729 patients suspected of having TB 
(91% HIV-seropositive) admitted to 1 of 
3 public hospitals in South Africa (Ab-
stract 789). Among HIV-seropositive, 
TB-culture-positive patients, mortality 

was 15.2% at 90 days, compared with 
2.3% for HIV-seronegative patients. Few 
patients were receiving antiretroviral 
therapy despite low CD4+ counts. This 
study underscores the high mortality 
rates in hospitalized patients coinfected 
with HIV and TB as well as the potential 
for nosocomial TB transmission.

Early data are emerging on the use 
of polymerase chain reaction (PCR) 
testing to obtain a more rapid assess-
ment of TB and to facilitate early iden-
tification of MDR TB and extensively 
drug-resistant (XDR) TB. Hassim and 
colleagues presented preliminary data 
evaluating the use of TB smear, culture, 
and PCR testing results for diagnosis 
of TB in a cohort of 489 patients sus-
pected of having TB (Abstract 781). TB 
was detected in 18% of patients. AFB 
smear testing was 37% sensitive. PCR 
testing revealed the diagnosis weeks 
before culture results did and was 97% 
sensitive for smear-positive TB and 
37% sensitive for smear-negative TB. 
MDR TB accounted for approximately 
20% of the TB cases in the cohort, 
with prior TB treatment the greatest 
risk factor. PCR testing rapidly identi-
fied MDR TB in 7 of the cases in this 
ongoing study. 

Reported survival among HIV-infect-
ed patients living in South Africa with 
XDR TB or MDR TB has been abysmal-
ly low. Two reports from South Africa 
provided updated information on this 
group of patients. In a retrospective re-
view of 272 MDR (41%) and XDR (59%) 
TB cases diagnosed from 2005 to 2007 
in Tugela Ferry, 82% of patients with 
XDR TB and 69% of those with MDR 
TB were dead at 1 year (Abstract 784). 
Early mortality at 30 days was 54% for 
XDR TB patients and 40% for MDR TB 
patients. For MDR TB patients but not 
XDR TB patients, there was a trend for 
improved survival over time. In 2005, 
87% of patients with MDR TB died, 
compared with 45% of such patients 
in 2007. 

Better survival rates were reported 
in a review of 60 patients with XDR TB 
referred to a public TB hospital in Kwa-
Zulu-Natal, South Africa (Abstract 785). 
Of these patients, 43 were HIV-infected 
and had a median CD4+ count of 200 
cells/µL, and 49% were receiving an-

tiretroviral therapy. Forty-two percent 
of patients in this cohort died. Twenty 
percent had documented conversion of 
sputum cultures. The primary reason 
for the better outcomes in the KwaZu-
lu-Natal study likely stems from the fact 
that only patients who survived from 
the time of diagnosis of MDR or XDR 
TB to entry into the TB referral center 
were included in the analysis. 

Identifying optimal prevention strat-
egies for TB remains a high research 
priority. Martinson and colleagues pre-
sented the results of a 4-year, 1150-pa-
tient study of 4 TB-preventive regimens 
conducted in South Africa (Abstract 
36bLB). HIV-infected adults who were 
positive for purified protein derivative 
(PPD) of tuberculin underwent ran-
domization to receive rifapentine plus 
isoniazid for 12 weeks, rifampin plus 
isoniazid for 12 weeks, or isoniazid 
continuously for the study duration; 
the control group received isoniazid 
for 6 months. The main finding of this 
study was that neither the short-course, 
2-drug regimen nor the continuous iso-
niazid treatment was superior to the 
control group. In addition, rifampin 
resistance was detected in some of the 
breakthrough TB isolates in the com-
bination-therapy groups. Toxicity and 
adherence issues led to an approxi-
mately 50% drop-off in the continuous 
isoniazid group at 2 years. However, 
in an on-treatment analysis, continu-
ous isoniazid treatment resulted in a 
70% reduction in TB compared with 
the other regimens. Thus, in highly TB-
endemic areas, continuous isoniazid 
treatment for those who can adhere to 
it and tolerate it is highly effective in 
reducing TB, compared with the cur-
rently recommended 6-month course 
of isoniazid. How these data will be 
applied in the public health setting is 
currently under debate. 

Mitchell and colleagues presented 
the results of an isoniazid prophylaxis 
study conducted in 3-month-old HIV-
seronegative, perinatally HIV-exposed 
South African children (Abstract 907). 
In this study, 804 HIV-uninfected chil-
dren underwent randomization to 
isoniazid treatment or placebo for 96 
weeks, with an additional 96-week 
planned follow-up. The primary end-
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points were defined as acquisition of 
latent TB, pulmonary TB disease, and 
death. The DSMB stopped the study at 
96 weeks, at which point no difference 
was apparent between the 2 groups. 
Investigators reported similar findings 
for children in the HIV-infected groups 
of this study in 2008.1 Thus, primary 
TB prophylaxis in infants does not 
appear to be an effective strategy for 
such patients, and new studies must 
address the most effective regimen 
and optimal time to prevent TB acqui-
sition in TB-endemic areas. 

A big challenge in the management 
of TB in resource-limited settings is 
determining the optimal antiretrovi-
ral therapy and TB regimen when HIV 
protease inhibitors (PIs) are required 
for efficacy. This situation is increas-
ingly common in HIV-infected children 
for whom PIs are prescribed after pre-
vious use of nevirapine for prevention 
of mother-to-child transmission of HIV. 
The management is particularly com-
plicated because of limited availability 
of pharmacokinetic information and 
drug preparations for the pediatric pop-
ulation. McIlleron and colleagues pre-
sented the results of a pharmacokinetic 
study comparing lopinavir exposure in 
15 children treated for TB and HIV coin-
fection using double-dose lopinavir/
ritonavir (lopinavir/r) and in 24 control 
patients monoinfected with HIV treat-
ed with standard-dose lopinavir/r (Ab-
stract 98). This study was prematurely 
stopped by the DSMB because double-
dose lopinavir/r could not overcome the 
effects of rifampin in this population 
and resulted in 60% of children with 
subtherapeutic levels of lopinavir. 

Underdosing of lopinavir/r would be 
expected to lead to lower rates of vi-
ral suppression and to drug resistance, 
which is exactly what happened in 2 
other studies conducted in South African 
children with TB. Reitz and colleagues 
compared virologic suppression rates in 
254 children with and without TB (Ab-
stract 910). As per country guidelines 
at the time, children were treated with 
lopinavir only (those younger than 6 
months) or lopinavir/r (those older than 
6 months). Virologic suppression rates 
were 94.8% in children never treated for 
TB compared with 74% in those treated 

for TB at antiretroviral therapy initiation 
and 51.6% in those treated for TB after 
suppression with antiretroviral therapy. 
In a complementary report of drug re-
sistance mutations among pediatric pa-
tients for whom PI therapy failed, ma-
jor PI mutations were more frequent in 
children receiving full-dose ritonavir in 
the presence of rifampin than in chil-
dren receiving standard lopinavir/r regi-
mens not concurrent with TB therapy 
(Abstract 888). These studies call for re-
search optimizing antiretroviral therapy 
and TB therapy among infants and chil-
dren, including studies exploring safety 
and efficacy of rifabutin-containing TB 
regimens. 

Cryptococcal Disease 

Cryptococcal disease is an important 
cause of morbidity and mortality in 
Africa, yet there are limited data on 
optimal prevention and management 
strategies. Parkes-Ratanshi and col-
leagues presented the results of a dou-
ble-blind, randomized trial comparing 
fluconazole 200 mg thrice weekly with 
placebo (Abstract 32). The study en-
rolled 1519 HIV-infected adults resid-
ing in rural Uganda who had a CD4+ 
count lower than 200 cells/µL and a 
negative result for cryptococcal anti-
gen. Of these patients, 1335 started 
antiretroviral therapy a median of 74 
days after enrollment. Cryptococcal 
meningitis developed in 18 patients 
receiving placebo versus 1 patient re-
ceiving fluconazole. Of these, 12 cases 
occurred before antiretroviral therapy 
and 7 after. Candidal esophagitis was 
86% lower in the fluconazole-treated 
recipients than in placebo recipients. 
Adverse events attributed to flucon-
azole were minimal. Thus, fluconazole 
was extremely effective in reducing 
the burden of both cryptococcal men-
ingitis and candidal esophagitis. These 
results should stimulate discussion of 
the prophylactic use of fluconazole for 
high-risk persons starting antiretroviral 
therapy in Africa. 

A second study of cryptococcal dis-
ease focused on determining the opti-
mal point to start antiretroviral therapy 
in patients with acute cryptococcal 
meningitis. In this study, 54 antiretro-

viral therapy–naive, HIV-seropositive 
patients with cryptococcal meningitis 
living in Harare, Zimbabwe, underwent 
randomization to receive antiretroviral 
therapy at the initiation of cryptococ-
cal meningitis treatment or 10 weeks 
later (Abstract 36cLB). The treatment 
regimen for cryptococcal meningitis 
was 800 mg of fluconazole daily. There 
was a 2-fold increased risk of death 
for patients treated immediately with 
antiretroviral therapy compared with 
those treated at 10 weeks. Overall 
mortality rates were extremely high, 
with 87% and 37% of patients in the 
immediate and delayed antiretroviral 
therapy groups dead at 2 years, respec-
tively. Mortality rates were highest in 
the first 2 months of fluconazole treat-
ment, suggesting a detrimental effect 
of early antiretroviral therapy. 

These data stand in contrast to the re-
sults of a largely US-based trial present-
ed at the 2008 conference by Zolopa 
and colleagues, which enrolled patients 
with a variety of opportunistic infec-
tions including cryptococcal meningitis 
and showed a benefit to early antiret-
roviral therapy.2 More aggressive man-
agement of elevated intracranial pres-
sures, use of amphotericin, and less-ill 
patients in the United States compared 
with those in Zimbabwe could explain 
some of these differences. However, 
these data underscore the need for cau-
tion in very early antiretroviral therapy 
initiation in patients with inflammatory 
central nervous system infections such 
as cryptococcal meningitis. 

Trimethoprim-Sulfamethoxazole 
Prophylaxis Strategies in Africa 

Stopping trimethoprim-sulfamethox-
azole (TMP-SMX) prophylaxis treat-
ment in patients who have restored 
immunity with antiretroviral therapy 
is safe and is the standard of care in 
most developed and middle-income 
countries. However, data are limited 
on the safety of TMP-SMX discontinua-
tion in resource-limited settings, where 
malaria and bacterial diarrhea diseases 
are more common. Campbell and col-
leagues’ data suggest that TMP-SMX 
discontinuation in areas such as rural 
Uganda is not particularly safe (Abstract 
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33). The US Centers for Disease Con-
trol and Prevention (CDC) conducted a 
randomized study of TMP-SMX discon-
tinuation (n = 384) versus TMP-SMX 
continuation (n = 452) among HIV-
infected patients in the home-based 
AIDS care (HBAC) program in eastern 
Uganda who had 2 consecutive CD4+ 
counts above 200 cells/µL. In these pa-
tients, median duration of antiretroviral 
therapy was 3.7 years, median CD4+ 
count was 489 cells/µL, and 94% had 
plasma HIV RNA levels below 400 cop-
ies/mL. The DSMB stopped this study 
after patients had been observed for 
only 116 days because of the 28-fold in-
crease in the rate of smear-confirmed 
malaria among those who stopped 
taking TMP-SMX over those who con-
tinued. Diarrhea episodes were also 
1.8-fold higher in the TMP-SMX-discon-
tinuation group. This study highlights 
the need to test developed-world pro-
phylactic and treatment strategies in 
resource-limited settings. 

Hepatitis C Virus Coinfection

The first systematic evaluation of the in-
fluence of hepatitis C virus (HCV) RNA 
level and HCV genotype on liver-related 
death was presented by Rockstroh and 
colleagues (Abstract 101). The study in-
cluded 1952 HIV and HCV-coinfected 
patients, of whom 21% had an HCV 
RNA level lower than 650 U/mL, 37% 
had an HCV RNA level between 650 U/
mL and 500,000 U/mL, and 42% had 
a level higher than 500,000 U/mL. 
Among 1537 subjects with HCV geno-
type, 52%, 14%, 30%, and 3% had gen-
toypes 1, 4, 3, and 2, respectively. In 
the multivariate analysis, persons with 
the highest HCV RNA levels had a 1.8-
fold higher risk of liver-related death 
than did people with the lowest HCV 
RNA levels. Patients with genotypes 2 
and 3 had lower risks of death than did 
those with genotype 1. HCV RNA level 
did not predict response to HIV therapy, 
but having genotype 4 was associated 
with a worse response to antiretroviral 
therapy, as measured by HIV RNA levels 
lower than 500 U/mL or a 50% gain in 
CD4+ count. 

Predictors of death, hepatocelllular 
carcinoma, or liver transplant among 

248 patients coinfected with HIV and 
HCV with compensated cirrhosis in the 
GESIDA (Grupo de Estudio de SIDA, 
AIDS Study Group) Spanish cohort 
study were presented by Montes and 
colleagues (Abstract 106). Characteris-
tics of this cohort included 27% with 
HCV genotype 2 or 3, 72% who had re-
ceived antiretroviral therapy, and 63% 
with prior or current treatment for HCV. 
In the multivariate analysis, only liver 
disease classified as Child-Pugh class C 
and interrupted antiretroviral therapy 
were associated with decreased surviv-
al. Of interest, in this cohort, first he-
patic decompensation was not delayed 
in patients who received treatment 
for HCV. HCV-specific T-cell responses 
augmented by antiretroviral therapy 
in coinfected patients may be an ex-
planation, as demonstrated in a study 
presented by Rohrbach and colleagues 
(Abstract 105). Before starting antiret-
roviral therapy, 13% to 14% of patients 
had detectable HCV-specific T-cell re-
sponses as shown by ELISPOT assay. 
After antiretroviral therapy, up to 54% 
had detectable T-cell responses. Median 
plasma HCV RNA levels were inversely 
correlated with T-cell responses in the 
absence of specific therapy for HCV. 

The efficacy of extended therapy with 
72 weeks of treatment with peginter-
feron alfa and weight-based ribavirin 
in 169 patients who had achieved HCV 
early virologic response (EVR) in the 
ACTG SLAM-C (ACTG A5178) study was 
presented by Chung and colleagues 
(Abstract 103LB). Fifty-one percent of 
patients achieved SVR at week 96, 24 
weeks after HCV treatment discontinua-
tion. Virologic response at 12 weeks was 
predictive of this long-term outcome. 
Seventy-four percent of patients who 
had HCV RNA levels lower than 600 IU/
mL at week 12 (complete EVR, cEVR) 
had sustained virologic response (SVR) 
versus 13% without cEVR. SVR was 
achieved by 60% in the on-treatment 
analysis of the 62 patients who com-
pleted the HCV treatment. This study 
reports some of the highest SVR levels 
seen among HCV- and HIV-coinfected 
patients with use of weight-based riba-
virin; characteristics of patients most 
likely to achieve SVR included achieving 
cEVR and completion of HCV therapy. 

Fierer and colleagues evaluated risk 
factors and outcomes of 31 HIV-infect-
ed patients identified with acute HCV 
infection in New York City (Abstract 
802). In a case-control study, unpro-
tected receptive anal intercourse, un-
protected oral sex, and use of drugs 
were risk factors for acquiring HCV 
infection. HCV spontaneously cleared 
in 13% of patients. Among the 20 pa-
tients who agreed to undergo liver bi-
opsy at 4 months, 17 had stage 2 fibro-
sis, 2 had stage 1, and 1 had stage 0. 

Ghosn and colleagues identified 32 
cases of acute HCV infection in the 
French National Institute for Public Sur-
veillance system (Abstract 800). The 
median age of subjects was 40 years, 
and median time between the diagno-
sis of HIV infection and that of HCV was 
10 years. Acute HCV infection was de-
tected because of elevated levels of he-
patic transaminases in 27 patients and 
jaundice in 3 patients. Eleven patients 
had concomitant sexually transmitted 
diseases (STDs), and high-risk sexual 
behavior was frequent. In a genotypic 
analysis of the isolates, 10 genotype 1a 
viruses segregated into 3 clusters, and 
15 isolates segregated into 1 cluster. 
These 15 viruses were genotype 4d and 
were related to HCV viruses genotyped 
in Paris between 2001 and 2003, sug-
gesting ongoing sexual transmission. 

In a third study from Amsterdam, 
46 cases of acute HCV infection were 
identified (Abstract 804). All patients 
denied injection drug use (IDU) or 
transfusion as a risk factor. Forty-four 
of 46 patients had elevated levels of 
hepatic transaminases. In contrast to 
the Paris outbreak, 76% had genotype 
1 and 19%, genotype 4. Collectively, 
these data point to ongoing HCV epi-
demics among men who have sex with 
men (MSM) with high-risk sexual be-
haviors, the rapid progression of liver 
disease in some patients, the need for 
HCV prevention messages, and a call 
for increased HCV screening among 
populations at high risk for HCV infec-
tion. Hoover and colleagues reported 
that even the rate of one-time screen-
ing for HCV in the United States is low. 
Only 48% of HIV-infected MSM in a 
study of 1607 men in 6 US cities were 
screened (Abstract 803). 
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Hepatitis B Virus Coinfection

Hepatitis B virus (HBV) suppression 
rates in patients receiving tenofovir-
containing regimens were reported by 
Lacombe and colleagues (Abstract 100). 
The median follow-up period was 32 
months. In this French cohort of 168 
patients, median time to achieve an 
HBV DNA level lower than 2000 IU/mL 
was 9.1 months, and 89.3% of patients 
had undetectable HBV DNA levels at the 
end of the follow-up period. Among the 
patients experiencing virologic failure, 
only one-third had detectable tenofovir 
levels, suggesting poor adherence as 
the major factor in failure. The L217R 
polymorphism but no other Pol muta-
tions were identified in those with viro-
logic failure. Thus, in this cohort, high 
rates of HBV suppression were achieved 
among patients adherent to tenofovir-
containing therapy, and tenofovir drug 
resistance was not identified in those 
whose virus was not suppressed. 

Treatment of HBV infection in pa-
tients not yet willing or prepared to take 
HIV therapy relies on drugs with anti-
HBV but not anti-HIV activity, to avoid 
the selection for HIV drug resistance. 
In a case report of a 45-year-old man 
with HBV infection treated with adefo-
vir and telbivudine at doses thought 
not to have anti-HIV activity, plasma 
HIV RNA levels decreased from 14,462 
copies/mL to lower than 50 copies/mL 
(Abstract 813a). When telbivudine was 
stopped temporarily, his HIV RNA level 
increased to 3903 copies/mL. When 
rechallenged with telbivudine, his HIV 
RNA level resuppressed. An in vitro 
study presented next to this poster 
came to the opposite conclusion (Ab-
stract 813b). In this study, numerous 
HBV strains were tested using a stan-
dard culture and a phenotypic assay. 
Telbivudine showed no activity against 
HIV isolates, in contrast to other drugs 
such as entecavir and efavirenz (as a 
control). Although the in vitro data are 
reassuring, even a single patient in 
whom HIV activity is exhibited with tel-
bivudine treatment raises concern that 
the in vitro assays may not entirely re-
flect the in vivo environment. 

Coinfection with HBV and HIV is 
prevalent in many resource-limited 

settings, but HBV screening is rarely 
performed, and tenofovir is not part 
of initial antiretroviral therapy in most 
countries. Burnett and colleagues re-
ported that in a South African cohort, 
23% of HIV-infected patients tested 
positive for hepatitis B surface antigen 
(HBsAg) and for HBV, and an additional 
23% tested positive for HBV but not 
HBsAg (Abstract 799). In another re-
port from South Africa, persistent HBV 
DNA was detected in 15.5% of patients 
receiving an antiretroviral therapy regi-
men containing lamivudine but not 
tenofovir (Abstract 813c). Cost but not 
toxicity appears to be a major barrier 
in the treatment of patients with a ten-
ofovir-containing regimen in resource-
constrained settings. 

Serious Non–AIDS-Related Events

The past several years have seen a 
sharper focus on the relationship be-
tween HIV infection and a range of se-
rious non–AIDS-related clinical events 
such as cardiovascular, renal, and he-
patic complications. At this year’s con-
ference, several groups reported on the 
epidemiology and outcomes related to 
this collective group of serious non–
AIDS-related events (Abstracts 706, 
707, 708, 145). 

Investigators from the Antiretroviral 
Therapy Cohort Collaboration (ATCC) 
examined causes of death in nearly 
40,000 patients who initiated triple-
drug therapy between 1996 and 2006 
(Abstract 708). During the first year of 
antiretroviral therapy, AIDS events pre-
dominated as a cause of death (63% 
of all deaths); thereafter, they fell and 
were replaced by other types of events. 
Baseline levels of CD4+ were associ-
ated with AIDS events, non-AIDS ma-
lignancy, and renal failure. Of note, the 
rates of non-AIDS-infection, liver-re-
lated, non-AIDS-malignancy, violence-
related, heart or vascular, and respira-
tory deaths were markedly elevated in 
patients infected via IDU. Strategies to 
reduce the rates of these non–AIDS-
related events and to effectively man-
age IDU are needed to further reduce 
rates of mortality in patients receiving 
antiretroviral therapy. 

Mocroft, Lundgren, and their Eu-

roSIDA colleagues reported on the 
incidence and risk factors for serious 
non–AIDS-defining events in Europe 
(Abstract 707). The incidences of non–
AIDS-defining events (malignancies, 
end-stage renal disease, liver failure 
[grade III/IV hepatic encephalopathy, 
death from liver-related disease], pan-
creatitis, cardiovascular disease [CVD; 
acute myocardial infarction or stroke]) 
and of AIDS-defining illnesses were 
evaluated. The incidence of non–AIDS-
defining events was slightly higher than 
that of AIDS events (16.5 and 15.5 per 
1000 patient-years, respectively). Ma-
lignancy, CVD, and liver failure were 
the most common events, and rates of 
all of these events were lower in pa-
tients with higher CD4+ counts, sug-
gesting again that immunodeficiency 
contributes to the pathogenesis of 
non–AIDS-defining events. Collective-
ly, these studies highlight the impor-
tance of non–AIDS-defining events as 
a focus in HIV research, including the 
need for standard reporting of clinical 
trials and cohort studies and as a tar-
get for future interventions.

The finding that smoking, hyperten-
sion, and diabetes were all risk factors 
for the development of non–AIDS-de-
fining events is an important reminder 
about the role of management of these 
issues in HIV primary care. The crucial 
role of these modifiable risk factors, 
especially smoking and diabetes, was 
also highlighted by analyses from the 
D:A:D (Data Collection on Adverse 
Events of Anti-HIV Drugs) cohort and 
the FRAM (Fat Redistribution and Me-
tabolism) study examining causes of 
death (Abstracts 145, 706). 

Smoking cessation has become an 
important topic in HIV management; 
however, data are limited on the effi-
cacy of different interventions in HIV 
populations. Tashima and colleagues 
reported results of a large random-
ized trial to evaluate a smoking cessa-
tion intervention conducted in an HIV 
treatment setting (Abstract 148). Four 
hundred and forty-four patients under-
went randomization to receive either a 
brief 2-session or more intensive 4-ses-
sion motivational counseling interven-
tion based on Public Health Service 
guidelines. Participants were provided 
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an 8-week supply of nicotine patches 
if they set a quit date. Unfortunately, 
overall quit rates in the intent-to-treat 
analysis were only 9%, with higher 
rates noted among Hispanic partici-
pants (19%). Use of the nicotine patch 
appeared to be an important factor for 
success in this study. Future interven-
tion studies, possibly including medica-
tions that target nicotine receptors, are 
needed in HIV-infected individuals. 

Cardiovascular Disease

As noted above, CVD remains an im-
portant contributor to overall mortality 
in the aging population of HIV-infected 
adults, much as it does in the general 
population. Rates of myocardial in-
farction (MI) in HIV-infected patients 
continue to be monitored in several 
cohort studies. Data from the Califor-
nia Kaiser Permanente cohort, a set-
ting in which primary prevention and 
HIV care are integrated, demonstrated 
that rates of hospitalization for MI 
have declined since 2002 in the HIV-
infected population (Abstract 710). In 
fact, the difference in relative rate of 
CVD in HIV-infected patients versus 
that in HIV-uninfected patients was 
no longer statistically significant in 
the period from 2006 to 2008 (relative 
rate [RR], 1.3; 95% confidence inter-
val [CI], 1.0−1.7; P = .062). Of note, 
the rate of a combined endpoint of MI, 
peripheral vascular disease, and cere-
brovascular disease remains higher in 
HIV-infected participants than in an 
HIV-uninfected control group. These 
data suggest that efforts to reduce CVD 
risk in HIV-infected patients are being 
implemented successfully, at least in 
this setting. 

Cross-sectional and longitudinal 
studies using carotid intima medial 
thickness (IMT) as a measure of sub-
clinical atherosclerosis have yielded 
conflicting results with respect to the 
contributions of HIV disease, antiretro-
viral therapy, and traditional risk fac-
tors as important risk factors for ath-
erosclerosis in HIV-infected patients. 
Previous studies have varied widely by 
sample size, choice of control group, 
and protocol employed for carotid 
IMT measurement. Grunfeld and col-

leagues reported the results of a large 
cross-sectional study (FRAM) that 
compared a random sample of HIV-
infected adults in care (n = 433) with 
a population-based control group from 
the CARDIA (Coronary Artery Risk De-
velopment in Young Adults) study (n 
= 5749) (Abstract 146). In this study, 
the IMT procedure included measure-
ments from the common carotid ar-
tery and the internal bulb region. As 
has been previously noted, HIV infec-
tion was an independent risk factor for 
carotid thickening at both the common 
carotid artery and the bulb.3 

Of note, the magnitude of the asso-
ciation between HIV infection and IMT 
was comparable to the associations 
with several traditional risk factors (10 
years of aging, being male, smoking, 
or having diabetes), and the effect of 
HIV infection, although statistically 
significant at both sites, was greater 
at the bulb region than in the com-
mon carotid artery. Finally, another 
important finding from this study was 
the fact that the magnitude of the as-
sociation between HIV infection and 
IMT appeared to be greater in women 
than men, after adjustment for other 
factors. Some of the discrepancy in 
results from previous cross-sectional 
studies may be explained by the small-
er sample size of earlier studies and 
the absence of measurements of the 
bulb area. 

Low levels of total high-density lipo-
protein (HDL) cholesterol, as a conse-
quence of chronic HIV infection, has 
been appreciated for decades. The 
mechanism mediating the HIV effect 
on HDL cholesterol metabolism has 
been less clear. Using the simian im-
munodeficiency virus macaques mod-
el of HIV (SIVmac239), Bukrinsky and 
colleagues evaluated the impact of the 
HIV accessory protein Nef on choles-
terol transport (Abstract 147). Earlier 
in vitro work suggested that Nef could 
inhibit reverse cholesterol transport by 
blocking adenosine triphosphate-bind-
ing cassette transporter A1 (ABCA1). At 
the conference, the authors reported 
that histochemical staining for ABCA1 
in liver samples from SIV-infected ma-
caques demonstrated a decrease in 
ABCA1 of 25% to 50%. Interestingly, 

Nef was detected in the hepatic tissue, 
despite the fact that SIV-infected cells 
were not detected. In addition, sera 
from SIV-infected macaques inhibited 
cholesterol efflux in vitro, an effect 
that was diminished when Nef was 
removed from the sera. Collectively, 
these studies suggest a potential role 
for Nef in the development of dyslipi-
demia in HIV infection. 

The importance of HDL cholesterol 
particle size and risk of CVD events 
was further explored by investigators 
from the SMART (Strategies for Man-
agement of Antiretroviral Therapy) 
study (Abstract 149). Earlier reports 
from this group identified that in the 
setting of treatment interruption, de-
clines in HDL cholesterol concentra-
tion were an important risk factor for 
serious cardiovascular events. Using 
nuclear magnetic resonance analysis, 
the investigators evaluated the rela-
tionship between lipoprotein particle 
size and risk of CVD. When comparing 
a subset of patients from the viral sup-
pression and discontinuation groups of 
the study, the authors noted that the 
change in lipoprotein particle concen-
tration was greatest for total HDL par-
ticles and for the small- and medium-
size HDL particles. In addition, lower 
concentration values of total HDL par-
ticles and small HDL particles were as-
sociated with a statistically significant 
increased risk of CVD, whereas very 
low-density lipoprotein (VLDL) and 
low-density lipoprotein (LDL) particle 
concentrations were not associated 
with CVD risk. The relative contribu-
tions of HDL fractions to CVD risk dur-
ing continuous treatment is an impor-
tant topic for future study. 

Lipid-lowering therapy is routinely 
recommended for HIV-infected pa-
tients based on guidelines developed 
for the general population, although 
limited information about the success 
of such interventions in HIV-infected 
patients is available from controlled 
studies. Statins are often the initial 
therapy, especially in patients with el-
evated levels of non-HDL cholesterol. 
Statins are thought to have immuno-
modulating properties, and in vitro 
studies suggest they might lower plas-
ma HIV-1 RNA level. 
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Ganesan and colleagues performed 
a randomized, placebo-controlled study 
with a cross-over design to evaluate the 
role of high-dose atorvastatin (80 mg) 
versus placebo on immune activation 
and HIV-1 RNA level in chronically in-
fected patients not receiving antiretro-
viral therapy (Abstract 577). Atorvasta-
tin reduced the proportion of CD3+, 
CD4+, and CD8+ cells expressing the 
activation marker HLA-DR without 
changing absolute lymphocyte count 
or HIV-1 RNA level. As expected, LDL 
cholesterol levels fell statistically sig-
nificantly during atorvastatin therapy. 
These findings suggest that the im-
mune-modulating effects of statins oc-
cur without any change in HIV-1 RNA 
level. The longer-term sequellae of 
dampening-down immune activation 
in chronic HIV infection during statin 
therapy requires further investigation. 

