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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.

Keywords: HIV, neurology, dementia, neuropathy, HIV-associated neurocognitive 
disorder, HAND, neuroimaging, central nervous system

Special Contribution

Neurologic Complications of HIV Infection: Highlights 
From the 2013 Conference on Retroviruses and 
Opportunistic Infections

Serena S. Spudich, MD, and Beau M. Ances, MD, PhD

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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NEW!  Clinical Significance of Very Low-Level Viremia
Timothy J. Henrich, MD  
CME Credit Available: 1.25 AMA PRA Category 1 Credits™  
Level: Advanced 

With the introduction of more sensitive laboratory methods to quan- 
tify	plasma	HIV	RNA	levels,	there	has	been	an	increase	in	the	number	
of	episodes	of	very	low-level	viremia	(VLLV;	plasma	HIV	RNA	level	<	50	
copies/mL or detected but below the limit of quantification of newer-
generation viral load assays) detected among patients on stable an-
tiretroviral regimens with previously undetectable viral loads. Several 
recent studies have shown associations between random VLLV epi-
sodes and subsequent virologic failure. It is important for HIV practi-
tioners to understand the content and quality of the available data on 
VLLV and to appreciate the challenges in extrapolating information 
that is useful in clinical practice from the findings of various studies.

NEW!  Drug Interactions in Patients on Concurrent 
Psychiatric and Antiretroviral Regimens
John J. Faragon, PharmD, BCPS  
CME Credit Available: 1.25 AMA PRA Category 1 Credits™  
Level: Advanced 

Concurrent psychiatric illness and HIV infection is relatively common; 
data demonstrate that up to 40% of patients with HIV infection 
also have depression. Because of depression and other psychiatric 
illnesses such as schizophrenia and bipolar disorder, the concurrent 
use of antiretroviral drugs and psychiatric drugs in HIV-infected pa-
tients is common. Practitioners will need to be aware of interactions 
between these drugs.

NEW!  Hepatitis C Virus Protease Inhibitor–Based 
Therapy for HIV/HCV-Coinfected Patients: Overview, 
Adverse Effects, and Pretreatment Counseling 
Kara W. Chew, MD, MS, and Debika Bhattacharya, MD, MS  
CME Credit Available: 1.5 AMA PRA Category 1 Credits™  
Level: Advanced

Two first-generation hepatitis C virus (HCV) protease inhibitors, bo-
ceprevir and telaprevir, each in conjunction with peginterferon alfa 
plus ribavirin, are in off-label clinical use for the treatment of HCV in 
HIV-coinfected persons. Before initiating therapy, HIV practitioners 
should be aware of the potential adverse effects that are associated 
with the administration of these drugs and be able to counsel their 
patients about them.

Interactive Sessions With Cases on the 
Web Authors!
These monthly webinars provide live, interactive accompaniment to 
the published Cases on the Web (COWs). The webinar format of-
fers the opportunity to hear an author’s discussion of a COW, along 
with the chance to ask questions and receive responses in real time. 
Moreover, registration is free of charge. Upcoming webinars include:

•	 Opportunistic	Infections	Guidelines:	Essential	Updates	for	the		
 HIV Practitioner−September 5, 2013

•		Primary	Care	Issues	in	HIV	Infection–October	22,	2013		

More information about these webinars is available at www.iasusa.
org/webinars.

  COMING SOON

Look for these new Cases on the Web activities.

Engagement in HIV Care in the United States 
Sarah	E.	Rowan,	MD,	and	Edward	M.	Gardner,	MD	

Maintenance	 of	 undetectable	 plasma	HIV	 RNA	 levels	 is	 associated	
with decreased morbidity, mortality, and transmission. However, a 
minority of HIV-infected individuals in the United States has undetect-
able	HIV	RNA	levels.	A	look	at	the	HIV	care	continuum	identifies	the	
stages of engagement in HIV care from diagnosis to attainment of 
undetectable	HIV	RNA	levels.	By	measuring	proportions	of	individuals	
engaged in each stage of the care continuum, we can identify impor-
tant gaps in HIV care delivery, disparities that exist along the cascade, 
and tools for improvement. 

HIV Prevention
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Cardiovascular Risk in HIV Infection
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In British Columbia, Canada, as in 
other relatively resource-rich locales, 
there was a dramatic decline in 
death rate from HIV disease and an 
increase in life expectancy following 
the advent, in 1996, of potent anti-
retroviral therapy. At the same time 
it was seen that whereas new cases 
of HIV infection decreased between 
1996 and 1999, the rate of new cases 
of syphilis increased. It was thus hy-
pothesized that effective antiretrovi-
ral therapy was producing a second-
ary benefit in terms of reducing HIV 
transmission. 

This hypothesis, of a secondary 
preventive effect of antiretroviral 
therapy, was supported by the ob-
servation that the number of infants 
born with HIV infection in Canada 
decreased dramatically after 1996, 
in the absence of a decrease in the 
number of infants exposed to HIV-
infected mothers, as a result of the 
introduction of effective antiretroviral 
therapy during pregnancy. During the 

Dr Montaner is Professor of Medicine at the 
University of British Columbia in Vancouver, 
Canada.

In British Columbia, Canada, intensive efforts have been made to implement 
and maintain a treatment-as-prevention strategy among the HIV-infected 
population. Acceleration of antiretroviral therapy coverage has resulted in 
a substantial increase in the median CD4+ cell count at which treatment 
is initiated and a dramatic decline in community plasma HIV RNA levels. 
This has resulted in a reduction in diagnoses of new cases of HIV infection, 
including among injection drug users. Proportions of individuals with viral 
suppression have steadily increased and the expansion of antiretroviral 
therapy coverage has not been associated with increased levels of HIV 
resistance. Further, adoption of routine HIV testing in acute care settings 
has been very well accepted and has captured new cases at a rate of 5 per 
1000 tests outside of high-risk populations, offering an additional strategy 
for identifying and linking at least some individuals with undiagnosed HIV 
infection to care. Deriving optimal individual and social health outcomes in 
HIV infection requires improvement in every element of the cascade of care. 
This article summarizes a presentation by Julio S. G. Montaner, MD, at the 
IAS–USA continuing education program held in San Francisco, California, in 
March 2013. 

Keywords: HIV, AIDS, treatment, prevention, community viral load, routine HIV 
testing 

Perspective

Treatment as Prevention: Toward an AIDS-Free Generation

past 7 years, only 2 children in British  
Columbia have been born with HIV in-
fection. In both cases, HIV infection in 
the mother was not identified prior to 
birth, because the mother was not en-
gaged in health care.

In 2006, a case was made for ex-
panding access to antiretroviral thera-
py in order to curb the growth of the 
HIV epidemic.1 This was based on the 
premise that antiretroviral therapy 
stops HIV replication; as a result, viral 
load drops to undetectable levels in 
both plasma and sexual fluids, which 

can result in long-term remission and, 
secondarily, lead to a sharp reduction 
in HIV transmission. Some residual 
replication can occur when viral load 
is reduced to undetectable levels, but 
it is unclear what impact this has on 
the preventive benefit of antiretroviral 
therapy.

Extensive efforts have been made in 
British Columbia to support a treatment- 
as-prevention strategy, including ex-
panding and accelerating HIV testing 
and supporting and facilitating access 
to antiretroviral therapy, as a means to 
improve patient-centered outcomes (ie, 
prevention of morbidity and mortality)  
and societal outcomes (ie, prevention 
of HIV transmission). 

