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Objectives ~ the state of the HIV epidemic and 
changing concepts of neuropathogenesisof HIV-

associated neurocognitive disorders

ÅChanging epidemiology in US and globally

ÅEvolving concepts in HIV neuropathogenesis

Å Implications for research ~ addressing the 
therapeutic gap



Implications for researché..

Å HIV Associated NeurocognitiveDisorder [HAND] persists despite ARV

Å The phenotype of HAND may be changing: less severe dementia with 
marked motor signs; more milder cognitive disturbances

Å Neuropathology in HAART era: less OI, neuronal loss, gliosis, microglial
activation; synaptodendriticdamage persists

Å Long term survival with chronic immune activation, aging in HIV+ associated 
with increased likelihood of abnormal protein deposition in brain

Å Increasing salience of comorbidconditions: age related metabolic changes 
[eg. insulin resistance], hypertension, mitochondrial aging, substance abuse, 
viral coinfections[HCV], toxicity of ARVs

Å Continued need for robust biomarkers of HAND predisposition, detection, 
and monitoring. 

Å Opportunities and challenges for research in resource-limited settings: need 
for norms for NP tests



Targets of antiretrovirals



2000 2001 2002 2003 2004 2005 2006 2007 2008

MSM 14.2 13.2 14.2 16.3 22.7 21.5 22.4 31.2 32.2

IDU 52.7 57.4 52.8 50.6 44.9 44.0 42.7 36.8 30.8

HetSex 30.3 26.2 29.8 29.5 29.8 31.4 30.2 29.8 34.3

MSM/IDU 2.3 2.7 2.9 3.2 2.2 3.1 4.4 2.0 2.3

Other 0.5 0.6 0.2 0.4 0.4 0.0 0.3 0.3 0.5
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Baltimore: the changing epidemic ~ MSM rates have 
doubled in past decade, while IDU rates have halved



Early vs. deferred treatment for HIV 
infection ?

Time to AIDS progression or death.
HR=0.53 Early versus Deferred ART [95%CI 0.30ς0.92 p=0.023].

ZolopaA. et al.  PLoSONE. 2009; 4(5): 
e5575

69% increased mortality 
for those who deferred 
until CD4 <350



Worldwide, only 15% of 39m HIV-infected are being 
ǘǊŜŀǘŜŘΧΧ
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The old daysé.frequency of clinical 

features in JHU HIV-D cases (n=300)

8



Hierachyof HAND



¢ƻŘŀȅΧΦŎƘŀƴƎŜǎ in HIV dementia with 
HAART

5 months mean survival in 1993-1995 
to 38.5 months in 1996-2000. 

(Dore, AIDS 2003)

Before HAART:
ωΨ{ǳō-ŎƻǊǘƛŎŀƭΩΥ ŀǇŀǘƘȅ ŀƴŘ ǎŜǾŜǊŜ ǇǎȅŎƘƻƳƻǘƻǊ ǎƭƻǿƛƴƎΣ 
memory loss. Typically progressive. 
ωMultinucleated giant cell encephalitis with neuronal loss.

After HAART: 
ωaƛȄŜŘ ΨŎƻǊǘƛŎŀƭ ŀƴŘ subcorticalΩ ŦŜŀǘǳǊŜǎΣ ǿƛǘƘ ƳƛƭŘŜǊ 
phenotype and frequent transitions and reversals. 
ωSynaptodendriticinjury with less CNS HIV replication.



Changing prevalence of HAND
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Modified from Heaton R., et al: HIV-associated neurocognitive disorders (HAND) persist in the era of potent antiretroviral 
therapy: The CHARTER Study; and Heaton R., J Int NeuropsycholSoc. May 1995;1(3):231-251)).



HAND is relatively refractory to HAART
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Longitudinally preserved psychomotor performance in long-term asymptomaticHIV-infected individuals 
Cole, M et al. Neurology. 69(24):2213-2220, December 11, 2007.

Adjusted geometric means of Trail Making Test A, Trail 
Making Test B, and Symbol Digit Modalities test raw score by 
MACS visit  

Trail Making Test A (top panel)
Trail Making Test B (middle panel)

Symbol Digit Modalities (bottom panel) 

Solid line = long-term disease non-progressors(LTDNP) who 
have not received HAART (n=29)

Line with long dashes = HIV-positive participants receiving 
HAART with long-term undetectable viral loads (n=83)

Line with short and long dashes = HIV-positive participants 
who were healthy  and CD4/AIDS-free (n=233)

Gray shaded area covers the adjusted geometric means of 
HIV-negative group obtained from the three separate 
analyses (n=237)
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Prevalence of HIV-associated neurocognitive disorders in complaining 
and noncomplainingaviremicHIV-positive patients

Cognitive dysfunction in HIV 
patients despite long-
standing suppression of 
viremia.
Simioni, S., et al

AIDS. 24(9):1243-1250, June 
1, 2010.
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Neurologic disease burden in treated HIV/AIDS predicts survival: A 
population-based study
Vivithanaporn, P et al Neurology. 75(13):1150-1158, 2010.

The risks of distal sensory polyneuropathy 
(DSP), HIV-associated neurocognitive 
disorders (HAND), movement disorders, 
seizure, and CNS opportunistic infection 
(CNS-OI) were greater among persons with 
baseline and nadir CD4+ T-cell levels below 
200 cells/mm3



Neurologic disease burden in treated HIV/AIDS predicts survival: A 
population-based study
Vivithanaporn, P et al Neurology. 75(13):1150-1158, 2010.

HAND increased the risk of mortality by 
approximately 3-fold, after accounting for 
demographic, immunologic, and virologic
variables.

Why do people with HAND die at higher 
rates ?



Pathological findings in the central nervous system of 
AIDS patients on antiretroviral therapeutic regimens: 

retrospective study of 1597 autopsies
(AIDS, 2002  Vago, L. et al)

ÅEpochs studied: 
ï1984ς1987, no therapy: 54%

ï1988ς1994, monotherapy: 32%

ï1995ς1996, dual combination therapy: 18%

ï>1996, triple combination therapy: 15%

ÅThe prevalence of HIV-encephalitis, with 
or without OI, was significantly reduced 
in the subsequent three periods. 



Is inflammation persistent within the 
/b{ΧŀƴŘ ǿƘȅ Κ 

ÅGisslenM. et al: neopterin elevated in 60% 
even after years of HAART-induced aviremia

ÅNguyen T.:the role of the 
immunoproteasome

ÅLi et al. 2008: high levels of oxidative stress



Bact Sepsis HIVE+HIVDHIV+

Oxidative and nitrosativestress in HIV encephalitis 
and dementia(Turchanet al., 2003; Haughey et al, 2004; WenxueLi et al. 2008)

Immunostainingfor 
hydroxynonenal, a marker of 
lipid peroxidation: prominent in 
HIV dementia

CSF

HIVE MNGCPerivascularNeurons/glia


