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HIV ENCEPHALOPATHY & AIDS DEMENTIA COMPLEX

❖ Annual incidence (7%)  global risk (5-20%)

❖ 4-15% first HIV-associated disease

❖ Stages 0-4

❖ Histologic findings (atrophy, cortical/subcortical, 
multinucleated giant cells infiltrates, etc.)

❖ Poor survival without HAART (3-6 months)





HIV-ASSOCIATED NEUROCOGNITIVE DISORDERS

o Exclusion diagnosis: 

NO Delirium, 

NO other pre-existing cause, 

NO untreated depression, 

NO active substance abuse

o Acquired impairment in cognitive functioning, involving 
at least two ability domains

o Interference with day-to-day functioning 
(work, home life, social activities)

IADL

Abnormal

ANI

Asymptomatic
No

MND

Moderate
Moderate

HAD

Dementia
Severe

Antinori A, et al. Neurology 2007

HAND = HIV-associated neurocognitive disorders

ANI = Asymptomatic neurocognitive impairment

MND = Mild neurocognitive disorder

HAD = HIV-associated dementia

IADL = Instrumental activities of daily living 



OVERESTIMATION?

Gisslen M, et al. BMC Inf Dis 2011

UNDERESTIMATION?

Blackstone K et al. JINS 2012
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INSTRUMENTAL ACTIVITIES OF DAILY LIVING

Use of the 
telephone

Shopping

Food preparation

Housekeeping

Laundry

Mode of 
transportation

Handling own 
medications

Handling 
finances

Travels independently on public 

transportation or drives own 

car 

1

Arranges own travel via taxi, 

but does not otherwise use 

public transportation

1

Travels on public transportation 

when assisted or accompanied 

by another

1

Travel limited to taxi or 

automobile with assistance of 

another 

0

Does not travel at all 0



HAND PREVALENCE IN RECENT STUDIES IN EUROPE
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Simioni S, et al. AIDs 2010; Haddow LJ, et al. AIDS Behav 2017; Balestra P, et al. 6th IAS 2011; Trunfio M, et al. HIV Medicine 2018; Vassallo M, et al. JNV 

2017;  Rackstraw S, et al. HIV Glasgow 2018, P200.



A CLINICAL CASE AND SEVERAL OPEN QUESTIONS

• Female, 50 yy old

• HIV+ since 1988

• HCV cured (DAAs)

• Lipodistrophy and hypercholesterolemia

• Hypertension

• Smoking 10/day

• 2017 complaining of memory and 
attention deficits  HAND (ANI at full NC 
tests)

• On DTG + DRV/r twice daily

• CD4 1238/mm3 (ratio 1)

• CD4 nadir 248/mm3

• HIV RNA <20 copies/mL since 5 years

• RAMS: D67N, K70KR, M184MV, K219Q, 
V108VI (RT) and L90M (PRO)

• MRI: White matter hyperintensities



A CLINICAL CASE AND SEVERAL OPEN QUESTIONS (2)

CSF (04.2018)

• No cells, normal glucose and proteins

• HIV RNA 120 copies/mL

• No RNA amplification for RAMs, R5-tropic

• Normal t-tau and p-tau, low 1-42 Beta-
amyloid

• Normal BBB

• Intrathecal IgG synthesis (41%)

• No CMV/EBV/JCV

+ MVC

CSF (12.2018)

• No cells, normal glucose and proteins

• HIV RNA 80 copies/mL

• RT RAMs (D67N, T69N, K70R, K219Q)

• Normal t-tau and p-tau, normal 1-42 
Beta-amyloid

• BBB and IgGs ongoing

• No CMV/EBV/JCV



OPEN QUESTIONS

1. Is this HAND and CSF escape? 

2. Is this HAND because of CSF escape?

3. Why IgG production in the CNS?

4. Does CSF penetration matter?

5. Any idea on the best antiretroviral treatment for this patient?





MEASURING ARVS EXPOSURE IN THE CNS

Cerebrospinal fluid
Brain extracellular fluid 

microdyalisis

Brain tissue

homogenate

Mononuclear cells

extracted from 

tissues

IR-MALDESI

Background

Despite ongoing antiretroviral (ARV) therapy, HIV inflammation continues to cause

issues in the central nervous system (CNS), as demonstrated by HIV-associated

neurocognitive disorder.1

HIV persistence in the brain may be due to inadequate drug exposure in HIV-target cells;

however, there is little information on brain distribution of ARVs.

In this study, we have quantified the concentration of 4 ARVs in brain tissue by liquid

chromatography mass spectroscopy (LC-MS/MS) and infrared matrix-assisted laser

desorption electrospray ionization (IR-MALDESI) while mapping their distribution

relative to expression of CD4+ T-cells and CD11b+ microglia.

