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Important new information regarding neurologic complications of 
HIV disease was presented at the 2007 Conference on Retroviruses and 
Opportunistic Infections. In addition to presentations on pathogenesis and 
treatment of neurologic complications, the conference included findings 
that have implications for the management of HIV disease outside the 
nervous system. Key findings included that the distribution of antiretrovirals 
into the central nervous system may influence the effectiveness of treatment 
outside this protected compartment; that postponing initiation of therapy 
until blood CD4+ counts fall to 300 cells/µL may increase the risk for HIV-
associated neurocognitive impairment but interruption of antiretroviral 
therapy in individuals with high CD4+ counts may have neuropsychologic 
benefits; that substantial changes, including macrophage activation and 
neuronal injury can occur shortly after HIV transmission; that HIV can 
influence neural progenitor cells to decrease neuronal differentiation; that 
newer neuroimaging technologies, such as diffusion tensor imaging and 
blood oxygen level-dependent functional magnetic resonance imaging 
can identify important effects of HIV on the brain such as alterations in 
cerebral oxygen consumption; that serotonin reuptake inhibitors and 3-
hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors may 
reduce HIV RNA levels in cerebral spinal fluid; and that erythropoietin and 
the non-immunosuppressive immunophilin ligand, GPI-1046, may improve 
HIV-associated injury of peripheral nerves. The conference also included 
an important focus on JC virus encephalitis (also known as progressive 
multifocal leukoencephalopathy).
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Reports with Implications for 
Systemic Disease

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

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

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

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

An analysis from the Italian Cohort 
Naive Antiretrovirals Group (ICoNA) 
provided data complementary to these 
findings by analyzing the relationship 
between antiretroviral distribution 
characteristics and durability of the 
treatment response in plasma (Ab-
stract 382a). This large cohort study 
assessed previously untreated indi-
viduals before and after initiating com-
bination antiretroviral therapy. The 
investigators identified 2785 individu-
als who started antiretroviral therapy 
between 1997 and 2006 (the median 
number of individuals were enrolled 
in 2000) and who had suppressed HIV 
RNA levels below 80 copies/mL. This 
group identified those who experi-
enced rebound replication (defined as 
2 consecutive HIV RNA values above 
400 copies/mL), calculated the rate 
of rebound per 100 person-years of 
follow up, and determined the rela-
tionships of this measure with CD4+ 
cell counts and the CNS Penetration- 
Effectiveness (CPE) score.1 They found 
that lower CPE scores (a reflection 
of worse distribution characteristics) 
seemed to be associated with higher 
rates of rebound among individuals 
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with CD4+ counts below 200 cells/µL. 
In a multivariate Poisson regression 
analysis that adjusted for 11 cofactors, 
individuals with CD4+ counts below 
200 cells/µL who took regimens with 
lower CPE scores trended toward a 
higher risk of rebound (adjusted rela-
tive risk [RR], 0.04; 95% confidence 
interval [CI], 0.01-1.61). Among indi-
viduals with CD4+ counts above 350 
cells/µL, however, higher CPE scores 
were associated with a higher rate of 
rebound (adjusted RR, 4.54; 95% CI; 
1.30-15.89). The observed relation-
ships should be confirmed and their 
mechanisms explained but the data 
stand as provocative evidence that an-
tiretroviral distribution may influence 
the durability of treatment response, 
perhaps for the better in some but for 
the worse in others. 

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

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

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

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

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

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

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

Central Nervous System 
Complications

Host Pathogenesis

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

neuropathogenesis.
The production of new neurons, 

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

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

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

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

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

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

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

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

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

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

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

HIV Pathogenesis

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

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

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

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

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

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

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

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

Treatment

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

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

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

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

Selected Other Topics

Distal Sensory Polyneuropathy

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

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

JC Virus Encephalitis

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

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

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

Neurosyphilis

Syphilis and neurosyphilis are frequent 
comorbidities in HIV-infected individu-
als. The success of antitreponemal 
therapy is conventionally evaluated by 
performing serial LPs to determine if 
CSF leukocyte counts are reduced after 
treatment. Having a method to assess 
treatment success in neurosyphilis that 
does not require repeated LPs would 
simplify the management of this con-
dition and potentially increase patient 
adherence to therapy. Marra and col-
leagues evaluated one such approach 
(Abstract 372). In 68 HIV-infected sub-
jects with CSF leukocyte counts above 
20 cells/µL who received treatment for 
a first episode of neurosyphilis, CSF 
Venereal Disease Research Laboratory 
(VDRL) test was reactive in 29 (43%). 
Normalization of the serum Rapid 
Plasma Reagin test (RPR) was associ-
ated with reduction of the CSF leuko-
cyte count to below 20 cells/µL. After 7 
months of treatment, RPR normaliza-
tion correctly predicted CSF normal-
ization 88% of the time and, after 13 
months of treatment, RPR normaliza-
tion correctly predicted CSF normal-
ization 96% of the time.
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