Antiretroviral Therapy Outcomes 
Among Injection Drug Users in 
Vancouver, Canada

Reducing HIV transmission among in-
jection drug users (IDUs) poses particu-
lar problems, largely because IDUs may 
frequently share needles (sometimes 
several times per day). As a result, 
there has been concern that IDUs may 
be exposed to some cell-associated  
HIV that may decrease the effective-
ness of treatment as prevention. 

The Downtown Eastside neighbor-
hood of Vancouver—a highly margin-
alized district that is one of the poorest 
in Canada—is an area where injection 
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Figure 1.	Longitudinal	community	plasma	HIV	RNA	levels	and	incidence	of	HIV	infection	among	
a cohort of injection drug users in inner city Vancouver, Canada. Adapted from Wood et al.2
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Increasing Antiretroviral Therapy 
Coverage in British Columbia

The expansion of antiretroviral therapy 
coverage in British Columbia has oc-
curred in 3 phases within the context of 
evolving treatment guidelines. The first 
phase, between the summer of 1996 
and the summer of 2000, was marked 
by a steep increase in participation in 
antiretroviral therapy following the in-
troduction of triple-drug therapy. From 
the summer of 2000 through the end 
of 2003, there was little growth in the 
number of patients receiving antiret-
roviral therapy. Changes in treatment 
guidelines and the conviction that treat-
ment was contributing to more than 
just improvement in individual health 
outcomes inspired a campaign to ac-
celerate access to antiretroviral therapy, 
resulting in another steep increase in 
the number of patients receiving anti-
retroviral therapy beginning in 2004. 

Since 2004, the median CD4+ cell 
count at the start of antiretroviral ther-
apy in British Columbia has increased 
from below 200/µL to above 350/µL 
as of 2011 (the last year for which full 
data are available). The proportion of 
patients starting therapy at CD4+ cell 
counts less than 200/µL has steadily 
decreased over the last several years. 
This achievement has required per-
sistent outreach efforts to diagnose  

infected individuals and to engage and 
maintain them in care. The incidence 
of AIDS had been reduced by 80% 
since the pre–potent antiretroviral ther-
apy era and further declined between 
2004 and 2010. Finally, the frequency  
of all-cause mortality among HIV-
infected persons, which had been 
reduced by more than 90% with the 
potent antiretroviral therapy era, also 
declined over the past several years 
during the campaign to accelerate ac-
cess to antiretroviral therapy. 

There has been concern in some 
quarters that expanding coverage of 
antiretroviral therapy may increas-
ingly involve patients with additional 
comorbidities or social challenges and 
that this may result in decreased ad-
herence rates and potentially lead to 
increased prevalence of resistance to 
antiretroviral drugs.5,6 This has not 
been seen in British Columbia, where 
the proportion of individuals with sup-
pression of plasma HIV RNA level to 
below 50 copies/mL has been at 90% 
or higher since 2007. Levels of antiret-
roviral resistance, including single- and 
multi-drug resistance, have decreased 
with the increasing level of viral sup-
pression in the community. 

The overall improvement in com-
munity viral load as a result of the an-
tiretroviral therapy expansion effort 
can be seen in Figure 2.7 This figure  

drug use is heavily concentrated. As 
part of a prospective epidemiologic co-
hort study in this district, Dr Montaner 
and colleagues collected blood sam-
ples from residents for approximately 
a decade, allowing them to monitor 
plasma HIV RNA concentrations in 
the community as a sentinel exercise. 
After 1996, with the introduction of 
potent antiretroviral therapy, median 
plasma HIV RNA levels in the commu-
nity were sharply reduced. As shown 
in Figure 1, this reduction was mir-
rored by a reduction in HIV incidence 
rate.2 

Similar findings were observed in 
the ALIVE (AIDS Linked to the Intrave-
nous Experience) cohort in Baltimore, 
Maryland. Starting in 1997, HIV inci-
dence decreased by 74% for each log10 
copy/mL decline in community HIV 
RNA level. In a separate model, the 
data showed that within the IDU co-
hort, HIV incidence decreased by 5% 
for each 1% increase in antiretroviral 
therapy coverage.3 

Underscoring these observations are 
the findings of the HPTN (HIV Preven-
tion Trials Network) 052 study of HIV-
serodiscordant couples. The study, 
conducted predominantly among het-
erosexual couples, showed that imme-
diate (compared with delayed) anti-
retroviral therapy was associated with 
a 96.3% reduction in HIV transmis-
sion, irrespective of whether the in-
dex member of the couple was a man 
or a woman.4 The study also showed 
that immediate treatment was associ-
ated with an individual-level benefit in 
terms of reducing the incidence of a 
combined end point of morbidity and 
mortality, defined a priori, indicating 
that the strategy of immediate anti-
retroviral therapy is associated with a 
benefit to the individual as well as to 
the public. 

The only event of HIV seroconver-
sion observed in the immediate-treat-
ment group was ultimately shown to 
have occurred around the time of 
treatment initiation. Such observa-
tions strongly suggest that in set-
tings in which HIV-infected individu-
als have effective viral suppression, 
transmission risk can be virtually 
eliminated. 

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Denominator 2882 3864 4227 4440 4627 4895 5090 5302 5569 5744 5877 6159 6334 6596
Actively on antiretroviral therapy 837 1960 2597 2994 3079 3120 3211 3356 3585 3913 4255 4654 5123 5413

No. of plasma HIV RNA tests 4896 10,803 12,930 14,117 15,888 17,673 19,663 21,259 22,677 23,110 23,815 24,897 26,009 26,818
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shows the HIV RNA levels of individuals 
diagnosed with HIV infection in British 
Columbia, irrespective of whether they 
have ever been on antiretroviral therapy. 
The proportion of those with undetect-
able HIV RNA has increased over time, 
approaching 50% in 2009, along with 
the number of HIV-infected persons en-
gaged in care and the number receiving 
antiretroviral therapy. In 2009, nearly 
27,000 viral load measurements were 
performed on 6596 patients, 5413 of 
whom were on antiretroviral therapy. 
As shown in Figure 3, the improvement 
in community viral load has been ac-
companied by substantial reductions in 
new diagnoses of HIV infection among 
IDUs and non-IDUs.8 The number of di-
agnoses of HIV infection has continued 
to decline in recent years. There were 
301 new cases in British Columbia in 
2010, 289 new cases in 2011, and 248 
new cases in 2012. This progress has 
been achieved at a time when rates 
of hepatitis C virus infection have re-
mained stable and those for syphilis, 
gonorrhea, or chlamydial infections 
have increased in the province.

HIV Testing

Further reduction of HIV transmission 
requires, first and foremost, enhance-
ment of HIV testing. It is estimated 
that 20% of HIV-infected individuals 
are unaware of their infection and that 
more than half of new infections are 

attributable to this group. Numerous 
options are available for point-of-care 
testing, and there is no excuse for not 
implementing such strategies. 

A program of routine testing in 
emergency departments or internal 
medicine wards was implemented in 
3 hospitals in British Columbia with  
very distinct demographics. The pro-
gram included only individuals with no 
prior HIV diagnoses and no known risk 
factors or indications for HIV testing. 
Preliminary results  
demonstrate that 
overall, there was  
94%patient accept-
ance of the HIV 
screening test, with 
approximately 5 
positive results per 
1000 HIV screen-
ing tests found in 
this population 
that had no suspi-
cion of HIV infec-
tion. The Centers 
for Disease Con-
trol and Preven-
tion (CDC) has es-
timated that such 
screening is highly 
cost-effective in set-
tings where rates 
are higher than 
1 positive result 
per 1000 screen-
ing tests. Based on 

these findings, British Columbia has 
implemented this strategy of screen-
ing in acute care settings province-
wide and hopes to see a marked 
reduction in the proportion of HIV- 
infected individuals who remain un-
diagnosed and unconnected to care. 

