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Although substantial improvements 
have occurred in the field, HIV-associ-
ated neurocognitive disorder (HAND) 
still remains prevalent in the potent 
antiretroviral era. Optimal treatment 
of HAND, the pathogenesis of HIV 
in the central nervous system (CNS), 
and the relevance of a CNS reservoir 
to the broader topic of systemic HIV 
eradication are incompletely under-
stood. This article will summarize 
advances in our understanding of the 
effects of HIV in the nervous system 
by highlighting recent findings pre-
sented at the 2013 Conference on 
Retroviruses and Opportunistic Infec-
tions (CROI).

Dr Spudich is Associate Professor of Neurology at Yale University in New Haven, Connecticut. Dr Ances is Assistant Professor of Neurology, 
Neuroscience, Microbiology, and Biomedical Engineering at Washington University in St Louis, Missouri.

Thirty years into the HIV epidemic, the management and investigation 
of neurologic complications of HIV disease have evolved from a struggle 
to understand and treat inexorable disorders to an optimistic effort to  
address more subtle but often complex conditions in patients surviving 
long-term with a chronic disease. Although severe forms of HIV 
encephalitis and HIV-associated dementia, myelopathy, opportunistic 
infections, and neuropathy are still frequently encountered entities 
where access to HIV treatment is limited, in settings with sufficient 
resources, they are predominantly seen in those who present late to 
care or are unable to maintain consistent antiretroviral adherence. In 
2013, practitioners, patients, and investigators can realistically aim for 
an outstanding quality of life for those living with HIV infection and 
seek to reduce morbidity associated with milder forms of HIV-associated 
neurocognitive disorder (HAND). Neurologic presentations at the 20th 
Conference on Retroviruses and Opportunistic Infections (CROI) reflected 
this now well-established paradigm shift, focusing on treatment strategies 
to optimize neurologic and cognitive function, the pathogenesis of HAND 
in the current era, imaging biomarkers of HAND, the confluence of HIV 
infection and aging, and characterization of central nervous system HIV 
reservoirs of infection.
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Effects of Antiretroviral 
Treatment on the CNS and 
Assessment of Neuropsychologic 
Performance

A key question relevant to HAND is 
whether consistent treatment with 
antiretroviral therapy can protect 
patients from experiencing progres-
sive neurologic impairment. Several 
studies investigated the stability of 
neuropsychologic performance and 
HAND categories over time in treated 
subjects. Rourke and colleagues (Ab-
stract 404) examined 375 subjects in 
the OCS (Ontario HIV Treatment Net-
work Cohort Study) who had plasma 

HIV RNA levels suppressed to less 
than 50 copies/mL on antiretroviral 
therapy and who were longitudinally 
assessed for a median of 12 months. 
During follow-up, they noted that 11% 
of subjects improved in neurocogni-
tive status (eg, from a diagnosis of 
asymptomatic neurocognitive impair-
ment [ANI] to normal) and 13% wors-
ened. Similarly, Arendt and colleagues 
(Abstract 454) examined a cohort of 
1439 subjects with HIV infection, with 
85% receiving antiretroviral therapy. 
In this group, 5% met Frascati criteria 
for ANI, 27% for mild neurocognitive 
disorder (MND), and 17% for HIV-as-
sociated dementia (HAD). This group 
noted neurocognitive performance 
decline in almost 10% of subjects in 
the ANI and MND groups, especially in 
those older than 50 years of age and 
those with longer duration of HIV in-
fection. Finally, Lu and colleagues (Ab-
stract 461a) identified a 12.7% rate of 
cognitive decline during a 4-month pe-
riod as detected by neuropsychologic 
testing in a group of 55 adults with 
long-term HIV infection on stable anti-
retroviral therapy, with the prevalence 
of HAND being 25.5% at baseline. The 
investigators found that the brief HIV 
Dementia Scale was sensitive to mod-
erate, but not mild, cognitive decline 
in this group as defined by more de-
tailed neuropsychologic testing. The 
finding that progressive neurocogni-
tive decline may occur in the context 
of antiretroviral treatment, with well-
controlled viremia, possibly suggests 
that an active process may progres-
sively damage the CNS despite treat-
ment. One confounding factor in inter-
preting the significance of a transition 
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from ANI to MND is that the primary 
distinction between these 2 forms re-
lies on patient reporting of symptoms 
of impairment on activities of daily liv-
ing; if subjects are made aware of an 
ANI status, this awareness may impact 
subsequent assessments. Addition-
ally, analysis by treatment status and 
even treatment adherence needs to be 
performed in a rigorous manner to de-
termine whether potent antiretroviral 
therapy can protect the CNS. 

