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AIMS of ARV THERAPY in the CNS

1. complete control of HIV-1 tissue replication

(perivascular macrophages, microglia, astrocytes)

2. stop cytokines production

3. reverse neuronal damage (?) 

4. reverse brain atrophy (????)

5. ameliorate neurocognitive function

1. undetectable brain HIV RNA (?)/ CSF HIV RNA

2. normalize brain/CSF markers

3. normalize brain/CSF markers – MRI 
Spectroscopy

4. normalize MRI

5. normalize NPS tests

Targets of ARV THERAPY in the CNS



Brain HIV RNA

Wiley CA, et al. Brain Pathol, 1998; Ellis RJ, et al. CROI 2005
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Table 1. Subject characteristics.

Demographics Clinical Characteristics

Age, yrs* 42.1 (34.8 - 48.4) CD4 Count* 59 (8 - 178)

PL RNA (log10)* 4.8 (3.7 – 5.6)

2.3 (1.9 - 3.5)

11/20 (61%)

25 (96%)

15(9-28)

1 (0 - 2)

*Median (IQR), 1n=20

CSF RNA (log10)*

On HAART

AIDS

AM-PM Interval (wks)*

CSF WBC*,1

Education, yrs* 13 (12 - 14)

Ethnicity:

White 18 (69%)

Black 3 (12%)

Other 5 (19%)

Male 21 (81%)

Figure 3. Schematic of CSF - brain and blood - lymphoid tissue relationships.

AbstractAbstract

Although numerous investigations have employed cerebrospinal fluid 

(CSF) HIV RNA levels as a surrogate measure of the magnitude of viral 

replication in brain parenchyma, direct comparisons of viral load in CSF and 

brain tissue have been reported previously for only 22 patients. In 26 subjects 

who had undergone both ante-mortem (A-M) clinical and post-mortem (P-M) 

neuropathological assessments, we measured HIV RNA by RT-PCR in A-M CSF 

and plasma as well as P-M frontal cortex (FC) and subcortical white matter 

(SCWM). The median interval between A-M and P-M evaluations was 15 weeks 

(interquartile range 9, 28). As a predictor of viral load in P-M FC, A-M CSF viral 

load; was better than plasma. Parallel analyses for viral load in P-M SCWM 

yielded similar results. In stepwise regressions predicting brain viral load from 

A-M plasma and CSF viral load, A-M CSF entered the model first; adding A-M 

plasma to the model provided no additional predictive power. As a predictor of 

HIV replication in brain tissue, viral load in CSF is better than in plasma. These 

findings are consistent with compartmentalization of HIV infection in the CNS, 

and support the utility of CSF viral load as a surrogate for brain tissue viral 

replication, at least near the end of life.

MethodsMethods

• SUBJECTS:  26 HIV-infected individuals underwent ante-mortem (A-M) 

clinical and post-mortem (P-M) neuropathological assessments. Median 

interval between A-M and P-M evaluations was 15 weeks (interquartile 

range 9, 28). 

• BRAIN HIV RNA EXTRACTION:  see Figure 3

• VIRAL LOAD DETERMINATION:  HIV RNA by RT-PCR (Roche Amplicor®) 

• A-M CSF - ultra-sensitive (sensitivity 50 copies/mL)

• A-M plasma standard version 1, sensitivity 400 copies/mL)

• P-M frontal cortex (FC), subcortical white matter (SCWM) - ultra-

sensitive 

• ANTIRETROVIRAL THERAPY (ART):   Regimens at last A-M visit 

classified as highly active (HAART - 3 or more ARVs) or non-HAART (no 

ARVs, monotherapy or dual therapy)

• STATISTICAL ANALYSIS:  Viral loads log10 transformed; non-parametric 

analyses used

• Correlation of A-M and P-M viral load evaluated by linear regression.

• Stepwise regression to evaluate CSF vs plasma as predictors of brain 

viral load

BackgroundBackground

• The principal target cells for HIV infection in the brain (macrophages, 

microglia) differ from those in the periphery (lymphocytes)

• Because HIV replication cannot be measured directly in brain during 

life, CSF and plasma viral loads have been studied as surrogates

• Direct comparisons of viral load in CSF and brain tissue have been 

reported previously for 22 patients (McArthur et al. Ann Neurol. 1997; 

42: 689). 

ObjectiveObjective

To compare viral load (HIV RNA) in plasma and CSF as surrogates for 

brain tissue viral load.
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ResultsResults

• As a predictor of viral load in P-M FC, A-M CSF viral load; was better 

than plasma. 

• Parallel analyses for viral load in P-M SCWM yielded similar results. 