Methods

Concentration of ARVsin cerebellum by LC-MS/MS

• Four male rhesus macaques were dosed to steady-state with a combination of 4

ARVs –tenofovir (TFV), emtricitabine (FTC), efavirenz (EFV) and raltegravir

(RAL). Two animals were left uninfected and two were infected with SHIV for 4

weeks prior to ARV dosing. Concentrations of the ARVs were measured by LC-

MS/MS2 in a 10 μm thick section of the cerebellum region of the brain tissue where

LLOQ of homogenate ranged from 0.002-0.01 ng/mL.

• Tissue concentrations were converted to ng/g using density of 1.06.

Massspectrometry imaging (MSI)

• 10 μm thick frozen slices of discrete cerebellum regions were thaw-mounted onto a

glass slide, covered with an ice layer and ablated with 2 mid-IR laser pulses with a

100 μm spot-to-spot distance.3,4 Ablated molecules were ionized by electrospray

and sampled into a Thermo Q-Exactive Plus mass spectrometer.

• Raw data from each volumetric pixel were converted to the imzMl format to

evaluate using MSiReader.5 Quantification of ARV concentration was achieved by

spotting calibration standards of known concentration onto a non-dosed tissue slice.

Immunohistochemistry (IHC) staining

• IHC staining of CD11b+ microglia and CD4+ T-cells was performed on contiguous

slices.

Imageanalysis

• Analysis of co-registered MSI and down-sampled IHC images was performed in

MATLAB®.

Conclusion and Future Directions

Figure 1. Cholesterol and efavirenz MSI in cerebellar

brain tissue in a) uninfected and b) RT-SHIV-infected

animals

Figure 2. Overlay between efavirenz MSI and CD11b+ cell distribution in the

cerebellum tissue in a) uninfected and b) RT-SHIV-infected animals

Distribution of EFV and CD11b+ cells in the cerebellum and the overlay of

distribution are shown in a) uninfected and b) RT-SHIV-infected animals.

Fractional coverage of the CD11b+ cells with EFV (FrC) was higher in the

uninfected animals compared to the RT-SHIV infected animals.

• EFV accumulation was 12- to 60-fold greater in brain tissue compared to other ARVs in RT-SHIV+ animals but only 14% to 59% of CD11b+ and CD4+ brain cells in these animals were colocalized with 

detectable EFV. 

• This low fractional coverage suggests that ARV exposure may be incomplete for cell populations that harbor, or can become infected, with HIV. 

• This approach has the potential to provide ARV concentration-effect relationships in the brain at the cellular level with improvements in the spatial resolution of the MSI.

• TFV, FTC, and RAL were not detected by

MALDESI and were <100 ng/g by LC-MS/MS

(range of concentrations were 9.4-61.2 ng/g).

• EFV concentrations by IR-MALDESI had a

standard deviation of 663 ng/g for all samples and

was 86% lower in RT-SHIV-infected than

uninfected brain tissue (median = 1596 and 723

ng/g, respectively).

• EFV concentrations were up to 3-fold higher in the

white matter versus gray matter (Figure 1).

• The fractional coverage of CD11b+ cells co-

localized with EFV (FrC) differed based on

infection status: for CD11b+ cells FrC was 22-59%

(RT-SHIV+) and 76-81% (RT-SHIV-) and for

CD4+ T-cells FrC was 14-59% (RT-SHIV+) and

73-77% (SHIV-). However, FrC of total CD11b+

cells exposed to EFV concentrations above the

upper limit of the in-vitro IC50 reported from the

literature (0.5 ng/g) was considerably smaller: 0-

3.3%, regardless of infection status (Figure 2).

• Overlay results between the EFV concentration

above the IC50 and CD4+ T-cell distribution

showed a similarly low FrC.

1.Marra CM. Antivir. Ther., 2015; 20(4): 365-367.

2.Srinivas N, Fallon JK, Sykes C, White N, et al. 9th International AIDS Society Conference on HIV Sciences 23-26 July 2017: Abstract WEAB0105.

3.Barry JA, Robichaud G, Bokhart MT, Thompson C, Sykes C, Kashuba AD et al. J. Am. Soc. Mass Spectrom., 2014; 25(12): 2038–2047.

4.Thompson CG, Bokhart MT, Sykes C, Adamson L, Fedoriw Y, Luciw PA, Muddiman DC, et al. Antimicrob. Agents Chemother., 2015; 59(5): 2944–2948.