The frequency and clinical signifi-
cance of asymptomatic cerebrospinal 
fluid (CSF) viral escape in subjects on 
antiretroviral therapy, where CSF HIV 
RNA levels are detectable using stan-
dard assays in subjects with undetect-
able plasma viral loads, has been the 
subject of recent study.1 Perez -Valero 
and colleagues (Abstract 402) found 
CSF viral escape in only 88 of 3304 
visits during which paired CSF and 
plasma samples were obtained for re-
search purposes in HIV-infected sub-
jects on antiretroviral therapy, reflect-
ing detection of CSF viral escape in 60 
of 789 subjects tested. The presence 
of CSF viral escape was not associated 
with progressive neurologic symptoms 
but was associated with elevated CSF 
white blood cells (WBCs) and detect-
able plasma HIV RNA, though at less 
than 50 copies/mL. This study does not 
support an important role for CSF viro-
logic escape detected in the research-
related setting with regard to the de-
velopment of neurologic or cognitive 
decline. These findings are consistent 
with an earlier report from CROI 2012 
showing that research subjects with 1 
identified event of asymptomatic CSF 
viral escape were not at increased risk 
of further detectable HIV in the CSF or 
plasma.2

Based on specific biochemical char-
acteristics, certain antiretroviral drugs 
or regimens have been proposed to 
have increased effectiveness in the 
CNS. One characteristic presumed to 
be important is the level of CNS expo-
sure reached by a given antiretroviral 
drug, also termed CNS penetration ef-
fectiveness (CPE), which has led to the 
generation of a CPE scoring method 
to assess potential CNS efficacy of a 
regimen.3 Fabbiani and colleagues 

(Abstract 405) examined whether the 
CPE score might be improved by incor-
porating information about a subject’s 
known resistance genotype. Genotypic 
information from plasma and the cal-
culated CPE of subjects’ regimens were 
combined to demonstrate that the use 
of a CPE score corrected for genotypic 
sensitivity score improved the predic-
tion of neuropsychologic performance 
in subjects on antiretroviral therapy. 

Ellis and colleagues (Abstract 20) 
presented the findings of their multi-
center CIT2 (Cognitive Intervention 
Trial 2) study, a long-term randomized 
study to assess whether regimens with 
high CPE scores might be superior to 
those with lower CPE scores in improv-
ing neuropsychologic performance 
in persons diagnosed with HAND. As 
reported, challenges to recruitment 
in the study resulted in data safety 
monitoring board recommendations 
to stop recruitment prior to reaching 
the proposed enrollment of 120 sub-
jects, based on futility. Furthermore, 
despite an adaptive randomization 
design, subjects in the 2 study arms 
(higher or lower CPE) had statistically 
significant differences in hepatitis C vi-
rus (HCV) status and nadir CD4+ cell 
count. In an analysis of the 49 subjects 
with follow-up, no statistically signifi-
cant differences in neuropsychologic 
test performance (primary end point) 
were observed between HIV-infected 
subjects initiating higher compared 
with lower CPE regimens. Due to ces-
sation prior to reaching enrollment tar-
gets, the study was likely not fully pow-
ered to determine whether there is a 
role for initiating or switching to CNS-
targeted antiretroviral therapy in HIV-
infected patients with HAND. Whereas 
the CIT2 study examined the poten-
tially beneficial effects of CNS-targeted 
therapy, Perez-Valero and colleagues 
(Abstract 406) examined the possible 
deleterious impact of HIV monothera-
py on the CNS. They found that nei-
ther ritonavir-boosted (/r) lopinavir nor 
darunavir/r as monotherapy was as-
sociated with more frequent or severe 
neurocognitive impairment compared 
with triple-drug therapy in a large co-
hort of patients selected for having had 
more than 1 year of viral suppression 

in plasma. However, subjects were not 
randomized to either regimen, thus it 
is unclear what biases may have exist-
ed for subjects to be eligible for mono-
therapy versus triple therapy. 

Robertson and colleagues (Ab-
stract 410) presented a related study 
assessing the effect of antiretroviral 
regimen simplification on neuropsy-
chologic performance. In this study, 
subjects on stable tenofovir, emtri- 
citabine, plus atazanavir/r were ran-
domized to switch to abacavir, lami-
vudine, plus unboosted atazanavir or 
continue tenofovir, emtricitabine, plus 
atazanavir/r. This large randomized 
controlled study of 296 subjects, with 
well-matched groups on stable therapy 
at baseline, demonstrated no differ-
ence in performance over time in ei-
ther group. 

Several studies examined specific 
individual drugs and their effects in 
the CNS. Letendre and colleagues (Ab-
stract 178LB) reported consistently 
high levels of dolutegravir in the CSF in 
12 subjects who underwent CSF sam-
pling at weeks 2 and 16 of dolutegra-
vir therapy, with levels exceeding the 
in vitro 50% inhibitory concentration 
(IC50) against wild-type viruses. This 
group also exhibited rapid reduction of 
CSF HIV RNA levels after initiation of a 
regimen containing dolutegravir plus 2 
nucleoside analogue reverse transcrip-
tase inhibitors (nRTIs) in treatment-
naive subjects. These data suggest that 
dolutegravir, a new integrase strand 
transfer inhibitor currently in develop-
ment with a favorable systemic safety 
and efficacy profile, may be a potent 
drug for suppression of HIV in the 
CNS. Maraviroc has been posited to 
potentially benefit the CNS by target-
ing monocyte or macrophage lineage 
infection due to inhibition of CC che-
mokine receptor type 5 (CCR5). To in-
vestigate this question, Ndhlovu and 
colleagues (Abstract 403) examined 
blood and neuropsychologic measures 
before and after 24-week maraviroc 
intensification in 11 subjects on viral-
ly suppressive antiretroviral therapy 
(plasma HIV RNA levels < 50 copies/
mL for > 6 months). The investiga-
tors noted improvements in neuropsy-
chologic test performance over time, 
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though a control group or placebo 
group to adequately assess improve-
ments due to practice effect was not 
included. The investigators saw reduc-
tion in total HIV DNA in monocytes—a 
marker they previously correlated with 
cognitive impairment—as well as re-
duction in other measures of systemic 
immune activation, including soluble 
(s)CD14 levels and activation of CD8+ 
T lymphocytes and CD14+CD16+ 
monocytes. Letendre and colleagues 
(Abstract 407) also performed a cross-
sectional study to assess for potential 
relationships between exposure to efa-
virenz and neurocognitive functioning. 
They found that long-term use of efa-
virenz was associated with a worsen-
ing of neurocognitive functioning com-
pared with use of lopinavir. This study 
raises further questions about the ef-
fects of efavirenz. It remains unknown 
if the observed poorer performance 
with efavirenz is due to neurotoxic 
effects or to lower CPE of efavirenz. 
This retrospective study could neither 
randomize nor match individuals. In 
addition, the efavirenz and lopinavir/r 
groups differed with regard to duration 
of therapy, duration of infection prior 
to initiation of therapy, and possibly 
their reasons for choosing regimens. 
It is plausible that efavirenz, given in 
a triple-drug, once-a-day combination 
pill, may have been chosen by prac-
titioners because of a perception that 
subjects might be cognitively impaired 
and thus need simpler regimens. Fur-
ther studies are crucial to assess the ef-
ficacy of efavirenz in the CNS.

