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The rates of reported HIV-associated cen-
tral nervous system (CNS) complications 
have declined since the advent of potent 
antiretroviral therapy (Figure 1). Although 
our progress is impressive, a close look 
shows that HIV-associated neurocogni-
tive disturbance is still an important 

issue despite the vast clinical improve-
ments achieved with antiretroviral treat-
ment. Systematic evaluation of more 
than 1000 clinic patients in the CNS HIV 
Antiretroviral Effects Research (CHAR-
TER) cohort shows that neurologic im-
pairment is present in 50% or more, a 
rate comparable to that in the pre–an-
tiretroviral era (Figure 2). Many factors 
likely contribute to ongoing neurologic 
complications despite the ability of cur-
rent drugs to profoundly suppress viral 
replication. These factors include ongo-

ing viral replication and immune activa-
tion in the CNS, comorbid factors like 
the use of both nonprescription and pre-
scription drugs, perhaps including anti-
retroviral drugs, coinfections like with 
hepatitis B and C, and genetic influences 
of both the virus and the host. 

Neuronal	Loss	and	Astrocyte	
Activation	and	Inflammation

Cross-sectional studies in the pre–po-
tent antiretroviral era showed a correla-
tion between cerebrospinal fluid (CSF) 
viral load and degree of cognitive im-
pairment (Brew et al, J	Infect	Dis, 1997; 
Ellis et al, Ann	Neurol, 1997; McArthur 
et al, Ann	Neurol, 1997; Letendre et al, 

Despite the ability to suppress viral replication with antiretroviral therapy, 
HIV-associated neurocognitive disturbances can still be detected in nearly 
half of patients. Neurologic dysfunction before initiating or in the absence 
of antiretroviral treatment is primarily the result of neuronal dysfunction 
or loss from direct viral effects, whereas that in patients receiving antiret-
roviral therapy appears to be associated at least in part with inflammation 
driven by chronic low-level infection. Contributing factors may include ge-
netic differences in HIV and human hosts and aging of patients. This article 
summarizes a presentation on HIV-associated neurocognitive disorder made 
by David B. Clifford, MD, at an International AIDS Society–USA Continuing 
Medical Education course in New York in October 2007. The original presen-
tation is available as a Webcast at www.iasusa.org. 

Dr Clifford is a Melba and Forest Seay Pro-
fessor of Clinical Neuropharmacology in 
Neurology at Washington University School 
of Medicine in Saint Louis, MO. 

Perspective

HIV-Associated	Neurocognitive	Disease	Continues	in	the	
Antiretroviral	Era

Figure 1. Rates of central nervous system (CNS) complications in HIV infection since the ad-
vent of potent antiretroviral therapy (arrow). N. Sacktor, MD, written communication, 2007.
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Figure 2. Percentages of subjects with HIV-as-
sociated neurocognitive disturbance before 
(Grant and HNRC) and after (CHARTER) the 
advent of potent antiretroviral therapy ac-
cording to US Centers for Disease Control and 
Prevention category (CDC-A,-B, and -C) for 
HIV disease. HIV- indicates rates of neurocog-
nitive disturbance in cohort subjects without 
HIV infection; HNRC, HIV Neurobehavioral 
Research Center; CHARTER, Central Nervous 
System HIV Antiretroviral Effects Research. 
Adapted from data courtesy of I. Grant, MD, 
for the HNRC and CHARTER groups. 
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Ann	 Neurol, 2004). More recent data 
have shown that virologic suppression 
in the CSF with antiretroviral treatment 
is associated with significant improve-
ment in function. However, patients on 
antiretroviral treatment with suppres-
sion of HIV RNA levels in the CSF to 400 
copies/mL or below can still develop 
HIV cognitive impairment (Clifford et 
al, Neurology, 2002), suggesting that on-
going damage resulting from immune 

activation driven by chronic low-level 
infection may account for continued 
neurologic complications in the potent 
antiretroviral era.