5.Robichaud G, Garrard KP, Barry JA, and Muddiman DC, J. Am. Soc. Mass Spectrom., 2013; 24(5):718–721.
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Mapping the Distribution of Efavirenz Relative to Brain Cells
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Results

Ion maps of cholesterol (left) indicate distinction between

white matter (WM) and gray matter (GM) in the brain tissue.

The EFV heat maps (right) show the amount of efavirenz per

voxel based on accompanying scale bar. (a) In the uninfected

animals, clear preferential distribution of efavirenz was noted

in the WM compared to the GM (b) In RT-SHIV-infected

animals, efavirenz concentrations were 86% lower.
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«OLD» DATA ON CSF  BRAIN PARENCHYMA

For several compounds CSF may be a valid surrogate of CNS 
concentrations (3 fold error but proportionality)

In macaques AZT concentrations showed CSF/serum (0.27 ±0.23) 
similar to brain/blood ratios (0.13 ±0.06)

In rats CSF/plasma ratios 0.05 (0.10 unbound) vs. brain/blood
radioactivity 0.25

Liu, X., et al. Drug Metab. Dispos 2009; Fox E, et al. The J of Pharm and Exper Ther 2002; Walker DK, et al. Xenobiotica, 2008. p
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CENTRAL NERVOUS SYSTEM PENETRATION EFFECTIVENESS SCORE

Hammond ER, et al. Am J Epidemiology 2014



PHYSIOLOGICALLY BASED PHARMACOKINETIC (PBPK) MODELLING

Curley P et al, AAC 2017; Thompson CG, et al. AAC 2015

EFV CNS distribution was

calculated using a 

permeability-limited model on 

a virtual cohort of 100 

patients.

Simulation data were then

compared with human data 

from the literature and with 

rodent data. 

Wistar rats were administered

efavirenz (10 mg/kg of body 

weight ) once daily over 5 

weeks. 

Predicted Cmax

Plasma 3184

CSF 49.9

Brain 50343

Tissue to plasma 15.8

Observed Cmax in Rodents

Plasma 69.7

Brain 702.9

Tissue to plasma 9.5

Macaque

Cerebellum to 

plasma
12.7



CSF AND BRAIN CONCENTRATIONS IN ANIMAL MODELS

Srinivas et al, Xenobiotica 2018

1. CSF underestimates 

brain tissue 

concentrations



CSF AND BRAIN CONCENTRATIONS IN ANIMAL MODELS

Srinivas et al, Xenobiotica 2018

2. There is no  

correlation between 

individual CSF and brain 

tissue concentrations 

(except for EFV)



CSF AND BRAIN CONCENTRATIONS IN ANIMAL MODELS

Srinivas et al, Xenobiotica 2018

3. IC90 is seldom 

exceeded in brain tissue 

(in macaques)



BRAIN CELL DISTRIBUTION

Srinivas et al, Xenobiotica 2018

• 4 male rhesus macaques on TDF/FTC/EFV/RAL

• 10 μm thick frozen slices of discrete 

cerebellum regions analysed with infrared

matrix-assisted laser desorption electrospray

ionization (IR-MALDESI)

• TFV, FTC, and RAL were not detected by 

MALDESI and were <100 ng/g by LC-MS/MS 

(range of concentrations were 9.4-61.2 ng/g). 

• EFV concentrations by IR-MALDESI had a 

standard deviation of 663 ng/g for all samples

and was 86% lower in RT-SHIV-infected than

uninfected brain tissue (median = 1596 and 

723 ng/g, respectively). 

Background

Despite ongoing antiretroviral (ARV) therapy, HIV inflammation continues to cause

issues in the central nervous system (CNS), as demonstrated by HIV-associated

neurocognitive disorder.1

HIV persistence in the brain may be due to inadequate drug exposure in HIV-target cells;

however, there is little information on brain distribution of ARVs.

In this study, we have quantified the concentration of 4 ARVs in brain tissue by liquid

chromatography mass spectroscopy (LC-MS/MS) and infrared matrix-assisted laser

desorption electrospray ionization (IR-MALDESI) while mapping their distribution

relative to expression of CD4+ T-cells and CD11b+ microglia.

Methods

Concentration of ARVsin cerebellum by LC-MS/MS

• Four male rhesus macaques were dosed to steady-state with a combination of 4

ARVs –tenofovir (TFV), emtricitabine (FTC), efavirenz (EFV) and raltegravir

(RAL). Two animals were left uninfected and two were infected with SHIV for 4

weeks prior to ARV dosing. Concentrations of the ARVs were measured by LC-

MS/MS2 in a 10 μm thick section of the cerebellum region of the brain tissue where

LLOQ of homogenate ranged from 0.002-0.01 ng/mL.