Ezetimibe, a drug that inhibits intes-
tinal absorption of dietary and biliary 
cholesterol, is sometimes used as an 
adjunct to statin therapy. Chow and 
ACTG colleagues observed 44 statin-
recipient patients with LDL cholesterol 
levels higher than 130 mg/dL who un-
derwent randomization to ezetimibe 
(10 mg) or placebo for 12 weeks fol-
lowed by a 4-week washout period, 
then 12 weeks with the alternative 
treatment (Abstract 712). Adverse 
events were very common (63%); how-
ever, no grade-4 events occurred. Sta-
tistically significant reductions in levels 
of LDL cholesterol, total cholesterol, 
non-HDL cholesterol, and apolipopro-
tein B occurred during ezetimibe treat-
ment, leading the authors to conclude 
that addition of this drug to statin ther-
apy is an option for HIV-infected pa-
tients whose LDL cholesterol levels are 
elevated while receiving statins. 

Antiretroviral Therapy and Risk of 
Cardiovascular Disease

There is strong interest in determining 
how different drugs used in the treat-
ment of chronic HIV infection might 
contribute to CVD risk. Data from co-
hort studies and randomized trials are 
now focused on the role of specific 
drugs (rather than broader drug class-
es) in CVD risk. 

The D:A:D cohort was designed to 
examine the associations between vari-
ous antiretroviral drugs and CVD risk. 
The D:A:D group has set a threshold 
of 30,000 patient-years of exposure 
needed before an individual drug can 
be analyzed. At the 2008 (15th) Confer-
ence on Retroviruses and Opportunis-
tic Infections, the unexpected finding 
of an association between abacavir and 
MI was reported4; however, the cohort 
did not meet the exposure threshold 
for tenofovir that would allow com-
parison of these 2 drugs. This year, an 
updated analysis of individual nucleo-
side analogue reverse transcriptase in-
hibitors (nRTIs) and PIs was reported 
(Abstract 44LB). Of note, atazanavir is 
not included in this analysis because 
the level of exposure to atazanavir in 
the D:A:D cohort remains below the re-
quired threshold level to examine any 
association with MI risk. 

The D:A:D cohort now includes 580 
MIs during 178,835 person-years of 
follow-up. The new findings include 
the absence of any statistically signifi-
cant association between recent or cu-
mulative use of tenofovir and MI risk. 
As before, recent exposure to abacavir 
(RR, 1.68) or didanosine (RR, 1.41) re-
mained associated with an increased 
risk of MI. Cumulative (but not recent) 
exposure to indinavir (with or without 
ritonavir) or lopinavir/r was also as-
sociated with an increased risk of MI 
(RR, 1.12 and 1.13/year, respectively). 
These increased risks were slightly re-
duced but not eliminated after adjust-
ment for lipids, and they are similar to 
the overall risk of cumulative PI expo-
sure and MI risk previously reported 
from this cohort. None of the other 
drugs with sufficient exposure exam-
ined in these analyses (zidovudine, 
zalcitabine, stavudine, lamivudine, 
nevirapine, efavirenz, nelfinavir, and 
saquinavir, with or without ritonavir) 
had associations with MI risk. 

Investigators from the French Hos-
pital Database conducted a nested, 
case-control study to evaluate the im-
pact of specific antiretroviral therapy 
drugs on MI risk (Abstract 43LB). This 
design allowed for the collection of 
data on CVD risk factors directly from 
medical records. Cases included pa-

tients with a first MI validated by a 
standard definition. Logistic regression 
models were used to assess the associ-
ation of cumulative and/or recent (cur-
rent or within the previous 6 months) 
and past (> 6 months ago) use of each 
nRTI and cumulative use of each PI 
(including indinavir, saquinavir, nel-
finavir, lopinavir, and amprenavir or 
fos-amprenavir), after adjustment for 
known cardiovascular risk factors and 
HIV-related factors. 

An increased risk of MI was identified 
for those with less than 1 year of abacavir 
exposure (odds ratio [OR], 2.19; 95% CI, 
1.19−4.02) but not for cumulative use. 
In contrast to the D:A:D study findings, 
the association between abacavir and 
MI risk was not statistically significant 
for those with use within the previous 
6 months. The abacavir-MI association 
was not explained by the prevalence of 
CVD risk factors in patients exposed to 
abacavir. No other nRTI was associated 
with the risk of MI. Cumulative exposure 
to PI was associated with an increased 
risk of MI for all study drugs (indinavir: 
OR, 1.11/year; 95% CI, 0.98−1.25; nelfi-
navir: OR, 1.13/year; 95% CI, 0.99−1.30) 
except saquinavir (OR, 0.96/year; 95% 
CI, 0.80−1.15), reaching statistical sig-
nificance for lopinavir (OR, 1.38/year; 
95% CI, 1.10−1.74) and amprenavir/
fos-amprenavir (OR, 1.55/year; 95% CI, 
1.20−1.99). 

Consistent findings between these 
2 studies are the association between 
abacavir and MI, albeit with a differ-
ent timeframe, and the statistically sig-
nificant association of lopinavir/r with 
MI risk. These signals warrant further 
investigation in studies designed to in-
vestigate the mechanisms that could 
mediate the association. 

Benson and colleagues examined 
the relationship between abacavir and 
MI risk in prospectively followed pa-
tients whose treatment assignments 
were randomized in the ongoing ALL-
RT (ACTG Longitudinal Linked Ran-
domized Trials) study (Abstract 721). 
The analysis included 3205 patients 
who underwent randomization to their 
first antiretroviral therapy regimen, 
and endpoints included 63 severe CVD 
events, including 27 MIs. No statistically 
significant associations were identified 
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between either MI or severe CVD and 
recent abacavir use (RR, 1.02; 95% CI, 
0.4−2.5; P = .96; and RR, 0.8; 95% CI, 
0.5−1.6; P = .58, respectively). These 
findings are consistent with a previous 
report of randomized clinical trials in 
the past year.5 

Several groups of investigators re-
ported results of studies evaluating po-
tential mechanisms to explain the as-
sociation between abacavir exposure 
and MI risk. These included studies 
of inflammatory markers, endothelial 
function, and platelet function. 

McComsey and colleagues mea-
sured markers of inflammation and 
endothelial activation from the HEAT 
(Head-to-Head Epzicom and Tru-
vada) study, a randomized compari-
son of abacavir/lamivudine or teno-
fovir/emtricitabine combined with 
lopinavir/r in treatment-naive patients 
(Abstract 732). Samples from more 
than 400 patients were assayed for en-
dothelial marker vascular cell adhesion 
molecule-1 (sVCAM-1), interleukin–6 
(IL-6), and high-sensitivity C-reactive 
protein (hs-CRP) at baseline, week 48, 
and week 96. Levels of all markers fell 
with treatment; however, there was no 
statistically significant difference be-
tween the abacavir- and the tenofovir-
treated patients. 

Similarly, data from the ACTG 5095 
study were used to examine changes 
in hs-CRP levels in patients who un-
derwent randomization to a combina-
tion of zidovudine, lamivudine, and 
efavirenz with or without abacavir 
(Abstract 736). Again, no difference in 
changes in hs-CRP level were seen in 
those receiving or not receiving aba-
cavir. (An interesting observation from 
this study was the finding that hs-CRP 
levels did not fall during treatment in 
either group of efavirenz-treated pa-
tients, an effect that appeared to be 
more exaggerated in women than in 
men.) Collectively, these studies, along 
with analyses from the WIHS (Women’s 
Interagency HIV Study) and the MACS 
(Multicenter AIDS Cohort Study), failed 
to confirm the relationship between 
abacavir exposure and markers of in-
flammation that had been suggested 
from earlier, nonrandomized data.6 

Alteration in platelet function is un-

der investigation as another possible 
mechanism to explain HIV- and anti-
retroviral therapy–associated CVD risk 
(Abstract 151LB). Satchell and her col-
leagues from Dublin assessed platelet 
function in a cross-sectional study com-
paring 30 patients receiving abacavir-
containing antiretroviral therapy with 
28 patients receiving nonabacavir regi-
mens. Platelet reactivity in response 
to different standard stimuli (collagen, 
epinephrine, and thrombin-receptor-
activating peptide, TRAP) was higher in 
the abacavir-treated patients than in the 
nonabacavir recipients, an effect that 
remained statistically significant for all 
but the TRAP stimuli after adjustment 
for other covariates. These preliminary 
data, if confirmed by prospective, pref-
erably randomized studies, suggest a 
potential mechanism for the abacavir-
MI association. Future research to de-
termine the time course and reversibil-
ity of these changes is awaited. 

Finally, alteration in endothelial 
function is another potential mecha-
nism for antiretroviral therapy–associ-
ated influence on CVD. Previous stud-
ies suggest that untreated HIV infection 
is associated with impaired flow-me-
diated dilation of the brachial artery 
and that this effect generally improves 
when treatment is initiated. Hsue and 
colleagues reported the results of a 
cross-sectional study measuring en-
dothelial function in 61 patients with 
undetectable plasma HIV RNA levels, 
half of whom were receiving abacavir 
(Abstract 723). Flow-mediated vasodi-
lation of the brachial artery was more 
impaired in abacavir-treated patients 
than in control patients, an effect that 
remained statistically significant after 
control for duration of antiretroviral 
therapy and CD4+ count. Although 
limited by the nonrandom assignment 
of abacavir, these findings suggest that 
further study of changes in endothelial 
function during treatment with aba-
cavir are warranted.

How do we reconcile these seem-
ingly conflicting clinical results and the 
mechanistic studies examining abacav-
ir and CVD? This issue was reviewed in 
a comprehensive summary delivered 
by Reiss (Abstract 152), in which he 
contrasted the clinical studies demon-

strating an abacavir signal (D:A:D, Ab-
stract 44LB; French Hospital Case-Con-
trol Study, Abstract 43LB; and STEAL 
[Switching to Tenofovir-Emtricitabine 
or Abacavir-Lamivudine], Abstract 
576) to those studies that did not see 
the association (ALLRT; Abstract 721).5 
One difference between the studies is 
the fact that a greater proportion of pa-
tients in the cohort studies and STEAL 
trial were virologically suppressed 
when abacavir was added, whereas in 
the clinical trials all patients were treat-
ment-naive when exposed to abacavir. 

Reiss presented a preliminary sup-
plementary analysis from the French 
Hospital Database that provided fur-
ther support to his hypothesis that 
an undetectable viral load may be an 
important factor for the association. 
Alternatively, it is still possible that un-
measured confounders are operating 
in the observational studies, although 
it is hard to reconcile this idea with 
the fact that the abacavir signal is no 
longer apparent in patients who dis-
continue the drug. As more data are 
compiled to address this important 
question, clinicians are reminded of 
the importance of addressing proven 
modifiable risk factors for CVD in HIV-
infected patients.

Should Antiretroviral Therapy be 
Switched to Reduce Cardiovascular 
Disease Risk?

Clinicians are often faced with the di-
lemma of deciding whether to switch 
1 or more of the antiretroviral drugs 
in a regimen as an option for reduc-
ing CVD risk. Prospective studies sug-
gest more favorable lipid profiles with 
several newer drugs, but the short- 
and long-term consequences of these 
changes have not been well studied. 
Three switch studies addressing lipids 
and other measures of cardiovascular 
risk (all with catchy monickers) were 
presented this year. 

SABAR study. Atazanavir is a well-tol-
erated PI that has been shown to have 
a favorable lipid profile in randomized 
clinical trials. Murphy and colleagues 
conducted a prospective randomized 
trial, the SABAR (Switch to Atazanavir 
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and Brachial Artery Reactivity) study, 
of 50 virologicaly suppressed, hyper-
lipidemic, PI-treated patients who un-
derwent randomization (1:1) to switch 
to ritonavir-boosted atazanavir or re-
main on their current PI (80% were 
receiving lopinavir/r) for 24 weeks (Ab-
stract 722). Measures of lipids, mark-
ers of inflammation, and endothelial 
function were obtained at baseline and 
after 24 weeks of follow-up. Declines 
in total cholesterol and triglyceride lev-
els were greater in those who switched 
to atazanavir; however, no changes in 
endothelial function or cardiovascular 
inflammatory markers were observed. 
These findings suggest that although 
safe and associated with improvement 
in lipid profiles, the switch to atazana-
vir did not improve endothelial func-
tion over the short-term. 

SWITCHMRK-1 and -2 trials. In studies 
of treatment-naive patients, raltegravir 
has demonstrated no impact on lipids, 
and hence there is great interest in the 
role of this drug in the treatment of dys-
lipidemic patients well suppressed with 
other drugs. The SWITCHMRK-1 and -2 
studies were parallel, multicenter, dou-
ble-blind, randomized, active-controlled 
studies conducted in patients who had 
virologic suppression with a lopinavir/r-
containing regimen (Abstract 70aLB). 
Participants underwent randomization 
(1:1) to substitute raltegravir or remain 
on lopinavir/r. After 12 weeks, raltegra-
vir was superior to lopinavir/r with re-
spect to improvement in levels of total 
cholesterol (−12% vs 1%, respectively), 
trigycerides (−43% vs 8%), and non-
HDL cholesterol (−15% vs 3%). After 
24 weeks, however, the proportion of 
patients who remained virologically 
suppressed (as indicated by plasma 
HIV RNA level < 50 copies/mL) did not 
meet the noninferiority bound (−12%) 
for the raltegravir group (88% vs 93%; 
treatment difference, −5.8%; 95% CI, 
−12.2−0.22). Patients with prior viro-
logic failure were allowed to enroll in 
this study, and based on the prelimi-
nary findings among those who did not 
remain suppressed after the switch, 
preexisting drug resistance to compo-
nents in the background regimen may 
have contributed to the higher-than-ex-

pected rate of failure after substitution 
of lopinavir/r with raltegravir, similar 
to observations in earlier switch stud-
ies with abacavir. Identifying those 
patients most likely to benefit from 
treatment switches with respect to dys-
lipidemia remains a high priority. 

Simplification with fixed-dose teno-
fovir-emtricitabine or abacavir-lami-
vudine study. The fixed-dose nRTI 
combinations of tenofovir/emtricit-
abine and abacavir/lamivudine reduce 
pill burden and offer the possibility of 
improved lipid levels compared with 
thymidine-containing nRTI regimens. 
The STEAL study randomly assigned 
360 virologically suppressed patients 
receiving either nRTI or PI-based anti-
retroviral therapy to substitute tenofo-
vir/emtricitabine or abacavir/lamivu-
dine for their current nRTI(s) (Abstract 
576). Of note, approximately 20% 
of patients in each group were pre-
viously receiving the nRTI to which 
they were assigned as a single agent. 
Although virologic response rates did 
not differ by group, patients who un-
derwent randomization to abacavir/
lamivudine experienced a higher rate 
of the predefined secondary endpoint 
of lipid changes (new cholesterol level 
> 6.5 mmol/L, or increase in level > 2 
mmol/L; new HDL level < 0.9 mmol/L 
or decrease in level > 0.5 mmol/L, or 
new lipid-lowering therapy). The rate of 
serious non–AIDS-defining events was 
also higher in the group receiving the 
abacavir/lamivudine, and the rate of 
cardiovascular events was also higher 
in the abacavir/lamivudine recipients 
than the tenofovir/emtricitabine recipi-
ents (7 vs 1, respectively). Bone mineral 
density fell in the hip and spine in the 
tenofovir/emtricitabine group, whereas 
it increased in the abacavir/lamivudine 
group. Although this study did not tar-
get patients with dyslipidemia, it does 
suggest a potential lipid and possible 
cardiovascular benefit associated with 
the change to tenofovir/emtricitabine.

Does tenofovir have a direct effect on 
lipids? This question was addressed in 
a pilot study in patients receiving stable 
antiretroviral therapy to which tenofo-
vir was added during a double-blind, 
placebo-controlled, randomized, cross-

over-design ACTG trial (Abstract 714). 
Dyslipidemic patients had tenofovir or 
placebo added for 2 12-week periods 
separated by a 4-week washout period. 
Despite the small size of the study (only 
13 patients with complete data); levels 
of non-HDL cholesterol, total choles-
terol, and LDL cholesterol all showed 
statistically significant improvement 
during tenofovir exposure compared 
with placebo. An unexpected finding 
in this study was the observed rebound 
in triglyceride levels during the tenofo-
vir washout period. The mechanism by 
which tenofovir improves lipid levels 
requires further study. 

Renal Complications

The impact of antiretroviral therapy, 
host factors, and direct or indirect ef-
fects of HIV replication on changes in 
renal function remain active areas of 
investigation, as evidenced by presen-
tations at the conference. 

The important association between 
HIV replication and loss of renal func-
tion was demonstrated in at least 3 
studies. Choi and colleagues examined 
factors associated with continued loss 
of renal function among participants in 
the University of California San Francis-
co SCOPE (Study of the Consequences 
of the Protease Inhibitor Era) cohort 
and identified that in treated patients, 
transient increases in viral load (blips) 
were a risk factor for loss of renal func-
tion (Abstract 38). Similarly, in a ran-
domized study evaluating intermittent 
use of antiretroviral therapy, the strat-
egy of 7 days on followed by 7 days off 
antiretroviral therapy was associated 
with a greater rate of decline in glom-
erular filtration rate (GFR) than contin-
uous antiretroviral therapy or the strat-
egy of 5 days on followed by 2 days off 
therapy (Abstract 742). No statistically 
significant difference was found in the 
rate of GFR decline between the latter 
2 groups. Finally, among a large group 
of Kenyans not yet meeting local cri-
teria for antiretroviral treatment, renal 
function, as measured by estimated 
GFR, was an independent risk factor 
for HIV progression (Abstract 741).

The relationship between tenofovir 
exposure and renal function remains 

1_pg57_67_currier_havlir.indd   65 4/28/09   7:21:50 AM



International AIDS Society–USA        Topics in HIV Medicine

66

an active area of investigation. Small 
but statistically significant changes in 
GFR have been observed with tenofo-
vir in cohort studies and randomized 
trials.7 The HEAT study team reported 
on changes in renal function over 96 
weeks in the randomized comparison 
between tenofovir/emtricitabine and 
abacavir/lamivudine combined with 
lopinavir/r (Abstract 744). Consistent 
with earlier studies showing an im-
provement in renal function after ini-
tiation of antiretroviral therapy, small 
increases in the estimated GFR and 
creatinine clearance were observed in 
both treatment groups, although the 
improvement was slightly greater in 
the abacavir/lamivudine group. Pro-
gression to an estimated GFR of less 
than 60 mL/min occurred more com-
monly in the tenofovir/emtricitabine 
recipients (n = 11) than in the abacav-
ir/lamivudine group (n = 4). Proximal 
renal tubule dysfunction occurred rare-
ly but only in tenofovir/emtricitabine-
exposed patients (n = 5). 

Risk factors for proximal renal tubu-
lar (PRT) dysfunction were examined in 
2 cohort studies (Abstracts 743,745). 
PRT dysfunction was identified in 18 
of 92 consecutively studied patients 
who received tenofovir for longer than 
6 months (Abstract 745). A higher mid-
dose plasma level of tenofovir (> 160 
ng/mL) was identified as an important 
predictor of PRT and had a sensitivity 
of 61% and specificity of 80%. A larger 
cross-sectional study from the Swiss 
HIV cohort (n = 1202) identified the 
highest prevalence of PRT in patients 
treated with tenofovir with (49%) or 
without (16%) concurrent PI therapy 
(Abstract 743). In a multivariate model 
adjusting for several factors associated 
with renal disease, both tenofovir and 
PI exposure remained statistically sig-
nificant predictors. Currently, only lim-
ited data are available to examine the 
longer term outcomes of patients iden-
tified with subclinical tubular dysfunc-
tion; however, there is concern that 
increased excretion of phosphate could 
lead to bone loss over the longer term. 
Longitudinal studies addressing this is-
sue are needed in patients treated with 
a range of therapies for HIV infection.

Is there a genetic predisposition for 

tenofovir-associated PRT dysfunction? 
Novoa and colleagues hypothesized 
that polymorphisms in genes encoding 
for drug transporters in the renal tu-
bules could explain why some patients 
may be predisposed to this complica-
tion (Abstract 37). The study was lim-
ited to patients receiving tenofovir at a 
single center. In examining 12 single 
nucleotide polymorphisms in 5 genes, 
they identified an association between 
patients harboring the genotype GG in 
the ABCC2-24 gene and the develop-
ment of renal tubulopathy. The authors 
noted that the mechanism through 
which this polymorphism may operate 
is unclear because tenofovir is appar-
ently not a substrate for this particular 
transporter. Nonetheless, this emerg-
ing area of investigation could lead to 
testing to identify patients at highest 
risk of this complication.

Bone Disease

Contributions of HIV disease, immune 
activation and inflammation, anti-
retroviral therapy, and host factors to 
loss of bone density in HIV infection 
continue to be explored. Data from 
cross-sectional studies confirm high 
rates of osteopenia and osteoporo-
sis in men (higher rates in men than 
in postmenopausal women, in fact), 
without an excess rate in hypogonadal 
men (Abstract 754) compared with 
eugonadal men, and a higher rate of 
low bone density in women with HIV 
and HCV coinfection (Abstract 820). In 
one of the few longitudinal studies, in-
vestigators from the Menopause Study 
(MS) noted a higher prevalence of low 
bone density in HIV-infected women 
than in HIV-uninfected women but no 
difference in the rate of bone loss in 
the 2 groups over 18 months of fol-
low-up (Abstract 757). Opioid use and 
the presence of depressive symptoms 
were associated with bone loss in the 
women in this study. 

Potential mechanisms of bone loss in 
HIV were explored in clinical and in vitro 
studies. Gazzola and colleagues reported 
an association between lower frequency 
of central memory CD8+CD127+ cells 
and low bone density as measured by 
dual x-ray absorptiometry scan, sug-

gesting that immune activation (a pos-
sible contributor to the loss of CD127+ 
cells) might be an important contribu-
tor to bone loss (Abstract 752). Levels 
of several cytokines involved in bone 
loss (tumor necrosis factor-alpha, IL-6, 
and receptor activator for nuclear fac-
tor κB ligand), although higher in post-
menopausal HIV-infected women than 
in HIV-uninfected women, did not cor-
relate with levels of bone mineral den-
sity (Abstract 758). Among HIV-infected 
women, markers of bone resorption 
(N-telopeptide and C-telopeptide) were 
higher in those receiving antiretroviral 
therapy, but the duration of antiretrovi-
ral therapy did not appear to be associ-
ated with lower bone mineral density. 
A small study of changes in markers of 
bone turnover in patients starting an-
tiretroviral therapy with different regi-
mens demonstrated increases in bone 
resorption and formation markers. Initi-
ation of treatment with tenofovir or a PI 
was associated with greater increases in 
osteocalcin (a bone formation marker); 
these effects did not appear to be medi-
ated through osteoprotegerin receptor 
agonist and the receptor activator for 
nuclear factor κB ligand (Abstract 760).

Collectively, the studies presented at 
this year’s conference extend our un-
derstanding of the prevalence, patho-
genesis, risk factors, and in some cases 
treatment for the expanding array of 
complications of HIV disease and anti-
retroviral therapy. A consistent theme 
across many of these areas of research 
is the attempt to more accurately de-
fine and quantify the contributions of 
the virus, the host, and antiretroviral 
therapy to the development of these 
important clinical problems.

A list of all cited abstracts 
appears on pages 89-95. 
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Advances in Antiretroviral Therapy 
Timothy J. Wilkin, MD, MPH, Barbara Taylor, MD, Susan Olender, MD, and Scott M. Hammer, MD 

Investigational Drugs

Cytochrome P450 3A Inhibitors

GS-9350. Data were presented on 2 
compounds that inhibit cytochrome 
P450 3A (CYP3A) without having anti-
retroviral activity. These are being de-
veloped as alternatives to ritonavir. Ma-
thias and colleagues presented data on 
GS-9350 (Abstract 40). This compound 
provides potent irreversible inhibition 
of CYP3A without demonstrable anti-
HIV-1 activity. GS-9350 exhibited more 
specificity for CYP3A inhibition than 
ritonavir (ie, other CYP450 enzymes 
were less likely to be inhibited by GS-
9350). GS-9350 did not inhibit normal 
lipid accumulation or glucose uptake 
in adipocytes, suggesting less poten-
tial for metabolic abnormalities. Nu-
merous single-dose and multiple-dose 
studies of GS-9350 were performed 
in HIV-uninfected participants. These 
studies evaluated change in clearance 
of midazolam, which is metabolized 

by CYP3A. GS-9350 100 mg once daily 
or 200 mg once daily provided similar 
reductions in midazolam clearance to 
that provided by ritonavir 100 mg dai-
ly. A coformulated 4-drug tablet of el-
vitegravir (an investigational integrase 
inhibitor)/tenofovir/emtricitabine/
GS-9350 is currently under develop-
ment. Elvitegravir concentrations with 
GS-9350 150 mg once daily resemble 
those with ritonavir 100 mg once daily. 
The exposure to emtricitabine was in-
creased 20% in the presence of elvite-
gravir/GS-9350, and the tenofovir ex-
posure was bioequivalent. There were 
no substantial safety concerns; a drug-
related, transient grade 3 elevation of 
alanine aminotransferase developed 
in 1 participant. Phase II studies of the 
4-drug tablet are under way.

SPI-452. Gulnik and colleagues from 
Sequoia Pharmaceuticals presented 
data on SPI-452, a potent inhibitor of 
CYP3A4 with no discernible inhibition 
of HIV-1 protease or HIV-1 replication 
(Abstract 41). SPI-452 was generally 
well tolerated, with no serious adverse 
events. No changes in serum lipid 
levels were observed compared with 
placebo. The half-life was 15 hours to 
20 hours at higher doses. SPI-452 en-
hanced the pharmacokinetic profile of 
darunavir and atazanavir in a manner 
similar to that of ritonavir in histori-
cal cohorts. However, the investigators 
did not evaluate a concurrent ritonavir 
control group.

Entry Inhibitors

VCH-286. Roldan and colleagues pre-
sented preclinical data on VCH-286, 
an investigational, potent, and selec-
tive CC chemokine receptor 5 (CCR5) 
antagonist (Abstract 550). VCH-286 
showed potent inhibition of 62 prima-
ry HIV-1 isolates to CCR5. 

CD4-BFFI. Jekle and colleagues pre-
sented data on a novel entry inhibitor, 
CD4-BFFI (Abstract 551). This com-
pound combined an anti-CD4 mono-
clonal antibody (anti-CD4 mAb 6314) 
with a fusion inhibitor (T-651). The an-
tiviral activity of the bifunctional com-
pound was much greater than that of 
the individual components.

Reverse Transcriptase Inhibitors

CMX157. CMX157 is a lipid conjugate 
of tenofovir that leads to 30-fold higher 
intracellular levels of tenofovir-diphos-
phate. Lanier and colleagues tested the 
hypothesis that CMX157 also enters 
peripheral blood mononuclear cells by 
associating with HIV-1 virions (Abstract 
556). They found that approximately 
30,000 molecules of CMX157 were 
associated with each virion compared 
with approximately 100 molecules of 
tenofovir. HIV-1 virions inoculated with 
CMX157 were less infectious, whereas 
inoculation with tenofovir did not af-
fect infectivity.

Ribonuclease H inhibitors. Current 
reverse transcriptase inhibitors (ie, nu-
cleoside analogue reverse transcriptase 
inhibitors [nRTIs] and nonnucleoside 
analogue reverse transcriptase inhibi-
tors [NNRTIs]) work by inhibiting the 
polymerase function of reverse tran-
scriptase. Williams and colleagues 
presented data on inhibitors of ribonu-
clease (RNase) H, a portion of reverse 
transcriptase responsible for cleaving 
the RNA template following synthesis 
of the first DNA strand during reverse 
transcription (Abstract 559). They 

Dr Wilkin is Assistant Professor of Medi-
cine at the Weill Medical College of Cornell 
University. Dr Taylor is Instructor of Clinical 
Medicine at Columbia University Medical 
Center, New York. Dr Olender is Instructor 
of Medicine at Columbia University Medical 
Center. Dr Hammer is Professor of Medi-
cine at the Columbia University College of 
Physicians and Surgeons and Chief of the 
Division of Infectious Diseases at Columbia 
University Medical Center. 

The 16th Conference on Retroviruses and Opportunistic Infections maintained 
its tradition of being recognized as the preeminent forum for detailing 
the state-of-the-art of antiretroviral therapy. Abundant new and updated 
information was presented on investigational drugs, approaches to the 
management of treatment-naive and -experienced patients, the use of drugs 
for prevention of mother-to-child HIV-1 transmission, and antiretroviral drug 
resistance. Of particular note were the continued advances in antiretroviral 
treatment and research emanating from resource-limited settings and 
the presentation of the results of 2 much-anticipated, phase III trials of 
interleukin-2, ESPRIT (Evaluation of Subcutaneous Proleukin in a Randomized 
International Trial) and SILCAAT (Subcutaneous, Recombinant Human 
Interleukin-2 in HIV-Infected Patients With Low CD4+ Counts Receiving Active 
Antiretroviral Therapy).
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found a series of inhibitors of RNase 
H that also showed antiviral effects in 
the cell culture; however, these com-
pounds had a modest therapeutic in-
dex with relatively low levels of 50% 
cellular cytotoxicity. 

Integrase Inhibitors

QNL111. Two abstracts presented pre-
clinical data on integrase inhibitors with 
novel mechanisms of action. Raltegravir 
and the investigational integrase inhibi-
tor elvitegravir work by inhibiting the 
strand-transfer reaction. Thibaut and 
colleagues presented data on a new qui-
noline family of compounds (Abstract 
553). These compounds are integrase 
binding inhibitors that inhibit the 3' 
processing step. The lead compound, 
QNL111, has a 50% inhibitory concen-
tration for HIV replication of 800 nM 
and retained activity against isolates re-
sistant to raltegravir and elvitegravir.