Although most studies focusing on 
neurologic impairment were predicated 
on the concept that HAND results from 
direct HIV effects in the brain, Grima 
and colleagues (Abstract 452) studied 
the association between HAND and 
liver steatosis as a marker of visceral 
fat in HIV infection. In a study of 129 
subjects, more than 90% of whom were 
on long-term (median, 8 years) antiret-
roviral therapy, liver steatosis was mea-
sured by transient elastography. The 
investigators found that a statistically 
significantly higher proportion of sub-
jects with high-grade liver steatosis had 
neurocognitive impairment as assessed 
by Frascati criteria. In multivariate 

analyses after correcting for other pos-
sible cofactors, high-grade steatosis re-
mained independently associated with 
cognitive impairment. Because high-
grade liver steatosis is thought to reflect 
visceral fat accumulation, this study 
raises interesting questions regarding 
whether common metabolic mecha-
nisms might also contribute to HAND. 
Another connection, as yet unexplored, 
is the potential impact of hepatic en-
cephalopathy on cognitive performance 
in individuals with high-grade steatosis 
that has progressed to cirrhosis. 

Finally, to assess the effects of very 
early acute HIV infection and immedi-
ate antiretroviral therapy on the nervous 
system, Kore and colleagues (Abstract 
19) examined neuropsychologic perfor-
mance in subjects recruited within the 
first month after HIV infection in Bang-
kok, Thailand. They found that median 
performance (an estimated 17 median 
days after infection) on 4 tests in 36 
antiretroviral-naive subjects with acute 
HIV was not significantly different from 
norms derived from age-matched, HIV-
infected subjects with similar levels of 
education and of comparable age. The 
baseline summarized test performance 
(composite neuropsychologic test Z 
score [NPZ4]) modestly correlated with 
days postinfection and with CSF HIV 
RNA levels but did not correlate with 
tests of anxiety or depression. In lon-
gitudinal follow-up, improvements in 
neuropsychologic test performance af-
ter acute treatment paralleled changes 
observed during serial testing at simi-
lar intervals in the HIV-uninfected con-
trols. Only motor improvements were 
seen in HIV-infected patients starting 
antiretroviral therapy compared with 
HIV-uninfected controls. During a 
6-month period, no difference in neu-
ropsychologic improvement was de-
tected between treatment with a triple-
drug, nonnucleoside analogue reverse 
transcriptase inhibitor (NNRTI)-based 
regimen and a 5-drug regimen that in-
cluded maraviroc and raltegravir.

Neuropathogenesis of HIV 
Infection

Numerous presentations at the 2013 
CROI focused on elucidating the 

mechanisms of HIV-related CNS injury, 
including specific virologic and immu-
nologic substrates of brain injury that 
might underlie neurologic disorders. 
Tilghman and colleagues (Abstract 
414) sought to assess whether specific 
viral sequences in blood HIV tyrosine 
aminotransferase (tat) or envelope (env) 
genes were associated with cognitive 
impairment in 155 subtype-C HIV–
infected individuals in India. HIV tat 
and env sequences from 56 subjects 
considered impaired, based on global 
deficit scores obtained from a detailed 
neuropsychologic assessment, were 
analyzed and compared with sequenc-
es amplified from 99 HIV-infected un-
impaired subjects. Novel signature res-
idues in HIV tat were associated with 
the presence of cognitive impairment. 
In particular, a structural change in the 
HIV molecule within the tat sequence 
affected the conformation of a dicys-
teine motif that has been previously 
associated with HIV neurotoxicity. Re-
sults from this study lend additional 
support to hypotheses that certain HIV 
variants may be associated with en-
hanced neurotoxicity and further our 
understanding of mechanistic bases 
of this heightened toxicity. Shikuma 
and colleagues (Abstract 21) presented 
another study investigating whether 
mitochondrial function might associ-
ate with neurologic biomarkers in anti-
retroviral therapy–treated participants 
enrolled in the cardiovascular substudy 
of the Hawaii Aging with HIV Cohort 
(median age, 55 years). They mea-
sured markers of mitochondrial func-
tion and oxidation, including activity 
of Complex I (reduced nicotinamide 
adenine dinucleotide [NADH] dehydro-
genase) and Complex IV (cytochrome 
C oxidase) of the electron transport 
chain, and mitochondrial-specific 
8-oxo-deoxyguanine (mt-8-oxo-dG), 
a measure of mitochondrial-specific 
oxidative stress. They observed an as-
sociation between neuroimaging and 
neuropsychologic performance and 
mitochondrial function. These includ-
ed inverse relationships between Com-
plex I activity and caudate and nucleus 
accumbens volumes as well as neu-
ropsychologic performance, and be-
tween mt-8-oxo-dG and hippocampus  
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and amygdala volumes. Although re-
sults from this study are preliminary, 
with no HIV-uninfected controls to in-
dicate whether the identified correla-
tions are HIV-specific, these intriguing 
data suggest a connection between 
mitochondrial function and measures 
of brain integrity in HIV infection, an 
association known to exist in a broad 
range of neurologic diseases. 