• Tissue concentrations were converted to ng/g using density of 1.06.

Massspectrometry imaging (MSI)

• 10 μm thick frozen slices of discrete cerebellum regions were thaw-mounted onto a

glass slide, covered with an ice layer and ablated with 2 mid-IR laser pulses with a

100 μm spot-to-spot distance.3,4 Ablated molecules were ionized by electrospray

and sampled into a Thermo Q-Exactive Plus mass spectrometer.

• Raw data from each volumetric pixel were converted to the imzMl format to

evaluate using MSiReader.5 Quantification of ARV concentration was achieved by

spotting calibration standards of known concentration onto a non-dosed tissue slice.

Immunohistochemistry (IHC) staining

• IHC staining of CD11b+ microglia and CD4+ T-cells was performed on contiguous

slices.

Imageanalysis

• Analysis of co-registered MSI and down-sampled IHC images was performed in

MATLAB®.

Conclusion and Future Directions

Figure 1. Cholesterol and efavirenz MSI in cerebellar

brain tissue in a) uninfected and b) RT-SHIV-infected

animals

Figure 2. Overlay between efavirenz MSI and CD11b+ cell distribution in the

cerebellum tissue in a) uninfected and b) RT-SHIV-infected animals

Distribution of EFV and CD11b+ cells in the cerebellum and the overlay of

distribution are shown in a) uninfected and b) RT-SHIV-infected animals.

Fractional coverage of the CD11b+ cells with EFV (FrC) was higher in the

uninfected animals compared to the RT-SHIV infected animals.

• EFV accumulation was 12- to 60-fold greater in brain tissue compared to other ARVs in RT-SHIV+ animals but only 14% to 59% of CD11b+ and CD4+ brain cells in these animals were colocalized with 

detectable EFV. 

• This low fractional coverage suggests that ARV exposure may be incomplete for cell populations that harbor, or can become infected, with HIV. 

• This approach has the potential to provide ARV concentration-effect relationships in the brain at the cellular level with improvements in the spatial resolution of the MSI.

• TFV, FTC, and RAL were not detected by

MALDESI and were <100 ng/g by LC-MS/MS

(range of concentrations were 9.4-61.2 ng/g).

• EFV concentrations by IR-MALDESI had a

standard deviation of 663 ng/g for all samples and

was 86% lower in RT-SHIV-infected than

uninfected brain tissue (median = 1596 and 723

ng/g, respectively).

• EFV concentrations were up to 3-fold higher in the

white matter versus gray matter (Figure 1).

• The fractional coverage of CD11b+ cells co-

localized with EFV (FrC) differed based on

infection status: for CD11b+ cells FrC was 22-59%

(RT-SHIV+) and 76-81% (RT-SHIV-) and for

CD4+ T-cells FrC was 14-59% (RT-SHIV+) and

73-77% (SHIV-). However, FrC of total CD11b+

cells exposed to EFV concentrations above the

upper limit of the in-vitro IC50 reported from the

literature (0.5 ng/g) was considerably smaller: 0-

3.3%, regardless of infection status (Figure 2).

• Overlay results between the EFV concentration

above the IC50 and CD4+ T-cell distribution

showed a similarly low FrC.
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Results

Ion maps of cholesterol (left) indicate distinction between

white matter (WM) and gray matter (GM) in the brain tissue.

The EFV heat maps (right) show the amount of efavirenz per

voxel based on accompanying scale bar. (a) In the uninfected

animals, clear preferential distribution of efavirenz was noted

in the WM compared to the GM (b) In RT-SHIV-infected

animals, efavirenz concentrations were 86% lower.
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Background

Despite ongoing antiretroviral (ARV) therapy, HIV inflammation continues to cause

issues in the central nervous system (CNS), as demonstrated by HIV-associated

neurocognitive disorder.1

HIV persistence in the brain may be due to inadequate drug exposure in HIV-target cells;

however, there is little information on brain distribution of ARVs.

In this study, we have quantified the concentration of 4 ARVs in brain tissue by liquid

chromatography mass spectroscopy (LC-MS/MS) and infrared matrix-assisted laser

desorption electrospray ionization (IR-MALDESI) while mapping their distribution

relative to expression of CD4+ T-cells and CD11b+ microglia.

Methods

Concentration of ARVsin cerebellum by LC-MS/MS

• Four male rhesus macaques were dosed to steady-state with a combination of 4

ARVs –tenofovir (TFV), emtricitabine (FTC), efavirenz (EFV) and raltegravir

(RAL). Two animals were left uninfected and two were infected with SHIV for 4

weeks prior to ARV dosing. Concentrations of the ARVs were measured by LC-

MS/MS2 in a 10 μm thick section of the cerebellum region of the brain tissue where

LLOQ of homogenate ranged from 0.002-0.01 ng/mL.