Integrase-LEDGF/p75 inhibitors. Lens 
epithelium-derived growth factor p75 
(LEDGF/p75) acts as a tethering factor 
for integrase to chromatin. Benarous 
and colleagues screened 70,000 com-
pounds for their ability to inhibit the 
LEDGF/p75-integrase interaction (Ab-
stract 555). Compounds were identified 
that inhibited HIV-1 integration with-
out inhibiting the catalytic activity re-
quired for the strand-transfer reaction, 
and these compounds retained activity 
against HIV-1 resistant to raltegravir.

Maturation Inhibitors

MPC-9055. Baichwal and colleagues 
presented data on a new maturation 
inhibitor, MPC-9055 (Abstract 561). 
This compound blocks the process-
ing of the CA-SP1 Gag intermediate to 
the mature protein CA. Serial passage 
experiments identified a single amino 
acid substitution in Gag, A364V, which 
induced resistance. Beelen and col-
leagues presented the safety, tolerabili-
ty, and pharmacokinetics of MPC-9055 
in HIV-uninfected volunteers (Abstract 
570). Fifty-five participants received a 
single dose of MPC-9055, and 20 re-
ceived placebo. There were more treat-
ment-emergent events in those receiv-

ing MPC-9055. All events were mild 
except for 1 instance of moderate diar-
rhea. The half-life was 23 hours to 42 
hours, and absorption was increased 
in the presence of meals. Further mul-
tiple-dose studies are planned.

Dolabella diterpene. Abreu and col-
leagues presented data on dolabella 
diterpene (DT), a natural extract from 
the Brazilian brown algae Dictyota pfaffi 
(Abstract 562). This compound had a 
median effective concentration versus 
HIV-1 of 30 nM. The researchers found 
unprocessed p55 Gag and partially pro-
cessed p41 and p25 precursors accu-
mulating in HIV virions in the presence 
of DT. This compound retained activ-
ity against viral strains with high-level 
resistance to bevirimat, another HIV 
maturation inhibitor. The authors con-
cluded that DT binds to a different site 
than bevirimat, possibly the p55 Gag 
precursor.

RNA Interference

tat and vif short-interfering RNA. Choi 
and colleagues evaluated RNA interfer-
ence in a humanized mouse model of 
HIV (Abstract 564). They noted that HIV 
is highly mutable, and it is likely that 
escape mutants would develop if only 
a single RNA sequence were targeted. 
They targeted 2 highly conserved regions 
in tat and vif genes by administering 
synthetic short-interfering RNA specific 
to those sequences that was delivered 
using a T-cell-targeting, single-chain an-
tibody as a carrier. This was highly effec-
tive at suppressing viral replication, with 
all mice having plasma HIV-1 RNA levels 
below the limit of detection throughout 
the treatment period. 

Immune-Based Therapies

Interleukin-2

Results were presented of 2 large, 
long-awaited, randomized, controlled, 
open-label trials evaluating the efficacy 
of subcutaneous administration of in-
terleukin-2 (IL-2) in combination with 
antiretroviral therapy versus antiretro-
viral therapy alone (Abstracts 90aLB, 

90bLB). Both studies used occurrence 
of an opportunistic disease or death as 
the primary endpoint. 

ESPRIT. The ESPRIT (Evaluation of 
Subcutaneous Proleukin in a Random-
ized International Trial) enrolled 4111 
participants from 25 countries. Eligible 
enrollees had a CD4+ count above 
300 cells/µL. Participants either contin-
ued or initiated combination antiretro-
viral therapy at study entry. Patients 
who underwent randomization to re-
ceive IL-2 were given 3 5-day cycles of 
7.5 mIU subcutaneously, twice daily 
at 8-week intervals. Additional cycles 
were recommended as needed to keep 
the CD4+ cell count greater than twice 
the baseline, or at least 1000 cells/µL. 

At study entry, the median CD4+ 
count was 457 cells/µL; the median na-
dir CD4+ count was 197 cells/µL; 80% 
had a plasma HIV-1 RNA level at or be-
low 500 copies/mL; 26% had a prior 
AIDS-defining illness; 19% were fe-
male; 24% were nonwhite; and mean 
age was 41 years. The median length 
of follow-up was 6.9 years. 

Patients in the IL-2 group maintained, 
on average, a CD4+ count 160 cells/µL 
higher than that of the control group. 
However, the rate of primary endpoints 
(opportunistic disease or death) did 
not differ between the IL-2 and con-
trol groups (1.13 vs 1.21 events/100 
person-years, respectively; hazard ratio 
[HR], 0.93; 95% confidence interval 
[CI], 0.75−1.16). Similarly, the rate of 
death and serious non-AIDS events was 
similar between the 2 groups. There 
were more grade 4 (ie, life-threatening) 
events in the IL-2 group (HR, 1.23; P = 
.003). The difference in grade 4 events 
was driven by administration and injec-
tion site reactions, psychiatric events, 
and vascular events such as deep ve-
nous thrombosis. 

SILCAAT. The SILCAAT (Subcutaneous, 
Recombinant Human Interleukin-2 in 
HIV-Infected Patients With Low CD4+ 
Counts Receiving Active Antiretroviral 
Therapy) study randomized 1695 par-
ticipants from 14 countries. Eligible par-
ticipants had a CD4+ count between 
50 cells/µL and 299 cells/µL. Patients ei-
ther continued or initiated combination  
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antiretroviral therapy. Participants who 
underwent randomization to IL-2 were 
given 6 5-day cycles of 4.5 mIU subcuta-
neously, twice daily at 8-week intervals. 
Additional cycles were recommended 
as needed to keep the CD4+ count 150 
cells/µL greater than baseline. 

At study entry, the median CD4+ 
count was 202 cells/µL; the median na-
dir CD4+ count was 60 cells/µL; 81% 
had a plasma HIV-1 RNA level at or be-
low 500 copies/mL; 32% had a prior 
AIDS-defining illness; 17% were fe-
male; 20% were nonwhite; and mean 
age was 40 years. The median length 
of follow-up was 7.6 years. 

Participants in the IL-2 group main-
tained, on average, a CD4+ count 57 
cells/µL higher than that of the control 
group. However, the rate of primary 
endpoints (opportunistic disease or 
death) did not differ between the IL-2 
and control groups (HR, 0.91; 95% CI, 
0.70−1.18). The rate of grade 4 adverse 
events was similar between the IL-2 
and control groups (HR, 1.11; P = .30). 
However, the rate of grade 4 events in 
the first year after randomization was 
statistically significantly higher in the 
IL-2 group (HR, 2.02; P = .01). Taken 
together, data from these studies show 
that the CD4+ count gain associated 
with IL-2 administration does not trans-
late into reduced clinical events. In ad-
dition, there appears to be an increased 
risk of serious adverse events attributed 
to IL-2 therapy. 

Interleukin-2 and inflammatory mark-
ers. Porter and colleagues evaluated the 
effect of subcutaneous IL-2 treatment 
on levels of high-sensitivity C-reactive 
protein (hsCRP) and D-dimer (Abstract 
533). They found that the levels of these 
molecules were increased statistically 
significantly in patients with (n = 34) 
and without (n = 19) virologic sup-
pression. The median level of hsCRP 
increased from 1.15 mg/L to 63.8 mg/L 
and 1.01 mg/L to 62.6 mg/L, respective-
ly, in these groups. The D-dimer level in-
creased from below 0.20 µg/mL to 0.79 
µg/mL and from 0.27 µg/mL to 2.91 
µg/mL, respectively (P < .001 for all 4 
comparisons). The increases were tran-
sient and returned to baseline within 1 
month after IL-2 administration.

Genetically modified CD4+ cells. 
There has been a recent appreciation 
that HIV-1 infection causes a profound 
depletion of gut lymphoid tissue ear-
ly in the infection. Collman and col-
leagues presented data on 12 patients 
receiving suppressive antiretroviral 
therapy in an ongoing phase I/II open-
label trial of genetically modified au-
tologous CD4+ cells (Abstract 83). The 
CD4+ cells are collected and trans-
duced ex vivo with lentiviral vector 
encoding a 937-nucleotide antisense 
construct to the env gene. Six infusions 
of 1010 cells each were given to each 
participant, followed by interruption of 
antiretroviral therapy in 7 patients. The 
genetically modified CD4+ cells per-
sisted in the plasma after treatment in-
terruption. The researchers also found 
that these cells migrated to the rectal 
epithelium and persisted after treat-
ment interruption. Future analyses will 
evaluate whether this therapy can par-
tially control HIV-1 replication.

Histone deacetylase inhibitors. His-
tone deacetylase (HDAC) is a key en-
zyme for maintaining latency of HIV-1 
infection in resting CD4+ cells. HDAC 
inhibitors are being pursued in an ef-
fort to clear this latent reservoir of HIV-
1 infection as a key step toward HIV-1 
eradication. Hong and colleagues pre-
sented data on 2 synthetic HDAC in-
hibitors, CGMC0005 and CGMC0006 
(Abstract 418). They found that both 
compounds induced HIV-1 replication, 
as measured by p24 antigen produc-
tion in latently infected cell lines with 
50% effective doses of 0.11 µM and 
0.04 µM, respectively.

Clinical Trials of Antiretroviral 
Therapy in Treatment-Naive 
Patients

Antiretroviral Therapy in Patients 
with Tuberculosis

Swaminathan and colleagues present-
ed data on 127 HIV-1-infected patients 
with active tuberculosis (Abstract 35). 
Participants received standard short-
course tuberculosis therapy, and under-
went randomization after the 2-month 
induction phase to receive either open-

label efavirenz (600 mg once daily) or 
nevirapine (400 mg once daily after 2 
weeks of 200 mg once daily); both were 
given with didanosine and lamivu-
dine. The median age was 35.5 years, 
and 99 (78%) were men. The median 
CD4+ count was 84 cells/µL, and the 
median plasma HIV-1 RNA level was 
310,000 copies/mL. After 24 weeks of 
antiretroviral therapy, more patients in 
the efavirenz group achieved a plasma 
HIV-1 RNA level below 400 copies/mL 
(50/59 patients, 85%) compared with 
38 of 57 patients (67%) in the nevirap-
ine group (P = .038). Moreover, there 
were 5 deaths in the nevirapine group 
and none in the efavirenz group. These 
results along with the virologic data 
prompted the Data and Safety Monitor-
ing Board to stop the study early. 

Efavirenz Versus Lopinavir/Ritonavir; 
Didanosine Plus Zidovudine Versus 
Stavudine Plus Lamivudine

Ratsela and colleagues presented data 
from Phidisa II, a randomized, facto-
rial-design study of lopinavir/ritonavir 
(lopinavir/r) versus efavirenz and di-
danosine plus zidovudine versus sta-
vudine plus lamivudine (Abstract 594). 
Eligible participants had a CD4+ count 
below 200 cells/µL or a prior clinical 
AIDS diagnosis. The primary endpoint 
was AIDS or death. The study included 
1771 patients with a median CD4+ 
count of 106 cells/µL and plasma HIV-1 
RNA level of 144,000 copies/mL. There 
was no statistically significant difference 
in the primary endpoint between the 
groups. There did not appear to be any 
statistically significant difference in the 
rates of virologic suppression between 
the efavirenz and lopinavir/r groups 
48 weeks after randomization (66% vs 
65%, respectively). Consistent with prior 
studies, the CD4+ count responses were 
greater in the lopinavir/r group than in 
the efavirenz group: an increase of 317 
cells/µL at 3 years versus 272 cells/µL, 
respectively (P = .004). Although the 
rates of the primary endpoint did not 
differ between the didanosine plus zi-
dovudine recipients and the stavudine 
plus lamivudine recipients, the CD4+ 
cell count and virologic data favored sta-
vudine plus lamivudine.
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Clinical Trials of Antiretroviral 
Therapy in Treatment-
Experienced Patients

PRO 140

PRO 140 is a humanized monoclonal 
antibody that blocks binding of HIV to 
CCR5. Thompson and colleagues pre-
sented data from a phase IIa study that 
evaluated the subcutaneous adminis-
tration of PRO 140 in HIV-1-infected 
subjects (Abstract 571a). Eligible par-
ticipants had plasma HIV-1 RNA levels 
above 5000 copies/mL, CCR5-using HIV, 
and no antiretroviral therapy within the 
past 12 weeks. The 44 patients under-
went randomization to receive placebo, 
PRO 140 162 mg once weekly, PRO 140 
324 mg once every 2 weeks, or PRO 
140 324 mg once weekly. The mean 
change in plasma HIV-1 RNA level was 
+0.15, −0.75, −1.2, and −1.51 log10 
copies/mL in the 4 groups, respectively. 
Administration site reactions were mild 
or absent in all subjects. The authors 
concluded that this study supported 
further investigation of infrequent sub-
cutaneous administration of PRO 140.

Antiretroviral Treatment 
Strategies

Intensification

New antiretroviral assays can measure 
plasma HIV-1 RNA level with a lower 
limit of detection of 1 copy/mL; many 
patients taking combination antiretro-
viral therapy with virologic suppression 
using standard ultrasensitive assays have 
detectable residual viremia using this 1 
copy/mL assay. The source of the resid-
ual viremia is not known. If it represents 
complete cycles of virus replication, then 
suppressing this residual viremia could 
hasten the clearance of the latent reser-
voir. Several studies examined whether 
this residual viremia could be suppressed 
by intensifying combination antiretrovi-
ral regimens with a new drug. 

Raltegravir. Jones and colleagues en-
rolled 5 participants with a mean level 
of residual viremia of 1.9 copies/mL (Ab-
stract 423b). Participants added raltegra-
vir to their existing antiretroviral drug 

regimen for 30 days. The mean level of 
viremia at the end of the intensification 
period was 3.2 copies/mL, which was 
not statistically significantly different 
from the level prior to intensification.

Buzon and colleagues randomly as-
signed 65 participants with plasma HIV-1 
RNA levels below 50 copies/mL to either 
intensify their existing regimen by add-
ing raltegravir for 48 weeks (n = 44) or 
continue their regimen without intensifi-
cation (n = 21) (Abstract 423a). Intensi-
fication did not alter the level of proviral 
DNA. There was a statistically significant 
increase in episomal HIV-1 DNA at week 
2, but the difference was not seen after 
week 2. The authors concluded that this 
increase provided evidence for contin-
ued de novo viral infection with suppres-
sive antiretroviral therapy (ie, raltegravir 
prevented integration of viral DNA from 
ongoing replication that was instead 
converted to episomal DNA).

Enfuvirtide. Gandhi and colleagues 
evaluated the latent reservoir directly in 
participants initiating an intensive first 
antiretroviral regimen of enfuvirtide, 
saquinavir/ritonavir, and tenofovir/
emtricitabine (Abstract 424). They en-
rolled 19 patients with a median CD4+ 
count of 262 cells/µL and plasma HIV-1 
RNA level of 4.8 log10 copies/mL. Sev-
enteen participants achieved a plasma 
HIV-1 RNA level below 50 copies/mL 
within 48 weeks, 9 of whom remained 
on enfuvirtide for at least 48 weeks and 
were included in the primary analysis. 
The primary endpoint was the propor-
tion of latently infected, resting mem-
ory CD4+ cells, which was measured 
every 24 weeks. This endpoint did not 
change over the 96 weeks of study 
follow-up. The primary endpoint was 
similar to that observed in previous 
studies using less intensive regimens. 
The authors concluded that other strat-
egies were needed to decrease the size 
of the latent reservoir.

Switching from Lopinavir/Ritonavir 
to Raltegravir

Eron and colleagues presented data 
on 2 large, randomized, placebo-con-
trolled trials of switching lopinavir/r to 
raltegravir in patients with successful 

virologic suppression on a lopinavir/r-
containing regimen (SWITCHMRK-1 
and SWITCHMRK-2) (Abstract 70aLB). 
Eligible participants had a plasma HIV-1 
RNA level below 50 copies/mL (or < 75 
copies/mL by branch DNA assay) for at 
least 3 months and had not received 
lipid-lowering therapy for at least 12 
weeks. Patients with prior virologic fail-
ure were not excluded, and enrollees 
were not required to be intolerant of 
lopinavir/r. The primary objectives of 
these studies were to show a decrease 
in lipid levels 12 weeks after random-
ization and noninferiority of continued 
virologic suppression 24 weeks after 
randomization for those switching to 
raltegravir compared with those con-
tinuing treatment with lopinavir/r. 

In SWITCHMRK-1 and -2, 348 and 
354 patients, respectively, underwent 
randomization. The mean age was 44 
years and 42 years; 79% and 78% were 
men; and 28% and 53% were nonwhite, 
respectively. The mean CD4+ count at 
baseline was approximately 480 cells/
µL in both studies. The median number 
of prior antiretroviral drugs taken was 
5 and 6, respectively.

Levels of triglycerides, total fasting 
cholesterol, and non-high-density-lipo-
protein (HDL) cholesterol decreased 
statistically significantly with the switch 
to raltegravir (P < .001 for each com-
parison in both studies). However, 
switching to raltegravir did not achieve 
noninferiority for maintaining virologic 
suppression compared with continuing 
lopinavir/r treatment. The proportion of 
patients with a plasma HIV-1 RNA level 
below 50 copies/mL at week 24 was 
81% for the raltegravir group versus 
87% for the lopinavir/r group (treatment 
difference, −6.6%; 95% CI, −14.4 to 
+1.2) in SWITCHMRK-1 and 88% ver-
sus 94% (treatment difference, −5.8%; 
95% CI, −12.2 to +0.2) in SWITCH-
MRK-2. When combining both studies, 
the proportion with plasma HIV-1 RNA 
level below 50 copies/mL at week 24 
was statistically significantly lower for 
the raltegravir group. Of the 32 patients 
with virologic failure, 27 (84%) reported 
that this was not their first antiretroviral 
regimen, and 18 (66%) reported hav-
ing experienced virologic failure with a 
prior regimen. 
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Antiretroviral Treatment in 
Resource-Limited Settings

The conference kicked off this year 
with an impressive keynote address, 
the N’Galy-Mann Lecture by Gray and 
McIntyre, who detailed their experi-
ences in HIV clinical research and care 
in Soweto, South Africa (Abstract 18).

Treatment Scale-Up in Resource-
Limited Settings

Gray, McIntyre, and colleagues founded 
the Perinatal HIV Research Unit (PHRU) 
in Soweto in 1996 and have expanded 
the program over the past 2 decades to 
include 50 active research programs in 
HIV prevention, care, treatment, and the 
sociobehavioral and economic impacts 
of the HIV epidemic. Relevant to this ar-
ticle on antiretroviral therapy advances, 
the PHRU launched its first antiretroviral 
treatment trial in 1996, as a means of 
providing access to antiretroviral thera-
py in a setting where it was otherwise 
unavailable. The PHRU began offering 
antiretroviral therapy outside of clinical 
trials in 2001 with funds from the French 
government, and the program expand-
ed with PEPFAR (President’s Emergency 
Plan for AIDS Relief) support to include 
45,000 people started on antiretroviral 
therapy in a collaboration of 10 partners 
and 45 sites over 4 provinces. 

Gray and McIntyre also have been 
leaders in clinical research, including 
an ongoing treatment trial comparing 
nurse-monitored with physician-mon-
itored treatment; the CHER (Children 
with HIV Early Antiretroviral Therapy) 
study, which showed that early treat-
ment of infants with antiretroviral ther-
apy led to substantial improvements in 
mortality; and the OCTANE (Optimal 
Combination Therapy After Nevirapine 
Exposure) study (Abstract 94LB), which 
demonstrated improved outcomes with 
lopinavir/r-based antiretroviral therapy 
compared with nevirapine-based anti-
retroviral therapy in women exposed 
to single-dose nevirapine for preven-
tion of mother-to-child transmission 
(PMTCT) of HIV.

Throughout this time, the South Af-
rican President, Thabo Mbeki, and his 
Health Minister, Manto Tshabalala-Msi-

mang, waged both active and under-
ground campaigns to question the role 
of HIV as the cause of AIDS and the ef-
ficacy of antiretroviral treatment. Their 
interventions ranged from restructur-
ing the South African Medicines Con-
trol Council when it refused to approve 
treatment trials of a toxic industrial sol-
vent as antiretroviral therapy to casting 
personal aspersions against the PHRU 
and its researchers. Despite this oppo-
sition, the support of outside funding 
institutions and a strong treatment ad-
vocacy program led by activists allowed 
the PHRU to continue functioning and 
the South African national antiretroviral 
treatment program to grow.

Gray and McIntyre concluded by dis-
cussing current challenges in confronting 
the South African epidemic, including 
the 1.8 million people estimated to be 
in need of antiretroviral therapy by 2011, 
looming funding shortfalls, and the need 
for increased outreach and care for older 
women and men who have sex with 
men (MSM). They also emphasized the 
continuing need for activist scientists, in 
the mold of N’Galy and Mann, who rec-
ognize the importance of human rights 
in the response to the HIV epidemic.

Coutinho spoke on the “Limits and 
Realities of Antiretroviral Therapy 
Scale-up” (Abstract 12). He noted that, 
currently, 30% of individuals needing 
antiretroviral therapy receive it, and 
antiretroviral therapy scale-up does 
not keep pace with the rate of new in-
fections. The success in global expan-
sion of access to antiretroviral therapy, 
as indicated by the increase from the 
200,000 people living with HIV or AIDS 
receiving treatment in resource-limited 
settings (RLS) in 2002 to the over 3 
million receiving treatment in 2007, is 
largely the result of increased access 
by the “low-hanging fruit,” Coutinho’s 
term for individuals who were waiting 
for initial antiretroviral therapy in situ-
ations where capacity was in place to 
deliver care. The challenge of the future 
is to scale up antiretroviral therapy ac-
cess in locations without current capac-
ity and for people living with HIV who 
are less likely to seek care.

As signs of progress in antiretroviral 
therapy scale-up, Coutinho cited the in-
creases in life expectancy in Botswana, 

reductions in mortality among HIV-in-
fected people after antiretroviral ther-
apy became available in Uganda, and 
the fact that task-shifting, which places 
more responsibilities for patient care 
onto nurses and midwives, does not 
appear to have affected treatment out-
comes. However, he drew attention to 
the global underperformance of PMTCT, 
with only 18% of women giving birth in 
low- and middle-income countries be-
ing tested for HIV, and in diagnosis of 
HIV and tuberculosis coinfection, with 
only 12% of people with tuberculosis 
being tested for HIV. Rates of mortality 
(20%) and loss to follow-up (15%−17%) 
in the first 5 years of treatment are also 
unacceptably high. Coutinho conclud-
ed by anticipating future challenges to 
the second, more difficult stage of an-
tiretroviral therapy scale-up, including 
the dramatic lack of human resources 
and laboratory capacity, the geographic 
distribution of people in need of care, 
the transition to more complicated 
cases and second-line therapy, and the 
gap between current funding and that 
needed for universal access to antiret-
roviral therapy.

Coetzee and Boulle presented data 
on the response to the HIV epidemic 
in Cape Town, South Africa, including 
information relevant to antiretroviral 
treatment scale-up (Abstract 58). Cur-
rently, antiretroviral therapy coverage 
in Cape Town is estimated at 60% using 
antiretroviral therapy eligibility criteria 
of those with World Health Organiza-
tion (WHO) stage 4 disease. However, 
between 2006 and 2007, as clinics 
reached saturation, the rate of increase 
in people requiring antiretroviral thera-
py outstripped the increase in those re-
ceiving antiretroviral therapy. Five-year 
outcomes for those receiving antiretro-
viral therapy in the city remain good, 
with 73% remaining in care, 12% taking 
second-line therapy, and 87% of those 
in care with suppressed plasma HIV-1 
RNA levels. The burden of HIV disease 
on hospitals in Cape Town is high, with 
60% of admissions and 52% of deaths 
in 1 hospital HIV-related and a 70% rate 
of HIV and tuberculosis coinfection. 
Coetzee also noted a decrease in HIV 
prevalence among 15- to 19-year-olds 
over the past 5 years and a decrease 
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in the incidence of sexually transmit-
ted infections in Khayelitsha, from 0.27 
per 100,000 people in 2003 to 0.13 per 
100,000 people in 2007.

Schechter described the Brazilian re-
sponse to scale-up as a reflection of its 
political climate (Abstract 59). The mili-
tary dictatorship that led the country 
from 1964 to 1985 gave way to a dem-
ocratic regime and a national universal 
health care system. When the first AIDS 
cases were recognized in the 1980s and 
private insurance companies refused 
to provide care, activists joined ranks 
to fight for HIV care. In 1988, nongov-
ernmental organizations and govern-
mental bodies began to work together 
to provide universal HIV care, and the 
government began to provide zidovu-
dine therapy. Currently, the Brazilian 
program offers numerous options for 
initial therapy, including both protease 
inhibitor (PI)- and NNRTI-based regi-
mens, most of which are provided by 
the government regardless of patient 
insurance status. 

The responsibilities for laboratory 
testing and other services in Brazil 
are divided between state and federal 
government, which leads to disparities 
between states in access to services. 
Antiretroviral therapy outcomes are 
comparable to those in many resource-
rich settings: baseline CD4+ count at 
antiretroviral therapy initiation is 200 
cells/µL, and 72% of individuals starting 
antiretroviral therapy achieve plasma 
HIV-1 RNA levels of less than 500 cop-
ies/mL after 6 months. Non-HIV-related 
causes of death are on the rise; the car-
diovascular disease death rate is grow-
ing at 8% per year for those with HIV 
and 0.8% per year for those without. 
The majority of people in Brazil are un-
aware of their HIV serostatus, and the 
complexity of injection drug use and 
MSM subepidemics that vary by region 
requires targeted outreach campaigns. 

Schechter concluded by summariz-
ing future improvements necessary for 
the continued success of the Brazilian 
program, including an expanded defi-
nition of universal access from antiret-
roviral therapy alone to treatment as 
1 component in a sustainable access-
to-treatment effort, an increase in tar-
geted and operational research efforts, 

and improvement in the speed and 
quality of actions by institutional re-
view boards.

Mohammed and colleagues pre-
sented data on the unmet need for HIV 
testing, care, and treatment in Kenya 
derived from the 2007 Kenya AIDS In-
dicator Survey (KAIS) (Abstract 137LB). 
This survey included individuals 15 
years to 64 years of age in a stratified, 
2-stage, cluster-sample design covering 
8 provinces and urban and rural areas. 
Household- and individual-level data 
were collected between August 2007 
and December 2007 in the form of in-
terviews and venous blood samples. 
Overall response rates were 97% for 
households, 91% for individuals, and 
80% for blood samples. HIV prevalence 
results showed that 8.4% of women and 
5.4% of men were HIV seropositive, 
with peak prevalences in age 30 years 
to 34 years for women and 40 years to 
44 years for men. These results were 
similar to the country’s 2003 estimates 
of HIV prevalence. Uncircumcised men 
were 3.4 times more likely to have HIV 
infection than were circumcised men. 
Of HIV-seropositive adults in the sample, 
84% were unaware they were infected, 
and 44% of married or cohabitating 
HIV-infected persons had an uninfected 
partner. An estimated 120,000 HIV-in-
fected adults with CD4+ counts below 
250 cells/µL are in need of antiretrovi-
ral therapy, but among those who knew 
their HIV serostatus and were eligible for 
antiretroviral therapy, 92% were receiv-
ing therapy. The authors concluded that 
low awareness of HIV serostatus was the 
major barrier to universal antiretroviral 
therapy access in Kenya, and that this 
type of nationally representative survey 
is essential for monitoring the epidemic 
and improving the national response.

Primary Treatment Outcomes in 
Resource-Limited Settings

Lockman and colleagues presented the 
results of the OCTANE A5208 Trial, a 
randomized trial examining whether 
prior single-dose nevirapine treatment 
for PMTCT limits future virologic re-
sponse to nevirapine-containing an-
tiretroviral regimens (Abstract 94LB). 
Two concurrent trials were conducted 

within the study design. The first com-
pared lopinavir/r plus tenofovir/emtric-
itabine with nevirapine plus tenofovir/
emtricitabine in 240 women with prior 
receipt of single-dose nevirapine and 
was designed to show superiority of the 
lopinavir/r regimen. The second trial 
compared the same 2 regimens in 500 
women without single-dose nevirapine 
exposure and was designed to show 
equivalence; it is still under way. 

Inclusion criteria for the first trial 
were as follows: CD4+ count less than 
200 cells/µL, no prior antiretroviral 
therapy except single-dose nevirapine 
at least 6 months previously, up to 10 
weeks of prior zidovudine treatment, 
and an estimated creatinine clearance 
rate of over 60 mL/min. Ten sites in 
7 countries in sub-Saharan Africa en-
rolled study participants, and the pri-
mary endpoint was death or time to 
virologic failure. The authors defined 
virologic failure as a confirmed plasma 
HIV-1 RNA level less than 1 log10 cop-
ies/mL below the baseline level after 12 
weeks of treatment or more than 400 
copies/mL after 24 weeks of antiretro-
viral therapy and conducted a primary 
intent-to-treat analysis.

In October 2008, the Data and Safe-
ty Monitoring Board recommended ces-
sation of the first trial after enrollment 
of 243 women into the trial, when the 
median duration of follow-up was 73 
weeks. There were no statistically sig-
nificant differences in the baseline char-
acteristics of participants by treatment 
group. Overall, 41 women reached the 
primary endpoint described above: 31 
in the nevirapine group and 10 in the 
lopinavir/r group. The estimated HR of 
reaching the endpoint in the nevirap-
ine group was 3.55 (95% CI, 1.71−7.34 
compared with the lopinavir/r group), 
and the difference in risk between the 
2 groups was established by 24 weeks 
on treatment. The rate of treatment 
discontinuation was statistically signifi-
cantly higher in the nevirapine group: 
38 women (31%) compared with 6 (5%) 
in the lopinavir/r group (HR, 7.43; 95% 
CI, 3.14−17.59), and common reasons 
for discontinuation were adverse events 
and virologic failure. 