HIV Treatment

For the treatment-as-prevention strat-
egy to work optimally, treatment must 
begin early. The IAS–USA was the first 
to support more liberal guidelines 
encouraging early treatment, includ-
ing treatment for HIV-serodiscordant 
couples, which it encouraged ahead of 
the completion of the HPTN 052 study 
results.9 The recommendations of the 
US Department of Health and Human 
Services (DHHS) and, more recently, 
the World Health Organization (WHO) 
have moved in the same direction.10,11 

Cascade of HIV Care

Increased HIV testing and guidelines 
encouraging earlier access to antiret-
roviral therapy are not sufficient for 
a successful treatment-as-prevention 
strategy. It is also necessary to strength-
en the cascade of care, from diagnosis,  
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linkage, and retention through maxi-
mizing receipt of and adherence to 
antiretroviral therapy among patients 
eligible for treatment. Strengthening of 
the cascade of care requires the estab-
lishment and maintenance of support-
ive environments in which HIV-infect-
ed individuals can access treatment 
and achieve optimal health outcomes. 

Gardner and colleagues recently 
estimated that of approximately 1.1 
million HIV-infected individuals in 
the United States, 874,000 were diag-
nosed, 656,000 were linked to care, 
437,000 were retained in care, 350,000 
needed antiretroviral therapy, 262,000 
were on antiretroviral therapy, and 
210,000 were adherent to antiretrovi-
ral therapy and had undetectable viral 
loads (approximately 19% of the entire 
HIV-infected population).12 The CDC 
recently revised the estimated propor-
tion of HIV-infected individuals with 
undetectable viral load to 28%. Wheth-
er the proportion is 20% or 30%, it is 
still too low to achieve optimal popu-
lation health outcomes. Changes in 
components of the cascade of care in 
British Columbia over time are shown 
in Figure 4.13 Current levels of viral 
suppression among all diagnosed and 
undiagnosed persons with HIV infec-
tion are estimated at approximately 
40% to 50% depending on the defi-
nition of sustained viral suppression.  
Although the improvement in the 
cascade of care that has already been 
achieved is heartening, there is clearly 
more work to be done.

Programmatic Focus

A programmatic focus is needed to im-
prove HIV care and optimize prevention.  
If HIV care is going to be made avail-
able throughout health care systems 
without a clear and aggressive focus, 
the effort will be diluted and the oppor-
tunity to achieve optimal prevention of 
HIV disease will be missed. The gains 
achieved in British Columbia thus far 
are the result of an intense program-
matic focus. Of note, British Columbia 
remains the only province in Canada 
with truly free health care services, in-
cluding no copayments or deduct-
ibles for HIV/AIDS-specific services (ie,  

antiretroviral therapy), and the only one 
with an interdisciplinary program dedi-
cated exclusively to HIV. In other Cana-
dian provinces, HIV care tends to be di-
luted within the health care system, and 
as a likely result, some provinces have 
seen an increase in new diagnoses of 
HIV.14 Thus, the success of treatment-as- 
prevention programs is not only depen-
dent on having the tools available but 
also on working hard to bring those tools 
to people in need, who often cannot ef-
fectively access the services themselves.  

Cost?

Granich and colleagues recently ana-
lyzed the cost and cost-effectiveness 
of starting antiretroviral treatment at 
various CD4+ cell count thresholds or 
at HIV diagnosis in South Africa.15 As 
shown in Figure 5, raising the CD4+ 
cell count threshold for starting anti-
retroviral treatment is associated with 
millions of additional lives saved. Al-
though expansion of treatment comes 
at an initial cost, over time it becomes 

a cost-saving endeavor. The conclusion 
that beckons is that there is no good 
reason for us not to bring more HIV-
infected individuals into treatment and 
care—treatment as prevention saves 
lives and saves money. 

Summary

Efforts toward the treatment and pre-
vention of HIV infection are associated 
with the greatest preventive benefit 
from a societal perspective when the 
investment in improving care is fo-
cused on treating those who need it, 
who are relatively easy to define, and 
who are highly motivated to achieve 
their individual health goals.

There is an opportunity to opti-
mize the health outcomes of antiret-
roviral therapy through focused HIV  
treatment-as-prevention programs. The  
question is whether there is the will, 
focus, and commitment to do it. A 
unique opportunity will be missed if it 
is not done.           

Presented by Dr Montaner in March 2013. 
First draft prepared from transcripts by  
Matthew Stenger. Reviewed and edited by  
Dr Montaner in June 2013.
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The Zimbabwe AIDS Treatment Project (ZATA) 
was established in 2004 to raise funds to sup-
port the University of Zimbabwe AIDS Research 
Centre (photograph) through the sale of original 
paintings, sculptures, and other artwork from 
talented Zimbabwe artists. ZATA was fortunate in 
being able to draw on the expertise of its Board 
and Advisory Board comprised of HIV/AIDS ex-
perts in both the United States and Zimbabwe—
Drs Robert Schooley, Constance Benson, Thomas 
Campbell, James Hakim, and Margaret Borok-
Williams—to name but a few.

ZATA was especially fortunate to have the support 
of the IAS–USA, which allowed us to sell thousands 

of dollars of beautiful artwork at IAS–USA presentations and workshops held in 2004 and 2005 in New York, Washington, DC, and 
San Francisco. Because of these and other auctions and sales throughout the United States, ZATA funds began to grow steadily.  
We are pleased to inform our IAS–USA friends that after 9 years of fundraising, ZATA has 
sent almost a quarter of a million US dollars to Zimbabwe, including support for talented 
artists who would otherwise never find an audience for their work, funds for HIV/AIDS 
medications and medications to treat opportunistic diseases, pharmacy and nursing salary 
support, funds for a clean-water well to prevent cholera, and educational support for AIDS  
orphans through Nancy Padian, PhD, and the University of California San Francisco. 

The ZATA Board thanks the IAS–USA for being there with us at the beginning and for sup-
porting our mission by allowing the sale of ZATA artwork at their course sites. ZATA also 
welcomes IAS–USA audiences, supporters, and contributors to visit www.zataproject.org 
to view and select original artwork for purchase or to make a donation to allow ZATA to 
continue to support the AIDS Research Centre for many years to come. The ZATA website 
also has information about a Zimbabwe Art and Sculpture Auction on October 19, 2013, at 
the Dairy Arts Center in Boulder, Colorado, for our local friends.

Sincerely,

President
ZATA Project Board

Original oil painting by artist Peter Kwangware

Thank You ZATA Donors and Art Buyers
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The risk of vertebral, hip, or wrist frac-
ture in the general population dramati-
cally increases after approximately 
age 65 years in women and age 70 
years in men. These fractures are as-
sociated with increased mortality and 
morbidity. The 2008 US National Os-
teoporosis Foundation (NOF) guide-
lines recommended dual-energy x-ray 
absorptiometry (DEXA) screening of 
bone mineral density (BMD) to detect 
osteoporosis for people with a history 
of fragility fracture, women aged 65 
years or older and men aged 70 years 
or older, and postmenopausal women 
and men aged 50 years to 70 years if 
there is concern based on risk factor 
profiles. HIV infection and antiretrovi-
ral therapy were not listed among the 
risk factors.