• Tissue concentrations were converted to ng/g using density of 1.06.

Massspectrometry imaging (MSI)

• 10 μm thick frozen slices of discrete cerebellum regions were thaw-mounted onto a

glass slide, covered with an ice layer and ablated with 2 mid-IR laser pulses with a

100 μm spot-to-spot distance.3,4 Ablated molecules were ionized by electrospray

and sampled into a Thermo Q-Exactive Plus mass spectrometer.

• Raw data from each volumetric pixel were converted to the imzMl format to

evaluate using MSiReader.5 Quantification of ARV concentration was achieved by

spotting calibration standards of known concentration onto a non-dosed tissue slice.

Immunohistochemistry (IHC) staining

• IHC staining of CD11b+ microglia and CD4+ T-cells was performed on contiguous

slices.

Image analysis

• Analysis of co-registered MSI and down-sampled IHC images was performed in

MATLAB®.

Conclusion and Future Directions

Figure 1. Cholesterol and efavirenz MSI in cerebellar

brain tissue in a) uninfected and b) RT-SHIV-infected

animals

Figure 2. Overlay between efavirenz MSI and CD11b+ cell distribution in the

cerebellum tissue in a) uninfected and b) RT-SHIV-infected animals

Distribution of EFV and CD11b+ cells in the cerebellum and the overlay of

distribution are shown in a) uninfected and b) RT-SHIV-infected animals.

Fractional coverage of the CD11b+ cells with EFV (FrC) was higher in the

uninfected animals compared to the RT-SHIV infected animals.

• EFV accumulation was 12- to 60-fold greater in brain tissue compared to other ARVs in RT-SHIV+ animals but only 14% to 59% of CD11b+ and CD4+ brain cells in these animals were colocalized with 

detectable EFV. 

• This low fractional coverage suggests that ARV exposure may be incomplete for cell populations that harbor, or can become infected, with HIV. 

• This approach has the potential to provide ARV concentration-effect relationships in the brain at the cellular level with improvements in the spatial resolution of the MSI.

• TFV, FTC, and RAL were not detected by

MALDESI and were <100 ng/g by LC-MS/MS

(range of concentrations were 9.4-61.2 ng/g).

• EFV concentrations by IR-MALDESI had a

standard deviation of 663 ng/g for all samples and

was 86% lower in RT-SHIV-infected than

uninfected brain tissue (median = 1596 and 723

ng/g, respectively).

• EFV concentrations were up to 3-fold higher in the

white matter versus gray matter (Figure 1).

• The fractional coverage of CD11b+ cells co-

localized with EFV (FrC) differed based on

infection status: for CD11b+ cells FrC was 22-59%

(RT-SHIV+) and 76-81% (RT-SHIV-) and for

CD4+ T-cells FrC was 14-59% (RT-SHIV+) and

73-77% (SHIV-). However, FrC of total CD11b+

cells exposed to EFV concentrations above the

upper limit of the in-vitro IC50 reported from the

literature (0.5 ng/g) was considerably smaller: 0-

3.3%, regardless of infection status (Figure 2).

• Overlay results between the EFV concentration

above the IC50 and CD4+ T-cell distribution

showed a similarly low FrC.

1.Marra CM. Antivir. Ther., 2015; 20(4): 365-367.

2.Srinivas N, Fallon JK, Sykes C, White N, et al. 9th International AIDS Society Conference on HIV Sciences 23-26 July 2017: Abstract WEAB0105.

3.Barry JA, Robichaud G, Bokhart MT, Thompson C, Sykes C, Kashuba AD et al. J. Am. Soc. Mass Spectrom., 2014; 25(12): 2038–2047.

4.Thompson CG, Bokhart MT, Sykes C, Adamson L, Fedoriw Y, Luciw PA, Muddiman DC, et al. Antimicrob. Agents Chemother., 2015; 59(5): 2944–2948.

5.Robichaud G, Garrard KP, Barry JA, and Muddiman DC, J. Am. Soc. Mass Spectrom., 2013; 24(5):718–721.

Acknowledgements

We acknowledge the following funding sources: the National Institutes of Health

under grants: RO1 AI111891, S10 RR024595, RO1 GM66940, RO1 GM09697,

the UNC center for AIDS research under grant: P30 AI50410, AFPE pre-doctoral

fellowship and the Royster Society of Fellows, UNC Chapel Hill.