Drug resistance testing showed that 
14% of women had nevirapine resis-
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tance mutations at baseline, and the 
median time since last single-dose 
nevirapine exposure was 11 months 
in women with nevirapine resistance 
compared with 17 months in women 
without resistance (P = .024). Although 
the proportion of women with virologic 
failure or death was higher among those 
with nevirapine resistance, there was a 
trend toward virologic failure or death 
in the nevirapine group, even among 
women without nevirapine resistance (P 
= .057). The data, when broken down 
by time since last single-dose nevirap-
ine exposure, also suggested that the 
difference between treatment groups 
was lower among women starting anti-
retroviral therapy more than 24 months 
after receiving single-dose nevirapine. 
The authors noted that these findings 
may not be applicable to women who 
received PMTCT regimens other than 
single-dose nevirapine, and that treat-
ment success in the lopinavir/r trial was 
higher than anticipated. 

Lawn and colleagues presented 
data, now published, on the changes 
in mortality risk associated with CD4+ 
count response to antiretroviral ther-
apy in South Africa (Abstract 140).1 
They sought to determine mortality es-
timates for those receiving antiretrovi-
ral therapy for longer than 1 year and 
examined the relationships between 
risk of mortality, pretreatment CD4+ 
counts, and CD4+ count response to 
antiretroviral therapy, using an obser-
vational cohort in the Gugulethu town-
ship of Cape Town, South Africa. Na-
tional antiretroviral therapy guidelines 
allow for initiation of a first-line NNRTI-
based regimen when the CD4+ count 
falls below 200 cells/µL or a patient has 
WHO clinical stage IV HIV disease. 

Between 2002 and 2007, 2434 pa-
tients in the cohort initiated antiretrovi-
ral therapy; 67% were women, median 
age was 33 years, median CD4+ count 
at antiretroviral therapy initiation was 
101 cells/µL, and 23% of patients had 
WHO stage IV disease. The median fol-
low-up period was 1.3 years, or 3155 
person-years, and 192 deaths occurred 
during this time. Cumulative mortality 
was 8.4% at 12 months and 13.2% at 
48 months. Mortality at 48 months for 
patients with a pretreatment CD4+ 

count less than 100 cells/µL was 16.7%, 
almost twice that of those with CD4+ 
counts above 100 cells/µL (9.5%). Com-
paring these data with data from the 
ATHENA (AIDS Therapy Evaluation in 
the Netherlands) cohort, mortality for 
similarly stratified patients is approxi-
mately 3 times higher across all strata 
for the Gugulethu cohort. 

To determine the effect of CD4+ 
count response to antiretroviral therapy 
on mortality, the investigators calculat-
ed the amount of person-time accrued 
in each 100 cells/µL stratum of CD4+ 
counts during the follow-up period. The 
mortality rate in deaths per 100 person-
years falls as CD4+ count rises, with a 
threshold effect at 200 cells/µL. Mor-
tality ranged from 5.4 to 38.6 deaths 
per 100 person-years for CD4+ counts 
below 200 cells/µL to 1.2 to 2.7 deaths 
per 100 person-years for CD4+ counts 
above 200 cells/µL. In the multivariate 
analysis, age, WHO stage IV disease, 
and plasma HIV-1 RNA level above 400 
copies/mL all correlated with mortal-
ity, but the largest correlation was for 
CD4+ count response strata. For those 
whose CD4+ count remained between 
0 cells/µL and 49 cells/µL, the risk ra-
tio for mortality was 11.63 (95% CI, 
3.95−34.29) compared with those 
whose CD4+ counts rose to over 500 
cells/µL during antiretroviral therapy. 

The authors also note that most of 
the person-time accrued in the lower 
CD4+ count strata occurred in the first 
12 months after antiretroviral therapy 
initiation, and that those with a pre-
treatment CD4+ count below 100 cells/
µL made up 53% of the time accrued 
with CD4+ counts less than 200 cells/
µL compared with those with a pre-
treatment CD4+ count above 100 cells/
µL (28% of the time with CD4+ count 
< 200 cells/µL). Thus, the patients with 
the lowest baseline CD4+ counts spent 
more time with levels below 200 cells/
µL and had higher risks of death. The 
investigators concluded that these data 
argue for an increase in the CD4+ cell 
count threshold at which to initiate an-
tiretroviral therapy.

Brinkhof and colleagues from the 
ART-LINC (Antiretroviral Therapy in 
Lower Income Countries Collaboration) 
compared the mortality of HIV-infected 

patients initiating antiretroviral therapy 
with that of the general population in 
sub-Saharan Africa (Abstract 141). They 
pooled data from 13,249 HIV-infected, 
treatment-naive patients age 16 years or 
older receiving treatment in 5 public an-
tiretroviral therapy clinics in South Africa 
(2 sites), Zimbabwe, Cote d’Ivoire, and 
Malawi. The baseline characteristics of 
this cohort included the following: 67% 
women, median age of 34 years, median 
CD4+ count of 107 cells/µL (interquartile 
range [IQR], 46−175), and 85% with 
WHO stage III or IV disease. In the first 
2 years of antiretroviral therapy, 1177 
deaths occurred. The overall cumulative 
mortality at 2 years was 11.7% (95% CI, 
11.1−12.3). The authors used data on 
expected mortality from the WHO Glob-
al Burden of Disease estimates and used 
multiple imputation to account for miss-
ing baseline CD4+ counts, clinical stage, 
and mortality outcome in those lost to 
follow-up. 

The investigators found that the ex-
cess mortality rate in those who initi-
ated antiretroviral therapy with CD4+ 
counts below 25 cells/µL was 17.5 per 
100 person-years (95% CI, 14.5−21.1) 
compared with the general population 
in sub-Saharan Africa. Among patients 
who initiated antiretroviral therapy with 
CD4+ counts above 200 cells/µL and in 
WHO clinical stage I/II, excess mortal-
ity was only 1 per 100 person-years 
(95% CI, 0.55−1.81) and decreased 
to 0.29 per 100 person-years (95% CI, 
0.17−0.49) if they survived the first year 
of antiretroviral therapy. When account-
ing for prognostic factors such as age, 
sex, baseline CD4+ count, and clinical 
stage of HIV disease, half of the patients 
in the cohort had excess rates of 5 to 
20 deaths per 100 person-years, and 
half had fewer than 5 additional deaths 
per 100 person-years. The investigators 
concluded that, though excess mortal-
ity rates are high in these cohorts, those 
without severe disease who survive into 
the second year with therapy have mor-
tality rates comparable to those of the 
general population.

Mwango and colleagues described 
preliminary outcomes of Zambia’s deci-
sion to introduce tenofovir as a compo-
nent of an initial antiretroviral regimen in 
their national antiretroviral therapy pro-
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gram (Abstract 142). Tenofovir/emtricit-
abine plus efavirenz replaced the prior 
initial regimen of stavudine, lamivudine, 
and nevirapine in July 2007. Data were 
extracted from 14,295 treatment-naive 
patients observed for at least 90 days 
in 18 government antiretroviral therapy 
clinics in Lusaka who started antiret-
roviral therapy between July 2007 and 
December 2008. Patients were classi-
fied by the type of initial regimen: teno-
fovir, stavudine, or zidovudine. Baseline 
characteristics of patients starting with 
each of the initial regimens were similar, 
with the notable exception of more ad-
vanced disease in the patients receiving 
tenofovir. Of the tenofovir recipients, 
63% met WHO stage III or IV disease 
criteria compared with 45% and 55% 
in the zidovudine and stavudine groups, 
respectively. Baseline CD4+ count was 
141 cells/µL for patients starting teno-
fovir, 152 cells/µL for patients starting 
stavudine, and 176 cells/µL for patients 
starting zidovudine. 

As a measure of regimen tolerabil-
ity, the investigators looked at substitu-
tions made after treatment start per 100 
person-years: 29.3 (95% CI, 27.0−31.6) 
for the zidovudine group, 18.6 (95% CI, 
16.9−20.4) for the stavudine group, and 
11.7 (95% CI, 10.9−12.5) for the tenofo-
vir group. Switches were highest in the 
zidovudine group in the first 90 days of 
therapy. Mortality after 90 days of treat-
ment was 5.2 per 100 person-years for 
the stavudine group, 4.8 per 100 person-
years for the tenofovir group, and 2.7 
per 100 person-years for the zidovudine 
group. After adjustment for baseline de-
mographics and disease stages, the HR 
values for mortality in each treatment 
group had overlapping 95% CI values. 
The only statistically significant sub-
group difference was between patients 
who started with zidovudine and then 
switched and those who remained with 
initial tenofovir. The adjusted HR for 90-
day mortality in the zidovudine-switch 
group was 2.41 (95% CI, 1.41−4.12). 
The proportion of patients with creati-
nine clearance rates below 50 mL/min 
at 6 months and 12 months increased 
in all 3 groups, but no statistically sig-
nificant difference between treatment 
groups was found. Overall, the inves-
tigators noted that high levels of drug 

switching and relatively short follow-
up periods in this observational study 
made the outcomes difficult to interpret, 
but they concluded that tenofovir-based 
regimens were more easily tolerated 
and did not lead to higher rates of renal 
insufficiency.

Treatment Outcomes in Children in 
Resource-Limited Settings

Moultrie and colleagues presented clin-
ical, virologic, and immunologic out-
come data from HIV-infected children 
receiving antiretroviral therapy at the 
Harriet Shezi Children’s Clinic, a tertia-
ry academic center that is the largest 
public pediatric HIV site in South Af-
rica (Abstract 97). The study observed 
a prospective cohort of 2102 children 
under 15 years of age who initiated an-
tiretroviral therapy between April 2004 
and March 2008. Only children with at 
least 1 post-antiretroviral therapy initi-
ation follow-up visit were included, but 
the authors noted that 18% of children 
who had accessed care at the clinic at 
least once were lost to follow-up before 
antiretroviral therapy initiation. 

At the time of antiretroviral therapy 
initiation, median age was 4.3 years, 
51% were boys, median CD4+ cell 
percentage was 11.5% IQR, 6.9−16.2), 
and 29% of patients were receiving 
treatment for tuberculosis. The median 
number of months of follow-up dur-
ing antiretroviral therapy for members 
of the cohort was 17 (IQR, 5.7−29.2). 
Most of the 152 deaths in the cohort 
occurred in the first 3 months of anti-
retroviral therapy and in children under 
18 months of age. Factors predicting 
mortality in a multivariate analysis in-
cluded severe underweight for age, high 
plasma HIV-1 RNA level, concurrent tu-
berculosis treatment, and younger age. 
By 18 months of antiretroviral therapy, 
90% of the children had plasma HIV-1 
RNA levels below 400 copies/mL, and 
statistically significant improvements 
in immunologic status were seen in 
the first 12 months of antiretroviral 
therapy. The investigators concluded 
that the timing of antiretroviral therapy 
initiation in the clinic is not optimal, 
that mortality is highest in the first 3 
months after initiation of antiretroviral 

therapy but excellent virologic and im-
munologic outcomes are seen, and that 
improved outcomes would be likely if 
infants received earlier diagnoses and 
initiated antiretroviral therapy earlier.

Prendergast and colleagues examined 
the impact of coinfection with cytomeg-
alovirus (CMV) on HIV disease (Abstract 
93LB). Compared with resource-rich set-
tings, where 36% to 65% of children are 
infected with CMV by adolescence, 85% 
of infants in RLS are infected. The inves-
tigators collected data as a part of the 
PEHSS (Pediatric Early Highly Active An-
tiretroviral Therapy Sexually Transmit-
ted Infections Study) in Durban, South 
Africa, which is examining the efficacies 
of 3 antiretroviral therapy management 
strategies in infants to determine the im-
pact of CMV coinfection on HIV disease 
progression in these infants. They used 
CMV real-time polymerase chain reac-
tion assays to test plasma samples from 
infants 3 months to 4 months of age en-
rolled in the PEHSS and compared the 
pre–antiretroviral therapy rate of CD4+ 
percentage decline from birth in CMV-
seropositive and CMV-seronegative in-
fants. Samples were available for 54 of 
the 63 infants in the cohort, and 59% 
were CMV seropositive by 3 months to 
4 months of age. 

CMV-seropositive infants were more 
likely to be breastfed (53%) than CMV-
seronegative infants (18%; P = .01), 
but otherwise there were no statistically 
significant differences in baseline char-
acteristics between the 2 groups. There 
was also no difference overall in mor-
bidity and mortality and no difference 
in weight or head circumference at 12 
months. There was a trend toward more 
failure to thrive in the CMV-seropositive 
infants (43% compared with 17% in 
CMV-seronegative infants; P = .07). 
For CD4+ percentage, the decline was 
twice as rapid in CMV-seropositive as in 
CMV-seronegative infants: 10.5% per 
month and 5.0% per month, respec-
tively (P = .007). This led to progressive 
differences in CD4+ percentage in each 
group, which persisted up to 12 months 
post–antiretroviral therapy initiation (P 
= .004). No difference was seen in the 
absolute nadir CD4+ count, which the 
authors speculate may be related to ob-
served CD8+ cell count increases seen 
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in CMV-seropositive infants. This raises 
the question of whether the CD4+ per-
centage decline in CMV-seropositive 
infants is a result of primary CMV in-
fection rather than HIV infection, and 
the authors are pursuing this question 
in further studies.

Outcomes of Second-Line 
Antiretroviral Therapy in Resource-
Limited Settings

The number of studies presenting data 
on treatment strategies and second-
line antiretroviral treatment outcomes 
in RLS increased substantially this year. 
Keiser and colleagues presented data 
on transitions to second-line antiret-
roviral therapy and mortality from the 
ART-LINC Collaboration of the Inter-
national Epidemiological Databases to 
Evaluate AIDS (IeDEA) (Abstract 608). 
The investigators examined data from 
20,113 patients from 17 HIV and AIDS 
treatment programs in Africa, South 
America, and Asia who met the follow-
ing criteria: 16 years of age or older, an-
tiretroviral therapy–naive, NNRTI-based 
initial antiretroviral therapy, and at least 
6 months of follow-up data available. 
Second-line regimens were defined as 
a change after 6 months of initial ther-
apy with an NNRTI-based regimen to a 
PI-based regimen along with a change 
of at least 1 nRTI. WHO guidelines for 
immunologic or virologic failure of an-
tiretroviral therapy were used. 

The primary outcome was change to 
a second-line regimen, which occurred 
in 576 patients after a median of 20 
months, with a rate of 2.4 per 100 per-
son-years, determined by Kaplan-Meier 
analysis. A low CD4+ count at baseline 
was the most important predictor of 
switching to second-line therapy. The 
availability of plasma HIV-1 RNA level 
monitoring at the treatment site was a 
predictor of an earlier switch to second-
line therapy, and CD4+ counts at treat-
ment change were higher at sites with 
plasma HIV-1 RNA monitoring (161 cells/
µL) than at those without it (102 cells/µL; 
P < .001). Mortality was higher in pa-
tients who continued their initial antiret-
roviral regimens after meeting WHO cri-
teria for immunologic or virologic failure 
(10.7 deaths/100 person-years; 95% CI, 

7.3−15.6) than in patients who switched 
(5.1 deaths/100 person-years; 95% CI, 
3.2−8.1) and in those whose initial regi-
men did not fail (2.9 deaths/100 person-
years; 95% CI, 2.4−3.7). The authors 
concluded that the rate of change to 
second-line therapy was relatively low 
and that patients continuing treatment 
with failing initial regimens are at risk for 
increased mortality.

Hosseinipour and colleagues deter-
mined outcomes of standard second-
line antiretroviral therapy (zidovudine, 
lamivudine, tenofovir, and lopinavir/r) in 
a cohort of 109 patients receiving treat-
ment in 2 clinics in Malawi (Abstract 
605). Participants qualified for second-
line therapy if they met clinical or immu-
nologic criteria for antiretroviral therapy 
failure and had failure confirmed with a 
plasma HIV-1 RNA level above 400 cop-
ies/mL. Of 109 patients whose antiretro-
viral therapy failed by these criteria, 101 
initiated second-line therapy, 5 (5%) died 
before initiating second-line therapy, and 
10 (9%) died within 6 months of initiating 
second-line therapy. Factors associated 
with death by 6 months in a multivariate 
analysis included clinical failure (odds ra-
tio [OR], 3.47; 95% CI, 1.14−10.59) and 
body mass index below 18.5 kg/m2 (OR, 
4.43; 95% CI, 1.15−17.12). Among the 
101 patients initiating second-line anti-
retroviral therapy, approximately 70% 
had achieved plasma HIV-1 RNA levels 
below 400 copies/mL by 12 months de-
spite extensive baseline nRTI-associated 
resistance mutations, and 19% experi-
enced grade 3 or grade 4 antiretroviral 
therapy toxicities.

Fox and colleagues presented find-
ings on the outcome of second-line an-
tiretroviral therapy from a prospective 
cohort of 382 patients in South Africa 
(Abstract 606). They included all pa-
tients older than 18 years from a single 
treatment site in Johannesburg who ini-
tiated antiretroviral therapy with a stan-
dard initial treatment regimen followed 
by the public-sector second-line antiret-
roviral therapy regimen of zidovudine, 
didanosine, and lopinavir/r. The mean 
increase of CD4+ count 12 months af-
ter initiation of second-line therapy was 
118 cells/µL, and 89% were alive and 
in care. Seventy-eight percent of the 
cohort achieved a plasma HIV-1 RNA 

level below 400 copies/mL. Predictors 
of plasma HIV-1 RNA level below 400 
copies/mL at 1 year after adjusting for 
age, sex, adherence to initial treatment, 
and total duration of antiretroviral ther-
apy included the following: at least 1 
single antiretroviral drug substitution 
before initiation of second-line antiret-
roviral therapy (adjusted HR, 0.71; 95% 
CI, 0.56−0.89); and a duration of more 
than 3 weeks between a repeat plasma 
HIV-1 RNA level above 1000 copies/mL 
and the change to second-line antiret-
roviral therapy (adjusted HR, 0.60; 95% 
CI, 0.43−0.83).

Ive and colleagues presented data on 
time from virologic failure to antiretro-
viral therapy regimen change from the 
same clinic population in Johannesburg, 
South Africa (Abstract 607). Of 8649 
patients receiving initial antiretroviral 
therapy with 2 nRTIs and 1 NNRTI, 428 
had confirmed virologic failure, with 
2 consecutive plasma HIV-1 RNA level 
measurements above 1000 copies/mL. 
Of these, 190 (44%) patients initiated 
second-line antiretroviral therapy within 
3 months of meeting criteria for viro-
logic failure, 141 (33%) patients initiated 
second-line antiretroviral therapy more 
than 3 months after failure, and 95 (22%) 
never switched antiretroviral therapy 
regimens. Survival analysis was used to 
estimate the median time to switching 
from first- to second-line therapy after 
confirmed virologic failure: 200 days 
(95% CI, 174−280). The authors are 
currently exploring reasons for the de-
lay in transition from first- to second-line 
treatment after virologic failure.

Evaluation of World Health 
Organization Clinical and Immunologic 
Criteria for Treatment Failure of Initial 
Antiretroviral Therapy

In 2006, the WHO published guide-
lines for antiretroviral therapy in adults 
and adolescents that included clinical, 
CD4+ count, and virologic definitions 
of treatment failure for patients receiv-
ing an initial antiretroviral regimen.2 
Three groups evaluated the value of 
these criteria in clinical cohorts of HIV-
seropositive individuals in RLS.

Reynolds and colleagues examined 
the WHO immunologic criteria for anti-
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retroviral therapy failure among adults re-
ceiving treatment from the Rakai Health 
Sciences Program in Uganda (Abstract 
144). Participants were included who 
initiated antiretroviral therapy between 
June 2004 and September 2007 and 
who had at least 6 months of follow-up 
care. Patients in the program had both 
virologic and immunologic monitoring 
every 6 months, and they switched to 
second-line therapy if their plasma HIV-
1 RNA level surpassed 10,000 copies/mL 
after an adherence intervention. Of 1133 
participants with a median 20 months 
of follow-up who were receiving an ini-
tial NNRTI-based regimen, 125 (11%) 
met immunologic criteria for antiretrovi-
ral therapy failure, 80 (7%) met virologic 
failure criteria of plasma HIV-1 RNA lev-
els above 10,000 copies/mL, but only 18 
(1.6%) met both criteria. 

The sensitivity and specificity of the 
immunologic criteria for determining 
virologic failure were 23% and 90%, re-
spectively. These did not change when 
the criteria for virologic failure were 
made more stringent: having 2 samples 
with plasma HIV-1 RNA levels above 
400 copies/mL. Using the WHO criteria, 
only 107 of the 125 immunologic fail-
ures were considered virologic failures, 
and the authors determined that use 
of the immunologic criteria was both 
insensitive for identifying failures and 
would lead to cost increase because of 
unnecessary switches in those whose 
regimens were not failing.

Two other groups examined this 
same question in settings where plas-
ma HIV-1 RNA level monitoring is not 
routinely available and is used only to 
confirm treatment failure in patients 
meeting WHO clinical or immunolog-
ic criteria for failure. Rewari and col-
leagues collected data from the Indian 
national antiretroviral therapy program; 
they found that referral of cases of sus-
pected treatment failure to a panel of 
clinical experts was useful in helping 
determine the need for antiretroviral 
therapy regimen changes but that 24% 
of patients meeting clinical or immu-
nologic criteria for antiretroviral thera-
py failure had plasma HIV-1 RNA levels 
below 400 copies/mL (Abstract 609). 

Etiebet and colleagues conducted a 
retrospective analysis of data from the 

ACTION (AIDS Care and Treatment in 
Nigeria) project, and found that the im-
munologic criteria had a sensitivity and 
specificity of 81% and 49%, respectively, 
for predicting virologic treatment failure 
of an initial regimen (Abstract 610). Pre-
dictors of virologic failure in the cohort 
included previous antiretroviral therapy 
exposure, having more than 1 “first-line” 
regimen, CD4+ count below 200 cells/
µL before plasma HIV-1 RNA level test-
ing, and a decrease in weight by more 
than 10%.

Laboratory Monitoring in Resource-
Limited Settings

Several poster sessions were dedicated 
to laboratory monitoring in RLS. Ses-
sion 185, “Methods of Viral Load Moni-
toring,” covered improved detection of 
diverse viral subtypes (Abstracts 998, 
1004, 1005), comparisons of new and 
old plasma HIV-1 RNA level detection 
methods (Abstracts 999–1002), and the 
efficiency of pooled viral load testing 
(Abstract 1003). Session 186 included 
4 presentations (Abstracts 1006–1009) 
evaluating the use of dried blood spots 
for plasma HIV-1 RNA level testing in 
RLS.

Breastfeeding and Mother-to-
Child Transmission 

Review of Transmission of HIV 
Through Breastfeeding

HIV transmission from mother to 
child continues to result in as many as 
700,000 infections yearly worldwide. In 
a plenary presentation, Stringer elabo-
rated on the contribution of breastfeed-
ing to transmission of HIV to children, 
outlining the field’s current under-
standing as well as emerging strategies 
to prevent MTCT through breast milk 
(Abstract 127). 

Breastfeeding now contributes up to 
one-third of HIV transmissions to chil-
dren, and the risk of transmission to in-
fants is approximately 0.5% per month 
while breastfeeding, according to the 
BHITS (Breastfeeding and HIV Inter-
national Transmission Study). Studies 
aimed at supporting formula feeding 
in lieu of breastfeeding (Mashi Study) 

or early weaning (Zambia Exclusive 
Breastfeeding Study, ZEBS) have proven 
disappointing, revealing that reductions 
in HIV transmission are offset by infec-
tious complications and mortality. 

Specific strategies under investiga-
tion include providing antiretroviral 
therapy for lactating women and anti-
retroviral prophylaxis for the breastfeed-
ing infant. Promising data from Kenya 
(Kisumu Breastfreeding Study) and Tan-
zania (MITRA-Plus Study) have shown 
that antiretroviral therapy for mothers 
beginning in the third trimester and 
continuing through breastfeeding (6 
months) greatly reduces the transmis-
sion of HIV attributable to breastfeed-
ing compared with historical controls. 

 Postexposure prophylaxis of infants 
is a second promising option for pre-
vention of mother-to-child transmis-
sion. The SWEN (Six Week Extended 
Nevirapine) and PEPI (Post-Exposure 
Prophylaxis for Infants) studies, pre-
sented at the 2008 (15th) conference 
last year, also offer a hopeful alternative 
to avoidance of breastfeeding by treat-
ing babies with antiretroviral therapy 
during the breastfeeding period. 

Stringer emphasized that most of 
the transmissions occur among women 
with more advanced HIV disease, sug-
gesting that maternal treatment is advis-
able for women who require treatment, 
whereas infant prophylaxis is a suitable 
alternative for women in whom antiret-
roviral therapy is not yet indicated for 
their own health. The ongoing study 
comparing maternal treatment to in-
fant prophylaxis during breastfeeding, 
the BAN (Breastfeeding, Antiretrovirals, 
and Nutrition) study, should inform us 
as to the best practice when completed 
in summer 2009. 

Impact of Breastfeeding on Infant 
Health in Resource-Limited Settings

ZEBS. Follow-up analysis on the ZEBS 
was presented by Kuhn and colleagues 
(Abstract 963). Previously published 
results of this randomized study of 
958 HIV-infected postpartum women 
in Zambia concluded that there was 
no HIV-free survival benefit of abrupt 
weaning at 4 months of age compared 
with gradual weaning at 6 months. The 
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authors evaluated the contribution of 
ineffective abrupt weaning on the lack 
of difference in the 2 groups. HIV-free 
survival was the same among women 
who effectively weaned (83.9%) as it 
was for those who continued to breast-
feed (84%); however, an interaction was 
detected between the results of wean-
ing and the severity of maternal dis-
ease. Among babies of asymptomatic 
women with CD4+ counts above 350 
cells/µL, those who weaned were at in-
creased risk of HIV infection or death 
(HR, 3.01; 95% CI, 1.16−7.81) com-
pared with those who did not. Among 
babies of symptomatic women or those 
with CD4+ counts below 350 cells/µL 
in the absence of antiretroviral therapy, 
early weaning improved rates of HIV-
free survival. The authors concluded 
that for asymptomatic women with 
higher CD4+ counts, breastfeeding 
has better HIV-free survival than early 
abrupt weaning. 

Also from the ZEBS trial, Arpadi and 
colleagues evaluated the impact of the 
timing of breastfeeding cessation on in-
fant growth; they found that continued 
breastfeeding mitigated growth falter-
ing among uninfected children born to 
HIV-infected mothers (Abstract 962). 
They analyzed the weight and height for 
age z-scores in 593 uninfected infants 
who were still alive and breastfeeding 
at 4 months of age and found statisti-
cally significantly more rapid declines 
in weight for age z-scores in children 
who were weaned. 

Breastfeeding and malaria. Breast-
feeding was associated with protection 
against malaria in a Ugandan prospec-
tive study of children born to HIV-infect-
ed women, as presented by Homsy and 
colleagues (Abstract 961). The authors 
observed 200 HIV-exposed children 
who were tested for HIV at 6 weeks of 
age, and again at 6 weeks after breast-
feeding cessation. Exclusive breastfeed-
ing for 6 months was recommended for 
HIV-seronegative infants, and breast-
feeding for as long as possible was 
recommended in HIV-infected infants. 
Breastfeeding cessation occurred by 15 
months of age in 185 children (median 
age of cessation, 7.2 months). The anal-
ysis was stratified by HIV serostatus and 

age (ages 6 to < 9 months, and 9−15 
months). Children breastfed from ages 
9 months to 15 months had a statisti-
cally significant reduction in malaria as 
diagnosed by fever and blood smear 
(HR, 0.51; P = .003). Results remained 
unchanged after stratification by HIV 
serostatus. 

Maternal Health During Breastfeeding

Mashi study. To further explore pre-
vious reports of the negative impact 
of breastfeeding on maternal health, 
Lockman and colleagues presented 
results of a randomized trial from the 
Mashi study in Botswana on the effect 
of breastfeeding versus formula feeding 
on maternal HIV progression, mortality, 
and micronutrient levels (Abstract 176). 
From 2001 to 2003, 1200 women were 
randomly assigned to either breast-
feeding with zidovudine for infant pro-
phylaxis and weaning at 6 months or 
formula feeding; participants were fol-
lowed up for a median of 54 months. 
Antiretroviral therapy was available for 
women who met WHO criteria. Base-
line characteristics were similar be-
tween the 2 groups. The primary end-
point of time to CD4+ count below 200 
cells/µL, AIDS, or death was reached in 
34% of breastfeeding women and 28% 
of women randomly assigned to use of 
formula, but the difference was not sta-
tistically significant (P = .08). 

Further exploration of this trend re-
vealed that the largest contributor to this 
composite endpoint was CD4+ count 
below 200 cells/µL, which occurred in 
25% of women randomly assigned to 
breastfeeding and only 21% in the for-
mula-feeding group. Rates of death were 
the same in the 2 groups at 3%. Statis-
tically significant predictors of the com-
posite endpoint in multivariate analysis 
were CD4+ count at or below 350 cells/
µL (P < .01) and plasma HIV-1 RNA level 
at or above the median (P < .01), and 
any education was protective (P = .04). 
No statistically significant differences in 
micronutrient levels were appreciated 
between the 2 groups. The authors did 
detect statistically significantly higher 
high-sensitivity C-reactive protein levels 
in the breastfeeding group (P < .01) and 
plan to explore reasons for this in fu-

ture studies. The authors concluded that 
breastfeeding was not associated with 
an increase in maternal mortality.