Biomarkers of viral burden, in-
flammation, neuronal injury, amyloid 
processing, and blood-brain barrier 
breakdown may not only help detect 
the presence of neurologic disease 
but may also reveal neuropathologic 
mechanisms in HIV disease, especially 
when combined. To investigate the 
spectrum of neurologic pathogenesis 
across distinct stages and conditions 
of HIV infection, several investiga-
tors performed translational studies 
measuring diverse biomarkers to as-
sess mechanisms of HIV-related brain 
injury in specific clinical groups. Cal-
cagno and colleagues (Abstract 438) 
examined neurologic biomarkers in 34 
subjects who had no neurocognitive 
complaints but presented to care with 
advanced disease (defined as a CD4+ 
cell count < 100/µL). These antiretro-
viral-naive subjects had a median age 
of 42 years and a median CD4+ cell 
count of 23/µL. None of the subjects 
was diagnosed with HAND, based on 
neuropsychologic testing. Subjects 
had median CSF HIV RNA levels of 3.8 
log10 copies/mL; showed evidence of 
elevated total (t-)tau, phosphorylated 
(p-)tau, and reduced amyloid beta (1-
42) in their CSF (9%-15% of subjects); 
and harbored 12% predicted CXC che-
mokine receptor type 4 (CXCR4) co-
receptor tropism in CSF. Although CSF 
WBC counts were generally low, likely 
reflecting the very low systemic CD4+ 
cell counts, these subjects manifested 
high levels of intrathecal immunoglob-
ulin synthesis and blood-brain barrier 
breakdown. However, no appropriate-
ly matched controls were included for 
comparison. Anderson and colleagues 
(Abstract 437) performed a study of a 
slightly more heterogeneous subject 
group with advanced HIV infection (3 
of 15 subjects on antiretroviral thera-
py; CD4+ cell count median, 62/µL),  

symptoms of recent neurologic de-
cline, and a high (5 of 15 subjects) prev-
alence of HAD. They focused on mea-
surement of CSF alpha interferon and 
found that levels of this marker nega-
tively correlated with performance on 
a number of tests, most strongly with 
motor performance. These findings 
suggest that alpha interferon may be a 
mediator of HAND in advanced HIV in-
fection. Silke and colleagues (Abstract 
430) investigated plasma and CSF in-
flammatory markers prior to and after 
initiation of treatment in 60 subjects in 
Thailand. They found elevated levels of 
neopterin in plasma and CSF in wom-
en with cognitive impairment com-
pared with nonimpaired women and 
all men. HIV RNA levels declined after 
12 months of antiretroviral therapy, 
but intestinal fatty acid binding pro-
tein (iFABP) interleukin-10 and mono-
cyte chemoattractant protein-1 did not 
diminish with treatment in women as 
much as in men. Although the cause of 
these sex differences is as yet unclear, 
they suggest that immune responses 
to HIV and treatment may need to be 
measured independently in women 
and men to rigorously understand im-
munopathogenesis in the CNS. 

Keating and colleagues (Abstract 
432) investigated the patterns of medi-
ators of inflammation and chemotaxis, 
including interleukin-6, tumor necro-
sis factor, tissue inhibitor of metallo-
proteinase-1, and sCD14 and sCD163, 
among others, detected in the CSF in 
subjects at distinct stages of HIV infec-
tion. They found elevations in certain 
markers in HIV-infected groups com-
pared with the HIV-uninfected group, 
beginning at the stage of untreated pri-
mary HIV infection (PHI) and persist-
ing through all stages of untreated in-
fection. Several markers were reduced 
but did not normalize in subjects treat-
ed with systemically suppressive an-
tiretroviral therapy. These results sug-
gest a possible utility of these markers 
for monitoring persistent intrathecal 
immune activation in the presence of 
antiretroviral treatment.