Mapping the Distribution of Efavirenz Relative to Brain Cells
N. Srinivas1, E. P. Rosen1, G. De La Cruz1, C. Sykes1, A. Schauer1, L. Adamson2, P. Luciw2, A.D.M. Kashuba1

1University of North Carolina, Chapel Hill, United States. 2University of California at Davis, Davis, United States.

Results

Ion maps of cholesterol (left) indicate distinction between

white matter (WM) and gray matter (GM) in the brain tissue.

The EFV heat maps (right) show the amount of efavirenz per

voxel based on accompanying scale bar. (a) In the uninfected

animals, clear preferential distribution of efavirenz was noted

in the WM compared to the GM (b) In RT-SHIV-infected

animals, efavirenz concentrations were 86% lower.
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EFV up to 3-fold higher in the WM vs. GM

22-59% of 

CD11b+ 

microglial

cells with EFV 

and only

3.3% with 

EFV>0.5 

ng/g

Background

Despite ongoing antiretroviral (ARV) therapy, HIV inflammation continues to cause

issues in the central nervous system (CNS), as demonstrated by HIV-associated

neurocognitive disorder.1

HIV persistence in the brain may be due to inadequate drug exposure in HIV-target cells;

however, there is little information on brain distribution of ARVs.

In this study, we have quantified the concentration of 4 ARVs in brain tissue by liquid

chromatography mass spectroscopy (LC-MS/MS) and infrared matrix-assisted laser

desorption electrospray ionization (IR-MALDESI) while mapping their distribution

relative to expression of CD4+ T-cells and CD11b+ microglia.

Methods

Concentration of ARVsin cerebellum by LC-MS/MS

• Four male rhesus macaques were dosed to steady-state with a combination of 4

ARVs –tenofovir (TFV), emtricitabine (FTC), efavirenz (EFV) and raltegravir

(RAL). Two animals were left uninfected and two were infected with SHIV for 4

weeks prior to ARV dosing. Concentrations of the ARVs were measured by LC-

MS/MS2 in a 10 μm thick section of the cerebellum region of the brain tissue where

LLOQ of homogenate ranged from 0.002-0.01 ng/mL.

• Tissue concentrations were converted to ng/g using density of 1.06.

Massspectrometry imaging (MSI)

• 10 μm thick frozen slices of discrete cerebellum regions were thaw-mounted onto a

glass slide, covered with an ice layer and ablated with 2 mid-IR laser pulses with a

100 μm spot-to-spot distance.3,4 Ablated molecules were ionized by electrospray

and sampled into a Thermo Q-Exactive Plus mass spectrometer.

• Raw data from each volumetric pixel were converted to the imzMl format to

evaluate using MSiReader.5 Quantification of ARV concentration was achieved by

spotting calibration standards of known concentration onto a non-dosed tissue slice.

Immunohistochemistry (IHC) staining

• IHC staining of CD11b+ microglia and CD4+ T-cells was performed on contiguous

slices.

Image analysis

• Analysis of co-registered MSI and down-sampled IHC images was performed in

MATLAB®.

Conclusion and Future Directions

Figure 1. Cholesterol and efavirenz MSI in cerebellar

brain tissue in a) uninfected and b) RT-SHIV-infected

animals

Figure 2. Overlay between efavirenz MSI and CD11b+ cell distribution in the

cerebellum tissue in a) uninfected and b) RT-SHIV-infected animals

Distribution of EFV and CD11b+ cells in the cerebellum and the overlay of

distribution are shown in a) uninfected and b) RT-SHIV-infected animals.

Fractional coverage of the CD11b+ cells with EFV (FrC) was higher in the

uninfected animals compared to the RT-SHIV infected animals.

• EFV accumulation was 12- to 60-fold greater in brain tissue compared to other ARVs in RT-SHIV+ animals but only 14% to 59% of CD11b+ and CD4+ brain cells in these animals were colocalized with 

detectable EFV. 

• This low fractional coverage suggests that ARV exposure may be incomplete for cell populations that harbor, or can become infected, with HIV. 

• This approach has the potential to provide ARV concentration-effect relationships in the brain at the cellular level with improvements in the spatial resolution of the MSI.

• TFV, FTC, and RAL were not detected by

MALDESI and were <100 ng/g by LC-MS/MS

(range of concentrations were 9.4-61.2 ng/g).

• EFV concentrations by IR-MALDESI had a

standard deviation of 663 ng/g for all samples and

was 86% lower in RT-SHIV-infected than

uninfected brain tissue (median = 1596 and 723

ng/g, respectively).

• EFV concentrations were up to 3-fold higher in the

white matter versus gray matter (Figure 1).