Weight status during breastfeeding. 
ZEBS investigators Murnane and col-
leagues examined the role of breast-
feeding on maternal weight loss (Ab-
stract 982). The authors reported on a 
secondary analysis of weight and weight 
changes in 758 HIV-infected, breastfeed-
ing women. HIV-infected, breastfeeding 
women were more likely to gain rather 
than lose weight from 4 months to 24 
months postpartum and, in particular, 
women with low baseline body mass in-
dex values or lower CD4+ counts were 
spared substantial weight loss. 

Prevention of Mother-to-Child 
Transmission

Third-trimester testing for HIV-sero-
negative women. Routine testing for 
HIV during early pregnancy has become 
the standard of care, allowing for early 
diagnosis in pregnancy and affording 
the greatest likelihood for prevention 
of transmission of HIV from mother to 
child. Increasingly, it has been recog-
nized that repeat testing in the third tri-
mester is advisable in high-risk popula-
tions. Lu and colleagues reviewed their 
data on HIV incidence among women in 
Botswana during pregnancy and during 
breastfeeding in the first year postpar-
tum (Abstract 91). They found that 470 
of 1090 (43%) infant infections were at-
tributable to incident HIV in the mother 
during pregnancy or breastfeeding, 
emphasizing the importance of third-
trimester and postpartum retesting. 

Antiretroviral therapy to prevent trans-
mission through breastfeeding. Taha 
and colleagues presented updated anal-
yses of the PEPI-Malawi study on the ef-
fect of maternal antiretroviral therapy on 
postnatal HIV-1 transmission after ces-
sation of extended infant antiretroviral 
prophylaxis (Abstract 92). The study in-
volved breastfeeding, HIV-seronegative 
infants who underwent randomization 
at birth to receive single-dose nevirap-
ine and 1 week of zidovudine (control 
regimen), control regimen plus extend-
ed daily nevirapine until 14 weeks, or 
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control regimen plus extended daily 
nevirapine and zidovudine for 14 weeks. 
Previous study results showed that ex-
tended nevirapine treatment resulted 
in a 67% reduction in transmission to 
infants during their time on treatment. 
This analysis examined the association 
of maternal antiretroviral therapy use on 
transmission to infants after cessation of 
the infant prophylaxis. 

Of 2318 infants not infected at 14 
weeks, 130 (5.6%) became infected at 
follow-up between 14 weeks and 24 
months. Women with a CD4+ count be-
low 250 cells/µL were eligible to receive 
antiretroviral therapy. After adjusting 
for infant prophylaxis, the HR for trans-
mission to infants was lower in the an-
tiretroviral therapy-eligible women who 
received antiretroviral therapy (adjusted 
HR, 0.18; 95% CI, 0.07−0.44) than in 
the antiretroviral therapy-eligible wom-
en who did not receive treatment. 

The authors also noted that the trans-
mission risk was lower in antiretroviral 
therapy–ineligible women (ie, CD4+ 
count at or above 250 cells/µL) who did 
not receive antiretroviral therapy (ad-
justed HR, 0.35; 95% CI, 0.25−0.50) 
than in antiretroviral therapy–eligible 
women who did not receive antiretro-
viral therapy. There was no statistically 
significant difference in HIV transmis-
sion comparing women who received 
antiretroviral therapy and those who 
were antiretroviral therapy–ineligible 
and did not receive treatment. The 
authors recommended treating anti-
retroviral therapy–eligible women with 
antiretroviral therapy to prevent MTCT 
through breastfeeding. 

Preventing resistance after PMTCT. 
Given its prolonged half-life, nevirapine, 
when given as a single dose, is associat-
ed with subsequent NNRTI resistance in 
24% to 76% of women. This limits sub-
sequent antiretroviral therapy options. 
Numerous presentations reviewed 
strategies to reduce the rate of NNRTI 
resistance after single-dose nevirapine 
for PMTCT. Van Dyke and colleagues 
reviewed the IMPAACT (International 
Maternal Pediatric Adolescent AIDS 
Clinical Trials) P1032 phase II study of 
the incidence of resistance mutations 
in HIV-infected Thai women receiving 

a single intrapartum dose of nevirapine 
followed by either 7 days or 30 days of 
a PI-based regimen or 30 days of an 
nRTI-based regimen compared with a 
historical control group (Perinatal HIV 
Prevention Trial-2, PHPT-2) (Abstract 
95aLB). They included data from 169 
nonbreastfeeding women older than 18 
years. Women were randomly assigned 
to receive 7 days of zidovudine, didanos-
ine, and lopinavir/r (group A), 30 days 
of zidovudine and didanosine alone 
(group B), or 30 days of zidovudine, di-
danosine, and lopinavir/r (group C). At 
2 weeks or 6 weeks of follow-up, all 3 
groups had statistically significantly less 
nevirapine resistance (A, 3.6%; B, 7.1%; 
C, 5.3%) than historical control patients 
did (31%); however, the 3 groups were 
not statistically significantly different 
from each other. The authors concluded 
that 7 days of combination antiretrovi-
ral therapy prevents most nevirapine 
resistance from emerging after single-
dose nevirapine administration and has 
little toxicity. 

Lallemant and colleagues presented 
data on the use of an nRTI tail to pre-
vent NNRTI resistance emergence after 
use of single-dose nevirapine (Abstract 
95bLB). They enrolled 222 pregnant, an-
tiretroviral therapy-naive women (“cas-
es”) with a CD4+ count above 250 cells/
µL who were treated with zidovudine in 
the third trimester, followed by intrapar-
tum single-dose nevirapine, followed by 
1 month of zidovudine and didanosine. 
The authors compared the rate of nevi-
rapine resistance-associated mutations 
in these cases with that of matched 
control patients treated with single-dose 
nevirapine alone in the earlier PHPT-2 
trial. Both groups underwent consensus 
sequencing and oligonucleotide ligation 
assay for K103N, Y181C, and G190A 
mutations. Cases and matched control 
patients had similar baseline character-
istics. Combining results of both assays, 
resistance mutations were found in 1.8% 
of cases and 20.7% of control patients. 
Such data offer a practical solution in 
RLS, where alternatives to single-dose 
nevirapine and its associated resistance 
are not yet readily available.

Response to nevirapine-containing 
regimens after single-dose nevirapine. 

Jourdain and colleagues reported on fol-
low-up analysis of PHPT-2 and found a 
continued, statistically significant effect 
of single-dose nevirapine after 4 years 
of therapy (Abstract 954). Women from 
the initial cohort received zidovudine 
from 28-weeks’ gestation followed by 
either single-dose nevirapine or placebo. 
Women with a CD4+ count at or below 
250 cells/µL who subsequently received 
a nevirapine-based regimen were in-
cluded in the analysis of resistance. 
There were 221 single-dose nevirapine–
exposed women and 48 unexposed 
women. At 4 years, 41% of exposed 
women and 23% of unexposed women 
(P = .02) experienced treatment failure 
(plasma HIV-1 RNA level > 400 copies/
mL after 4.5 months, CD4+ count < 50 
cells/µL at 6 months, switch to PI, or 
death). The authors noted that the risk 
of failure in exposed women decreased 
with time from delivery to treatment ini-
tiation (adjusted OR, 0.93/month incre-
ment; P = .001). 

Lockman and colleagues also pro-
vided long-term maternal and pediatric 
virologic outcomes of nevirapine-based 
antiretroviral therapy following receipt 
of single-dose nevirapine or placebo in 
the Mashi study in Botswana (Abstract 
955). Three hundred sixty women 
were randomly assigned to receive ei-
ther single-dose nevirapine or placebo 
and were observed for a median of 
42 months. Virologic failure was more 
common when initiating antiretroviral 
therapy less than 6 months after single-
dose nevirapine than when initiating it 
at or more than 6 months later (P = 
.003). Among HIV-infected children, 56 
started antiretroviral therapy. The high-
est rates of virologic failure were identi-
fied in infants who received single-dose 
nevirapine born to mothers who also 
received single-dose nevirapine. 

Table 1 summarizes some of these 
presentations on antiretroviral treat-
ment in RLS.

Resistance

Transmitted Drug Resistance 

Review of transmitted drug resistance. 
Pillay lead a symposium on “HIV Drug 
Resistance and Treatment Response” 
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Table 1. Selected Studies on Antiretroviral Treatment Outcomes in Resource-Limited Settings

Abstract No. 
Study Title

Research  
Question

Study Design
(No. Participants)
Participating Locations

Findings

Abstract 94LB.
Lopinavir/ritonavir + 
Tenofovir/emtricitabine 
Is Superior to Nevirap-
ine + Tenofovir/emtric-
itabine for Women 
with Prior Exposure to 
Single-Dose Nevirap-
ine: A5208  
(OCTANE)

Does single-dose nevi-
rapine use for PMTCT 
limit future virologic 
response to nevirapine-
containing regimens?

Multisite randomized control trial:
Lopinavir/ritonavir + tenofovir/emtric-
itabine
vs
nevirapine + tenofovir/emtricitabine

(n = 243)

Botswana, Kenya, Malawi, South Af-
rica, Uganda, Zambia, Zimbabwe

Trial stopped early by DSMB with median duration of 
follow-up at 73 weeks.

Hazard ratio for reaching primary endpoint of death 
or virologic failure (confirmed plasma HIV-1 RNA 
level less than 1 log10 copies/mL below baseline after 
12 weeks of treatment or > 400 copies/mL after 24 
weeks of treatment) in nevirapine arm compared with 
lopinavir/ritonavir arm: 3.55 (95% CI, 1.71–7.34) 

Abstract 140.
Changing Mortality 
Risk Associated with 
CD4 Cell Response to 
Long-Term ART: Sub-
Saharan Africa

What is the relation-
ship between mortality 
risk and CD4+ count 
response in those on 
antiretroviral therapy 
for more than 1 year?

Single-site observational cohort study

(n = 2434)

Cape Town, South Africa

Cumulative mortality: 8.4% at 12 months and 13.2% 
at 48 months

48-month mortality: 
baseline CD4+ < 100 cells/µL, 16.7%
baseline CD4+ > 100 cells/µL, 9.5%

Strongest predictor of mortality was on-treatment 
CD4+ count strata:
CD4+ 0-199 cells/µL: 
mortality rate, 5.4-38.6 deaths/100 person-years;
CD4+ 200-≥500 cells/µL: 
mortality rate, 1.2-2.7 deaths/100 person-years

Abstract 143.
Randomized Trial 
of Trained Patient-
Nominated Treatment 
Supporters Provid-
ing Partial Directly 
Observed ART in South 
African Adults Initiat-
ing HIV Therapy

Does partial DOT from 
trained treatment sup-
porters improve immu-
nologic and virologic 
outcomes in patients 
initiating antiretroviral 
therapy?

Single-site randomized controlled trial:
48-week partial DOT intervention 
vs
standard of care (treatment  
supporter but no DOT)

(n = 274)

Cape Town, South Africa

Trial stopped 6 months early by DSMB because of 
futility

No difference in proportion of patients with plasma 
HIV-1 RNA levels < 50 copies/mL (primary endpoint) 
at 24, 48, 72, and 96 weeks

However, odds ratio for death at 48 weeks in inter-
vention arm was 0.3 (P = .05) compared with control 
arm

Abstract 97.
Mortality and Virologi-
cal Outcomes of 2105 
HIV-Infected Children 
Receiving ART in 
Soweto, South Africa

What are the clinical, 
immunologic, and 
virologic responses to 
antiretroviral therapy 
among children in 
South Africa?

Single-site observational cohort study

(n = 2102) 

Soweto, South Africa

Plasma HIV-1 RNA at 18 months:
90% < 400 copies/mL

CD4+ percentage:
baseline median, 11.5%
12-month mean, 25%
42-month mean, 31.7%

Mortality rates:
first 90 days, 14.4/100 child-years
after 90 days, 1.99/100 child-years

Loss to follow-up:
18% of children accessing care at least once
6% of those initiating antiretroviral therapy

Abstract 608.
Switching to Second- 
line ART, and Mortal-
ity in Resource-Limited 
Settings: Collaborative 
Analysis of Treatment  
Programs in Africa,  
Asia, and Latin 
America

What is the rate 
of switching from 
initial to second-line 
antiretroviral regimens 
in resource-limited set-
tings and what factors 
predict this switch?

Multisite observational cohort study

(n = 20,113)

17 programs in Africa, South America, 
and Asia ART-LINC

Change to a second-line regimen (primary outcome):
576 patients at median 22 months (IQR, 14-22);
rate, 2.4/100 person-years

Predictors of switch:
low baseline CD4+ count; earlier switch associated with 
presence of plasma HIV-1 RNA monitoring at site 

Mortality (deaths/100 person-years):
patients remaining on initial ART after immunologic 
or virologic failure, 10.7
patients switching to second-line ART, 5.1
patients on nonfailing initial regimens, 2.9

ART indicates antiretroviral therapy; ART-LINC, Antiretroviral Therapy in Lower Income Countries Collaboration; DOT, directly observed therapy; DSMB, Data and 
Safety Monitoring Board; IQR, interquartile range; OCTANE, Optimal Combination Therapy After Nevirapine Exposure; PMTCT, prevention of mother-to-child 
transmission.
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with a thoughtful review of the epide-
miology, clinical implications, and biol-
ogy of transmitted drug resistance in 
resource-rich settings (Abstract 123). 
There is strong evidence that transmit-
ted antiretroviral resistance compro-
mises initial therapy and contributes 
to initial therapy failures. Recent cases 
illustrate the concerning clinical conse-
quences of transmitted drug resistance. 
At present, however, large-cohort data 
from the CASCADE (Concerted Action 
on Seroconversion to AIDS and Death 
in Europe) study do not suggest that 
drug-resistant virus transmission re-
sults in an accelerated decline in CD4+ 
counts or clinical progression. In fact, 
drug resistance in general does not ap-
pear to be associated with progression, 
per an ALLRT (ACTG [AIDS Clinical Trials 
Group] Longitudinal Linked Random-
ized Trials) cohort case-control analysis 
(Abstract 659). Transmitted drug resis-
tance is seen at various rates depend-
ing on the population and risk factors, 
which can make overall estimates of 
transmitted drug resistance difficult. 
Notably, there has been a rise in NNRTI 
resistance since 2000, reflecting treat-
ment patterns. Most current guidelines 
recommend resistance testing at HIV 
diagnosis. 

Transmitted drug resistance can 
be distinguished from resistance that 
emerges during drug treatment in that 
the infecting resistant virus undergoes 
rapid clonal expansion. Later, reversion 
to wild-type virus may occur because 
of fitness costs. Time to reversion of 
transmitted drug-resistant virus varies 
based on the mutations present. In an 
effort to detect small populations of 
mutant viruses, many investigators are 
using assays to detect low-frequency 
populations. 

Transmitted drug resistance is 
likely underestimated. Metzner and 
colleagues analyzed baseline plasma 
samples from 93 acutely infected pa-
tients using the sensitive allele-specific 
real-time polymerase chain reaction 
(AS-PCR) to detect minority quasispe-
cies (Abstract 649). None of the pa-
tients had resistance mutations detect-
ed by population sequencing, however, 
AS-PCR revealed the presence of the 
mutations M184V (12.1%) and K103N 

(6.5%). In this study, viruses were sup-
pressed by a ritonavir-boosted PI regi-
men. Similarly, other investigators have 
found that in patients with detectable 
resistance mutations, using bulk se-
quencing, additional mutations can be 
revealed using assays for minority spe-
cies. Numerous assays to detect minor-
ity populations are available that differ 
in their sensitivity and specificity. 

Interpretation of the clinical and 
biologic meaning of results gener-
ated by these sensitive assays is cru-
cial. Ideally, use of these assays would 
help guide initial treatment choices. 
Unfortunately, detecting most low-
proportion minority subpopulations of 
transmitted drug resistance requires 
sampling within a short time of the 
primary infection (prior to reversion). 
The findings with regard to the mi-
nority species need to be understood 
within the context of the populations 
in which they are occurring as well as 
the length of time from the primary in-
fection, which is rarely known. 

The clinical implication of resistant 
minority populations was appreciated 
in ACTG 5095, which showed that the 
response to efavirenz-containing anti-
retroviral regimens was substantially 
reduced in patients with baseline resis-
tance to NNRTI (ie, the mutation Y181C) 
detected by AS-PCR alone. Application 
of these findings in clinical manage-
ment or epidemiology, however, re-
mains unclear. 

San Francisco cohort. Jain and col-
leagues delineated the increasing prev-
alence of NNRTI-associated drug resis-
tance mutations in patients with acute 
or early HIV infection in San Francisco 
(Abstract 673). Two hundred twenty-
four participants were enrolled in the 
observational cohort of patients with 
acute or early HIV infection who had 
yearly resistance test results from 2003 
to 2007 available. Of those patients, 
16% had evidence of transmitted drug 
resistance with the initial genotypic 
testing. The prevalence of NNRTI resis-
tance–associated mutations was statis-
tically significantly increased over time, 
whereas PI resistance remained stable 
in this population. The authors suggest-
ed that these findings may be attribut-

able to the increasing use of NNRTI-
based therapy. 

Seattle cohort. Stekler and colleagues 
reported the prevalence of low-level 
mutations in primary HIV-1 infection 
and its effect on antiretroviral therapy 
in patients of the University of Wash-
ington Primary Infection Clinic (Ab-
stract 674). One hundred patients had 
results from consensus sequencing and 
the oligonucleotide ligation assay to as-
sess for low-frequency mutations at a 
median of 30 days from the estimated 
time of infection. Consensus sequenc-
ing detected mutations in 6 patients, 
and oligonucleotide ligation assay de-
tected mutations in 28 additional pa-
tients. Among patients receiving anti-
retroviral therapy, no association was 
found between the presence of low-lev-
el mutations and time to virologic sup-
pression. The authors posited that this 
surprising finding may be attributable 
to the small sample size as well as the 
increased potency of current antiretro-
viral therapies. However, it is also pos-
sible that the low-level mutations were 
false-positive results. 

New York City. Castor and colleagues 
investigated the prevalence of transmit-
ted drug resistance and phylogenetic 
clustering in a cohort of patients identi-
fied during acute and early HIV-1 infec-
tion in New York City (Abstract 500). 
Five hundred forty recently infected 
patients were enrolled from 1995 to 
2008; data were grouped for the period 
from 1995 through 1999 and biennial-
ly for 2000 through 2008. Investigators 
found a prevalence of transmitted drug 
resistance of 19% in the cohort overall, 
which increased over time. In the 2007 
to 2008 period, the prevalence was 
23%. Specifically, the K103N mutation 
increased in prevalence from 1.9% to 
6.7% from 2007 to 2008. 

Young men of color. Hightow-Weidman 
and colleagues reported on transmitted 
drug resistance among young men of 
color who have sex with men (Abstract 
905). Eightly-six men, aged 13 to 24 
years, were enrolled in a prospective 
multicenter cohort who had baseline  
resistance testing before antiretroviral 
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therapy initiation. Most patients were 
new to care (84.9% in care < 3 months), 
African American (84.9%), and between 
19 years and 22 years old (61.9%). 
Over 21% had a plasma HIV RNA level 
above 100,000 copies/mL at pretreat-
ment. There was major resistance in 
15 (17.4%) participants, of whom 9 had 
NNRTI resistance mutations, 4 had nRTI 
resistance mutations, 3 had the PI resis-
tance mutation L90M, and 1 had cross-
class resistance to nRTIs and NNRTIs. 
The authors urged early detection and 
secondary prevention efforts in young 
men of color. 

Low-Frequency Mutant Viral 
Subpopulations

Review of pyrosequencing. New tech-
niques provide lower cost, complex 
sequence information on the HIV viral 
genome that include sequences of low-
frequency populations that are not usu-
ally detected via standard sequencing 
techniques. High-throughput sequenc-
ing technologies parallelize the sequenc-
ing process, allowing for the process-
ing of millions of sequences at once at 
lower cost per sequence. Known as py-
rosequencing, this method relies on the 
light emission of pyrophosphates and 
has been commercialized. The ability 
to identify and sequence low-frequency 
subpopulations of virus is known as 
deep or ultradeep sequencing. 

Deep sequencing at time of virologic 
failure. Le and colleagues discussed 
low-frequency HIV-1 drug-resistant vari-
ants from antiretroviral-experienced 
patients at the time of virologic failure 
(Abstract 684). Plasma samples from 22 
antiretroviral-experienced patients with 
virologic failure were evaluated using ul-
tradeep pyrosequencing compared with 
standard bulk sequencing. Low-frequen-
cy drug mutations made up 37% of the 
total 247 drug resistance mutations de-
tected by deep sequencing, the major-
ity (95%) of which were not detected by 
standard sequencing methods. Roughly 
4 additional mutations were detected, 
on average, by ultradeep sequencing 
compared with standard sequencing. 
Of the 22 patients, 17 (77%) had addi-
tional low-abundance drug resistance 

mutations that increased the person’s 
level of resistance to 1 or more antiret-
roviral drug(s). Interestingly, thymidine 
analogue-associated mutations (TAMs) 
were detectable even in patients in 
whom a zidovudine- or stavudine-con-
taining regimen was not failing. Nine of 
10 patients had detectable TAMs despite 
having stopped treatment with thymi-
dine analogues from 2 years to more 
than 7 years previously. These findings 
suggest that low-abundance HIV resis-
tance mutations detected at the time of 
failure may partly reflect archived virus 
from virologic failure to prior regimens 
rather than to only the current failing 
regimen. 

Deep sequencing at reinitiation of 
antiretroviral therapy. Swenson and 
colleagues presented a case series 
looking at the role of deep sequenc-
ing upon reinitiation of antiretroviral 
therapy in 7 antiretroviral-experienced 
patients with known resistance to prior 
regimens (Abstract 683). All 7 exhibit-
ed reversion to wild-type virus by stan-
dard genotypic testing up to the time 
of reinitiation of antiretroviral therapy. 
Deep sequencing was performed pre-
treatment and an average of 3 times 
during antiretroviral therapy until the 
virus became undetectable. Minority 
M184V, M184I, or both mutations were 
detected in 6 of the 7 baseline samples. 
These minority species neither reliably 
increased nor decreased in prevalence 
after the patients restarted lamivudine-
containing regimens. In cases exhibit-
ing changes in the predominance of 
M184V or M184I, the subpopulations 
remained rare at less than 1% of the 
virus population. 

Deep sequencing of integrase. Cec-
cherini-Silberstein and colleagues com-
pared standard sequencing with deep 
sequencing of integrase at baseline and 
at the time of treatment failure in pa-
tients receiving a raltegravir-containing 
regimen (Abstract 682). Standard se-
quencing did not reveal any major in-
tegrase mutations in 74 patients before 
initiation of a raltegravir-containing 
regimen. The investigators conducted 
deep sequencing on plasma samples 
from 6 patients, of whom 4 had ex-

perienced virologic failure and 2 had 
achieved virologic success. At base-
line, quasispecies with substitutions at 
known integrase resistance positions 
were detected in the 4 participants ex-
periencing virologic failure but not in 
the 2 with virologic success. The fre-
quencies of these quasispecies were 
often close to the assay reliability limit. 
Quasispecies present at baseline were 
not necessarily associated with muta-
tions at the same position from sam-
ples obtained during virologic failure. 
However, the authors suggested that 
baseline variability at known resistance 
positions may influence the antiviral 
efficacy of raltegravir, and they urge 
further investigation of such underrec-
ognized complex pathways. 

Liu and colleagues also reported on 
low-frequency mutations in integrase 
before initiation of a raltegravir-con-
taining regimen and found that low-
frequency mutations associated with 
raltegravir resistance were uncommon 
(Abstract 685). Of the 32 patients for 
whom raltegravir failed, 10 had evi-
dence of integrase inhibitor resistance–
associated mutations Q148K, Q148H, 
and G140S at low frequencies (<0.5% 
of genomes) and of L74M (14.3% of ge-
nomes). Pretreatment mutations in the 
principal pathways for resistance were 
uncommon and, when identified, were 
present at low frequencies. No statisti-
cally significant differences in pretreat-
ment drug resistance mutations were 
noted between the treatment-failure 
and treatment-success groups. 

Viral tropism. The use of deep se-
quencing for identification of viral 
tropism was also presented during 
a symposium, a themed discussion, 
and in numerous posters. See the CC 
Chemokine Receptor 5 Antagonists 
section below. 

Resistance to Nonnucleoside Reverse 
Transcriptase Inhibitors

Etravirine. Marcelin and colleagues 
described the analysis of 243 treat-
ment-experienced patients receiving 
an etravirine-containing regimen. Pa-
tients were exposed to a median of 6 
nRTIs, 1 NNRTI, and 5 PIs at baseline 
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(Abstract 645). Overall, 81.9% of pa-
tients achieved a virologic response, 
defined as a decrease of at least 1.5 
log10 copies/mL or a plasma HIV RNA 
level below 50 copies/mL at 2 months. 
Factors associated with virologic re-
sponse were the number of new drugs 
used with etravirine (P < .0001) and 
the use of raltegravir, darunavir, or en-
fuvirtide for the first time. A history of 
exposure to efavirenz or nevirapine 
was associated with a poorer response 
(77% versus 91%, respectively; P < .03). 
Consistent with prior studies, the pres-
ence of K103N had no effect on the vi-
rologic outcome. 

Nevirapine and A376S. The A376S mu-
tation in the reverse transcriptase con-
nection domain was associated with 
an increased risk of virologic failure 
of nevirapine-based therapy in NNRTI-
naive, HIV-infected subjects in the Eu-
roSIDA study (Abstract 646). Paredes 
and colleagues evaluated the relation-
ship of bulk genotypic sequencing be-
fore initiation of the NNRTI-containing 
regimen with virologic outcome in 287 
NNRTI-naive patients who were treated 
with nevirapine-based (n = 115) or 
efavirenz-based (n = 172) 3-drug regi-
mens. Virologic failure was identified in 
142 (49%) patients (77 receiving nevi-
rapine and 65, efavirenz). The A376S 
mutation was associated with a greater 
than 10-fold increased risk of virologic 
failure with the nevirapine-based anti-
retroviral therapy but did not have an 
impact on the response to the efavirenz-
based regimens. 

Resistance to Nucleoside Reverse 
Transcriptase Inhibitors

Zidovudine and tenofovir resistance. 
Das and colleagues elucidated the 
structural basis for HIV-1 reverse tran-
scriptase drug resistance to zidovu-
dine and tenofovir (Abstract 67). X-ray 
crystallography was used to study the 
structural basis for the mechanisms of 
resistance to zidovudine and tenofovir. 
Investigators created crystal structures 
of reverse transcriptase of zidovudine-
resistant HIV-1 and reverse transcriptase 
with the K65R mutation in various com-
plexes, enhancing the understanding of 

the effects of these mutations on re-
verse transcriptase polymerization and 
excision, and on zidovudine and teno-
fovir resistance. They also investigated 
the effects of the presence of K65R in 
combination with other mutations and 
the clinical benefit of administering ten-
ofovir along with zidovudine, emtricit-
abine, or lamivudine.

Radzio and colleagues presented 
biochemical and cell-based analyses of 
the N348I mutation (Abstract 68). The 
success of regimens containing zidovu-
dine and nevirapine partly stems from 
the antagonistic interactions between 
TAMs and Y181C. The investigators 
hypothesized that N348I emerges to 
counteract this antagonism. This muta-
tion occurs in the connection domain 
of HIV-1 reverse transcriptase in pa-
tients treated with these antiretroviral 
regimens. They found that the addition 
of Y181C to molecular clones of HIV-
1 that included K70R or M41L/T215Y 
mutations restored viral susceptibility 
to zidovudine. However, viruses con-
taining Y181C, TAMs, and N348I dis-
played substantial levels of zidovudine 
resistance. This represents experimen-
tal evidence that N348I restores the zi-
dovudine resistance phenotype in the 
presence of an antagonistic mutation, 
Y181C. The authors suggested that 
N348I may represent a novel pathway 
to dual zidovudine-NNRTI resistance. 

Two presentations suggested that 
emtricitabine with tenofovir conferred 
more favorable resistance patterns 
than lamivudine with tenofovir does 
(Abstracts 642, 644). 

Joyce and colleagues showed data 
on the risk of K65R mutations in viral 
populations after repeated interrup-
tions of a regimen of zidovudine/lami-
vudine plus tenofovir in the DART (De-
velopment of Antiretroviral Therapy in 
Africa) trial (Abstract 681). The authors 
examined the presence of resistance 
using standard sequencing and py-
rosequencing techniques for K65R and 
M184V in 18 patients treated with this 
antiretroviral regimen who underwent 
4 successive structured treatment inter-
ruptions consisting of 12 weeks on and 
12 weeks off therapy. All drugs were 
stopped together, and plasma HIV RNA 
level was measured 8 weeks into the cy-

cles. There were 82 samples, of which 
69 were taken when patients were off 
treatment. A single M184V mutation 
was detected in 1 patient, but no K65R 
mutations were detected in any sample 
by either method of viral sequencing. 
The authors concluded that, despite 
tenofovir’s longer half-life, the clini-
cal risk of the emergence of tenofovir-
associated mutations after treatment 
interruptions is low, and they note that 
this information may be useful in areas 
where intermittent drug shortages are 
common or in the context of PMTCT.