Numerous studies, however, have 
shown that HIV-infected persons are 
at increased risk for osteoporosis, with 
a meta-analysis showing an overall 

Dr Brown is Associate Professor of Medicine  
and Epidemiology at The Johns Hopkins 
University School of Medicine in Baltimore, 
Maryland.

Until 2013, the National Osteoporosis Foundation guidelines did not include 
HIV infection and highly active antiretroviral therapy as osteoporosis 
risk factors that should trigger dual-energy x-ray absorptiometry (DEXA) 
screening for low bone mineral density (BMD) in older adults, but numerous 
data indicate that individuals with HIV infection are at early and increased 
risk for osteoporosis and fracture. For this reason, experts support the use 
of DEXA screening for HIV-infected postmenopausal women and men older 
than 50 years. Factors contributing to increased risk of low BMD in individuals 
with HIV infection include inflammation, effects of antiretroviral therapy, 
and numerous patient risk factors, including vitamin D deficiency. Workup 
for low BMD should include assessment for fracture risk and secondary causes 
of low BMD, including vitamin D deficiency, hyperparathyroidism, subclinical 
hyperthyroidism, hypogonadism, and phosphate wasting. Bisphosphonates 
are the preferred treatment to prevent fracture in low BMD but are not 
appropriate for treating osteomalacia, which is characterized by vitamin D 
deficiency and phosphate wasting. This article summarizes a presentation by 
Todd T. Brown, MD, PhD, at the IAS–USA continuing education program held 
in Atlanta, Georgia, in April 2013.

Keywords: HIV, bone mineral density, osteoporosis, fracture, vitamin D, deficiency, 
tenofovir, bisphosphonates, osteomalacia

Perspective

Challenges in the Management of Osteoporosis and 
Vitamin D Deficiency in HIV Infection

prevalence of osteoporosis of 15% in an 
HIV-infected population with an average 
age of 41 years and a 3.68-fold increased 
risk of osteoporosis compared with their 
HIV-uninfected counterparts.1 Further, 
a study in the Massachusetts General 
Hospital/Partners Healthcare System in-
volving 8528 HIV-infected persons and 
more than 2 million HIV-uninfected per-
sons showed a substantially increased 
prevalence of fracture in HIV-infected 
persons (Figure 1).2 The increase in  

risk was observed after approximately 
age 30 years in men and age 40 years 
in women; the difference in prevalence 
rates between HIV-infected and HIV-
uninfected persons continued to in-
crease with age, suggesting an HIV-age 
interaction with regard to fracture risk. 
Given these findings, Dr Brown and 
colleagues recommended in 2010 that 
DEXA screening be used for all HIV-
infected postmenopausal women and 
men older than 50 years.3 The 2013 
NOF guidelines finally list HIV infection 
and antiretroviral therapy among the 
risk factors that should prompt DEXA 
screening in older individuals. 

Assessing BMD and Fracture Risk 

Consider the case of patient A, a 
62-year-old white man who was re-
ferred to the Johns Hopkins Lipo-
dystrophy Clinic because of body fat 
changes. His HIV infection was diag-
nosed in 1987 and he had a CD4+ cell 
count nadir of 22/µL. He is receiving 
tenofovir, emtricitabine, and efavirenz. 
He has a history of hypogonadism 
and transdermal testosterone, a his-
tory of chronic obstructive pulmonary 
disease, and a 60 pack-year smok-
ing habit. He has received numerous 
steroid courses but has no history of 
fracture and no height loss. On DEXA, 
his T scores were -2.2 for lumbar spine  
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L1-L4, -2.1 for the femoral neck, and 
-2.3 for total hip. 

According to the World Health Orga-
nization (WHO) guidelines, osteoporo-
sis is defined by a T score below -2.5, 
osteopenia by a score between -1.0 
and -2.5, and normal by a score above 
-1.0. The risk of fracture is estimated to 
increase 1.5- to 3.0-fold for each stan-
dard deviation decrease in T score. It 
is important to note that T scores are 
valid only in older individuals. Z scores 
(ie, the number of standard deviations 
from age-matched controls) are used 
in premenopausal women and men 
younger than 50 years of age, with a Z 
score below -2.0 indicating low BMD. 
Patient A is thus considered to have os-
teopenia, not osteoporosis. However, it 
is important to keep in mind that low 
BMD explains only approximately half 
of fracture risk. 

As with many of the other meta-
bolic complications in HIV infection, 
the pathophysiology of bone changes 
in HIV-infected patients is multifacto-
rial but appears to include inflamma-
tion and the presence of HIV viral pro-
teins, such as TAT and Vpr, that result 
in increased bone resorption and de-
creased bone formation. With regard 
to factors associated with medication 
use, tenofovir and certain HIV prote-
ase inhibitors (eg, ritonavir-boosted  
atazanavir and ritonavir-boosted lopin- 
avir) have deleterious effects, and a 
2% to 6% decrease in BMD has been 
observed 96 weeks after initiation of 
antiretroviral therapy, even in the con-
text of viral suppression and reduced 
levels of inflammatory markers. Pa-
tient risk factors include low body 
weight, smoking, alcohol use, opiate 
use, coinfection with hepatitis C virus, 
physical inactivity, hypogonadism, and 
low vitamin D levels. 

Given these considerations, what 
should be the next step in manag-
ing and treating patient A? The 2013 
NOF guidelines recommend treat-
ment for postmenopausal women 
and men aged 50 years and older 
who have hip or vertebral fractures; 
individuals with BMD T scores at or 
below -2.5 at the femoral neck, to-
tal hip, or spine on DEXA; and those 
with T scores between -1 and -2.5 

(osteopenia) at these sites and a 10-
year hip fracture probability of 3% 
or higher or a 10-year all major os-
teoporosis–related fracture probabil-
ity of 20% or higher based on the 
WHO Fracture Risk Assessment Tool 
(FRAX®) model. FRAX assessment 
includes age, sex, weight, height, 
history of fracture, parental history 
of hip fracture, current smoking hab-
its, glucocorticoid use, rheumatoid 
arthritis status, secondary osteopo-
rosis status, alcohol ingestion per 
day, and femoral neck BMD. In the 
case of patient A, his 10-year risk of 
major osteoporotic fracture was 18% 
(under the treatment threshold) and 
his risk of hip fracture was 4.10%, 
making him a candidate for bisphos-
phonate or other treatment to reduce  
fracture risk. 

However, before starting a patient 
on bisphosphonate treatment, poten-
tial secondary causes of low BMD 
must be evaluated. Those that should 
be evaluated in all patients include vita-
min D deficiency, hyperparathyroidism, 
subclinical hyperparathyroidism, hypo-
gonadism, and phosphate wasting, the 
latter of which can occur in patients re-
ceiving tenofovir. Other potential causes 
include idiopathic hypercalciuria, celiac 
sprue, multiple myeloma, mastocytosis, 
and Cushing syndrome.

Among these conditions, severe 
vitamin D deficiency and phosphate 
wasting are of particular note because 
low BMD occurring in either of these 
settings may be related to osteoma-
lacia, the most important differential 
diagnosis in low BMD. Osteomalacia 
is characterized by impaired bone 
mineralization. The collagen matrix 
is normal but is not mineralized with 
calcium phosphate crystals. It can be 
accompanied by weakness, fracture, 
pain, anorexia, and weight loss. Os-
teomalacia needs to be treated not 
with bisphosphonates but with vi-
tamin D and calcium and possibly 
phosphate replacement (if the cause 
is phosphate wasting). Consideration 
should be given to switching patients 
off tenofovir if they have phosphate 
wasting. Bisphosphonate treatment in 
this syndrome could actually inhibit 
bone mineralization. 