• In stepwise regressions predicting brain viral load from A-M plasma and 

CSF viral load, A-M CSF entered the model first; adding A-M plasma to 

the model provided no additional predictive power (Table 2.).

SummarySummary

• Antemortem plasma and CSF viral loads both significantly 

predicted post-mortem brain tissue viral load

• CSF was somewhat (non-significantly) better than plasma as a 

predictor of brain viral load

• Stepwise multiple regression supported the conclusion that 

CSF viral load was more closely related to brain viral load

• Even after accounting for antemortem viral loads in plasma 

and CSF, there remained substantial unexplained variability in 

brain viral load

ConclusionsConclusions

• Findings support the utility of CSF viral load as a surrogate for 

brain tissue viral replication near the end of life

• Results are consistent with compartmentalization of HIV 

infection in the CNS

Supported by the California NeuroAIDS Tissue Network

NIMH Grant Number: 2 R24 MH59745-06 

Table 2. Predictors of frontal cortex HIV viral load.
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AbstractAbstract

Although numerous investigations have employed cerebrospinal fluid 

(CSF) HIV RNA levels as a surrogate measure of the magnitude of viral 

replication in brain parenchyma, direct comparisons of viral load in CSF and 

brain tissue have been reported previously for only 22 patients. In 26 subjects 

who had undergone both ante-mortem (A-M) clinical and post-mortem (P-M) 

neuropathological assessments, we measured HIV RNA by RT-PCR in A-M CSF 

and plasma as well as P-M frontal cortex (FC) and subcortical white matter 

(SCWM). The median interval between A-M and P-M evaluations was 15 weeks 

(interquartile range 9, 28). As a predictor of viral load in P-M FC, A-M CSF viral 

load; was better than plasma. Parallel analyses for viral load in P-M SCWM 

yielded similar results. In stepwise regressions predicting brain viral load from 

A-M plasma and CSF viral load, A-M CSF entered the model first; adding A-M 

plasma to the model provided no additional predictive power. As a predictor of 

HIV replication in brain tissue, viral load in CSF is better than in plasma. These 

findings are consistent with compartmentalization of HIV infection in the CNS, 

and support the utility of CSF viral load as a surrogate for brain tissue viral 

replication, at least near the end of life.

MethodsMethods

• SUBJECTS:  26 HIV-infected individuals underwent ante-mortem (A-M) 

clinical and post-mortem (P-M) neuropathological assessments. Median 

interval between A-M and P-M evaluations was 15 weeks (interquartile 

range 9, 28). 

• BRAIN HIV RNA EXTRACTION:  see Figure 3

• VIRAL LOAD DETERMINATION:  HIV RNA by RT-PCR (Roche Amplicor®) 

• A-M CSF - ultra-sensitive (sensitivity 50 copies/mL)

• A-M plasma standard version 1, sensitivity 400 copies/mL)

• P-M frontal cortex (FC), subcortical white matter (SCWM) - ultra-

sensitive 

• ANTIRETROVIRAL THERAPY (ART):   Regimens at last A-M visit 

classified as highly active (HAART - 3 or more ARVs) or non-HAART (no 

ARVs, monotherapy or dual therapy)

• STATISTICAL ANALYSIS:  Viral loads log10 transformed; non-parametric 

analyses used

• Correlation of A-M and P-M viral load evaluated by linear regression.

• Stepwise regression to evaluate CSF vs plasma as predictors of brain 

viral load

BackgroundBackground

• The principal target cells for HIV infection in the brain (macrophages, 

microglia) differ from those in the periphery (lymphocytes)

• Because HIV replication cannot be measured directly in brain during 

life, CSF and plasma viral loads have been studied as surrogates

• Direct comparisons of viral load in CSF and brain tissue have been 

reported previously for 22 patients (McArthur et al. Ann Neurol. 1997; 

42: 689). 
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• Parallel analyses for viral load in P-M SCWM yielded similar results. 

• In stepwise regressions predicting brain viral load from A-M plasma and 
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the model provided no additional predictive power (Table 2.).
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Brain HIV RNA - areas

1. www.istockphoto.com 2. Williams K C et al. J Exp Med 2001.