Lee and colleagues (Abstract 446) 
investigated whether HIV controllers 
who maintain plasma HIV RNA levels 
below 1000 copies/mL in the absence 

of treatment manifest CNS pathol-
ogy, based on neuroimaging and CSF 
analyses. Eleven elite controllers (plas-
ma HIV RNA levels below 50 copies/
mL) and 6 viremic controllers (plasma 
HIV RNA levels between 50 copies/mL 
and 1000 copies/mL) were compared 
with treated and untreated subjects 
with chronic HIV infection (CHI) and 
with HIV-uninfected controls. Despite 
the fact that HIV controllers overall 
had median HIV RNA levels in both 
plasma and CSF of less than 40 cop-
ies/mL, they manifested poorer neu-
ropsychologic performance than all 
other groups, which correlated with 
lower ratios of the neuronal integrity 
marker N-acetylacetate/creatine in the 
brain. Rates of drug use and alcohol 
abuse were similar between compari-
son groups. Further correlation with a 
broad range of immune activation and 
neural injury markers might identify 
mechanisms of this evident neuronal 
injury in HIV controllers.

Neuroimaging of HIV

A number of presentations at CROI 
2013 focused on the utilization of 
noninvasive neuroimaging methods 
to assess HIV reservoirs in the brain. 
Two major areas of focus were PHI 
and the impact of cofactors. Ragin and 
colleagues (Abstract 463) observed 
changes in white matter integrity (as 
assessed by diffusion tensor imaging 
[DTI]) in 16 individuals with PHI com-
pared with 21 HIV-uninfected controls. 
Changes were greatest within the cor-
pus callosum. Wright and colleagues 
(Abstract 466) investigated changes in 
white matter integrity in 62 individu-
als with PHI, 16 individuals with CHI, 
and 19 HIV-uninfected controls. No sta-
tistically significant differences were 
seen between the PHI group and HIV-
uninfected controls. However, statisti-
cally significant differences were seen 
between the CHI group and either the 
PHI group or the HIV-uninfected con-
trols. When individuals with PHI and 
those with CHI were evaluated across 
the spectrum of duration of infection, 
progressive changes in DTI metrics 
were seen with increasing duration 
of disease. These results suggest that  
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neuroimaging detects more subtle 
changes in the brain than neuropsy-
chologic performance assessments 
(Abstract 19). Grill and colleagues 
(Abstract 465) showed that levels of 
CSF tryptophan, a precursor of sero-
tonin and kynurenine, correlated with 
magnetic resonance spectroscopy 
(MRS) and CSF markers of inflamma-
tion in individuals with CHI but not 
those with PHI. Finally, Dash and col-
leagues (Abstract 469) demonstrated 
in a mouse model that HIV infection 
leads to changes in MRS over time. In 
particular, N-acetylaspartate (NAA) and 
myoinositol (Mi), which are measures 
of neuronal viability and neuroinflam-
mation, respectively, were altered 
soon after inoculation with HIV, and 
these measures continued to worsen 
with progressive duration of disease. 
With regard to CHI, a number of vari-
ables may influence neuroimaging 
measures. Using the CHARTER (CNS 
HIV Antiretroviral Therapy Effects 
Research) dataset of 263 individuals, 
Fennema-Notestine and colleagues 
(Abstract 468) observed that poorer 
neuronal integrity (as measured by 
NAA) was seen in individuals with CHI 
and a history of greater immunosup-
pression. Heaps and associates (Ab-
stract 467) showed that HIV and HCV 
have compounding effects on white 
matter integrity within the corpus cal-
losum. Ortega and colleagues (Abstract 
464) investigated the effects of HIV 
subtype on neuroimaging measures. 
In their study, DTI was performed in 17 
HIV-uninfected controls in the United 
States, 17 subtype-B HIV–infected in-
dividuals in the United States, 17 HIV- 
uninfected controls in South Africa, 
and 17 subtype-C HIV–infected indi-
viduals in South Africa. HIV infection, 
regardless of subtype, led to substan-
tial decreases in brain volumetrics, 
especially within subcortical areas. 
However, there were no statistically 
significant differences between the 
subtype-B HIV– and subtype-C HIV–
infected groups.

Finally, Winston and colleagues 
(Abstract 462) demonstrated that an-
tiretroviral effects on neuroimaging 
measures may differ depending on 
when HIV-infected patients (n = 22) 

were examined after administration 
of therapy. From administration to 48 
weeks after receiving therapy, MRS 
measures improved. However, from 
48 weeks to 144 weeks after therapy, 
many of these improvements were 
reversed or worsened with medica-
tions, suggesting antiretroviral toxicity. 
In general, these studies suggest that 
neuroimaging could be considered in 
future HAND criteria; however, addi-
tional longitudinal studies are needed.

CNS HIV and Aging

By 2015, it is expected that more than 
50% of all HIV-infected individuals in 
the United States will be older than 50 
years of age. This rise in the prevalence 
of older individuals is due both to new 
infection (approximately 15%) and to 
patients living longer because of anti-
retroviral therapy. Older HIV-infected 
individuals account for approximately 
35% of all deaths, with most individu-
als now dying from non–HIV-related 
causes.4 A rapidly growing area of re-
search has begun to concentrate on 
the effects of HIV and aging on brain 
function. 