Low Vitamin D 

Consider the case of patient B, a 
51-year-old white man diagnosed 
with HIV infection in 2001 who had 
a CD4+ cell count nadir of 30/µL. His 
plasma HIV RNA level is less than 50 
copies/mL on tenofovir, emtricitabine, 
and efavirenz, but his CD4+ cell count 
remains low at 150/µL to 250/µL. He 
drinks 3 to 4 glasses of wine per day 
and is a former smoker. His sister has 
osteoporosis but no history of frac-
ture. Patient B has had 2 traumatic 
fractures during recreational activities 
(boating and glade skiing). On DEXA,  
his T scores are -2.9 for L1-L4 (Z score, 
-2.5), -1.4 for the femoral neck (Z 
score, -0.6), and -0.8 for total hip (Z 
score, -0.4). On FRAX assessment, his 
10-year risks are 4.7% for all osteopo-
rotic fracture and 0.5% for hip fracture, 
low risks not indicative of a need for 
bisphosphonate treatment. 

Secondary workup shows a low 
25-hydroxyvitamin D level of 15 ng/
mL. The rest of the secondary workup 
is normal: parathyroid hormone (PTH) 
of 44 pg/mL, calcium (Ca2+) of 9.5 mg/
dL, thyroid-stimulating hormone of 
1.8 mU/L, free testosterone of 61 pg/
mL, serum phosphate of 3.0 mg/dL, 
and fractional excretion of phosphate 
of 10%. Although vitamin D is low, it 
is not in the single digits, a level com-
monly seen in osteomalacia. Osteo-
malacia would also be accompanied 
by elevated PTH and elevated alkaline 
phosphatase. Patient B has vitamin D 
deficiency but not osteomalacia. 

Vitamin D deficiency is defined as 
a level less than 20 ng/mL, with vita-
min D inadequacy defined as a level 
from 20 ng/mL to 30 ng/mL. Vitamin D 
deficiency is very common in the gen-
eral population, occurring in associa-
tion with inadequate physical activity, 
inadequate exposure to sunlight, high 
body mass index, and other factors. In 
HIV-infected individuals, medications 
also play a role. For example, patients 
initiating antiretroviral therapy that in-
cludes efavirenz have been found to 
have a 5 ng/mL reduction in vitamin D 
levels compared with patients starting 
antiretroviral therapy without efavi-
renz.4 This reduction is approximately  
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half the difference observed in the 
general population between summer 
and winter in some parts of the world, 
and approximately one-third that ob-
served between white persons and 
black persons. 

The optimal regimen for replacing vi-
tamin D is unclear. Popular approaches  
are to provide replacement with ergo- 
calciferol (D2) at 50,000 IU once or 
twice per week for 8 weeks to 12 
weeks or cholecalciferol (D3) at 2000 
IU/day and maintenance with ergo-
calciferol at 50,000 IU once or twice 
per month or cholecalciferol at 1000 
IU/day to 2000 IU/day. It is of interest 
that a study examining very high re-
placement doses found that they did 
not provide protection from falls or 
fractures. In this study, 2256 women 
aged 70 years or older were random-
ized to receive 500,000 IU of vitamin 
D3 once yearly each fall or to receive 
placebo and were followed up for 
3 years to 5 years.5 After the initial 
spike in vitamin D levels in those re-
ceiving replacement, levels declined 
but remained in the target range of 
30 ng/mL to 50 ng/mL for all or most 
of the year. However, women receiv-
ing the annual high replacement dose 
had a statistically significant 16% in-
crease in risk for falls (hazard ratio 
[HR], 1.16; P = .003) and a borderline 
statistically significant 26% increase 
in risk for fracture (HR, 1.26; P = .06). 
The explanation for this unexpected 
result is unclear, although it may be 
that the body’s response to such a 
large replacement dose is to catabo-
lize the vitamin D and eliminate it 
without sufficient conversion to the 
biologically active 1,25-dihydroxyvita-
min D form.

Dr Brown’s approach to vitamin 
D replacement is to check a patient’s 
25-hydroxyvitamin D levels if BMD is 
low or the patient has a history of falls. 
If levels are greater than 30 ng/mL, the 
patient is given vitamin D3 at 1000 IU/
day. For levels of 20 ng/mL to 30 ng/mL, 
a patient is given vitamin D3 at 2000 
IU/day. For levels of 15 ng/mL to 20 ng/
mL, replacement is given with ergocal-
ciferol at 50,000 IU a week for 8 weeks 
followed by vitamin D3 at 2000 IU/day. 
For levels less than 15 ng/mL, patients 

receive replacement with ergocalciferol 
at 50,000 IU once or twice a week for 8 
weeks to 12 weeks followed by vitamin 
D3 at 2000 IU/day. More aggressive re-
placement should be used if PTH or al-
kaline phosphatase levels are elevated 
or if a patient has signs or symptoms 
suggestive of osteomalacia. 

For management of patient B, plain 
films were taken of the thoracic and 
lumbar spine. The vitamin D defi-
ciency was addressed by ergocalciferol 
replacement with 50,000 IU once a 
week for 12 weeks, followed by vita-
min D3 at 2000 IU/day along with 1000 
mg/day of calcium. He was advised to 
continue exercising but perhaps avoid 
glade skiing. 

Treatment for Low BMD 

If patient B were 71 years old instead 
of 51 years old, there would be greater  
incentive to treat low BMD with a 
bisphosphonate, because the additional 
20 years of age confers a much higher 
risk of fracture at the same BMD value. 
Management in the 71-year-old patient 
B would include calcium and vitamin 
D supplementation, smoking cessa-
tion (if he were still smoking), reduc-
tion in alcohol intake, weight-bearing 
exercise, and assessment of fall risk. 
Fall risk assessment may be as sim-
ple as asking “Are you worried about  

falling?” People can recognize if they 
are at risk for falls and change the way 
in which they move in their environ-
ment. Patients who acknowledge be-
ing afraid of falling and those who are 
otherwise at increased risk should be 
given a referral for physical therapy for 
strength and balance training.

As in the general population, the ini-
tial, preferred treatment for low BMD 
in individuals with HIV infection is a 
bisphosphonate. Women may also be 
treated with selective estrogen recep-
tor modulators, and those with hot 
flashes can be treated with estrogen. 
PTH analogues are an additional op-
tion. Comparative characteristics of 
available bisphosphonates are shown 
in the Table. Alendronate and zoledro-
nate have the best efficacy, reducing 
fracture risk by approximately 30% to 
40%. BMD changes with risedronate 
are less than those with alendronate, 
and ibandronate has not yet been 
shown to reduce the risk of nonverte-
bral fracture. Alendronate is the only 
bisphosphonate currently available in 
generic form and is less expensive. 
Oral bisphosphonates are associated 
with gastrointestinal side effects. Ad-
herence can be an issue, in which case 
the once-yearly zoledronate is an at-
tractive option. 