Many antiretroviral agents exhibit 
poor CSF and brain penetration (Tables 
1, 2). Some of the older drugs have bet-
ter CNS penetration, and many agents 
included in the more potent newer regi-
mens penetrate poorly. CCR5 antago-
nists are an exception among the newer 
agents, although use of these agents in 
patients with HIV dementia is likely to 
be limited by the fact that such patients 
typically have more advanced disease 
and are thus more likely to have dual- or 
mixed-tropic virus that is insensitive to 
CCR5 antagonism. Through work with 
the CHARTER cohort, Letendre and col-
leagues have developed a CNS penetra-
tion effectiveness (CPE) scoring system 
for antiretroviral drugs (Table 3). Many 
drugs used in patients who have expe-
rienced multiple drug failures are in the 
poorest penetration group (score 0), and 
some of those with the best penetration 
(score 1) are no longer widely used. A 
study of CHARTER cohort patients with 
plasma HIV RNA levels of less than 50 
copies/mL was performed using an ul-
trasensitive assay capable of detecting 
virus in CSF to the level of 2.5 copies/
mL. Patients with CSF viral loads below 
the assay detection limit were receiving 
antiretroviral therapy with a CPE score 
of 2.0 (eg, 2 drugs from Table 3 with 
scores of 1), whereas patients with HIV 
RNA levels of 2.5 to 50 copies/mL were 
receiving treatment with a CPE score of 
1.25 (P = .005) (Letendre, CROI, 2007). 
Thus, low-level viral replication is likely 
to be occurring in many patients with 
apparent suppression on antiretroviral 
therapy and may account for ongoing 
neurologic damage. 

After entry into the CNS via mono-
cytes, HIV could impair or kill neurons by 
viral replication or by toxic effects of HIV 
gp120 and Tat proteins on these cells. 
Although current antiretroviral drugs 
can inhibit viral replication to low lev-
els, low-level replication may still cause 
dysfunction of nerve cells via ongoing 
inflammatory response and astrocytic 
gliosis, mediated, for example, by tumor 
necrosis factor α and monocyte chemo-
tactic protein 1 (MCP-1). This protein is 

potent in attracting inflammatory cells 
into infected organs and has high levels 
of expression in the brain. In a study 
by Chang and colleagues (Chang et al, 
Antivir	 Ther, 2004), CSF MCP-1 levels 
were higher than serum MCP-1 levels 
at baseline in antiretroviral drug-naive, 
HIV-infected individuals (Table 4); initia-
tion of antiretroviral treatment resulted 
in reduction of CSF viral load but not 
to undetectable levels, and MCP-1 levels 
were reduced in both serum and CSF 
but remained relatively elevated in CSF. 
Using particular metabolites detected 
by magnetic resonance spectroscopy 
to characterize neuronal damage ver-
sus the glial activation and inflamma-
tory component of cell dysfunction (a 
technique termed principal component 
analysis), these investigators found a 
statistically significant inverse relation-
ship (r = -0.59; P = .0008) between 
neuronal damage (neuronal compo-
nent) and MCP-1 level in the brain be-
fore treatment and no such relationship 
after treatment. They also found a sta-
tistically significant positive correlation 
(r = 0.70; P = .0002) between MCP-

Table 1. Cerebrospinal Fluid Penetration of 
Established or Discontinued Antiretroviral 
Drugs

CSF: Plasma Ratio

nRTIs

Abacavir 0.3-0.42

Didanosine 0.16-0.19

Emtricitabine 0.04

Lamivudine 0.11

Stavudine 0.16-0.97

Tenofovir <0.05

Zalcitabine* 0.09-0.37

Zidovudine 0.3-1.35

Fusion Inhibitor

Enfuvirtide NA

NNRTIs

Delavirdine 0.02

Efavirenz 0.01

Nevirapine 0.28-0.45

PIs

Amprenavir* <0.05

Atazanavir 0.0021-0.0226

Fosamprenavir <0.05

Indinavir 0.02-0.76

Lopinavir <0.05

Nelfinavir <0.05

Ritonavir <0.05

Saquinavir <0.05

CSF indicates cerebrospinal fluid; nRTI, 
nucleoside (or nucleotide) analogue 
reverse transcriptase inhibitor; NA, not 
available; NNRTI, nonnucleoside analogue 
reverse transcriptase inhibitor; PI, protease 
inhibitor. Asterisk indicates no longer on 
the market. Adapted from Simpson, Clin 
Care Options, HIV, 2008.

Table 2. Cerebrospinal Fluid Penetration 
of Newer and Investigational Antiretroviral 
Drugs

Estimated Penetration

nRTIs

Dexelvucitabine  
(D-d4FC)* Intermediate

SPD754* Intermediate

Fusion/Entry Inhibitors

Maraviroc Intermediate to higher

Vicriviroc* Higher

NNRTIs

Capravirine* Lower

Etravirine Lower

PIs

Darunavir Intermediate to higher

Tipranavir Lower

nRTI indicates nucleoside analogue reverse 
transcriptase inhibitor; NNRTI, nonnucleo-
side analogue reverse transcriptase inhibi-
tor; PI, protease inhibitor. Asterisk indicates 
investigational drug. Based on evaluation 
of S. Letendre, MD.
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1 level and glial activation (glial com-
ponent) after antiretroviral treatment, 
with no correlation before treatment. 
Findings like these support a scenario 
in which neurologic dysfunction before 
initiating or in the absence of antiret-
roviral treatment is predominantly as-
sociated with neuronal loss caused by 
direct viral mechanisms, whereas such 
dysfunction in patients on antiretroviral 
therapy is associated with chronic cellu-
lar activation and consequent dysfunc-
tion of nerve cells (Figure 3). 