• The fractional coverage of CD11b+ cells co-

localized with EFV (FrC) differed based on

infection status: for CD11b+ cells FrC was 22-59%

(RT-SHIV+) and 76-81% (RT-SHIV-) and for

CD4+ T-cells FrC was 14-59% (RT-SHIV+) and

73-77% (SHIV-). However, FrC of total CD11b+

cells exposed to EFV concentrations above the

upper limit of the in-vitro IC50 reported from the

literature (0.5 ng/g) was considerably smaller: 0-

3.3%, regardless of infection status (Figure 2).

• Overlay results between the EFV concentration

above the IC50 and CD4+ T-cell distribution

showed a similarly low FrC.
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Background

Despite ongoing antiretroviral (ARV) therapy, HIV inflammation continues to cause

issues in the central nervous system (CNS), as demonstrated by HIV-associated

neurocognitive disorder.1

HIV persistence in the brain may be due to inadequate drug exposure in HIV-target cells;

however, there is little information on brain distribution of ARVs.

In this study, we have quantified the concentration of 4 ARVs in brain tissue by liquid

chromatography mass spectroscopy (LC-MS/MS) and infrared matrix-assisted laser

desorption electrospray ionization (IR-MALDESI) while mapping their distribution

relative to expression of CD4+ T-cells and CD11b+ microglia.

Methods

Concentration of ARVsin cerebellum by LC-MS/MS

• Four male rhesus macaques were dosed to steady-state with a combination of 4

ARVs –tenofovir (TFV), emtricitabine (FTC), efavirenz (EFV) and raltegravir

(RAL). Two animals were left uninfected and two were infected with SHIV for 4

weeks prior to ARV dosing. Concentrations of the ARVs were measured by LC-

MS/MS2 in a 10 μm thick section of the cerebellum region of the brain tissue where

LLOQ of homogenate ranged from 0.002-0.01 ng/mL.

• Tissue concentrations were converted to ng/g using density of 1.06.

Massspectrometry imaging (MSI)

• 10 μm thick frozen slices of discrete cerebellum regions were thaw-mounted onto a

glass slide, covered with an ice layer and ablated with 2 mid-IR laser pulses with a

100 μm spot-to-spot distance.3,4 Ablated molecules were ionized by electrospray

and sampled into a Thermo Q-Exactive Plus mass spectrometer.

• Raw data from each volumetric pixel were converted to the imzMl format to

evaluate using MSiReader.5 Quantification of ARV concentration was achieved by

spotting calibration standards of known concentration onto a non-dosed tissue slice.

Immunohistochemistry (IHC) staining

• IHC staining of CD11b+ microglia and CD4+ T-cells was performed on contiguous

slices.

Image analysis

• Analysis of co-registered MSI and down-sampled IHC images was performed in

MATLAB®.

Conclusion and Future Directions

Figure 1. Cholesterol and efavirenz MSI in cerebellar

brain tissue in a) uninfected and b) RT-SHIV-infected

animals

Figure 2. Overlay between efavirenz MSI and CD11b+ cell distribution in the

cerebellum tissue in a) uninfected and b) RT-SHIV-infected animals

Distribution of EFV and CD11b+ cells in the cerebellum and the overlay of

distribution are shown in a) uninfected and b) RT-SHIV-infected animals.

Fractional coverage of the CD11b+ cells with EFV (FrC) was higher in the

uninfected animals compared to the RT-SHIV infected animals.

• EFV accumulation was 12- to 60-fold greater in brain tissue compared to other ARVs in RT-SHIV+ animals but only 14% to 59% of CD11b+ and CD4+ brain cells in these animals were colocalized with 

detectable EFV. 

• This low fractional coverage suggests that ARV exposure may be incomplete for cell populations that harbor, or can become infected, with HIV. 

• This approach has the potential to provide ARV concentration-effect relationships in the brain at the cellular level with improvements in the spatial resolution of the MSI.

• TFV, FTC, and RAL were not detected by

MALDESI and were <100 ng/g by LC-MS/MS

(range of concentrations were 9.4-61.2 ng/g).

• EFV concentrations by IR-MALDESI had a

standard deviation of 663 ng/g for all samples and

was 86% lower in RT-SHIV-infected than

uninfected brain tissue (median = 1596 and 723

ng/g, respectively).

• EFV concentrations were up to 3-fold higher in the

white matter versus gray matter (Figure 1).

• The fractional coverage of CD11b+ cells co-

localized with EFV (FrC) differed based on

infection status: for CD11b+ cells FrC was 22-59%

(RT-SHIV+) and 76-81% (RT-SHIV-) and for

CD4+ T-cells FrC was 14-59% (RT-SHIV+) and

73-77% (SHIV-). However, FrC of total CD11b+

cells exposed to EFV concentrations above the

upper limit of the in-vitro IC50 reported from the

literature (0.5 ng/g) was considerably smaller: 0-

3.3%, regardless of infection status (Figure 2).