Brain HIV RNA - areas

Kumar AM et al. JNV 2007



CSF HIV RNA decay

Haas D, et al. Neurology 2003

CSF

PL



CSF HIV RNA

Eden A, et al JID 2011; Eden A, et al. CROI 2012

 25% of neurologically stable patients
on effective antiretroviral therapy
had CSF HIV1 RNA >50 copies/ml on 
one or more occasions



usHIV RNA

Yilmaz A, et al. JAIDS 2008, Dahl V, et al. AIDS 2014



Can we predict CNS efficacy?
Factor Strata Score
CPE score >=10 0

5-9 6
<5 9

Race White 0
Hispanic 3
Other 4

Current Depression No 0
Yes 4

HIV medication adherence >=95% 0
85-94% 3
<85% 3

Plasma HIV RNA (Log10) <1.7 0
1.7-2.3 2
2.3-3.99 10
>4 18

Duration of HAART >=36 0
25-35 2
13-24 3
7-12 3
6 4

Hammond ER, et al. American journal of Epidemiology 2014



How many drugs are needed?

Detectable CSF HIV RNA according to

Triple HAART Dual ART Mono ART

0-24% ? 0-15%

Varies according to 
inclusion criteria.

Average 10%?

Very few reports
Mostly PI+RAL or PI+MVC 

or PI+3TC

ATV/r monotherapy 
dismissed

Carey D, et al. JAIDS 2012

ATV + RAL
7 CSF available

100% CSF HIV RNA<50 
copies/mL



How many drugs are needed? (2)

Yilmaz A, et al. JAIDS 2011



How much drug is needed?

• In Meningitis: 

– Concentrations above the MIC (cephalosporines

and fluoroquinolones x10 MIC bactericidal

activity)

– For the whole dosing interval! (time-dependant)

• BBB permeability

• Low Protein binding



Montaner J, et al Lancet 2001

• Cmin variability
• ICs variability:

– various tests (measuring different markers of HIV 
replication)

– cell types (T-cell or monocyte cell lines, or primary
human cells)

– types of infection (acute, chronic, or latent) 
– viral strains (wild-type, modestly resistant, highly

resistant)
– Combinations of agents can also show synergy when

coadministered



Acosta’s ICs
We derived serum protein binding correction factors (PBCF) for protease inhibitors, nonnucleo-

side reverse transcriptase inhibitors, and an integrase inhibitor by measuring the effect of a range
of human serum concentra- tions on in vitro drug susceptibility measured with the PhenoSense

HIV assay. 

Acosta EP, et al. AAC 2012



1. Comparing different ARVs

2. Measurement of patients’ CSF levels

CSF – inhibitory quotients (IQs)

CSF PK

IC50

CSF PK

IC95

IQ50 IQ95



Mat & Meth

• Adults on combination antiretroviral therapy
• undergoing a lumbar puncture for either clinical

reasons or specific research protocols
• prospectively included
• Exclusion criteria: 

– the presence of opportunistic infections or neoplasias, 
– the presence of plasma or cerebrospinal fluid of major 

resistance-associated mutations, 
– the concomitant use of drugs known to cause 

significant drug to drug interactions (rifampicin, 
proton pump inhibitors with atazanavir, etc.). 



Results

• 174 samples from 124 patients
• male 71.7%, Caucasian 73.2%
• Median age 46 years (40.5–54.5 years) and BMI 22.2 

kg/m2 (20–25.2 kg/m2). 
• HCV 26%, HBV 11%, 10.2% liver cirrhosis.
• Lumbar punctures were performed for:

– asymptomatic patients (either in the context of 
longitudinal studies or asymptomatic patients with <100 
CD4 cells/μL) 49.6%

– HAND 23.6%
– Other neurological conditions 17.3:

• epilepsy 3.9%
• neuropathies 3.9%
• myelopathies 3.9%
• JC virus–negative leukoence-phalopathy 9.4%



CSF IQs
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CSF Iqs (2)



IQ50 vs. IQ95
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CSF PK and CSF HIV RNA

Optimal CSF regimen exposure was defined as IQ95 >1 and detectability of 
CSF concentrations of all drugs contained in the regimen
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CSF PK and CSF HIV RNA (2)

Optimal CSF regimen exposure was defined as IQ95 >1 and detectability of 
CSF concentrations of all drugs contained in the regimen





CSF TDM?

BID DRV/r QD DRV/r LPV/r ATV/r ATV EFV ETV RAL

0

10

20

30

40

C
S

F
 9

5
 I
n

h
ib

to
ry

 Q
u

o
ti
e

n
ts



HAND e HIV DNA

Amount of HIV DNA in Peripheral Blood Mononuclear Cells is

Proportional to the Severity of HIV-1-Associated Neurocognitive

Disorders

Bruce Shiramizu, Andrew E. Williams, Cecilia Shikuma, and Victor Valcour

Drs. Shiramizu, Shikuma, and Valcour are affiliated with the Hawaii AIDS Clinical Research

Program, University of Hawaii, Honolulu, HI; Dr. Williams is affiliated with Kaiser Foundation