Virus	and	Host	Genetic	Factors

Areas of the world in which the HIV 
clade C variant is predominant (eg, 
parts of Africa), appear to have a lower 
frequency of HIV-related neurotoxicity 
than do areas where clade B infection 
predominates (eg, the United States). 
Recent studies indicate that the Tat 
protein in clade C virus may be less di-
rectly toxic to neural cells than that in 
clade B virus and is associated with re-
duced production of MCP-1 from astro-
cytes (Mishra et al, Ann	Neurol, 2008).  

Some evidence also suggests that 
human genetic variation is associated 
with a predisposition to neurologic 
complications. For example, 1 study 
showed that patients with a specific 
MCP-1 genotype had a 4.5-fold in-

crease in risk of HIV-associated de-
mentia; the genotype was associated 
with increased transcriptional activity 
for MCP-1 and greater tissue infiltra-
tion of monocytes (Gonzalez et al, Proc	
Natl	Acad	Sci	USA, 2002). 

Aging	and	Amyloid	

With antiretroviral therapy, patients are 
living longer, and increasing age has 
consistently been a risk factor for devel-
opment of HIV-associated cognitive im-
pairment. This observation has led to 
consideration of the possible relation-
ship between HIV-associated dementia 
and dementia of Alzheimer type (DAT). 

Recent investigations have shown that 
β-amyloid deposition, which accounts 
for DAT senile plaques, can be identified 
in approximately half of HIV-seroposi-
tive patients’ brains, both in plaques 
and in intraneuronal locations (Green 
et al, AIDS, 2005). The β-amyloid depo-
sition is likely multifactorial. A chronic 
inflammatory state may create an envi-
ronment conducive to augmented am-
yloid-associated toxicity. Antiretroviral 
treatment may predispose the patient 
to amyloid deposition, both by facili-
tating aging and by causing metabolic 
toxicity and ubiquitin-proteosome dys-
function. Tat protein toxicity may also 
be associated with amyloid deposition. 
This concept is supported by the re-
sults of an in vitro study, which showed 
that Tat markedly inhibits neprilysin, a 
neuronal endopeptidase that degrades 
β-amyloid (approximately 80% or great-
er inhibition at Tat concentrations of 
10-100 ng/mL; Rempel and Pulliam, 
AIDS, 2005). 

In normal metabolism, amyloid is 
constantly turned over in the brain and 
leaches into the CSF. When concentra-
tions in the brain are elevated, the am-
yloid aggregates into plaques. In DAT 
patients, high levels of brain amyloid 
(measured as Pittsburgh compound B 
binding) are correlated with low levels 
of β42-amyloid in the CSF (regardless 
of clinical status), and normal controls 
have higher CSF amyloid levels (Fagan, 
Ann	 Neurol, 2006; Fagan et al, Arch	
Neurol, 2007). In a study of 50 non-HIV-
infected controls (clinical dementia rat-
ing [CDR] = 0), 71 subjects with DAT 

Table 3. Antiretroviral Central Nervous System Penetration Effectiveness Scores Derived from 
the CHARTER Cohort

Increasing CNS Penetration →

0 0.5 1

nRTIs Didanosine
Tenofovir

Zalcitabine*

Emtricitabine
Lamivudine
Stavudine

Abacavir
Zidovudine

NNRTIs Efavirenz Delavirdine
Nevirapine

PIs Nelfinavir
Ritonavir 

Saquinavir
Saquinavir/r
Tipranavir/r

Amprenavir*
Atazanavir 

Fosamprenavir
Indinavir

Amprenavir*/r

Atazanavir/r 
Fosamprenavir/r

Indinavir/r
Lopinavir/r

Other Enfuvirtide

CHARTER indicates Central Nervous System HIV Antiretroviral Effects Research; CNS, central 
nervous system; nRTI, nucleoside analogue reverse transcriptase inhibitor; NNRTI, nonnu-
cleoside analogue reverse transcriptase inhibitor; PI, protease inhibitor; r, ritonavir. Asterisk 
indicates no longer on the market. Adapted from Letendre et al, CROI, 2006. 