There is concern about how long 
and how often patients should take 

Table. Comparison of Efficacy, Cost, Adherence, and Associated Adverse Effects 
of Selected Bisphosphonates

Consideration Alendronate Risedronate Ibandronate Zoledronate

Efficacy High Medium Low High

Cost (for 1 year) $350 $1200 $1200 $1100

Level of adherence Low Low Oral: low
Intravenous: high

High

Gastrointestinal 
side effects

Yes (20%) Yes (20%) Oral: yes 
Intravenous: no

No

Osteonecrosis of 
the jaw

Yes Yes Yes Yes

Acute phase 
reaction

No No Oral: no 
Intravenous: yes

Yes 
(approximately 

10%)

Esophageal cancer Unclear Unclear Unclear No

Oversuppression  
of bone turnover

Yes Yes Yes Yes
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bisphosphonates, and when they 
should take a drug holiday from  
treatment. Bisphosphonates suppress 
bone turnover, which is necessary for 
repair of microfractures that can oc-
cur with simple everyday wear and 
tear. As a result, prolonged use of 
bisphosphonates can in rare instances  
result in increased risk of fracture, 
particularly in subtrochanteric areas 
at the top of the femur, below the 
hip. Similarly, all bisphosphonates 
have been associated with osteone-
crosis of the jaw, although this is a 
rare occurrence. Given the potential 
long-term risks, there is some belief 
that patients should be given a drug 
holiday after approximately 5 years 
or after 10 years in those with very 
low BMD. There are also concerns re-
garding atrial fibrillation, acute phase 
reactions with intravenous bisphos-
phonates, and esophageal cancer, al-
though the risks of such effects are 
not yet well defined. 

The 71-year-old patient B is receiving 
tenofovir. Although he has no evidence 
of phosphate wasting, consideration  

might be given to 
drug substitution. Re- 
cent studies have 
shown improvements  
in BMD with substi-
tution for tenofovir 
in patients with low 
BMD (Figure 2). A 
study conducted over 
a 48-week period that 
randomized patients 
to switch from teno-
fovir to abacavir or 
remain on tenofovir 
showed that switch-
ing to abacavir use 
resulted in a marked 
increase in femoral 
neck BMD compared 
with continued teno-

fovir use; no change in lumbar spine  
BMD was seen in those patients 
switching to abacavir and it decreased  
in those who continued tenofovir.6 
In a single-arm study of a nucleo-
side analogue reverse transcriptase– 
sparing regimen, tenofovir was re-
placed with raltegravir, which re-
sulted in marked increases in total 
hip and lumbar spine BMD over the  
48-week study period.7

Conclusions

DEXA screening is recommended in  
HIV-infected men older than 50 
years and HIV-infected postmeno-
pausal women. In general, guide-
lines for treatment of low BMD in 
HIV-infected patients are the same 
as those established for the general 
population. It is important to con-
sider secondary causes of low BMD, 
particularly vitamin D deficiency and 
phosphate wasting. The absolute risk 
of fracture should be used to help 
guide decisions in management and  
treatment.                       

Presented by Dr Brown in April 2013. First 
draft prepared from transcripts by Matthew 
Stenger. Reviewed and edited by Dr Brown in 
July 2013.
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HIV-associated neurocognitive disorder  
(HAND) reflects a spectrum of neuro-
cognitive impairment. Mild neurocog-
nitive disorder (MND) is defined by  
mild to moderate impairment in at 
least 2 cognitive domains on neuro-
psychologic testing and is typically 
associated with mild to moderate im-
pairment of function. HIV-associated 
dementia (HAD) is defined by more se-
vere impairment in at least 2 cognitive 
domains and is associated with more 
severe functional impairment. A third 
entity identified in the research set-
ting is asymptomatic neurocognitive 
impairment (ANI), which is defined 
as any degree of neuropsychologic 
testing impairment in at least 2 cog-
nitive domains but with no identified 
functional impairment. As discussed 
below, however, closer examination 
reveals that functional deficits can be 

Dr Valcour is Professor of Medicine in the 
Department of Neurology and Division of 
Geriatric Medicine at the University of Cali-
fornia San Francisco.

The prevalence of HIV-associated neurocognitive disorder has not changed 
from the pre– to the potent antiretroviral therapy era, remaining at 
approximately 50%. In research settings, mild neurocognitive disorder (MND) 
and so-called asymptomatic neurocognitive impairment (ANI) are now more 
common than HIV-associated dementia. The diagnosis of ANI is misleading 
because functional deficits, when tested in a laboratory, and degree of 
neuropsychologic testing abnormalities are often comparable in patients with 
ANI and those with symptomatic MND. Age-related comorbidities increase 
the risk of cognitive impairment in HIV infection. In a cohort of patients aged 
60 years or older with excellent antiretroviral therapy adherence, correlates 
to cognitive impairment were apolipoprotein (Apo) E4 genotype and a 
novel measure of the effectiveness of antiretroviral drugs in monocytes, the 
monocyte efficacy (ME) score, with trend associations for diabetes and nadir 
CD4+ cell count. Management of impairment includes ensuring that patients 
are on and adhere to antiretroviral therapy and addressing comorbidities. 
Switching from effective and well-tolerated antiretroviral therapy for 
patients with mild cognitive impairment is not routinely recommended, but 
this must still be addressed on a case-by-case basis. This article summarizes a 
presentation by Victor G. Valcour, MD, at the IAS–USA continuing education 
program held in Atlanta, Georgia, in April 2013. 

Keywords: HIV, HIV-associated cognitive disorder, asymptomatic neurocognitive 
impairment, fluctuating cognitive impairment, progression, age-related factors, 
Alzheimer’s disease

Perspective

HIV, Aging, and Cognition: Emerging Issues

identified in most ANI cases when test-
ed in the laboratory. 

Characteristics of HAND

A comparison of data on cognitive di-
agnoses from the pre–antiretroviral 
therapy era with data acquired from 
the CHARTER (Central Nervous Sys-
tem [CNS] HIV Antiretroviral Therapy 
Effects Research) cohort in the current 
era indicates that there has been no 
change in the prevalence of cognitive 
impairment, with neuropsychologic 
testing impairment identified in ap-
proximately 50% of patients in both 
eras. It is estimated that the prevalence 
of HAD has decreased (from 18% to  
 <5%), whereas there is an increased 
prevalence of mild symptomatic im-
pairment (from 12% to 17%) and of ANI  
(from 20% to 28%).1,2

Some of the presentations of HAND 
may be missed by clinicians if they 
focus on pure memory impairment. 
Common cognitive symptoms observ-
ed include deficits in concentration, 

attention, and working memory, for  
example, the inability to juggle numer- 
ous tasks at the same time. Other 
cognitive symptoms include mental 
slowing and decreased comprehen-
sion. Motor components of the dis-
order may also be overlooked; these 
may include changes in gait, poor co-
ordination, and tremor, with patients 
sometimes developing Parkinsonian 
features. Behavioral features com-
monly include apathy and depres-
sion but can also include agitation 
or mania. Although some of these 
behavioral features have been attrib-
uted to stress associated with hav- 
ing a chronic disease, imaging studies 
suggest anatomic correlates in a man-
ner that supports a more direct contri-
bution of HIV infection.3 

Other data from the CHARTER co-
hort reinforce the fact that the proba-
bility of having a cognitive diagnosis is 
clearly associated with the presence of 
comorbidities in the form of confound-
ing factors (Figure 1).2,4 Confounding 
factors may include more overt factors 
such as drug use and less overt fac-
tors such as cerebrovascular disease. 
A high burden of white matter lesions 
on brain magnetic resonance imaging 
is often used as evidence for substan-
tial small vessel ischemic disease, al-
though HIV encephalitis can also cause 
white matter changes. In patients with- 
out confounding or contributing  fac-
tors, the association of low CD4+ cell 
count and high plasma HIV RNA level  
with risk of cognitive diagnosis is more 
evident. 