Resistance to Protease Inhibitors 

Substrate envelope hypothesis. Nal-
am and colleagues described a pro-
cess, based on the “substrate envelope 
hypothesis,” for designing PIs that 
avoid emergence of drug-resistant vi-
rus (Abstract 65LB). Current PIs bind 
the HIV-1 substrate envelope in a simi-
lar way, interfering with the protease 
function. Only a limited portion of the 
protease envelope is conserved, leav-
ing a substantial portion at risk for the 
emergence of mutations leading to PI 
resistance in patients undergoing drug 
therapy. The team used computational 
designs to predict inhibitors that would 
fit within the confines of the substrate 
envelope, followed by synthetic chem-
istry to create the inhibitors and test 
the inhibitory function in wild-type and 
resistant HIV-1 variants. Crystal struc-
tures were determined, and the inhibi-
tors were tested using a commercial 
phenotypic resistance assay (PhenoS-
ense, Monogram Biosciences, South 
San Francisco, CA). The scaffolds for 
design were amprenavir and darunavir, 
which have high affinity for the sub-
strate envelope. 

From that point, thousands of in-
hibitors were designed after small ad-
justments were made in the scaffolds. 
Of those, 36 inhibitors were found to 
have very tight binding in the substrate 
envelope even in highly resistant vi-
ruses. Investigators tested 40 inhibitors 
against 3 viral subtypes by phenotypic 
testing. They found a series of 10 in-
hibitors that had higher affinity for HIV-
1 protease than darunavir and many 
more that had higher affinity than lopi-
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navir. Ten inhibitors had excellent affin-
ity and success against wild-type and 
resistant viruses by phenotypic testing. 
The authors speculated that such tech-
niques can be used for other HIV drug 
targets and other diseases in which re-
sistance emerges. 

Darunavir versus lopinavir. Dierynck 
and colleagues characterized virus 
from patients experiencing virologic 
failures through 96 weeks of follow-up 
in the randomized, controlled, phase III 
ARTEMIS (Antiretroviral Therapy with 
TMC114 Examined in Naive Subjects) 
trial in treatment-naive patients ran-
domly assigned to receive tenofovir/
emtricitabine and either once-daily rito-
navir-boosted darunavir (darunavir/r) 
(n = 343) or lopinavir/r (n = 346) (Ab-
stract 655). Virologic failure, defined as 
loss of or failure to reach a plasma HIV 
RNA level below 50 copies/mL after 12 
weeks, occurred in 11.7% (40 patients) 
in the darunavir/r group and 17.1% 
(59 patients) in the lopinavir/r group. 
No major PI resistance mutations were 
identified in either group. Minor PI re-
sistance mutations were also uncom-
mon (4 in the darunavir/r group; 7 in 
the lopinavir/r group), as was develop-
ment of nRTI-associated resistance mu-
tations (2 in the darunavir/r group; 5 in 
the lopinavir/r group). In both groups, 
a statistically significant proportion of 
patients meeting criteria for virologic 
failure had undetectable HIV RNA at 
follow-up visits without any change in 
regimen (30% in the darunavir/r group; 
27.1% in the lopinavir/r group). 

Integrase Inhibitors

Review of raltegravir resistance. Pat-
terns of resistance in the integrase in-
hibitor class were a major focus at the 
conference. Raltegravir was approved 
in 2007 by the US Food and Drug Ad-
ministration for use in treatment-expe-
rienced patients. Miller and colleagues 
shared analysis of resistance data from 
phase II and III clinical trials of ralte-
gravir, emphasizing mutations and 
resistance pathways and implications 
for treatment-experienced and -naive 
patients (Abstract 125). Three ma-
jor pathways to resistance have been 

identified: major mutations at sites 
Y143C/H/R, Q148H/K/R (preferred), or 
N155H. Minor mutations are also seen 
that lead to higher resistance. If none 
of these mutations is present at the 
time of virologic failure, they will likely 
emerge over time. 

The impact of polymorphisms and 
minority variants on clinical response 
was explored. Integrase, like all HIV-
1 proteins, is polymorphic. Baseline 
polymorphisms have little effect on 
susceptibility in vitro. Analysis of poly-
morphisms and clinical outcomes sug-
gests that some polymorphisms may 
be associated with treatment outcome. 
In the BENCHMRK (Blocking Integrase 
in Treatment-Experienced Patients with 
a Novel Compound Against HIV, Mer-
ck)-1 trial, at week 48, 51 patients ex-
perienced virologic failure, of whom 35 
had raltegravir resistance; 138 patients 
were treatment responders. In an effort 
to identify polymorphisms associated 
with virologic failure, the investigators 
compared baseline polymorphisms in 
the 2 groups. No major mutations were 
identified at baseline. The analysis re-
vealed 1 polymorphism, T97A, which 
is a known minor mutation but was not 
associated with increased rates of treat-
ment failure. Polymorphisms at S17N, 
M50I, and D256I may have had some 
association with failure but will require 
additional investigation. 

Deep sequencing of integrase. Again, 
the question of the utility of minority 
subpopulations was addressed for ralte-
gravir. Liu and colleagues used parallel 
allele-specific sequencing technology 
to quantify minority raltegravir resis-
tance–associated variants in patients 
participating in BENCHMRK-2, compar-
ing the presence of baseline minority 
variants with virologic outcome and 
patterns of resistance (Abstract 685, 
also discussed above under Low-Fre-
quency Mutant Viral Subpopulations). 
Major raltegravir resistance mutations 
were identified. However, these were 
found infrequently, and the presence of 
these minority variants was not associ-
ated with treatment failure in this small 
data set. Ceccherini–Silberstein and col-
leagues raised the question of whether 
the variability at known resistance-

associated positions might influence 
antiviral efficacy of raltegravir through 
more complex pathways and suggested 
that minor integrase pathways should 
be investigated further (Abstract 682, 
discussed as well in Low-Frequency 
Mutant Viral Subpopulations). 

Raltegravir monotherapy. Raltegravir 
in treatment-naive patients has been 
studied in a 2-phase treatment trial (Ab-
stract 125). The first phase was raltegra-
vir monotherapy compared with place-
bo for 10 days. Treatment-naive patients 
from this study were invited to partici-
pate in a noninferiority study compar-
ing raltegravir at 3 different doses with 
efavirenz (all with tenofovir and lamivu-
dine). Ninety-six-week follow-up of this 
study showed that raltegravir was non-
inferior to efavirenz (83% of patients re-
ceiving raltegravir and 84% of patients 
receiving efavirenz achieved plasma 
HIV RNA levels below 50 copies/mL). 

Ultradeep sequencing was used to 
analyze the emergence of mutations 
associated with low-level raltegravir re-
sistance in patients treated with ralte-
gravir monotherapy followed by com-
bination therapy (Abstract 125). Deep 
sequencing was performed at baseline, 
while receiving monotherapy, and just 
before the initiation of combination 
therapy. Resistance by ultradeep se-
quencing was identified infrequently 
and at very low levels and was not as-
sociated with virologic failure. At the 
end of 96 weeks of combination ther-
apy, participants who received raltegra-
vir monotherapy were not more likely 
to experience virologic failure than 
participants who initiated raltegravir as 
part of combination therapy. The sole 
monotherapy patient who experienced 
virologic failure through 96 weeks did 
not show any raltegravir resistance. 

Integrase resistance and fitness. Frans-
en and colleagues reported that HIV-1 
mutations at positions 143, 148, and 
155 in integrase define different genetic 
barriers to raltegravir resistance in vivo 
(Abstract 69). Ninety-three subjects for 
whom raltegravir therapy was failing 
were included in the analysis. Clonal 
analysis, susceptibility, and replication 
capacity were assessed. Though viruses 
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with mutations at positions 148 and 143 
show high-level resistance to raltegravir, 
mutations at these sites appear to have 
less effect on replication capacity than 
do mutants at the 155 position. The au-
thors suggested that this could explain 
reported shifts from the N155H path-
way to mutations at either 143 or 148 
position with ongoing drug pressure. 

Gupta and colleagues presented a 
poster on combinations of primary 
NNRTI and integrase inhibitor resis-
tance mutations by constructing in 
vitro single-site-directed mutants of 
NNRTI mutations alone or together 
with integrase inhibitor mutations (Ab-
stract 652). They found that site-direct-
ed mutants containing both mutations 
for NNRTI and for integrase displayed 
reduced replication capacity, which is 
especially evident with viruses contain-
ing the K103N and E92Q mutations. 

CC Chemokine Receptor 5 Antagonists 

Coreceptor tropism assays. Most clini-
cal studies have relied on coreceptor 
tropism phenotype results from a com-
mon commercial assay (Trofile, Mono-
gram Biosciences, Inc, South San Fran-
cisco, CA). Other methods to measure 
tropism were presented for comparison. 
Another assay (Virotect Tropism assay, 
Invirion Diagnostics, Oak Brook, IL), 
uses flow cytometry to combine detec-
tion of replication in a patient’s cells by 
in situ hybridization with simultaneous 
immunophenotyping; it was compared 
with the Trofile assay in 288 HIV treat-
ment-experienced patients (Abstract 
1011). Vilchez and colleagues found 
that the number of inconclusive results 
was higher when reported by the Tro-
file assay (13% vs 6% for ViroTect as-
say) and that such inconclusive results 
were more likely to occur for patients 
with HIV RNA levels below 10,000 cop-
ies/mL and CD4+ counts above 200 
cells/µL. Another study compared the 
SensiTrop II tropism assay (Pathway Di-
agnostics, Malibu, CA), which uses ge-
notypic testing, with the Trofile assay in 
252 treatment-naive patients (Abstract 
1010). The SensiTrop II assay involves 
a combination of gp120 sequencing 
and heteroduplex complex formation. 
McCarthy and colleagues found that 

this new assay detects CXC chemokine 
receptor 4 (CXCR4) more frequently 
and can be accomplished more quickly 
than the Trofile assay can. 

Deep sequencing for viral corecep-
tor tropism. Swenson and colleagues 
used deep sequence analyses to detect 
and quantify low-level X4 use within 
clinical HIV isolates that were not de-
tected by standard sequence analysis 
but were found to have dual-tropic, or 
mixed (D/M), populations of HIV-1 by 
the Trofile assay (Abstract 680). They 
found that 18% of the 202 samples had 
X4 virus use of less than 10%. The sam-
ples were from a clinical trial of a CCR5 
antagonist, maraviroc, in patients with 
D/M virus. Patients harboring HIV-1 with 
less than 10% use of X4 had greater vi-
ral load declines with a maraviroc treat-
ment than did either placebo recipients 
or patients with HIV-1 populations with 
greater than 10% X4 use. This suggests 
that CCR5 antagonists may be used in 
patients with D/M virus with a relative-
ly low frequency of X4 use. Archer and 
colleagues used pyrosequencing to an-
alyze samples from 3 patients with R5 
virus detected by the Trofile assay prior 
to initiation of maraviroc treatment but 
who demonstrated emergence of D/M 
virus with maraviroc treatment (Ab-
stract 679). In all 3 patients, ultradeep 
sequencing detected X4 virus at low 
frequencies (0.5%, 1.5%, and 6%) prior 
to initiation of maraviroc treatment 
and higher frequencies after treatment 
(81%, 99.9%, and 82%). 

Treatment of Acute Infection

The clinical and immunologic benefits 
of treatment during acute HIV infec-
tion are controversial. Nonrandomized 
studies have shown conflicting results. 
Steingrover and colleagues presented 
an analysis of the Dutch Primo-SHM 
embedded, acute-HIV-treatment co-
hort, comparing time off antiretroviral 
therapy in patients with primary HIV 
infection between 2003 and 2008 who 
were randomly assigned to no treat-
ment or to treatment for 6 months or 
for 15 months (Abstract 70bLB). Of 
those enrolled, 102 were included in 
the analysis; 47 were untreated and 

55 were treated. Pretreatment CD4+ 
count and viral load levels were similar 
in the 2 groups. Corrected Kaplan-Meier 
analysis, adjusted for time on therapy, 
showed that untreated patients started 
antiretroviral therapy after 126 weeks 
(95% CI, 104−150), whereas patients 
who initiated and then interrupted an-
tiretroviral therapy remained off thera-
py for a mean of 181 weeks (95% CI, 
161−201; P < .001).

 The French ANRS (National Agency 
for Research on AIDS and Viral Hepa-
titis) Primo Cohort investigators de-
scribed those persons in the primary 
HIV infection cohort who, in the ab-
sence of treatment, spontaneously 
controlled the virus to plasma HIV RNA 
levels below 400 copies/mL for at least 
12 months (Abstract 513). Of the 661 
patients enrolled overall, 211 were un-
treated and 8 of these individuals spon-
taneously controlled viral replication. 
The median time from infection to HIV 
RNA level below 400 copies/mL was 7.0 
months (range, 1.7−14.0). In 2 patients, 
viral control was lost at 4.0 years and 
4.4 years after primary infection, and 
the remaining 6 patients maintained vi-
ral control until the last follow-up visit. 
Of the 8 controllers, none had viruses 
that harbored genotypic resistance, 
all had R5 virus, and 7 had subtype-B 
virus. Four of the 8 patients had HLA-
B*57 or -B*27. Viral load during pri-
mary HIV infection was statistically sig-
nificantly lower in controllers (3.0 log10 
copies/mL) than in noncontrollers (4.7 
log10 copies/mL; P < .001), and control-
lers had statistically significantly higher 
CD4+ counts than noncontrollers dur-
ing primary HIV infection. 

Outcomes From Treatment Cohorts in 
Non–Resource-Limited Settings

Two investigations applied novel analyt-
ic approaches to determine the optimal 
time to begin antiretroviral treatment 
using data from longitudinal cohorts of 
people living with HIV disease. In the 
first, Kitahata and colleagues took ob-
servational data from 60 geographic re-
gions in the United States and Canada 
from the NA-ACCORD (North American 
AIDS Cohort Collaboration on Research 
and Design) and tested the hypothesis 
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that initiation of antiretroviral therapy 
at CD4+ counts above 500 cells/µL 
improves survival (Abstract 71). Their 
analysis included 9155 study patients 
and 28,032 person-years of follow-up 
for HIV-infected individuals with CD4+ 
counts above 500 cells/µL who had ac-
tive follow-up between 1996 and 2006. 
They excluded patients with prior an-
tiretroviral therapy or AIDS-defining 
illnesses. The investigators attempted 
to mimic a randomized controlled trial 
by dividing participants into 2 groups, 
those who “deferred” treatment until 
CD4+ counts were below 500 cells/
µL and those who initiated treatment 
with CD4+ counts above 500 cells/µL. 
Patients who did not initiate antiretrovi-
ral therapy within 1.5 years of reaching 
their target CD4+ count for antiretro-
viral therapy initiation were censored 
but not excluded. Inverse probability 
weights and adjusted Cox regression 
analysis allowed for control of time-
varying, confounding, pretreatment 
differences between patients initiating 
or deferring treatment and for the infor-
mative censoring described above.

Within the cohorts, 2616 patients 
initiated antiretroviral therapy with 
CD4+ counts above 500 cells/µL, and 
6539 deferred antiretroviral therapy. 
The percentage of patients initiating an-
tiretroviral therapy with CD4+ counts 
above 500 cells/µL peaked in 1998 at 
16% of the total cohort and decreased 
to less than 10% by 2003, reflecting 
standard-of-care treatment practices. 
Thus, the majority of patients in the 
early antiretroviral therapy subgroup 
received non–ritonavir-boosted PIs. 
Using inverse probability weighted Cox 
regression multivariate analysis, the 
relative hazard of death for those de-
ferring antiretroviral therapy until their 
CD4+ count was below 500 cells/µL 
was 1.6 (95% CI, 1.3−1.9; P < .001) 
compared with those who initiated an-
tiretroviral therapy with CD4+ counts 
above 500 cells/µL. These results were 
not altered by restriction of the inclu-
sion criteria to patients with data on 
injection drug use and hepatitis C virus 
coinfection. They conducted a sensi-
tivity analysis to demonstrate that an 
unmeasured confounder with a relative 
hazard of mortality of 4.0 would reduce 

the relative hazard of death for defer-
ral only from 1.6 to 1.3 and concluded 
that their findings were robust.

Sterne and colleagues asked a simi-
lar question using data from the ART-
CC (Antiretroviral Therapy Cohort Col-
laboration), a consortium of 15 cohorts 
from Europe and North America (Ab-
stract 72LB). Prior data from this cohort 
collaboration showed increased rates 
of AIDS and death for patients initiat-
ing antiretroviral therapy with CD4+ 
counts below 250 cells/µL compared 
with rates in patients who initiated an-
tiretroviral therapy with CD4+ counts 
above 350 cells/µL. The investigators 
extended these findings, using statisti-
cal techniques proposed by Cole and 
colleagues3 to estimate distributions of 
lead time bias and unseen events that 
are unmeasured in the ART-CC, impute 
lead time and unseen events for each 
individual deferring antiretroviral ther-
apy to a lower CD4+ count range, and 
account for the error in these estimates 
with multiple imputation. The prepo-
tent antiretroviral therapy era data on 
21,247 patients and 68,253 person-
years of follow-up were derived from 
7 observational cohorts that followed 
up patients between July 1989 and 
December 1995. The investigators re-
stricted their dataset to non–injection-
drug-using, AIDS-free individuals but 
did not control for other confounders. 

Comparing data from patients initi-
ating antiretroviral therapy with CD4+ 
counts of 351 cells/µL to 450 cells/µL 
with that of patients initiating at 451 
cells/µL to 550 cells/µL, the HR for 
AIDS or death, adjusted for lead times 
and unseen events, was 0.99 (95% CI, 
0.76−1.29). Comparing results from 
CD4+ count at initiation ranges of 0 
cells/µL to 100 cells/µL with those of 
101 cells/µL to 200 cells/µL showed a 
HR of 3.35 (95% CI, 2.99−3.75). Using 
this analysis for all 100-cell/µL ranges 
between 0 cells/µL and 500 cells/µL 
suggested that patients who defer an-
tiretroviral therapy initiation to CD4+ 
count ranges below 350 cells/µL had an 
increased risk of AIDS or death. Simi-
lar comparisons for all-cause mortality 
alone did not show clear evidence that 
deferring antiretroviral therapy until 
CD4+ counts dropped below 250 cells/

µL led to increased mortality rates. The 
investigators proposed that only a ran-
domized, controlled trial could control 
for both measured and unmeasured 
confounders, but they concluded that 
delaying treatment until CD4+ counts 
are below 350 cells/µL confers an in-
creased, through relatively small, abso-
lute risk of AIDS and death.

Rosenblum and colleagues exam-
ined the relationship between antiret-
roviral therapy adherence, virologic 
failure, and the duration of continuous 
viral suppression among participants 
in the REACH (Reaching for Excellence 
in Adolescent Care and Health) cohort 
of HIV-infected homeless and margin-
ally housed individuals receiving an-
tiretroviral therapy in San Francisco 
(Abstract 583). They included 221 par-
ticipants receiving antiretroviral ther-
apy who achieved plasma HIV-1 RNA 
levels below 50 copies/mL and agreed 
to monthly, unannounced pill counts. 
Using a marginal structural model that 
controlled for nadir CD4+ count, regi-
men characteristics, past adherence, 
age, sex, depression, ethnicity, and 
drug or alcohol use, the investigators 
compared the probability of virologic 
failure immediately after achievement 
of virologic suppression to that after 12 
consecutive months of virologic sup-
pression. There was a statistically sig-
nificant decrease in the risk of failure 
between these 2 time points for all in-
dividuals with at least 50% adherence 
to antiretroviral therapy. The estimated 
decrease in risk of failure was 0.39 (95% 
CI, 0.29−0.52) for those 90% to 100% 
adherent, 0.25 (95% CI, 0.05−0.50) 
for 75% to 89% adherence, and 0.45 
(95% CI, 0.28−0.70) for 50% to 74% 
adherence. The authors concluded that 
the level of antiretroviral therapy ad-
herence, correlating with the level of 
drug exposure necessary to maintain 
virologic suppression, decreases with 
increasing duration of virologic control 
but note that they cannot rule out se-
lection bias in this observational study.

Lodwick and colleagues compared 
the risk of triple-class virologic failure 
among patients initiating either PI- or 
NNRTI-based regimens observed in 28 
European longitudinal cohorts as a part 
of COHERE (Collaboration of Observa-
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tional HIV Epidemiological Research 
Europe) (Abstract 585). The analysis 
was restricted to patients who were 16 
years old or older, were followed up for 
at least 4 months, and initiated therapy 
with 2 nRTIs and either a PI or NNRTI. 
The authors defined virologic failure of 
an antiretroviral agent as occurring in 
individuals with a plasma HIV-1 RNA 
level above 500 copies/mL after at least 
4 months of continuous use of that 
agent. Triple-class virologic failure was 
defined as failure of at least 2 nRTIs, 
1 NNRTI, and a ritonovir-boosted PI. 
Overall, 45,937 people met inclusion 
criteria and started an initial antiretro-
viral regimen, 64% of whom received 
an NNRTI-based regimen. Of these, 980 
(2.1%) experienced triple-class virolog-
ic failure, with the cumulative propor-
tion of patients developing triple-class 
virologic failure rising from 3.4% (95% 
CI, 3.1−3.6) at 5 years from the start of 
antiretroviral therapy to 8.6% (95% CI, 
7.5−9.8) at 9 years from antiretroviral 
therapy start. Using data from 2042 
people who initiated PI-based regi-
mens after the failure of NNRTI-based 
regimens, the investigators found that 
the risk of subsequent triple-class viro-
logic failure was higher in patients who 
had lower CD4+ counts and higher 
plasma HIV-1 RNA levels, and lower for 
patients who spent less than 3 months 
taking antiretroviral therapy and had 
a plasma HIV-1 RNA level above 500 
copies/mL. The authors noted that the 
rate of virologic failure did not decrease 
over time, which has implications for 
the need for future third-line treatment 
options in RLS.

Pharmacokinetic Considerations

Antiretroviral Drugs in Pregancy

Atazanavir/ritonavir and tenofovir. 
Mirochnick and colleagues reported 
on atazanavir levels without and with 
tenofovir coadministration in pregnant 
women (Abstract 941). Women received 
atazanavir 300 mg with ritonavir 100 
mg once daily; 13 were receiving con-
comitant tenofovir and 14 were not. 
The investigators found the area under 
the curve (AUC) and trough concentra-
tions were reduced during the third 

trimester compared with those at 6 
weeks to 12 weeks postpartum in both 
groups. The AUC and trough concentra-
tions were lower in the group receiving 
tenofovir, as expected. The cord blood 
levels of tenofovir were approximately 
20% that of maternal blood levels. The 
authors recommended increasing the 
dosage of atazanavir to 400 mg daily 
with ritonavir during pregnancy to as-
sure adequate levels of the drug.

Lopinavir/ritonavir. Kiser and col-
leagues evaluated lopinavir/r pharma-
cokinetics in the second and third tri-
mesters of pregnancy (Abstract 946). 
They made individual dose adjustments 
based on intensive pharmacokinetic 
sampling. They found that lopinavir 
and ritonavir were less protein bound 
during pregnancy. Eight of 10 women 
required a dose increase in the second 
trimester to achieve lopinavir concen-
trations consistent with historical con-
trol patients. Only 2 women required 
a further dose increase in the third tri-
mester. This suggests that the dose of 
lopinavir/r should be increased in the 
second trimester, not the third trimes-
ter, as current guidelines advise.

Nelfinavir. Fang and colleagues pre-
sented data on nelfinavir in pregnancy 
(Abstract 943). They compared plasma 
levels of nelfinavir and M8, an active 
metabolite, in 16 pregnant, HIV-infect-
ed women in the second and third tri-
mesters with those in women 6 weeks 
postpartum. The trough concentration 
of nelfinavir was 36% and 54% lower in 
the second and third trimesters, respec-
tively, than concentrations in postpar-
tum women. Trough M8 levels were un-
detectable in more than 50% of women 
during pregnancy. This suggests that, as 
in nonpregnant patients, nelfinavir is 
not the optimal PI for use in pregnancy.

Antiretroviral therapy drugs in breast 
milk. Investigators evaluated 8 mother-
and-infant pairs in whom the mother 
was receiving zidovudine, lamivudine, 
and lopinavir/r (Abstract 947). Breast 
milk concentrations of zidovudine and 
lamivudine were 1.86 times and 5.6 
times that of the mother’s plasma, re-
spectively, whereas lopinavir and ritona-

vir concentrations were each 11% that 
of the plasma. No lopinavir, ritonavir, 
or zidovudine was detected in the in-
fant’s plasma. A very low concentration 
of lamivudine, 1% that of the mother’s 
plasma, was detected in infants. The 
authors concluded that the low-to-unde-
tectable antiretroviral drug concentra-
tions found in the infants suggest that 
these drugs pose minimal risk of tox-
icity for infants. They also suggest that 
further studies should evaluate whether 
the low lopinavir/r concentration found 
in breast milk is associated with detect-
able HIV RNA in breast milk.

Other Pharmacokinetic 
Considerations

Efavirenz in hair samples. Gandhi 
and colleagues from the Women’s In-
teragency HIV Study presented data 
on efavirenz concentrations in hair 
samples (Abstract 692). Drug mea-
surement in hair samples reflects the 
long-term exposure to a drug, unlike a 
single plasma sample, which measures 
very recent drug exposure. The au-
thors found that efavirenz levels in hair 
samples were the strongest predictor 
of achieving virologic success on an 
efavirenz-based regimen. Self-reported 
adherence was not predictive. The au-
thors suggested that this technique is a 
promising method to assess long-term 
exposure to antiretroviral drugs. 

Atazanavir and raltegravir. Zhu and 
colleagues evaluated raltegravir mono-
therapy 400 mg twice daily, atazana-
vir monotherapy 300 mg twice daily, 
and the combination of atazanavir and 
raltegravir in 22 HIV-uninfected adults 
(Abstract 696). They noted that the 
raltegravir and atazanavir combination 
is a potential nRTI-sparing regimen that 
does not require ritonavir. Atazanavir 
trough concentrations were reduced 
by 29% when coadministered with 
raltegravir. However, all participants 
had trough concentrations above the 
accepted atazanavir target concentra-
tion of 150 ng/mL. Raltegravir trough 
concentrations were increased by 48% 
with coadministration. Electrocardio-
grams showed a QRS widening of 11 
ms with atazanavir twice-daily therapy 
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compared with pretreatment values. 
The clinical relevance of this effect is 
unknown.

Very low dose ritonavir and saqui-
navir. Van Der Lugt and colleagues ex-
amined saquinavir and ritonavir phar-
macokinetics in 20 Thai HIV-infected 
patients (Abstract 697). All participants 
had virologic suppression with an anti-
retroviral regimen including saquinavir 
1500 mg and ritonavir 100 mg given 
once daily. After a pretreatment phar-
macokinetic assessment, patients re-
ceived a reduced ritonavir dose of 50 
mg and after 7 days underwent a sec-
ond pharmacokinetic assessment. The 
authors found that ritonavir levels were 
statistically significantly lower after the 
dose adjustment but that saquinavir 
levels were not affected. These investi-
gators used a liquid formulation of rito-
navir and suggested that the strategy 
is not feasible in clinical practice until 
a more acceptable formulation reaches 
the market.

Nevirapine and fluconazole. Wakeham 
and colleagues compared nevirapine 
concentrations in 49 patients enrolled 
in a randomized, placebo-controlled 
trial of fluconazole for primary prophy-
laxis of cryptococcal disease (Abstract 
700). The median nevirapine trough 
concentrations were increased in the 
presence of fluconazole, 5116 mg/mL 
in the treated group versus 3709 ng/
mL in the placebo group (P = .007). 
However, no increase in hepatoxicity 
among the larger study population was 
observed.
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a Major Determinant of Early Viral Set-Point. Hen-
drik Streeck, J Jolin, B Yassine-Diab, Y Qi, D Kwon, 
M Addo, R Johnson, B Walker, M Carrington, M Alt-
feld, and Acute HIV Infection Network.
116. SIVDelta Nef Vaccination Systemically Mobiliz-
es Natural Killer Cells. Keith Reeves, J Gillis, F Wong, 
Y Yu, L Giavedoni, A Haase, and P Johnson.
117. B Cells Play a Marginal Role in SIVmac239ΔNef-
mediated Protection against SIVmac239 Challenge. 
Maurus De La Rosa, V Evans, S Finstad, S Westmo-
reland, A Carville, P Johnson, M Piatak, D Montefio-
ri, N Letvin, and J Schmitz.
119. Learning from Negative Trials: The Step Study. 
Eric Hunter.
120. Lessons Learned from Studies of West Nile 
Virus Infection. Richard Whitley, P Jester, and J 
Gnann.
121. Microbicide Trials. Anne Buvé.
122. Behavioral Intervention Trials. Beryl Koblin.
123. The Biology, Epidemiology, and Clinical Impli-
cations of Transmitted HIV Drug Resistant Viruses. 
Deenan Pillay and D Dunn.
125. Emerging Patterns of Resistance to Integrase 
Inhibitors. Michael Miller, R Danovich, M Witmer, B-Y 
Nguyen, H Teppler, J Zhao, R Barnard, D Hazuda, for 
the HIV-1 Integrase Inhibitor Devt Teams, Protocol 
004 Team, and BENCHMRK-1 and -2 Teams.
127. Prevention of Breast-feeding Transmission of 
HIV-1. Jeff Stringer.
129LB. Enhanced Activity and Extended Structure 
of the Catalytic Domain of the HIV-1 cDNA Deami-
nase APOBEC3G. E Harjes, P Gross, K-M Chen, Y 
Lu, K Shindo, R Nowarski, M Kotler, H Matsuo, and 
Reuben Harris.
130LB. The Crystal Structure of the Anti-viral 
APOBEC3G Catalytic Domain and Functional Im-
plications. Lauren Holden, C Prochnow, P Chang, R 
Bransteitter, L Chelico, U Sen, R Stevens, M Good-
man, and X Chen.
137LB. HIV Prevalence and Unmet Need for HIV 
Testing, Care and Treatment in Kenya: Results of a 
Nationally Representative Survey. Ibrahim Moham-
med, S Dadabhai, C Omolo, T Galgalo, T Oluoch, 
G Kichamu, R Bunnell, P Muriithi, J Mermin, and 
R Kaiser.
138. Comparison of Home- and Clinic-based HIV 
Counseling and Testing among Household Members 
of Persons Taking ART: Uganda. E Lugada, S Jaffar, J 
Levin, B Abang, J Mermin, G Namara, H Grosskurth, 
E Mugalanzi, Sundeep Gupta, and R Bunnell.
139. Population-level Changes in Knowledge of HIV 
Status, Stigma, and HIV Risk Behavior after District-
wide Door-to-Door Voluntary Counseling and Test-
ing: Bushenyi District, Uganda. F Nuwaha, E Tum-
wesigye, S Kasasa, S Asiimwe, G Wana, M Achom, 
D Kabatesi, S Malamba, J Tappero, and Sundeep 
Gupta.