The field of HIV and aging in the 
brain was initially stimulated by re-
sults from the Hawaii Aging with HIV 
Cohort study. The prevalence of HAND 
was almost 2-fold greater in older  
(> 50 years old) HIV-infected indi-
viduals than in younger (20-39 years 
old) HIV-infected patients.5 However, 
questions remain as to whether this 
observed increase in the prevalence 
of HAND is due to a synergistic or ad-
ditive effect of HIV infection and ag-
ing.6 Goodkin and colleagues (Abstract 
439) studied 2278 HIV-infected and 
2808 HIV-uninfected individuals from 
the MACS (Multicenter AIDS Cohort 
Study). Using a multiple covariate, lin-
ear mixed model that controlled for 
numerous variables, an interaction be-
tween age and HIV disease stage was 
observed, especially within the mem-
ory and executive cognitive domains. 
These findings nicely complement re-
cent results from the CHARTER study. 
Heaton and colleagues previously 
demonstrated decreases in global neu-
rocognitive performance with aging  

for both HIV-uninfected and HIV-in-
fected individuals in the CHARTER 
study.7 However, in the CHARTER data, 
a greater divergence emerged between 
the 2 groups at older (> 55 years old) 
ages. 

Numerous etiologies, including 
genetics, metabolic risk factors, and 
frailty, could account for the increased 
prevalence of HAND in older individu-
als. The original Hawaii Aging with HIV 
Cohort study demonstrated that older 
HIV-infected individuals with at least 
1 apolipoprotein E4 allele have an in-
creased risk of dementia.8 Cysique 
and colleagues (Abstract 442) con-
firmed this result in a smaller cohort 
of middle-aged HIV-infected individu-
als in Australia. In addition, the pres-
ence of diabetes and other metabolic 
risk factors may contribute to HAND in 
older HIV-infected individuals.9 Older 
individuals may be more likely to tran-
sition to mild cognitive impairment 
than younger individuals. 

Grant and colleagues (Abstract 440) 
demonstrated that the VACS (Veterans 
Aging Cohort Study) Index may not 
only be a good predictor of future mor-
tality but also of neuropsychologic im-
pairment within the CHARTER cohort. 
From the MACS cohort, Smith and col-
leagues (Abstract 444) demonstrated 
that frail HIV-infected individuals had a 
greater risk for developing HAND than 
healthy HIV-infected individuals. Both 
of these presentations suggest that 
relatively simple laboratory tests and 
physical examinations could be added 
to our existing armamentarium to help 
predict which HIV-infected individu-
als are at increased risk of developing 
HAND. 

Additional biomarkers are needed 
to assist clinicians in evaluating the 
effects of HIV infection and aging in 
the brain. Krut and colleagues (Ab-
stract 443) observed independent 
effects of HIV infection and aging us-
ing the CSF biomarker neurofilament 
light (NFL) protein—a measure of neu-
ronal injury. HIV-infected, untreated 
subjects had NFL levels equivalent to 
HIV-uninfected controls who were 19 
years older. Although antiretroviral 
therapy improved NFL levels, CSF val-
ues were not completely normalized. 
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Peterson and colleagues (Abstract 441) 
confirmed that from a possible panel 
of CSF measures, NFL was the most 
sensitive biomarker of HAND. Cysique 
and colleagues (Abstract 442) studied 
additional CSF biomarkers to deter-
mine whether an Alzheimer’s disease 
profile, as elucidated by the presence 
of amyloid beta (ie, Ab42) or tau, was 
present in middle-aged individuals 
with CHI receiving antiretroviral thera-
py. An Alzheimer’s disease profile con-
sisted of 1 of 3 published cutoff crite-
ria: profile 1, t-tau levels greater than 
350 ng/L and Ab42 levels less than 530 
ng/L; profile 2, p-tau greater than 60 
ng/L and Ab42 less than 530 ng/L; or 
profile 3, t-tau greater than 350 ng/L 
and the ratio of Ab42 to p-tau less than 
6.5. The risk of Alzheimer’s disease in 
HIV-infected patients depended on the 
profile chosen and varied from 4.5% 
to 7.4%.

Thomas and colleagues (Abstract 
445) studied whether novel neuroim-
aging measures that use resting-state 
functional connectivity could assist in 
discriminating the effects of HIV infec-
tion and aging on brain function. A sub-
stantial drop-off was seen in functional 
correlations in HIV-infected individuals 
more than 40 years old, suggesting 
a possible synergistic effect at older 
ages. Additional longitudinal studies 
are needed to identify the prognostic 
significance of CSF and neuroimaging 
biomarkers.

For this field to progress, a number 
of factors require further consider-
ation, including appropriate controls, 
possible survivor bias, age at serocon-
version, age at initiation of antiretro-
viral therapy, and duration of infec-
tion. The above studies presented at 
the 20th CROI hold great promise that 
relatively simple interventions could 
have a substantial impact on cogni-
tion in older HIV-infected patients. Ar-
eas to consider include (a) treatment 
of metabolic risk factors (ie, monitor-
ing glucose levels and hypertension 
in HIV-infected patients); (b) reduc-
tion in comorbid factors (ie, substance 
abuse, depression, and anxiety); and 
(c) promotion of healthy behaviors. 
Many of the above CROI presentations 
nicely complement work by Foley and  

colleagues,10 who demonstrated that 
HIV-infected individuals with more 
cerebrovascular risk factors performed 
worse on neuropsychologic tests than 
HIV-uninfected controls. HIV-infected 
individuals who received treatment 
for HIV infection and metabolic factors 
performed better on neuropsychologic 
testing than HIV-infected patients re-
ceiving antiretroviral therapy alone.