Table 4. Effect of Antiretroviral Treatment on Viral Load and Monocyte Chemotactic Protein 
1 Level

Antiretroviral Therapy– 
Naive Subjects 

with Follow-up (n = 31)

3 Months after  
Antiretroviral 

Treatment (n = 31)

CD4+ count (cells/µL) 183 (26)a 310 (34), P < .0001

Plasma HIV RNA level (copies/mL) 187,727 (49,527) 1163 (629), P = .0004

CSF HIV RNA level (copies/mL) 7500 (1626) 235 (134), P = .0002

Serum MCP-1 level (pg/mL) 541 (102) 285 (47), P = .005

CSF MCP-1 level (pg/mL) 637 (81) 410 (36), P = .009

aData are mean (standard error). CSF indicates cerebrospinal fluid; MCP-1, monocyte che-
motactic protein 1. Adapted from Chang et al, Antivir Ther, 2004.

Michelle Tayag
Web version as corrected July 8, 2009



97

HIV Neurology        Volume 16 Issue 2  June/July 2008

(CDR = 0.5/1), and 40 HIV-infected 
subjects (29 with minor cognitive mo-
tor disorder, 11 with HIV-associated 
dementia), Dr Clifford’s group found 
that CSF β42-amyloid levels in patients 
with HIV-associated neurocognitive 
disorder were similar to those in DAT 
subjects and statistically significantly 
lower than those of controls (Figure 4). 
Tau protein CSF levels, which are also 
elevated in DAT, were not elevated in 
HIV-infected subjects, showing that the 
condition present in the HIV-associated 
disorder is not the same as DAT but 
nevertheless appears to involve amy-
loid metabolism.

What	Should	Be	Done?

As HIV practitioners, we must be aware 
of possible ongoing disruption of neu-
rocognitive function in our patients 
who otherwise appear to be doing well 
and to the potential for HIV-related 

neurologic damage in the HIV-infected 
population as a whole. Optimization of 
HIV therapy in this regard may include 
starting antiretroviral treatment early 
enough to avoid neuronal loss and us-
ing viral control in the CNS as an ef-
ficacy measure. Good CNS penetration 
does not appear to have been a goal 
of recent antiretroviral drug develop-
ment, and we need to support efforts 
to decide if brain penetration is a cru-
cial component in the design of ther-
apy. We should also encourage further 
research to develop effective means to 
protect the brain from alternate path-
ways of damage. New therapies for 
amyloid toxicity are being developed, 
and these may eventually play a role 
in the treatment of HIV-associated de-
mentia. A current AIDS Clinical Trials 
Group (ACTG) study (A5235) is assess-
ing the effects of minocycline (a tetra-
cycline-class antibiotic) in patients with 
HIV-related cognitive impairment. This 

drug has been shown to protect against 
encephalitis in the simian immunodefi-
ciency virus model in association with 
dramatically reduced MCP-1 levels; 
potential beneficial effects include an 
anti-inflammatory and neuroprotective 
effect via suppression of p38 mitogen-
activated protein kinase, antioxidant 
and antiapoptotic effects, inhibition of 
matrix metalloproteinases that may 
damage the blood-brain barrier, as well 
as a possible antiviral effect. 

Presented	 by	 Dr	 Clifford	 in	 October	 2007.	
First	draft	prepared	from	transcripts	by	Mat-
thew	Stenger.	Reviewed	and	edited	by	Dr	Clif-
ford	in	May	2008.

Dr	Clifford	received	grants	and	research	sup-
port	 from	Bavarian	Nordic,	NeurogesX,	No-
vartis	Pharmaceuticals,	Corp,	Ortho	Biotech	
Products,	LP,	Pfizer	Inc,	Savient	Pharmaceu-
ticals,	Inc,	Schering-Plough	Corp,	and	Tibotec	
Therapeutics.	He	served	as	a	consultant	to	or	
was	on	the	speakers’	bureaus	of	Biogen	Idec,	
Elan	 Corp,	 Forest	 Laboratories,	 Genentech,	
Inc,	Genzyme	Corp,	GlaxoSmithKline,	Millen-
nium	 Pharmaceuticals,	 Inc,	 Novartis	 Phar-
maceuticals	 Corp,	 Roche	 Pharmaceuticals,	
and	Schering-Plough	Corp.	

Figure 4. Cerebrospinal fluid (CSF) β42-amy-
loid (top) and Tau protein (bottom) levels in 
dementia of Alzheimer type (DAT) subjects, 
non-HIV-infected controls, and patients 
with HIV-associated neurocognitive disorder. 
Adapted from Clifford et al, IAC, 2007. 
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Figure 3. HIV neuropathogenesis. Circled area indicates inflammatory factor–driven neuro-
toxicity that appears to account for ongoing dysfunction during antiretroviral therapy. MMP 
indicates matrix metalloproteinases; TNF-α, tumor necrosis factor α; PGE2, prostaglandin 2. 
Adapted from Jones and Power, Neurobiol Dis, 2006. 
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