Determining an accurate incidence 
rate for cognitive impairment and par-
ticularly documenting progression in 
individual patients are hindered by 
fluctuation of impairment, which is 
common. A study comparing cognitive 
trajectories in HIV-infected and HIV-
uninfected individuals showed that 
approximately 30% of HIV-infected 
patients changed cognitive status 
(improving, declining, or fluctuating) 
over time, a rate approximately twice 
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that seen for normal variation among 
HIV-uninfected controls.5 Fluctuation  
of impairment is also suggested by 
findings in an ACTG (AIDS Clinical  
Trials Group) study reported by Rob-
ertson and colleagues. In this study, 
21% of patients without cognitive im- 
pairment at baseline who either switch-
ed from failing antiretroviral therapy 
or started antiretroviral therapy ex-
hibited testing performance in the im-
paired range after 48 weeks of treat-
ment.6 

It is important that clinicians con-
vey to their patients that the course of 
cognitive impairment in HIV infection 
is typically not one of the relentless  
decline typical of neurodegenerative  
disorders such as Alzheimer’s disease, 
which is supported by the fact that 
HAD remains relatively uncommon to-
day. Thus, although many patients are 
afflicted by an irritating inefficiency in 
cognitive abilities, often affecting their 
quality of life and ability to perform 
typical work functions, progression to 
frank dementia is uncommon.

Asymptomatic Impairment

A recent study of more than 1500 com-
munity-dwelling HIV-infected persons 
with access to combination antiretrovi-
ral therapy, not all of whom had sup-
pression of HIV RNA in plasma, showed 
that approximately 70% of those with 
nonconfounded HAND had ANI.4 Al-
though ANI might sound relatively in-
nocuous, it may not be. It is commonly 
recognized that patients with cognitive 
disorders may not retain sufficient in-
sight into their disease to self-report 

cognitive impairment. Yet, they are of-
ten the primary source of information 
about their cognitive symptoms as they 
come to clinical and research visits 
alone. Moreover, many are retired, on 
disability, or underemployed and may 
not have a complete understanding of 
whether they are functioning at their 
full cognitive potential. Further, cogni-
tive changes may be insidious in onset, 
allowing for compensation without full 
awareness of these adjustments. 

Neuropsychologic testing impair-
ments have long been associated 
with functional impairment on tests 
of everyday functioning regardless of 
whether they are symptomatic or not.7 
A recent study involving neuropsycho-
logic testing in persons aged 60 years 
or older in the University of California 
San Francisco (UCSF) HIV Over 60 Co-
hort showed no difference in degree 
of neuropsychologic testing impair-
ment between HIV-infected individuals 
with ANI and those with symptomatic 
impairment (MND or HAD) (Figure 2, 
top).8 In these same subjects and using 
a functional battery consisting of com-
ponents for memory, judgment, driving 
(attention and executive function), bill 
paying (language and calculation), and 
map tasks (spatial ability), there was no 
difference in degree of impairment be-
tween the 2 groups (Figure 2, bottom).8 
Other studies similarly demonstrate 
problems with function related to em-
ployment capacity in subjects with ANI 
and those with MND.9 Imaging studies 
from the UCSF HIV Over 60 Cohort also 
demonstrate broad areas of abnormal 
diffusion tensor imaging (DTI) sugges-
tive of damage to white matter tracts.10 

In unpublished data from these same 
study participants, the DTI abnormal-  
ities correlate well with functional 
deficits regardless of whether subjects 
are symptomatic. Moreover, functional 
testing scores correlate to anatomic 
abnormalities, including the size of the 
corpus callosum, a major white matter 
structure in the brain.11 

Individuals with ANI have a substan-
tial risk of becoming symptomatic over 
time (Figure 3).12 A major challenge 
in assessing and following cognitive 
function in asymptomatic and symp-
tomatic impairment in HIV-infected 
individuals is the adequacy of proxy 
informants. In studies of patients aged 
60 years or older at UCSF, patients are 
required to attend visits with a proxy 
informant or have one available via 
telephone. Although contacting infor-
mants for virtually all control and Alz-
heimer’s disease subjects has been 
possible in this cohort, it has not been 
possible to reach 13% of informants  
for HIV subjects. Further, although ap-
proximately three-fourths of informants 
for control and Alzheimer’s disease sub- 
jects live with the subjects, only 35% of 
HIV subject informants do so. Barriers 
to self-reporting are inherent among 
all subjects with cognitive disorders, 
but HIV patients may also have bar-
riers stemming from stigma and other 
factors that may exacerbate the prob-
lem of acquiring accurate real-time as-
sessments of functional capabilities.

Aging

By simply extrapolating data published 
by the Centers for Disease Control and 
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Prevention (CDC), one can estimate 
that by 2017, 50% of HIV-infected indi-
viduals in the United States will be aged 
50 years or older. The aging of the HIV-
infected population, in association with 
effective antiretroviral therapy, might 
seem to be a phenomenon limited to 
developed countries, but this is not the 
case. In some areas of Africa, 5% to 
greater than 15% of individuals with 
HIV infection are older than 50 years.13 

In the United States, most of the 
HIV-infected patients older than 50 
years have been living with infection 
for a long time, with only approximate-
ly 11% acquiring infection after the age 
of 50 years. In the United States, many 
of these patients have polypharmacy 
and multimorbidity characterized by 
the interaction of comorbidities. By 
virtue of long-standing survival with 
HIV infection, often despite the death 
of their peers during a time when less 
optimal treatment options existed, 
these patients have characteristics of 

a survival cohort. This 
confounds the ability 
to understand risk fac-
tors for complications 
as this feature intro-
duces heterogeneity. Al-
though advancing age 
is consistently associ-
ated with declining 
cognitive performance 
in HIV infection, early 
data from the UCSF 
HIV Over 60 Cohort—
ANI in 42%, MND in  
53%, and HAD in 5%— 
do not appear to iden-
tify higher rates of im-
pairment than rates 
published from young-
er populations.11 Aside 
from survival influen-
ces, these rates may 
also be influenced by 
very high adherence 
to antiretroviral ther-
apy and may thus dif-
fer from the younger 
CHARTER cohort. 

In the UCSF HIV 
Over 60 Cohort, pre-
dictors of cognitive im- 
pairment consist of apo-

lipoprotein (Apo) E4 genotype and 
the monocyte efficacy (ME) score, a 
novel measure of the effectiveness 
of antiretroviral drugs in monocytes,14 
with trend associations noted for  
diabetes and nadir CD4+ cell count. 
The ME score was recently defined 
to address the likely 
neuropathogenic mech- 
anisms of infected mono- 
cytes trafficking virus to 
the brain as a substrate 
for cognitive impairment 
and appears to be in-
dependent of the CNS  
Penetration Effectiveness 
Score (CPE).14,15 Factors 
not correlated with im-
pairment include age 
(all patients were old-
er than 60 years) and 
duration of HIV infec-
tion, current CD4+ cell 
count, plasma HIV RNA 
level (although most 

patients were fully suppressed), cardio- 
vascular risk factors other than diabetes, 
and CPE score. 

There is reason to be cautious about 
the utility of the CPE score in predicting 
outcomes or modifying approaches to 
antiretroviral therapy. Although limited 
by enrollment challenges, 2 random-
ized studies evaluated intensification 
of antiretroviral therapy based on CPE 
and neither supported the efficacy of 
this strategy.16,17 One of these studies 
found worse outcomes with intensi-
fication for higher CPE. Findings such 
as these should lead to some skepti-
cism with regard to changing regimens 
in patients with chronic, although pos-
sibly fluctuating, impairment. Cur-
rently, there are no data to support 
such a strategy as a means of prevent-
ing cognitive impairment. One must 
also consider that such strategies may, 
in fact, cause harm in patients who 
are otherwise tolerating or doing well 
on their existing regimen as it could 
expose them to new toxicities or im-
pact adherence. 