Strategies to Identify and Treat 
CNS Reservoirs for HIV

HIV eradication and potential ap-
proaches to an HIV “cure” were a ma-
jor focus of clinical and basic presen-
tations at CROI 2013. The question of 
whether a biologically and clinically 
significant reservoir exists for HIV 
within the CNS is crucial to under-
standing potential sources of resurgent 
HIV in the absence of antiretroviral 
treatment. A small number of presen-
tations focused on identifying and ac-
cessing this reservoir, including stud-
ies of brain tissues in humans and in 
animal models, research on compart-
mentalization of HIV between CSF and 
blood, and strategies to reduce this 
reservoir. 

Several groups examined human 
autopsy or animal necropsy tissue to 
seek evidence of HIV infection in CNS 
tissue. Gelman and colleagues (Ab-
stract 373) investigated the presence 
of integrated HIV DNA in diverse non-
lymphoid body tissues in 5 humans 
who died with HIV infection. They 
used an Alu (derived from Arthrobacter 
luteus)-Gag polymerase chain reaction 
(PCR) method to assess integrated HIV 
DNA and PCR to measure integrated 
and nonintegrated gag/pol HIV DNA 
in numerous deep tissues, including 
spleen, colon, lung, eye, heart, and 
brain. They identified measurable, 
though variable, levels of integrated 
HIV DNA in the brain, especially in ce-
rebral white matter. However, no spe-
cific messenger (m)RNA expression 
pattern was found in subjects with 
higher levels of integrated HIV DNA in 
the brain. These findings emphasize 
the potential need to monitor the deep 
body tissue compartments in addi-
tion to circulating blood and lymphoid  

tissues for the presence of latent res-
ervoirs for HIV. These results suggest 
that methods that can directly assess 
the brain (especially neuroimaging 
and CSF studies) should still be con-
sidered in order to adequately evaluate 
HIV reservoirs in the brain. 

Identification and monitoring of a 
brain reservoir for HIV during life is 
limited by lack of access to brain tis-
sue. One strategy used to circumvent 
this challenge is to assess CSF, as CSF 
is produced in the choroid plexus and 
meninges within the CNS compart-
ment and is in direct communication 
with the brain. Compartmentalized 
HIV variants are those uniquely found 
or enriched within a specific tissue 
compartment but not in another. The 
presence of compartmentalized CSF 
HIV, particularly that which evolves 
over time independently from variants 
in the blood, suggests a local reservoir 
for HIV in the CNS.

To investigate the timing of estab-
lishment of compartmentalized HIV, 
Sturdevant and colleagues (Abstract 23)  
examined full-length env sequences 
derived from CSF and blood in infants 
and young children with subtype-C 
HIV infection and developmental de-
lay at a single time point prior to initia-
tion of antiretroviral therapy. Despite 
the youth of these subjects and re-
cency of their HIV infection, 28% had 
CSF viruses defined as compartmen-
talized based on formal Slatkin-Mad-
dison testing for the level of distinct 
sequences between blood and CSF. 
Based on visual inspection of phyloge-
netic trees, an additional 25% of sub-
jects harbored intermediate levels of 
compartmentalization that the investi-
gators proposed may indicate a transi-
tion stage between an equilibrated and 
compartmentalized state. The slightly 
older children had a higher proportion 
of compartmentalized HIV, suggest-
ing that compartmentalization evolved 
over the course of early infection. 
Strikingly, they noted that in 2 cases 
in which subjects were infected with 
2 transmitted founder viruses, 1 virus 
became preferentially sequestered in 
the CSF and could not be detected in 
plasma. This study indicates that in 
children with subtype-C HIV infection  
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in Malawi, compartmentalization, and 
thus potentially an HIV reservoir, is es-
tablished within the first years of infec-
tion.

Yuh and colleagues (Abstract 415) 
showed the feasibility of using 454 
deep sequencing methods to assess 
reverse transcriptase, protease, and 
env sequences in paired longitudinal 
samples of CSF and blood in adult sub-
jects with early infection. In 5 subjects 
recruited during PHI and having HIV 
RNA levels greater than 3000 copies/
mL in both plasma and CSF, deep se-
quencing was successful in all samples 
and all regions, and all samples demon-
strated very low levels of unique vari-
ants in CSF and plasma (ie, resistance 
mutations or polymorphisms in env). 
The biologic and clinical significance 
of very low-level variants uniquely de-
tected in CSF remains to be seen, but 
deep sequencing tools may prove valu-
able in additional assessment of geno-
typic and phenotypic compartmental-
ization of HIV in the CNS.

To assess the initial establishment 
of CNS HIV reservoirs, Spudich and 
colleagues (Abstract 18) investigated 
whether founder viruses seen in the 
CNS compartment are identical to 
those detected in the periphery in very 
early acute HIV infection. Ten paired 
blood plasma and CSF samples with 
HIV RNA levels greater than 10,000 
copies/mL in both specimens and 
with HIV subtype CR01_AE in plasma 
were analyzed with full-genome se-
quencing. Full length env sequences 
generated by single-genome ampli-
fication were phylogenetically com-
pared between compartments and 
used to determine genetic diversity 
and estimates of the time to the most 
recent common ancestor within each 
compartment. Phylogenetic analysis 
revealed highly similar sequences be-
tween the 2 compartments, and mod-
est differences were noted in genetic 
diversity between compartments in 
several cases. One subject had 2 trans-
mitted or founder viruses present in 
blood but only 1 in CSF, supported by 
higher within-compartment diversity 
and a longer time to most recent com-
mon ancestor (suggesting divergence 
of sequences within the donor). Other 

subjects actually had higher genetic di-
versity in the CSF, but nucleotide and 
amino acid analysis did not reveal a 
CSF genetic signature. Overall, these 
findings suggest that there is not a 
substantial selection or bottleneck for 
specific HIV virions entering the CNS 
during the acute stage of infection, 
and that CSF compartmentalization 
detected during early or chronic infec-
tion likely evolves after initial seeding 
of the CNS compartment.