Hospitals, Center for Health Research, Honolulu, HI

Abstract

Human immunodeficiency virus (HIV) DNA in peripheral blood mononuclear cells was previously

associated with neuropsychological function. By including individuals encompassing the full range

of HIV-1-associated neurocognitive disorders, this study reports results from subjects with normal

cognition, minor cognitive motor disorder, and HIV-1-associated dementia. Individuals with normal

cognition had relatively low HIV DNA levels compared to those with minor cognitive motor disorder

and HIV-1-associated dementia. Neuropsychological deficits were significantly associated with

entry HIV DNA in all domains. These findings demonstrate for the first time that the severity of

HIV-1-associated neurocognitive disorders is proportional to the amount of circulating HIV DNA.

While great progress has been made in understanding the pathogenesis of HIV-1-associated

dementia, the complete picture of the mechanisms involved remains unclear. Because the

neuropathogenesis of HIV-1-associated neurocognitive disorders is not completely known,

identifying unique markers for HIV-1-associated neurocognitive disorders has been

challenging.1 In the current era of highly active antiretroviral therapy, neurocognitive

impairment appears to persist and if biomarkers for HIV-1-associated neurocognitive disorders

could be identified, this may provide clues to define mechanisms involved in disease

progression.1-6 Factors such as activated macrophages and CSF HIV RNA levels were

previously found to be potential markers for neurocognitive decline and need further studies

to be validated.1,7-9 In patients on highly active antiretroviral therapy, CSF RNA levels may

be elevated in those with worsening neurocognitive status, but the specific role that the virus

plays in neuropathogenesis is still not entirely clear.10,11 Plasma HIV RNA levels may or may

not correlate with neurocognitive decline, and thus circulating viral RNA might be interacting

with other factors in causing HIV-1-associated neurocognitive disorders. 7,9,12-17

Our group and others have previously reported HIV DNA levels to be potentially important in

HIV disease prognosis, including the diagnosis of HIV-1-associated dementia. 18-22 One

rationale for pursuing HIV DNA further as a marker for HIV-1-associated dementia is that

currently available highly active antiretroviral therapy regimens have little effect on HIV DNA

allowing for persistence of viral DNA in reservoirs. 23-25 We previously demonstrated high

HIV DNA copies in peripheral blood mononuclear cells from individuals with and those

without HIV-1-associated dementia from two different cohorts from Hawaii (n = 49) and

Thailand (n = 30).22,26 In the study with the Hawaii Aging with HIV Cohort, we further

Address correspondence to Bruce Shiramizu; 3675 Kilauea Ave., Young Building., 5th Floor; Honolulu, HI, USA, 96816; Phone:
808-737-2751; bshirami@hawaii.edu (e-mail).

NIH Public Access
Author Manuscript
J Neuropsychiatry Clin Neurosci . Author manuscript; available in PMC 2009 April 13.

Published in final edited form as:

J Neuropsychiatry Clin Neurosci . 2009 ; 21(1): 68–74. doi:10.1176/appi.neuropsych.21.1.68.
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HIV DNA/NADIR CD4+

• CD4 nadir is a strong predictor of HAND



HIV DNA/NADIR CD4+

• CD4 nadir is a very strong predictor of HAND

• CD4 nadir is associated with failure to PI 
monotherapy

• HIV DNA is associated with failure to 
darunavir/ritonavir monotherapy

• Low CD4 nadir (17 and 166 cells/mm3) were
associated with two cases of rise in CSF HIV 
RNA in the PROTEA study (one symptomatic)



Irreversible damage vs. full reservoires
DAMAGE MARKERS

Peterson J, et al. PlosOne 2014



Plasma TND?

Calcagno A, et al. Personal Communication and Submitted

no NRTI RAMS

M184V

•Use of NVP or RAL
•Nadir >200
•Und HIV RNA> 2 yy
•female gender
•<3 pills

n=49 n=15 n=34 n=35

HIV DNA <2 LOG10 cps/106 PBMCs



Monocyte-derived cells

Gonzalez-Scarano F, Nat Rev Immunol 2005

amplifying a local inflammatory process,

whether such asubset is increased or enhanced

bysystemic inflammation mediated bycirculat-

ingbacterial products, and which cytokinesand

chemokinesincreasetherecruitment of mono-

cytes and lymphocytes into the CNS and by

extension are more likely to deliver virus into

thebrain (Fig. 1).