140. Changing Mortality Risk Associated with CD4 
Cell Response to Long-term ART: Sub-Saharan Af-
rica. Stephen Lawn, F Little, L-G Bekker, R Kaplan, E 
Campbel, C Orrell, and R Wood.
141. Mortality of HIV-infected Patients Starting ART: 
Comparisons with the General Population in South-
ern Africa. Martin Brinkhof, A Boulle, R Weigel, E 
Messou, C Mathers, C Orrell, M Pascoe, F Dabis, M 
Egger, and the Intl Epidemiological Databases to 
Evaluate AIDS (IeDEA).
142. First-line Tenofovir ART: Zambia. Albert Mwan-
go, M Giganti, L Mulenga, S Reid, A Chisembele-Tay-
lor, N Chintu, B Chi, E Stringer, and J Stringer.
143. Randomized Trial of Trained Patient-nominat-
ed Treatment Supporters Providing Partial Directly 
Observed ART in South African Adults Initiating 
HIV Therapy. Jean Nachega, R Goliath, A Efron, M 
Chaudhary, M Ram, C Morroni, H Schoeman, R 
Chaisson, and G Maartens.
144. Evaluation of the WHO Immunologic Criteria 
for ART Failure among Adults in Rakai, Uganda. Ste-
ven Reynolds, G Nakigozi, K Newell, A Ndyanabo, R 
Galiwongo, I Boaz, T Quinn, R Gray, M Wawer, and 
D Serwadda.
145. Association between Modifiable and Non-
modifiable Risk Factors and Specific Causes of 
Death in the HAART Era: The Data Collection on Ad-
verse Events of Anti-HIV Drugs Study. Colette Smith 
and D:A:D Study Group.
146. HIV Infection Is an Independent Risk Factor 
for Atherosclerosis Similar in Magnitude to Tradi-
tional Cardiovascular Disease Risk Factors. Carl 
Grunfeld, J Delaney, C Wanke, J Currier, R Scherzer, 
M Biggs, S Sidney, J Polak, D O’Leary, R Kronma, 
and FRAM Study.
147. Nef-mediated Suppression of ABCA1-depen-
dent Cholesterol Efflux Activity May Contribute to 
Primary Dyslipidemia in SIV-infected Macaques. 
Michael Bukrinsky, B Asztalos, Z Mujawar, M Mor-
row, M Fitzgerald, C Wanke, R Shannon, M Geyer, F 
Kirchhoff, and K Mansfield.
148. Positive Paths: A Motivational Intervention for 
Smoking Cessation among HIV+ Smokers. Karen 
Tashima, R Niaura, E Richardson, C Stanton, M De 
Dios, and M Kojic.
149. High-density Lipoprotein Particles but Not 
Low-density Lipoprotein Particles Predict Cardio-
vascular Disease Events in HIV Patients: Strategies 
for Management of ART Study. Daniel Duprez and 
INSIGHT/SMART Group.
151LB. Platelet Hyper-Reactivity in HIV-1-infected 
Patients on Abacavir-containing ART. Claudette 
Satchell, E O’Connor, A Peace, A Cotter, G Sheehan, 
T Tedesco, P Doran, W Powderly, D Kenny, and P 
Mallon.
152. Abacavir and Cardiovascular Risk. Peter Reiss.
154. HIV-associated Neurocognitive Impairment 
Remains Prevalent in the Era of Combination ART: 
The CHARTER Study. R Heaton, D Franklin, D Clif-
ford, S Woods, M Rivera Mindt, O Vigil, M Taylor, T 
Marcotte, H Atkinson, and Igor Grant.
155. The Neuro-epidemiology of HIV in the United 
States in the Era of ART, from the National Neu-
roAIDS Tissue Consortium. Ian Everall, D Lazza-
retto, S Letendre, R Ellis, B Gelman, S Morgello, E 
Singer, I Grant, E Masliah, and F Vaida.
156. Persistence of HIV-related Brain Injury in the 
HAART Era: A Multicenter Proton Magnetic Reso-
nance Spectroscopy Study. Bradford Navia, J Har-
ezlak, S Buchthal, R Cohen, M Taylor, G Schifitto, E 
Singer, T Campbell, E Daar, C Yiannoutsos, and HIV 
Neuroimaging Consortium.
158. Replication and Clonal Amplification of Com-
partmentalized HIV-1 Populations in the Cerebro-
spinal Fluid of Subjects with HIV-associated De-
mentia. Gretja Schnell, R Price, S Spudich, and R 
Swanstrom.
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159. Limited Expression of a Subset of Viral Ge-
nomes Present in Brain that Is Distinct from HIV 
DNA or RNA in Lymphoid Tissues. William Pasutti, 
S Pillai, P Li, C Ahlgren, S Yukl, K Fujimoto, R Ellis, 
E Masliah, and J Wong.
160. Mitochondrial Sub-haplogroups and Peripheral 
Neuropathy during ART among Non-Hispanic Black 
Participants in AIDS Clinical Trials Group Study 384. 
Canter, G Robbins, D Selph, D Clifford, A Kallianpur, 
R Shafer, S Levy, D Murdock, D Haas, Todd Hulgan, 
and the ACTG Study 384 and New Work Concept 
Sheet 273 Teams.
161. Predicting Neuropathy Risk before Stavudine 
Prescription: An Algorithm for Minimizing Neu-
rotoxicity in Resource-limited Settings. Catherine 
Cherry, J Affandi, E Yunihastuti, S Vanar, D Imran, A 
Kamarulzaman, K Smyth, A Wadley, P Kamerman, 
and P Price.
162. Evolution of Antibody Responses during Acute 
Infection. Georgia Tomaras.
163. Broadly Reactive Neutralizing Antibodies Gen-
erated during Natural HIV-1 Infection. John Mascola.
164. A Novel Model for in vivo SIV Neutralization. 
Philip Johnson.
165. Vaccine-induced Cellular Responses Control 
Acute SIV Replication after Heterologous Challenge. 
David Watkins. 
166. Visualizing the Biogenesis of Individual HIV-1 
Virions in Live Cells. N Jouvenet, P Bieniasz, and 
Sanford Simon.
167. Nuclear Dynamic of HIV-1 Pre-Integration 
Complexes. Anna Cereseto, D Arosio, C Di Primio, 
A Albanese, E Campbell, and T Hope.
171LB. High Prevalence of HIV, STI, and Unpro-
tected Anal Intercourse among Men Who Have Sex 
with Men and Men Who Have Sex with Men and 
Women in Tamil Nadu, India. Sunil Suhas Solomon, 
A Srikrishnan, F Sifakis, C Vasudevan, S Mehta, P 
Balakrishnan, D Celentano, and S Solomon.
172. Sexual Concurrency, Bisexual Practices, and 
HIV among Men Who Have Sex with Men: Malawi, 
Namibia, and Botswana. Chris Beyrer, G Trapence, F 
Motimedi, E Umar, S Iipinge, F Dausab, and S Baral.
176. The Effect of Breast Feeding vs Formula Feed-
ing on Maternal HIV Disease Progression, Mortality, 
and Micronutrient Levels in a 1200-Person Random-
ized Trial, Botswana. Shahin Lockman, M Ghebre-
michael, R Shapiro, A Ogwu, J Makhema, W Fawzi, 
N Rifai, C Wester, I Thior, and M Essex.
181. Neurocognitive Complications of HIV and 
Their Management. Scott Letendre, R Ellis, R 
Heaton, I Grant, and A McCutchan.
233. Restriction of HIV-1 Replication by APOBEC3G 
Requires Cytidine Deamination. Carolina Allers, E 
Browne, L Noriega, P Conget, P Vial, and N Landau.
238. Vpx Renders Monocytes Permissive to HIV-
1 Infection by Counteracting a Restriction Factor. 
Xiaonan Zhu, R Kaushik, R Stranska, Y Wu, and M 
Stevenson. 
240. A Comprehensive Mutational Analysis of 
APOBEC3G, an Anti-HIV Protein. Michelle Arata, M 
Farrow, E Geoghegan, and A Sheehy.
241. APOBEC3G Restriction of Vif+ HIV-1 in Pri-
mary T-helper Lymphocytes. Michael Vetter, M John-
son, A Antons, D Unutmaz, and R D’Aquila.
258. A High-throughput Screen Assay for Small 
Molecule Inhibitors of HIV-1 Nef. Sama Adnan, R 
Damoiseaux, and O Yang.
418. The Effect of Histone Deacetylase Inhibitors 
CGMC0005 and CGMC0006 to Effectively Reacti-
vate HIV Provirus from Latent T Lymphocytes. Kee-
Jong Hong, H-S Lee, Y-T Oh, Y-L Hyun, S Ro, S Kim, 
and B-S Choi.
423a. Transient Increase in Episomal Viral cDNA 
following Raltegravir Intensification of a Stable 
HAART Regimen. M Buzon, J Llibre, J Gatell, P Do-

mingo, R Paredes, S Palmer, M Sharkey, M Steven-
son, B Clotet, and Javier Martinez-Picado. 
423b. No Decrease in Residual Viremia during 
Raltegravir Intensification in Patients on Standard 
ART. Joseph Jones, D McMahon, A Wiegand, M 
Kearney, S Palmer, S McNulty, J Metcalf, J Coffin, J 
Mellors, and F Maldarelli.
424. No Evidence for Decay in the Latent Reservoir 
in HIV-infected Patients Receiving Intensive Enfu-
virtide-containing ART. Rajesh Gandhi, R Bosch, E 
Aga, M Albrecht, E Adams, L Demeter, B Bastow, R 
Siliciano, J Siliciano, J Eron, and ACTG A5173.
446. A Model of Long-term Human Organotypic 
Cerebral Cortex Culture for Studies of Neuroglia and 
HIV Infection: Evidence of Infection of NG+ Cells 
and Cytokine Induction. Carlos Pardo, C Lawler, H 
Khan, and S Gartner.
447. Co-enzyme Q10 Is Superior to Acetyl-L-Car-
nitine for Preventing NRTI-associated Toxic Neu-
ropathy in an in vitro Model. Catherine Cherry, M 
Moborok, S Wesselingh, R Fain, S Weinstock, G 
Tachedjian, S Srivastava, D Tyssen, J Glass, and D 
Hooker.
448. Inhibition of HIV Envelope-induced Neuronal 
Cell Death by HIV Attachment Inhibitors. S Zhang, 
Louis Alexander, T Wang, M Agler, J Kadow, P 
Clapham, and P-F Lin.
449. CXCR3 Activation by Lentivirus Infections 
Suppresses Neuronal Autophagy: Neuroprotective 
Effect of ART. Yu Zhu, D Vergote, C Pardo, F Noor-
bakhsh, J McArthur, M Hollenberg, C Overall, and 
C Power.
451. Role of CCL2 in HIV Encephalopathy: Migrat-
ing from Chemotaxis to Neuroprotection. Hong-
hong Yao and S Buch.
454. Induction of the Kynurenine Pathway Up-
regulates Functional CCR5 Expression In both Mac-
rophages and Microglia. Apsara Kandanearatchi, 
J Wilkinson, G Guillemin, A Cunningham, and B 
Brew.
453. Macrophage Activation of Extrasynaptic NR2B-
containing N-Methyl D-Aspartate Receptors: Implica-
tion for Pathogenesis of HIV-associated Neurocogni-
tive Disorders. J Yang, D Hu, and Huangui Xiong.
456. Central Nervous System Pathology in Human-
ized Mice Induced by HIV-1 Infection and Immune 
Modulation. S Gorantla, E Makarov, H Gendelman, 
and Larisa Poluektova.
457. Repeated Lipopolysaccharide Exposure Pre-
vents Neurological Disease and CXCL10 Induction 
in Neurons during Lentivirus Infections. Ferdinand 
Maingat, S Viappiani, Y Zhu, A Afkhami-Goli, and 
C Power.
458. Contributions of Metabolic Syndrome to 
Neurocognitive Impairment. Allen McCutchan, J 
Marquie-Beck, S Letendre, R Heaton, T Wolfson, D 
Rosario, T Alexander, C Marra, B Ances, I Grant, and 
the CHARTER Group.
459. High Frequency of Neurocognitive Disorders 
in Older HIV-infected Patients despite a Sustained 
Virological and Immunological Response on cART: 
The Sigma Study. A Dulioust, N Lerolle, P Dolphin, 
F Boufassa, M Duracinsky, J-F Delfraissy, C Goujard, 
and Jacques Gasnault.
461. Persisting High Prevalence of HIV Distal Sen-
sory Peripheral Neuropathy in the Era of Combina-
tion ART: Correlates in the CHARTER Study. Ronald 
Ellis, D Rosario, D Clifford, J McArthur, D Simpson, 
T Alexander, B Gelman, and I Grant.
462. HIV-associated Peripheral Neuropathy in the 
HAART Era: Results from AIDS Clinical Trials Group 
Longitudinal Linked Randomized Trials Protocol 
A5001. Scott Evans, D Clifford, H Chen, G Schifitto, 
T-M Yeh, K Wu, R Bosch, J McArthur, D Simpson, 
and R Ellis.
463. Metabolic Syndrome Components as Risk 
Factors for Distal Sensory Polyneuropathy. Beau 

Ances, D Rosario, F Vaida, J Marquie-Beck, R Ellis, 
D Simpson, D Clifford, J McArthur, I Grant, A Mc-
Cutchan, and CNS HIV ART Effects Res Metabolic 
Study Group.
464. Neuradapt: A Prospective Study concerning 
HIV-related Neurocognitve Impairment. Matteo 
Vassallo, A Harvey Langton, C Pradier, S Ferrando, 
J Cottalorda, C Caissotti, J Durant, G Malandain, S 
Chanalet, and P Dellamonica.
466. Hepatitis C Seropositivity Is Not a Risk Fac-
tor for Sensory Neuropathy in Patients with HIV In-
fection. Catherine Cherry, J McArthur, J Affandi, E 
Yunihastuti, S Vanar, A Kamarulzaman, D Imran, D 
Hooker, S Wesselingh, and P Price.
469. Cerebrospinal Fluid Compartmentalization 
of HIV-1 Replication Capacity and Co-receptor Tro-
pism Differ between Early and Chronic Infection. 
Serena Spudich, M Gisslen, L Hagberg, E Lee, Y Lie, 
R Price, and W Huang.
474. High Prevalence of Mild Neurocognitive Disor-
ders in HIV-infected Patients, ANRS CO3 Aquitaine 
Cohort. Fabrice Bonnet, H Amieva, M Bruyand, F-A 
Dauchy, P Morlat, F Dabis, P Mercié, J-F Dartigues, 
G Chêne, C Lewden, and the ANRS CO3 Aquitaine 
Cohort.
476. 1-Year Clinical History of CD4 and Viral Load 
Measures Predicts Current Cognitive Performance 
among HIV-infected Patients. D Tate, A Delong, R 
Paul, K Kertesz, J Conley, Troy Russell, J Price, D Mc-
Caffrey, J Hogan, and K Tashima.
477. Neurocognitive Impairment in a Romanian 
Cohort of Children and Young Adults Infected with 
HIV-1 Clade F. D Duiculescu, Luminita Ene, R Bur-
lacu, C Marin, G Tardei, T Marcotte, R Ellis, I Everall, 
and C Achim.
479. Fatigue in HIV-infected Individuals Enrolled 
in A5090: Clinical, Laboratory, and Neuroimaging 
Characteristics. Giovanni Schifitto, L Deng, T-M Yeh, 
S Evans, and D Clifford.
480. Cortical and Subcortical Volumes on Magnetic 
Resonance Imaging Associated with HIV History 
and Current Disease Status. R Cohen, Jaroslaw Har-
ezlak, D Tate, C Yiannoutosos, M Taylor, G Schifitto, 
C Guttmann, G Hana, U Clark, B Navia, and HIV 
Neuroimaging Consortium.
484a. HIV-related Meningoencephalitis in Patients 
with Optimally Suppressed Plasma HIV RNA Re-
ceiving Stable ART. Ana Canestri, X Lescure, S 
Jaureguiberry, A Moulinier, C Amiel, V Calvez, G 
Peytavin, R Tubiana, C Katlama, and G Pialloux.
484b. Persistent HIV in the Central Nervous System 
during Treatment is Associated with Worse ART Pen-
etration and Cognitive Impairment. Scott Letendre, D 
McClernon, R Ellis, J Muñoz-Moreno, L Way, D Frank-
lin, R Heaton, I Grant, and the CHARTER Group.
485. Improved Neuropsychological Function dur-
ing HAART in Diverse Resource-limited Settings: 
AIDS Clinical Trials Group Study A5199, the Inter-
national Neurological Study. K Robertson, H Jiang, 
S Tripathy, B Santos, M Silva, S Montano, C Kan-
yama, C Firnhaber, Scott Evans, T Campbell, and 
ACTG 5199.
486. Vicriviroc and Peripheral Neuropathy: Results 
from ACTG 5211. T-M Yeh, S Evans, R Gulick, David 
Clifford, and ACTG 5211 Team.
500. Prevalence of Transmitted Drug Resistance 
and Phylogenetic Clustering in a Cohort of Patients 
Identified during Early and Acute HIV-1 Infection. 
Delivette Castor, A Low, T Evering, J Lee, B Davis, 
A Figueroa, M Lamar, D Garmon, S Mehandru, and 
M Markowitz.
513. Early Spontaneous Control of Viral Replication 
in Patients Enrolled during Primary HIV-1 Infection 
in the French ANRS PRIMO Cohort: Can We Pre-
dict the “HIV Controller” Status? Cecile Goujard, 
M-L Chaix, M Sinet, O Lambotte, C Deveau, L Tran, 
C Rouzioux, J-F Delfraissy, A Venet, L Meyer, and 
ANRS CO 06-PRIMO Cohort.
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533. Interleukin-2 Causes Transient Increases in 
hsCRP and D-Dimer that Are Differentially Affected 
by Concurrent Viremia in HIV-infected Adults. Brian 
Porter, C Lane, J Kovacs, R Davey, C Rehm, J Lozier, 
G Csako, K Nghiem, R Costello, and I Sereti.
550. VCH-286, a Novel CCR5 Antagonist: Binding 
Kinetics, Anti-HIV Activity, and in vitro Combination 
Studies. A Roldan, Odalis Asin-Milan, D Huskens, S 
May, T Miletti, O Nicolas, L Chan, D Schols, C Trem-
blay, and J Bedard.
551. CD4-BFFI: A Novel, Highly Potent, Bifunction-
al HIV Entry Inhibitor. Andreas Jekle, E Chow, C Ji, 
R Nguyen, S Sankuratri, E Kopetzki, N Cammack, 
and G Heilek.
553. A New Quinoline Family of HIV-1 Integrase 
Inhibitors Acting on HIV-1 Mutants Selected by Inte-
grase Strand Transfer Inhibitors. Laurent Thibaut, S 
Rochas, J Dourlat, C Monneret, B Giethlen, J-F Mous-
cadet, E Soma, and S Lebel-Binay.
555. Identification of Anti-Retroviral Compounds 
Active on Viruses Resistant to Raltegravir and that 
Inhibit HIV-1 Integration despite the Absence of Ef-
fect on the Catalytic Activity of Integrase. Richard 
Benarous, S Barbey, A Simon, J Nguyen, C Sanglier, 
J-C Rain, J-M Paris, M Courtney, C Berlioz-Torrent, 
and S Emiliani.
556. Hexadecyloxypropyl Tenofovir Associates 
Directly with HIV and Subsequently Inhibits Viral 
Replication in Untreated Cells. Randall Lanier, B 
Lampert, A Robertson, M Almond, and G Painter.
559. Inhibitors of the RNase H Activity of Reverse 
Transcriptase as an Approach to New HIV-1 Antiret-
roviral Agents. Peter Williams, D Staas, S Venkatra-
man, J Wai, S Munshi, S Prasad, J Grobler, M Miller, 
and D Hazuda.
561. Anti-viral Characterization in vitro of a Novel 
Maturation Inhibitor, MPC-9055. Vijay Baichwal, H 
Austin, B Brown, R McKinnon, K Yager, V Kumar, D 
Gerrish, M Anderson, and R Carlson.
562. New HIV-1 Maturation Inhibitor Extracted 
from Brazilian Brown Algae Dictyota pfaffii. Celina 
Abreu, L Da Costa, W Ferreira, I Frugulhetti, V Tex-
eira, A Tanuri, and R Brindeiro.
564. Effective and Sustained Suppression of HIV-1 
Infection in Humanized Mice by Combinatorial RNA 
Interference. S Choi, H Ban, J Son, M Park, P Shan-
kar, P Kumar, and S-K Lee.
570. Phase 1, Single Ascending Oral Dose Study 
of the Safety, Tolerability, and Pharmacokinetics of 
a Novel HIV-1 Maturation Inhibitor in HIV- Healthy 
Volunteers. Andrew Beelen, J Otto, M Fidler, E San-
guinetti, P Smiley, A Balch, M Medlock, M Jackson, 
and E Swabb.
571a. Weekly and Biweekly Subcutaneous PRO 
140 Demonstrates Potent, Sustained Antiviral Ac-
tivity. Melanie Thompson, J Lalezari, M Saag, J Ja-
cobson, B Zingman, N Stambler, P D’Ambrosio, P 
Maddon, W Olson, and S Morris.
576. Simplification with Fixed-dose Tenofovir/
Emtricitabine or Abacavir/Lamivudine in Adults 
with Suppressed HIV Replication: The STEAL Study, 
a Randomized, Open-label, 96-Week, Non-inferiori-
ty Trial. D Cooper, M Bloch, A Humphries, J Amin, D 
Baker, S Emery, Andrew Carr, for the STEAL Study 
Investigators.
577. High-dose Atorvastatin Decreases Cellular Im-
mune Activation Markers without Affecting HIV-I 
RNA levels: Results of a Randomized, Placebo-con-
trolled Clinical Trial. Anuradha Ganesan, N Crum-
Cianflone, J Qin, S McCarthy, C Brandt, R McCon-
nell, C Rehm, K Gittens, S Tasker, and F Maldarelli.
583. The Risk of Virologic Failure Decreases with 
Duration of Continuous Viral Suppression, for Ad-
herence Levels >50%. M Rosenblum, S Deeks, M 
Van Der Laan, and David Bangsberg.
585. Risk of Extensive Triple-class Virologic Failure 
of the 3 Original ARV Drug Classes among People 
followed from Therapy Initiation with NNRTI or Rito-
navir-boosted Protease Inhibitor Regimens. Rebecca 
Lodwick and PLATO II Project Team of COHERE.

594. Phidisa II: A Randomized 2x2 Factorial Trial 
Comparing Initial Therapy of Efavirenz with Lopi-
navir/Ritonavir and Zidovudine + Didanosine with 
Stavudine + Lamivudine in Treatment-naïve HIV-
infected Persons with < 200 CD4+ Cells/mm3 or a 
Prior AIDS Diagnosis. Andrew Ratsela, M Polis, and 
the Phidisa II Study Group.
605. Clinical, Immunological, and Virological Out-
comes of Second-line Treatment, Malawi. Mina Hos-
seinipour, J Kumwenda, R Weigel, L Brown, D Mzin-
ganjira1, B Mhango, S Phiri, and J Van Oosterhout.
606. Clinical Outcomes on Second-line ART in a Large 
Urban Clinic in Johannesburg, South Africa. Matthew 
Fox, P Ive, B Malope-Kgokong, L Long, and I Sanne.
607. Time from Virologic Failure to Switching to 
Second-line Therapy in Patients Receiving ART 
in Johannesburg, South Africa. Prudence Ive, B 
Malope-Kgokong, M Fox, M Maskew, P MacPhail, 
and I Sanne.
608. Switching to Second-line ART, and Mortality 
in Resource-limited Settings: Collaborative Analysis 
of Treatment Programs in Africa, Asia, and Latin 
America. Olivia Keiser and the ART-LINC Collabora-
tion of the Intl Epidemiological Databases to Evalu-
ate AIDS (IeDEA).
609. Evaluating Patients for Second-line ART in 
India: Confirmation of Virologic Failure Prevents 
Unnecessary Treatment Switches. B Rewari, S Ra-
jasekaran, A Deshpande, P Chan, D Bachani, and 
Padmini Srikantiah.
610. Performance of WHO Immunological Criteria 
for Determining Virological Treatment Failure in 
Low-resource Settings. Mary-Ann Etiebet, U Gebi, J 
Shepherd, P Mondal, O Elegba, S Ajayi, K Iregbu, J 
Farley, A Abimiku, W Blattner, and the Inst of Hu-
man Virology-Nigeria ACTION Project.
623. The Connection Domain Mutation N348I in 
HIV-1 Reverse Transcriptase Can Compensate for 
M184V-mediated Enzymatic Deficits. Viktor Von 
Wyl, M Ehteshami, P Bürgisser, M Nijhuis, L Deme-
ter, S Yerly, J Böni, T Klimkait, M Götte, H Günthard, 
and and the Swiss HIV Cohort Study (SHCS).
642. The Evolution of Classical Resistance to 
Emtricitabine Occurs at Rates Lower than Lamivu-
dine, and May Be Regulated by Mutations Different 
than M184V. Valentina Svicher, F Forbici, C Alteri, 
F Ceccherini-Silberstein, E Boumis, P De Longis, L 
Stuyver, P Narciso, A Antinori, and C Perno. 
643. Prevalence and in vitro Characteristics of 
Reverse Transcriptase N348I Mutation in Non-B 
Subtypes, in the Absence of Viral Load Monitoring: 
The Development of ART in Africa, Nevirapine or 
Abacavir Substudy. Adele McCormick, A Burke, P 
Katundu, F Lyagoba, C Parry, D Yirrell, P Munderi, 
V Robertson, P Kaleebu, D Pillay, on behalf of the 
DART Virology Group. 
644. Emerging Mutations at Failure of HAART 
Containing Lamivudine/Tenofovir or Emtricitabine/
Tenofovir: The ARV Resistance Cohort Analysis Da-
tabase. Renato Maserati, A De Silvestri, A Uglietti, G 
Colao, A Di Biagio, B Bruzzone, M Di Pietro, M Re, C 
Tinelli, M Zazzi, and ARCA Study Group. 
645. Factors Associated with Early Virological Re-
sponse to Etravirine in NNRTI-experienced HIV-in-
fected Patients. Anne-Genevieve Marcelin, P Flan-
dre, D Descamps, L Morand-Joubert, C Charpentier, 
J Izopet, P Andre, T Bourlet, B Masquelier, V Calvez, 
and the ANRS AC11 Resistance Group.
646. Mutation A376S in the RT Connection Domain 
Is Associated with an Increased Risk of Virological 
Failure to Nevirapine-based Therapy in NNRTI-naïve 
HIV-infected Subjects: The EuroSIDA Study. Roger 
Paredes, W Bannister, A Cozzi-Lepri, C Pou, R Bel-
lido, J Bogner, P Gargalianos, D Bánhegyi, B Clotet, J 
Lundgren, and EuroSIDA Study Group.
649. Efficient Suppression of Minority Quasispe-
cies of Drug-resistant Viruses Present at Primary 
HIV-1 Infection by Boosted PI-containing ART. Karin 
Metzner, P Rauch, V Von Wyl, H Kuster, J Boeni, R 
Weber, and H Guenthard.