In a related study, Campbell and 
colleagues (Abstract 22) investigated 
whether natalizumab, a monoclonal 
antibody against α4-integrin known to 
block trafficking of leukocytes across 
the blood-brain barrier and also into 
the gut, could reduce signs of inflam-
mation and viral burden in the brains 
of rhesus macaques when adminis-
tered during either acute or chronic 
simian immunodeficiency virus (SIV) 
infection. In an accelerated SIV model 
of neuro-AIDS in CD8+ T lymphocyte– 
depleted macaques, natalizumab (30 
mg/kg) was administered to 6 ani-
mals beginning at day 0 of infection. 
On sacrifice, these animals had no 
evidence of cell-associated HIV in the 
brain in contrast to control animals, 
suggesting that cessation of cellu-
lar trafficking with natalizumab dur-
ing acute SIV infection might prevent 
establishment of CNS SIV infection. 
Additionally, when natalizumab was 
administered to animals during later-
stage infection, investigators noted no 
progression of neuronal injury by neu-
roimaging markers, reduced inflam-
matory (CD68+) and HIV p28+ cells, 
and a lack of further macrophage traf-
ficking to the CNS (and gut) compared 
with macaques that did not receive na-
talizumab. The investigators concluded 
that natalizumab blocks trafficking of 
HIV to the CNS during acute infec-
tion and stabilizes CNS disease during 
more chronic infection. Whether this 
occurs primarily through mechanisms 
of lymphocyte or monocyte traffick-
ing is unknown, because natalizumab 
blocks trafficking of both these cell 
types. These findings warrant related 
studies of neuroimmune modulators 
in humans but must be approached 
with caution due to risk of progressive  

multifocal leukoencephalopathy in HIV- 
uninfected patients with multiple scle-
rosis and inflammatory bowel disease 
treated with natalizumab.

Ferguson and colleagues (Abstract 
434) also examined whether media-
tion of the inflammatory response to 
acute HIV infection may affect estab-
lishment of a CNS HIV reservoir. They 
utilized a nonaccelerated SIV macaque 
model to examine the effects of an 
HIV vaccine administered during acute 
infection. In animals that did not re-
ceive immunization, astrogliosis and 
microgliosis of cerebral white matter 
were observed at 127 days postinfec-
tion and progressed through 300 days 
postinfection. Animals that received 
an HIV vaccine manifested a lower 
peak plasma HIV RNA level during 
acute infection and had reduced neu-
ropathology at identical time points. 

Treatment strategies aimed at 
reaching a CNS sanctuary (ie, a region 
with reduced exposure to antiretrovi-
ral drugs due to their inadequate pen-
etration into the brain compartment) 
for HIV infection are also relevant to 
the concept of a local CNS reservoir 
for HIV. Garrido and colleagues (Ab-
stract 408) explored the use of gold 
nanoparticles to improve drug delivery 
to the CNS. They demonstrated that 
gold nanoparticles entered human 
lymphocytes and were associated with 
no reduction in cell viability in flow 
cytometry experiments. Furthermore, 
the gold nanoparticles crossed an in vi-
tro model of a blood-brain barrier cre-
ated using human brain microvascular 
endothelial cells and also reached the 
brain in mice when injected intrave-
nously. The investigators then attached 
a derivative of raltegravir to the gold 
nanoparticles and demonstrated that 5 
days of incubation with the conjugated 
molecules was associated with marked- 
ly reduced HIV production in primary 
peripheral blood mononuclear cells, 
suggesting that gold nanoparticles 
linked to antiretroviral drugs may be 
an avenue for enhanced drug delivery 
to the CNS.

A key unanswered question regard-
ing the potential for a CNS reservoir is 
how frequently, if ever, HIV may con-
tinue to replicate, let alone evolve, in 
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the brain in the presence of antiretrovi-
ral therapy. Previous reports of symp-
tomatic CNS “escape”11,12 suggest that 
in extremely rare cases, HIV produced 
in the CNS in the context of systemi-
cally suppressive antiretroviral therapy 
may have clinical and biologic conse-
quences. Dahl and colleagues (Abstract 
359) initiated a systematic approach to 
assess whether compartmentalization 
and viral evolution can occur despite 
suppressive antiretroviral therapy, us-
ing novel methods of single-genome 
sequencing to derive sequences from 
the reverse transcriptase gene from 
large volumes of plasma and CSF. 
Sixteen amplicons were derived from 
11 CSF samples from 5 subjects and 
compared with pretherapy CSF and 
plasma samples. Of these, a major-
ity were hypermutants, suggesting 
replication-incompetent viruses. Pre-
therapy CSF and plasma sequences 
showed no compartmentalization, and 
no changes in sequences were noted 
in longitudinal sampling on antiretro-
viral therapy. Further studies should be 
performed on greater numbers of sam-
ples to confirm these findings, which 
suggest that CSF HIV populations do 
not evolve in subjects on suppressive 
antiretroviral therapy.                      
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