However, it is important to recognize 
that there have been clear cases of CNS 
escape, a phenomenon whereby HIV 
RNA is detectable in cerebrospinal 
fluid (CSF) when it is below the level 
of detection in plasma.18 Such escape 
with concurrent clinical consequences 
seems to be relatively rare. Neverthe-
less, it complicates the approach to the 
evaluation of patients with cognitive 
disorders in HIV infection and neces-
sitates a case-by-case evaluation. 

Figure 2. Similar deficits in patients with asymptomatic neu-
rocognitive impairment (ANI) and symptomatic impairment on 
neuropsychologic testing performance (mild neurocognitive 
disorder [MND] and HIV-associated dementia combined) in the 
University of California San Francisco (UCSF) HIV Over 60 Cohort  
(top). Similar deficits on functional performance among patients  
with ANI and MND (bottom). Adapted from Chiao et al.8
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Are HIV-Infected Patients at Risk for 
Early Alzheimer’s Disease? 

It is not yet known whether HIV-infected  
persons are at risk for early Alzhei-
mer’s disease or a course of disease 
that is more aggressive. Many factors 
are at play in older patients that can 
contribute to cumulative brain dam-
age and the clinical presentation of 
cognitive, behavioral, and motor dis-
orders, including such potential age-
related factors as neurodegenerative 
disorders, chronic immune activation, 
cumulative cerebrovascular comor-
bidities, and chronic exposure to an-
tiretroviral agents. Studies have shown 
that amyloid burden in the brain in-
creases with duration of HIV infection 
and appears greater among patients 
receiving antiretroviral therapy than 
in patients treated prior to the po-
tent antiretroviral therapy era.19,20 Al-
though these findings are worrisome, 
the characteristics of these amyloid 
changes are not typical of the neuritic 
plaques seen in Alzheimer’s disease.

More recently, novel brain imaging 
techniques have been used to investi-
gate amyloid burden. One study using 
the Pittsburgh Compound B (PiB) amy-
loid biomarker noted no increase in 
amyloid among predominantly young-
er and cognitively normal HIV-infected 
subjects, whereas another study noted 
changes in CSF biomarkers that mim-
icked some characteristics of Alzhei-
mer’s disease patients.21,22 Data from 
another, very small study have sug-
gested that HIV-infected subjects with 
cognitive impairment have somewhat 
elevated brain amyloid compared with 
HIV-infected subjects without impair-
ment, but this work requires confirma-
tion in larger studies.23 

Reports on the role of Apo E4, an 
Alzheimer’s disease risk factor, in HIV 
have been mixed, and Apo E4 appears 
to be more relevant in older age.24 After 
adjustment for CD4+ cell count, nadir  
CD4+ count, duration of HIV infection,  
and plasma HIV RNA level, patients 
positive for Apo E4 in the UCSF Over 
60 Cohort had substantially great-
er deficits in global, psychomotor,  
and executive functions on neuropsy- 
chologic testing (Figure 4).25 Although 

such findings suggest 
that cognitive impair-
ment in HIV infec-
tion may share some 
pathways with Alz-
heimer’s disease, it 
should be noted that 
the presence of Apo 
E4 has also been as-
sociated with poorer 
outcomes in a variety 
of cases, including 
cognitive problems 
associated with head 
injury. 

Conclusions

HAND remains frequent despite the 
use of antiretroviral therapy. Asymp-
tomatic cognitive impairment may 
not in fact be silent. Comorbid ill-
nesses are important contributors to 
impairment, particularly in older age. 
To date, there are insufficient data to 
determine whether older HIV-infected 
patients are at increased risk of Alz-
heimer’s disease.

The single most important interven-
tion in managing cognitive impairment 
remains to ensure that patients are on 
antiretroviral therapy and are adher-
ent to treatment, with suppression of 
HIV RNA in plasma. In patients not on 
treatment, the presence of cognitive 
impairment indicates that antiretroviral 
therapy is necessary. In most cases of 
cognitive impairment, there are insuffi-
cient data to support a standard empiric 
change in antiretroviral therapy if the 
current regimen is tolerated and plasma 
HIV RNA is maximally suppressed. How-
ever, cases of CNS escape have been de-
scribed, necessitating an elevated index 
of suspicion and case-by-case manage-
ment. In particular cases, lumbar punc-
ture may be used to determine whether 
HIV RNA is detectable in cerebrospinal 
fluid, and in these cases, changing the 
antiretroviral therapy regimen to target 
this discordance is required. In ad-
dition, it is crucial to address comor-
bidities in patients with impairment,  
including drug or alcohol use, depres-
sion, and cerebrovascular risk factors. 

At present, there are insufficient 
data to support the use of medications 

indicated for Alzheimer’s disease, such 
as acetylcholinesterase inhibitors. One 
study failed to identify benefit for mem- 
antine, another drug approved for use 
in Alzheimer’s disease.26 

Exercise is a reasonable recom- 
mendation for all HIV-infected patients 
based on knowledge evidencing benefit 
for cognitive disorders in HIV-uninfect-
ed patients.27 It can be beneficial for 
the psyche, helps with depression, gets 
people out of the house, and may re-
duce cerebrovascular risk factors. Cog-
nitive stimulation may also have a role. 
Activities that patients find enjoyable, 
such as taking a course, learning some-
thing new, and being involved in an 
active social environment, are an easy 
way to introduce this and may provide 
a great deal of cognitive stimulation. In-
formation on the potential benefits of 
formal cognitive stimulation exercises 
is emerging. Head-to-head compari-
sons of engaging in computer-based 
formal activities versus stimulating dai-
ly life activities are needed.                

Presented by Dr Valcour in April 2013. First 
draft prepared from transcripts by Matthew 
Stenger. Reviewed and edited by Dr Valcour 
in June 2013.

Financial Affiliations: Dr Valcour has no rel-
evant financial affiliations to disclose.
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Conference on Retroviruses and Opportunistic Infections (CROI) 2014

The	Conference	on	Retroviruses	and	Opportunistic	Infections	(CROI)	 
Scientific	Program	Committee,	the	CROI	Foundation,	and	the	IAS–USA	 
are	pleased	to	announce	that	the	21st	CROI	will	be	held	in	Boston, MA, 
from March 3 to March 6, 2014.

n  CROI	is	a	unique	forum	that	allows	basic	scientists,	clinical	researchers,	and	 
 epidemiology/public health researchers to present, critique, and discuss research  
 and new findings in the field of human retrovirology and related diseases, with  
 an emphasis on HIV.

n  Important	information	about	CROI	2014,	including	key	deadlines,	can	be	found	 
 on the new website www.CROI2014.org.

n  	As	the	conference	begins	its	third	decade,	the	CROI	Foundation	is	moving	forward	 
 with plans for new features and partnerships for 2014 and beyond.

n   As always, attendees can expect a comprehensive array of the finest and most  
 leading-edge reports on the state of the science addressed in plenaries, symposia,  
 oral abstracts, poster presentations, and discussion forums, along with webcasts  
 and published accounts available online after the conference.

n  Details about the conference will be posted at www.CROI2014.org as soon as  
 they become available.
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