652. Combinations of Primary NNRTI- and Inte-
grase Inhibitor-resistance Mutations Do Not Alter 
HIV-1 Drug Susceptibility but Impair Replication 
Capacity. Soumi Gupta, S Fransen, A Frantzell, C 
Chappey, C Petropoulos, and W Huang.
655. Characterization of Virologic Failures in the Ran-
domized, Controlled, Phase III ARTEMIS Trial in Treat-
ment-naïve Patients: Week-96 Analysis. I Dierynck, S 
De Meyer, E Lathouwers, C Vanden Abeele, L Lavreys, 
M-P De Béthune, and Gaston Picchio. 
659. Virologic Drug Resistance Is Not Associated 
with AIDS-defining Events or Mortality: An ACTG 
Longitudindal Linked Randomized Trials Analysis. 
Susan Swindells, H Jiang, L Mukherjee, M Winters, 
R Bosch, D Katzenstein, and the AIDS Clinical Tri-
als Group.
673. Increasing Prevalence of NNRTI-associated 
Drug-resistance Mutations in Patients with Acute, 
Early HIV in San Francisco. Vivek Jain, C Pilcher, S 
Deeks, T Liegler, W Hartogensis, T Schmidt, L Loeb, 
L Poole, R Grant, and F Hecht.
674. Prevalence of Low-level Mutations in Primary 
HIV-1 Infection and Its Effect on ART. J Stekler, G 
Ellis, J Carlsson, B Eilers, S Holte, Janine Maenza, C 
Stevens, A Collier, and L Frenkel.
679. Ultra-deep Sequencing for Detecting Minority 
Virus: Implications for ART. John Archer, M Braver-
man, B Taillon, B Desany, I James, R Harrigan, M 
Lewis, and D Robertson.
680. Quantification of HIV Tropism by “Deep” Se-
quencing Shows a Broad Distribution of Prevalence 
of X4 Variants in Clinical Samples that Is Associated 
with Virological Outcome. L Swenson, W Dong, T 
Mo, C Woods, A Thielen, M Jensen, C Glascock, J 
Montaner, and Richard Harrigan.
681. Lack of Minority K65R-resistant Viral Popula-
tions Detected after Repeated Interruptions of Ten-
ofovir Disoproxil Fumarate/Zidovudine/Lamivudine. 
A Joyce, N Ndembi, R Goodall, M Chiara, D Gibb, C 
Gilks, J Hakim, C Kityo, Adele McCormick, D Dunn, 
on behalf of the DART Virology Group. 
682. Baseline Variability of HIV-1 Integrase in 
Multi-experienced Patients Treated with Raltegra-
vir: A Refined Analysis by Pyrosequencing. Franc-
esca Ceccherini-Silberstein, D Armenia, R D’Arrigo, 
I Vandenbroucke, K Van Baelen, H Van Marck, L 
Stuyver, G Rizzardini, A Antinori, and C Perno. 
683. Measurement of Low-level Drug-resistance 
Mutations Using Deep Sequencing Technology 
upon Restarting HAART. Luke Swenson, E Hudson, 
T Mo, C Woods, J Archer, D Robertson, J Montaner, 
and R Harrigan. 
684. Low-abundance HIV Drug-resistant Mutations 
in Antiretroviral-experienced Persons at Time of Viro-
logic Failure Correlate with Historical ARV Use. Thuy 
Le, J Chiarella, B Simen, B Hanczaruk, M Egholm, M 
Landry, K Dieckhaus, M Rosen, and M Kozal.
685. Detection of Low-frequency Mutations Associ-
ated with Drug Resistance to Raltegravir before ART. 
Jia Liu, M Miller, R Danovich, N Vandergrift, F Cai, C 
Hicks, D Hazuda, and F Gao.
692. Concentrations of Efavirenz in Hair Are 
Strongly Correlated with Virologic Response. Moni-
ca Gandhi, N Ameli, P Bacchetti, Y Huang, S Gange, 
K Anastos, A Levine, M Cohen, M Young, R Greenb-
latt, and Women’s Interagency HIV Study (WIHS).
696. Pharmacokinetics and Safety of Twice-daily 
Atazanavir (300 mg) and Raltegravir (400 mg) in 
Healthy Subjects. L Zhu, L Mahnke, J Butterton, A 
Persson, M Stonier, W Comisar, D Paneblianco, S 
Breidinger, J Zhang, and Richard Bertz.
697. A 50-mg Boosting Dose of Ritonavir Gener-
ates Adequate Saquinavir Plasma Concentrations in 
Thai HIV-infected Patients. Jasper Van Der Lugt, M 
Gorowara, A Avihingsanon, K Sringam, F Wit, J In-
tasan, J Ananworanich, P Phanuphak, D Burger, and 
K Ruxrungtham.
700. Co-administration of Fluconazole Increases 
Nevirapine Concentrations in HIV-infected Ugandans. 
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Katie Wakeham, A-B Ggayi, V Watson, R Parkes, H 
Grosskurth, A Kamali, S Khoo, and D Lalloo.
702. Efavirenz and Emtricitabine Concentrations 
Consistently Exceed Wild-type IC50 in Cerebrospinal 
Fluid: CHARTER Findings. Brookie Best, S Letendre, 
E Capparelli, R Ellis, S Rossi, P Koopmans, I Grant, 
and the CHARTER Group.
706. Factors Associated with Mortality in the Study 
of Fat Redistribution and Metabolic Change in HIV 
Infection. L Modrich, R Scherzer, A Zolopa, D Rim-
land, C Lewis, R Kronmal, P Bacchetti, C Grunfeld, 
M Shlipak, Phyllis Tien, and the FRAM Study.
707. Serious Fatal and Non-fatal Non-AIDS-defin-
ing Illnesses in Europe. Amanda Mocroft, P Reiss, 
J Gasiorowski, B Ledergerber, A Chiesi, J Gatell, A 
Rakhmanova, M Johnson, O Kirk, J Lundgren, and 
the EuroSIDA Study Group.
708. Causes of Death in Patients Treated with ART, 
1996 to 2006: Collaborative Analysis of 13 Cohort 
Studies. John Gill, M May, C Lewden, M Saag, M Mu-
gavero, M Egger, P Reiss, B Ledergerber, A Mocroft, 
J Sterne, and ART Cohort Collaboration.
710. Updated Surveillance of Cardiovascular Event 
Rates among HIV-infected and HIV-uninfected Cali-
fornians, 1996 to 2008. L Hurley, W Leyden, L Xu, M 
Silverberg, C Chao, B Tang, W Towner, M Horberg, 
and Daniel Klein.
712. Ezetimibe Is Safe and Effective in Combina-
tion with Statin Therapy for the Treatment of El-
evated Low-density Lipoprotein Cholesterol in HIV-
infected Subjects: Results of ACTG Protocol A5209. 
Dominic Chow, H Chen, M Glesby, A Busti, S Souza, 
S Kohrs, J Wu, J Andersen, S Koletar, and ACTG Pro-
tocol A5209.
714. A Pilot Study to Determine the Effect on Dys-
lipidemia of the Addition of Tenofovir to Stable 
Background ART in HIV-infected Subjects: Results 
from the A5206 Study Team. Marisa Tungsiripat, 
D Kitch, M Glesby, S Gupta, J Mellors, L Moran, L 
Jones, B Alston-Smith, J Rooney, and J Aberg.
721. No Association of Abacavir Use with Risk of 
Myocardial Infarction or Severe Cardiovascular Dis-
ease Events: Results from ACTG A5001. Constance 
Benson, H Ribaudo, E Zheng, S Koletar, M Smurzyn-
ski, R Bosch, B Bastow, A Collier, J Schouten, and 
the ACTG A5001/ALLRT Protocol Team.
722. Endothelial Function, Lipoproteins, and Car-
diovascular Inflammatory Markers in Treated HIV-
infected Patients with Hyperlipidemia Who Were 
Switched to an Atazanavir-containing Regimen or 
Continued on Other Protease Inhibitor-based Thera-
py: Switch to Atazanavir and Brachial Artery Reactiv-
ity Study. Robert Murphy, C Zala, B Berzins, C Fich-
tenbaum, M Dube, G Guaraldi, F Torriani, E Belsey, C 
Mitchell, J Stein, and SABAR Study Team.
723. Association of Abacavir and HIV Disease Factors 
with Endothelial Function in Patients on Long-term 
Suppressive ART. P Hsue, Y Wu, A Schnell, P Ganz, P 
Hunt, H Hatano, J Martin, and Steven Deeks.
732. Similar Reductions in Markers of Inflamma-
tion and Endothelial Activation after Initiation of 
Abacavir/Lamivudine or Tenofovir/Emtricitabine: 
The HEAT Study. Grace McComsey, K Smith, P Patel, 
N Bellos, L Sloan, P Lackey, P Kumar, D Sutherland-
Phillips, L Yau, and M Shaefer.
736. 96-Week Effects of Suppressive Efavirenz-con-
taining ART, Abacavir, and Sex on High-sensitivity 
C-reactive Protein: ACTG A5095. Cecilia Shikuma, E 
Zheng, H Ribaudo, J Andersen, M Glesby, W Meyer 
III, K Tashima, B Bastow, D Kuritzkes, R Gulick, and 
AIDS Clinical Trials Group A5095.
741. The Relationships between Renal Dysfunction 
and Clinical Outcomes in HIV-infected Kenyans Not 
Requiring Immediate ART. Kara Wools-Kaloustian, 
W Owino On G’or, S Wafula, C Shen, B Musick, M 
Goldman, and S Gupta.
742. Greater Renal Function Preservation Is Associat-
ed with Continuous vs Intermittent ART. D Beversluis, 
S Reynolds, C Kityo, R Salata, M Dybul, P Mugyenyi, R 
Davey, D AtwIIne, T Quinn, and Robert Kalayjian.

743. Tenofovir and PI Use Are Associated with an 
Increased Prevalence of Proximal Renal Tubular Dys-
function in the Swiss HIV Cohort Study. Christoph 
Fux, M Opravil, M Cavassini, A Calmy, M Flepp, V 
Gurtner-Delafuente, M Stoeckle, P Schmid, A Rauch, 
H Furrer, and Swiss HIV Cohort Study (SHCS).
744. Assessment of Renal Findings of Abacavir/
Lamivudine Compared with Tenofovir/Emtricitabine 
in Combination with Once-daily Lopinavir/Ritonavir 
over 96 Weeks in the HEAT Study. Derek Fine, K 
Smith, P Patel, N Bellos, L Sloan, P Lackey, P Kumar, 
D Sutherland-Phillips, L Yau, and M Shaefer.
745. Impairment in Kidney Tubular Function in Pa-
tients Receiving Tenofovir Is Associated with Higher 
Plasma Tenofovir Levels. Sonia Rodriguez Novoa, 
P Labarga, A D´avolio, P Barreiro, M Albalater, C 
Solera, M Siccardi, S Bonora, G Di Perri, and V So-
riano.
752. Osteopenia and Osteoporosis in HIV-infected 
Patients Are Associated with Reduced Frequency of 
Central Memory CD8+CD127+ T Cells. Lidia Gaz-
zola, P Cicconi, L Comi, M Casana, T Bini, L Pietro-
grande, A D’Arminio Monforte, and G Marchetti.
754. Gender and Gonadal Function Differences in 
the Prevalence of Bone Mass Reduction. Giovanni 
Guaraldi, S Zona, F Vescini, A Roverato, G Orlando, 
N Squillace, E Garlassi, K Luzi, V Rochira, and L 
Zirilli.
757. Prospective Evaluation of Bone Mineral Densi-
ty among Middle-aged HIV-infected and -uninfected 
Women. Anjali Sharma, H Cohen, R Freeman, N 
Santoro, and E Schoenbaum.
758. Determinants of Low Bone Density in Post-
menopausal HIV+ Women. Michael Yin, D Ferris, 
D McMahon, J Laurence, H Eisenberg, S Cremers, 
and E Shane.
760. Changes in Bone Turnover, OPG/RANKL, and 
Inflammation with ART Initiation: A Comparison of 
Tenofovir- and Non-Tenofovir-containing Regimens. 
Todd Brown and G McComsey.
774. Inflammatory Biomarkers in Serum Predict 
HIV Immune Reconstitution Inflammatory Syn-
drome and Death after Cryptococcal Meningitis. 
David Boulware, D Meya, T Bergemann, B Shuli, A 
Kambugu, E Janoff, and P Bohjanen.
779. Intensive TB Screening for HIV-infected Pa-
tients Ready to Start ART in Durban, South Africa: 
Limitations of WHO Guidelines. Ingrid Bassett, S 
Chetty, B Wang, J Giddy, E Losina, M Mazibuko, J 
Allen, R Walensky, and K Freedberg.
778. The Fate of Sputum Smear-negative TB Sus-
pects Managed by Routine Clinical Services in Hara-
re, Zimbabwe. Munyaradzi Dimairo, S Mativenga, E 
Dauya, S Mungofa, B Makamure, P Mason, D Mang-
wanya, J Walley, and Elizabeth Corbett.
780. Baseline Screening for TB among Patients En-
rolling in an ART Service in South Africa. David Ed-
wards, M Vogt, N Bangani, R Dawson, M Ntobong-
wana, P Socenywa, M Nicol, L-G Bekker, R Wood, 
and S Lawn.
781. Active Sputum Acquisition Permits Detection 
of Substantial Rate of Multidrug-resistant TB in a 
High-risk Population in South Africa. S Hassim, P 
Shaw, N Stubbs, J Mathibedi, E Malan, J Metcalf, 
Henry Masur, S Komati, and Phidisa Study Team.
783. Acquired Rifampicin Resistance in HIV-infect-
ed and -uninfected Patients with TB Treated with 
a Thrice-weekly Short-course Regimen. Soumya 
Swaminathan, G Narendran, P Venkatesan, R Ra-
machandran, L Sekar, S Iliayas, R Kumar, P Menon, 
P Gangadevi, and P Narayanan.
784. High Early Mortality among HIV-infected Pa-
tients with Extensively Drug-resistant or Multidrug-
resistant TB in Rural South Africa. Neel Gandhi, S 
Shah, J Andrews, V Vella, A Moll, M Scott, P Babaria, 
C Marra, U Lalloo, G Friedland, and Tugela Ferry 
Care and Res (TF CaRes) Collaboration.
785. High Early Mortality among HIV-infected Pa-
tients with Extensively Drug-resistant or Multidrug-
resistant TB in Rural South Africa. Neel Gandhi, S 

Shah, J Andrews, V Vella, A Moll, M Scott, P Babaria, 
C Marra, U Lalloo, G Friedland, and Tugela Ferry 
Care and Res (TF CaRes) Collaboration.
789. Early Mortality in a Prospective Cohort of Hos-
pitalized Adults with a Presumptive Diagnosis of TB. 
Neil Martinson, E Variava, M Chaudhary, C Thorrold, 
M Wong, B Luke, A Karstaedt, G Gray, R Chaisson, 
and C Holmes.
791. Distinguishing Features of Cryptococcal and 
Tuberculous Meningitis in Adults in Malawi. Dan-
ielle Cohen, E Zijlstra, M Mukaka, M Reiss, S Kam-
phambale, M Scholing, P Waitt, P Chiyenda Usiku, 
and F Neuhann.
792. Serum and Cerebrospinal Fluid Concentration 
Monitoring for High-dose Fluconazole in HIV-asso-
ciated Cryptococcal Meningitis-infected Patients. 
Weerawat Manosuthi, P Chetchotisakd, S Sungkanu-
parph, T Anekthananon, K Supparatpinyo, T Nolen, 
D Wallace, P Pappas, S Filler, D Andes, and BAMSG 
3-01 Study Team.
793. Progressive Multifocal Leukoencephalopathy: 
Mechanism for Human Polyomavirus JC Transmi-
gration across the Blood Brain Barrier. M Chapagain 
and Vivek Nerurkar.
794. Prognostic Factors and JCV-specific Immune 
Responses in HIV-1-infected Patients with Progres-
sive Multifocal Leukoencephalopathy from the 
Swiss HIV Cohort Study. Nina Khanna, M Wolbers, 
L Elzi, N Mueller, C Garzoni, R Dupasquier, C Fux, R 
Viscidi, M Battegay, and H Hirsch.
799. The Effect of HIV on the Prevalence and Diag-
nosis of HBV Infections in South African HIV/AIDS 
Patients Enrolling for HAART. Rosemary Burnett, A 
Lukhwareni, G Selabe, O Mzileni, and J Mphahalele.
800. Evidence for Ongoing Epidemic Sexual 
Transmission of HCV (2006 to 2007) among HIV-
1-infected Men who Have Sex with Men: France. 
Jade Ghosn, C Larsen, L Piroth, X Duval, I Auperin, 
E Delarocque-Astagneau, A Gervais, L Alric, S Pol, 
and M-L Chaix.
802. Characterization of an Outbreak of Acute HCV 
Infection in HIV-infected Men in New York City. 
Daniel Fierer, S Fishman, A Uriel, D Carriero, S Fac-
tor, M Mullen, D Dieterich, S Thung, I Fiel, and A 
Branch.
803. Hepatitis Screening of HIV-infected Men Who 
Have Sex with Men: 8 US Clinics. Karen Hoover, K 
Workowski, S Follansbee, B Gratzer, B Hare, B John-
ston, T Chorba, and C Kent.
804. Rapid Rise of Acute HCV Cases among HIV-1-
infected Men Who Have Sex with Men, Amsterdam. 
Guido Van Den Berk, W Blok, H Barends, R Regez, J 
Frissen, I Spijkerman, I Schouten, and K Brinkman.
813a. Telbivudine Has Activity against HIV. Emma 
Low, A Cox, M Atkins, and M Nelson.
813b. Telbivudine Has No in vitro Activity against 
Laboratory and Clinical HIV-1, including 5 Clades 
and Drug-resistant Clinical Isolates. Claudio Avila, S 
Karwowska, C Lai, and T Evans.
813c. Effect of Lamivudine-containing HAART 
Regimen on HBV during the Management of HIV/
HBV-co-infected Patients at a South African Tertiary 
Hospital. Azwidowi Lukhwareni, G Selabe, and J 
Mphahlele.
820. Viral Hepatitis Co-infection Is Associated with 
Reduced Bone Mineral Density in HIV-infected 
Women but Not Men. Vincent Lo Re, G Guaraldi, M 
Leonard, J Lin, G Orlando, N Squillace, V Rochira, C 
Giovanni, J Kostman, and P Tebas.
888. Longitudinal Analysis of a Pediatric Cohort 
Who Failed First-line HAART in an Antiretroviral 
Roll-out Site in Kwa Zulu Natal, South Africa. Sun-
path, B Zanoni, V Marconi, M Tarin, T Greyling, N 
Chelin, B Walker, Z Lu, and D Kuritzkes.
905. Prevalence of Transmitted HIV-1 Drug Re-
sistance among Young Men of Color Who Have 
Sex with Men: A Multicenter Cohort Analysis. Lisa 
Hightow-Weidman, G Phillips II, J Smith, K Jones, M 
Magnus, A Outlaw, T Giordano, E Enriquez-Bruce, M 
Tinsley, and J Hidalgo.
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907. Primary Isoniazid Prophylaxis Did Not Protect 
against TB or Latent TB Infection in HIV-exposed, 
Uninfected Infants in South Africa. Charles Mitchell, 
G McSherry, A Violari, M Cotton, R Bobat, P Jean-
Philippe, S Kim, S Nachman, S Madhi, and P1041 
Team.
910. Virologic Response to Protease Inhibitor-
based ART among Children Younger than 2 Years 
of Age Co-treated for TB in South Africa. Cordula 
Reitz, A Coovadia, T Meyers, C-C Hu, R Strehlau, G 
Sherman, E Abrams, and L Kuhn.
920. Neurocognitive Impairment in HIV+ African 
Children Not yet Eligible for ART. Theodore Ruel, H 
Boal, P Bangirana, C Akello, P Rosenthal, M Kamya, 
E Charlebois, D Havlir, M Boivin, J Wong, and Chil-
dren with HIV and Malaria Project (CHAMP).
941. Atazanavir Pharmacokinetics with and with-
out Tenofovir during Pregnancy. Mark Mirochnick, 
A Stek, E Capparelli, B Best, S Rossi, S Burchett, C 
Hu, E Sheeran, E Smith, J Read, and PACTG 1026s 
Protocol Team.
943. Pharmacokinetics and Safety of Nelfinavir 
Mesylate (625-mg Tablet) during the Second and 
Third Trimester of Pregnancy and Post-partum. An-
nie Fang, M-J O’Sullivan, R Maupin, T Jones, I Delke, 
G Mukwaya, S Valluri, and P Clax.
946. Total and Unbound Lopinavir/Ritonavir Phar-
macokinetics in a Concentration-guided Study of 
HIV-infected Women throughout Pregnancy and 
Post-partum. Jennifer Kiser, S Mawhinney, K Kinzie, 
E Barr, A Simons, S Paul, D Hoody, C Fletcher, A 
Allshouse, and A Weinberg.
947. Lopinavir/Ritonavir Concentrations in Breast 
Milk and Breast-feeding Infants. Amanda Corbett, 
F Martinson, N Rezk, A Kashuba, D Jamieson, C 
Chasela, D Kayira, G Tegha, D Kamwendo, C Van 
Der Horst, and the BAN Study Team.
954. 4-Year Clinical and Therapeutic Consequenc-
es of Intra-partum Single-dose Nevirapine for the 
Prevention of Perinatal HIV in Women Who Sub-
sequently Initiated a Nevirapine-based ART. Gon-
zague Jourdain, N Ngo-Giang-huong, S Le Coeur, C 
Bowonwatanuwong, P Kantipong, P Yuthavisuthi, 
S Prommas, G Halue, J Achalapong, M Lallemant, 
and Prgms for HIV Prevention and Treatment, Thai-
land. 
955. Long-term Maternal and Pediatric Virologic 
Outcomes on Nevirapine-based HAART following 
Receipt of Peripartum Single-dose Nevirapine or 
Placebo, Botswana. Shahin Lockman, L Smeaton, 
A Ogwu, R Shapiro, J Leidner, K Powis, C Wester, I 
Thior, J Makhema, and M Essex. 
 961. Breast Feeding Reduces the Risk of Malaria in 
Children Born to HIV-infected Mothers. Jaco Homsy, 
N Vora, E Arinaitwe, T Sandison, A Kakuru, H Wan-
zira, J Kalamya, M Kamya, J Tappero, and G Dorsey. 
962. Continued Breast Feeding Mitigates Growth 
Faltering among Uninfected Children Born to HIV-
infected Mothers in Zambia. S Arpadi, Ashraf Faw-
zy, G Aldrovandi, C Kankasa, M Sinkala, M Mwiya, D 
Thea, L Kuhn, and Zambia Exclusive Breastfeeding 
Study Group (ZEBS).
963. Did Low Uptake Mask a Benefit of Early Wean-
ing in the Zambia Exclusive Breast-feeding Study? 
Louise Kuhn, D Thea, C Kankasa, M Sinkala, K Sem-
rau, P Kasonde, M Mwiya, and G Aldrovandi.
970. Influence of Cytomegalovirus and Herpes 
Simplex Virus Type 2 on Endocervical HIV-1 RNA 
Shedding among Kenyan Women. Jenell Coleman, 
J Hitti, K Paul, C Mwachari, E Bukusi, R Gausman, C 
Cohen, L Corey, and R Coombs.
971. Correlates of Genital HIV-1 Shedding among 
ARV-naïve Women Initiating Therapy. Susan Gra-
ham, L Masese, R Gitau, B Richardson, N Peshu, K 
Mandaliya, W Jaoko, J Ndinya-Achola, J Overbaugh, 
and S McClelland.
973. Patterns of HIV-1 RNA Rebound in the Blood 
and Female Genital Tract. Susan Cu-Uvin, A Delong, 
D Perez, J Ingersoll, J Kurpewski, E Kojic, and A Cali-
endo.

982. HIV-infected Women with Low Body Mass 
Index and Low CD4 Cell Counts Are Not at In-
creased Risk of Post-partum Weight Loss Associated 
with Continued Breast Feeding. Pamela Murnane, 
L Kuhn, S Arpadi, C Kankasa, M Sinkala, G Aldro-
vandi, and D Thea.
988. Detection of Individuals with Acute HIV-1 In-
fection with the ARCHITECT HIV Ag/Ab Combo As-
say. Susan Eshleman, L Khaki, E Piwowar-Manning, 
L Johnson-Lewis, O Laeyendecker, A Vallari, T Lu-
kaszewska, S Devare, J Hackett Jr, and the EXPLORE 
Study Team.
989. Detection of Acute HIV Infections Using a 
Fourth Generation Antigen/Antibody Assay. Pragna 
Patel, B Bennett, T Sullivan, M Parker, P Sullivan, 
and CDC AHI Study Group. 
990. Limitations of Rapid HIV Antibody Testing in 
a Population with High Incidence of HIV Infection. 
Joanne Stekler, P Swenson, R Coombs, J Dragavon, 
C Brennan, S Devare, A Vallari, P Swanson, R Wood, 
and M Golden. 
991. Evaluation of the Abbott ARCHITECT Ag/Ab 
Combo® Assay, an Antigen/Antibody Combination 
Test: Implications for US HIV Testing Programs. 
Michele Owen, P Patel, L Wesolowski, A Vallari, C 
Brennan, S Devare, and K Delaney.
992. A Clinical Study of Antigen/Antibody Rapid 
Testing for Acute HIV Infection. Christopher Pilcher, 
B Louie, S Keating, M Pandori, F Fish, T Keren, M 
Lebedeva, S Liska, M Busch, and F Hecht.
997. Ability of Conventional and Rapid Immunoas-
says to Confirm Results of the ARCHITECT® Ag/Ab 
Combo Assay in a 2-Test Serologic Algorithm. Kevin 
Delaney, M Owen, D Candal, S Kennedy, A Uniyal, 
P Kerndt, and B Branson.
998. Improved Detection of HIV-1 Subtype C with 
the COBAS TaqMan HIV-1 Version 2.0 Assay for Vi-
ral Load Monitoring. Lesley Scott, S Carmona, E Ak-
kers, R Babiel, and W Stevens.
999. Evaluation of an Upgraded Version of Roche 
COBAS® AmpliPrep / COBAS® TaqMan® HIV-1 Test 
for HIV-1 Viral Load Quantification. F Damond, A 
Ganon, G Collin, Benedicte Roquebert, V Avettand-
Fenoel, D Sizmann, M-L Chaix, F Brun-Vezinet, D 
Descamps, and C Rouzioux.
1000. Increased Reporting of Detectable Plasma 
HIV-1 RNA Levels at the Critical Threshold of 50 
Copies/mL with the Taqman Assay in Comparison 
to the Amplicor Assay. Viviane Lima, R Harrigan, 
and J Montaner.
1001. A Validation Plan to Evaluate an Unmodified 
FDA-approved HIV RNA Assay Platform: A Compar-
ison of Results Obtained Using the UltraSensitive 
Roche Amplicor® HIV-1 Monitor Test, v1.5 (Microw-
ell Plate), the Roche COBAS® AmpliPrep/COBAS® 
TaqMan® Assay, and the Abbott RealTime HIV-1 
Assay. Cheryl Jennings, D Brambilla, S Granger, S 
Fiscus, J Nelson, A Loftis, R Kshatriya, T Denny, R 
Lovingood, and J Bremer.
1002. Performance of the Cavidi ExaVir Load Assay 
and the Ultra-sensitive p24 Antigen Assays Relative 
to the Roche Monitor HIV-1 RNA Assay: ACTG New 
Works Concept Sheet 227. P Stewart, A Cachafeiro, 
S Napravnik, J Eron, I Frank, C Van Der Horst, R Bo-
sch, D Bettendorf, P Bohlin, and Susan Fiscus.
1003. Pooled Viral Load Testing Increases the Ef-
ficiency of Screening for ART Failure. Davey Smith, 
S May, J Perez, R Haubrich, D Richman, C Benson, 
and S Little. 
1004. Comparative Evaluation of the Performance 
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Guidelines for Authors and Contributors

The International AIDS Society–USA pub-
lishes Topics in HIV Medicine as a resource 
for physicians and other health care prac-
titioners who are actively involved in HIV 
and AIDS care. The journal is indexed in 
Index Medicus/MEDLINE and is distributed 
to approximately 13,000 national and in-
ternational subscribers. 

The following guidelines describe the types 
of articles and contributions published in 
the journal, outline its policies, and provide 
instructions for authors. For further infor-
mation, contact Topics in HIV Medicine at 
topics2009“at”iasusa.org.

Categories of Articles

Perspectives. Perspective articles are sum-
maries of selected talks given at Interna-
tional AIDS Society–USA continuing medi-
cal education courses. An International 
AIDS Society–USA medical writer prepares 
a summary manuscript from a transcript of 
the talk. The manuscript is reviewed and ed-
ited by the specific course presenter and the 
journal’s appointed peer reviewers. 

Reviews. Topics in HIV Medicine welcomes  
original review articles on current issues in 
HIV and AIDS for consideration. Topics in HIV 
Medicine does not publish original research. 
Manuscripts should be 3000 to 6000 words 
(excluding references, tables, and figures) and 
should include numbered references and a 
brief introductory abstract of approximately 
100 to 200 words. Original, adapted, or re-
printed figures and tables may be included and 
should be cited in the text and accompanied 
by a brief title. Adapted and reprinted work re-
quires proof of permission obtained from the 
original publishers and authors. Authors inter-
ested in submitting unsolicited manuscripts 
are encouraged to submit an outline or ab-
stract of the proposed manuscript first; please 
contact the editor for further information.

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

Special Contributions. A special contribu-
tion article often represents the unique con-
tribution (such as a consensus statement) of 
an author or group of authors.

Stories. Stories for the Telling Stories col-
umn share the experiences of those in-
volved in HIV and AIDS care. Stories may 
be approximately 800 to 3500 words; un-
solicited submissions are welcome.

Commentaries. Discussion on a current is-
sue in HIV medicine is welcome as a Com-
mentary. Commentaries should be 500 to 
1500 words and include numbered referenc-
es as appropriate. Commentaries may be in-
vited by the editors; unsolicited submissions 
are also welcome for consideration.

Letters to the Editor. Letters to the editor 
are welcome and should be sent to the ad-
dress listed below.

Special Issues. Topics in HIV Medicine 
publishes 1 or 2 issues each year with a 
special focus, such as reports from recent 
scientific meetings and summaries of spe-
cial International AIDS Society–USA con-
tinuing medical education courses.

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

Submission of Manuscripts

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

 Editor, Topics in HIV Medicine 
 International AIDS Society–USA 
 425 California Street, Suite 1450 
 San Francisco, CA  94104-2120 
 E-mail: topics2009“at”iasusa.org

Receipt of submitted manuscripts will be 
acknowledged by editorial staff, and submis-
sions will be reviewed by peer reviewers. Ac-
ceptance for publication is based on the qual-
ity and relevance of the work.

Copyright

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

Authorship Requirements

Topics in HIV Medicine uses the definition of 
authorship formulated by the International 
Committee of Medical Journal Editors and 
published in its Uniform Requirements for 
Manuscripts Submitted to Biomedical Jour-
nals.1 This definition states: “Authorship credit 
should be based on (1) substantial contribu-
tions to conception and design, or acquisition 
of data, or analysis and interpretation of data; 
(2) drafting the article or revising it critically for 
important intellectual content; and (3) final ap-
proval of the version to be published. Authors 
should meet conditions 1, 2, and 3. Acquisi-
tion of funding, collection of data, or general 
supervision of the research group, alone, does 
not justify authorship.”
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