Although there is general agreement that

thepredominant infected cellsaremacrophage-

like, there is controversy regarding which of

the several subtypes of CNS macrophages are

harboring HIV (macrophage subtypes are re-

viewed by Perry et al. 2010). Most investiga-

torsagreethat perivascular macrophages, which

are mostly derived from the circulating mono-

cytes, arehighly infected in the brains of HIV-

infected persons or in macaques (rhesus or

pig-tailed) that are infected experimentally

with SIV (Kim et al. 2006); thesemay belabeled

by CD163, a marker for this subtype that

also appears to be increased in circulating

monocytes in macaques with CNS infection

(Borda et al. 2008). The life span of these peri-

vascular macrophages was previously thought

to be days or weeks; recent studies in rhesus

macaques have indicated that they are proba-

bly longer-lived (Soulas et al. 2009). Multi-

nucleated giant and other CNSlesionscontain-

ing SIV in an experimental model or HIV in
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Figure 1. Potential models for HIV neuroinvasion and infection of the central nervous system (CNS).
(a) HIV-infected monocyteswith an activated phenotypemaytransport HIV into thenervoussystem viamigra-
tion acrosstheblood–brain barrier. (b) Infected monocyteslikely differentiateinto perivascular tissuemacro-
phages and proceed to produce HIV within the CNS. This macrophage infection and replication allows for

release of free virions and may facilitate infection of microglial cells. (c) Cell-to-cell fusion involving cells
that expressCD4and HIV coreceptorsresultsin formation of multinucleated giant cellswithin thebrain, ahall-
mark of HIV-related brain pathology. (d) Infected CD4þ T lymphocytesmayalso serveasamechanism of entry
of HIV into thebrain. Thereisvaried evidenceregarding therelativecontribution of CD4þ T lymphocytesver-
suscellsof themonocyte/ macrophagein initiatingand sustainingHIV infection within theCNS. (e) Although

astrocytesmight harbor HIVand also contributeto HIV-related brain diseasethrough mechanismsof astroglio-
sisinduced by local chemokinesand cytokines, astrocytesinfection isnot thought to support ongoing replica-
tion within theCNS. (Adapted from Gonzalez-Scarano et al. 2005; with permission, from Macmillan Publishers
Ltd. # 2005.)
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Monocyte efficacy

Shikuma C, et al. Antiviral Therapy 2012



Gavegnano C, et al. AAC 2013

Monocyte intracellular levels



Gavegnano C, et al. AAC 2013

Monocyte efficacy



INSTI and Monocyte-derived cells

(nM) EC50 PBMCs EC90 PBMCs EC50 MDM EC90 MDM

RAL 1 14.5 0.3 6.9

DGV 2.7 14.8 1.1 5.5

Scopelliti F, et al. Antivr Res 2011, Pollicita M, et al. JAC 2014



CSF decay and KVX + DGV
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Astrocytes and HIV

Eugenin EA, J Neurochemistry 2013



removing NRTIs  S100beta

du Pasquier R, et al. JAIDS 2012



OTHER TARGETS?





Advanced MRI – T3 and Spectro



Advanced MRI – T3 and Spectro

Granziera G, Plos One 2014

HC
MND-

MND+

Multiple regression analysis showed a significant influence of sub-cortical
nuclei alterations on the executive index of MND+ patients (p = 0.04 and R2 = 

95.2). 



MR - PERFUSION

Bladowska J, et al. PlosOne 2014



Advanced MRI for monitoring

Garvey L, et al. JAC 2012; Vera JH, et al. HIV Clin Trials 2012; Ndhlovu LC, et al. JNV 2014

• MARAVIROC intensification (based on CSF 
tropism, macaques data):

– slight increase in NAA/Cr (neuronal integrity), 
Cho/Cr (membrane integrity) and mI/Cr (glial
integrity) in Basal Ganglia

– increase in Naa/Cr directily proportional to MVC 
plasma concentrations

– reduction in CSF IP-10

– reduction in CD16+ cells (monocytes) and HIV 
DNA content in monocytes



EEG for monitoring?

Babiloni C, et al. Clinical Neurophysiology 2014

resting state scalp EEG rhythms through the mathematical estimation of the cortical
sources of these rhythms by 

low resolution brain electromagnetic tomography (LORETA)

High Delta
reduced connectivity

cortical
hypoperfusion?neuron

al degenration

Low Alpha
reduced talamo-

cortical connectivity



Garvey L, et al. AIDS 2012







CONCLUSIONS

 Antiretroviral concentrations in the CNS must be 
challenged with PD targets;

 From a pharmacodynamic point of view IC95 may
be useful for comparing different drugs;

 Intracellular (intra macrophages) levels and 
activity may differ from what observed in PBMCs;

 Other PD markers may be useful but need to be 
prospectively validated (MRI, EEG, NPS tests, etc).
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