• Overlay results between the EFV concentration

above the IC50 and CD4+ T-cell distribution

showed a similarly low FrC.
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BRAIN TISSUE CONCENTRATIONS IN HUMANS

n
Overall

Mean

WM

(mean)

GP

(mean)

CGM

(mean)

Concentrations Similar to Historical CSF Concentrations

Atazanavir 

(ATV)
2 < 25 < 25 < 25 < 25

Efavirenz (EFV) 2 38.6 45.2 34.8 35.9

Emtricitabine 

(FTC)
4 181.3 230.4 173.2 140.3

Lamivudine 

(3TC)
3 196.9 205.5 209.8 175.4

Concentrations in White Matter Higher than Historical CSF 

Concentrations

Lopinavir (LPV) 4 153.3 410.6 < 25 < 25

Concentrations Higher than Historical CSF Concentrations

Tenofovir (TDF) 6 206.0 220.0 212.1 185.8

Bumpus N, et al. CROI 2015 #436; Nicol MR, et al. CROI 2018 #474

WM = White Matter; GP = Globus Pallidus (Deep Gray Matter); 

CGM = Cortical Gray Matter

Differential brain tissue penetration of antiretrovirals and fluconazole
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Background: The central nervous system (CNS) is believed to be a significant

reservoir for pathogens such as HIV and Cryptococcus; however, current

understanding of drug penetration into the CNS is limited and largely based on

cerebrospinal fluid (CSF) concentrations. However, CSF is not brain tissue.

Herein we used tissues collected post-mortem from HIV-infected Ugandan

subjects co-infected with Cryptococcus to characterize the relative distribution

of antiretrovirals and antifungal agents across plasma and CNS compartments.

Methods: Following obtainment of written, informed consent from next of kin,

post-mortems were performed on five subjects co-infected with HIV and

cryptococcal meningitis. Tissues from cerebellum, pons, and CSF were snap

frozen in liquid nitrogen. Whole blood was collected from femoral vein into

EDTA tubes and stored on ice for 1 hour before separating plasma from cell

pellets. All samples were transferred to -80°C for storage. Following tissue

homogenization, drug quantification was performed using high performance

(efavirenz) or ultrahigh performance (tenofovir, lamivudine, fluconazole) liquid

chromatography coupled with triple quadrupole mass spectrometer. Calibrator

standards and quality control (QC) samples were prepared in the matrix to

match the sample tested; bovine brain homogenate was used for brain tissue, a

solution of salt and proteins for CSF, and lithium heparin for plasma. Data are

reported as median (range).

Results: Post-mortems were performed 5.2 (2.2-13.7) hours following death.

Three individuals receiving daily tenofovir/lamivudine/efavirenz (300/300/600

mg) had detectable drug in all tissue compartments. Likewise, four individuals

receiving fluconazole (400-1200 mg daily) had detectable drug in all

compartments. CSF: plasma ratios were similar to values reported in the

literature. Drug exposure in brain tissues was consistently lower than CSF for

tenofovir, lamivudine, and fluconazole and higher than CSF for efavirenz.

Conclusions: Tenofovir, lamivudine, and fluconazole exposure in CSF over-

predicted brain tissue penetration. In contrast, CSF exposure of efavirenz

under-predicted brain exposure. These findings highlight the limitations of CSF

as a surrogate for overall CNS drug exposure. Validation in larger cohorts is

warranted. These data support the use of post-mortem tissues to assess drug

distribution to and within the CNS, relevant for HIV reservoir eradication.
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• With post-mortem samples collected within 14 hours of

death, CSF: plasma ratios were similar to those previously

reported in the literature, suggesting minimal impact of post-

mortem redistribution.

• Tenofovir, lamivudine, and fluconazole exposure in CSF

over-predicted brain tissue penetration ~7-fold.

• Efavirenz exposure in CSF under-predicted brain tissue

penetration between 9- and 14-fold.

• Despite good penetration into the CSF, fluconazole

penetration in actual brain tissue was low.

• CSF is not a good surrogate for overall drug exposure in

CNS tissues.

• Expand cohort to validate findings in these and additional

brain compartments.

• Compare results to ante-mortem plasma and CSF values

to quantify post-mortem effects on drug metabolism and

distribution.

• Correlate drug distribution to pathogen distribution.

• Compare to non-meningitis patients to determine role of

inflammation.

• These data can be used with advanced pharmacokinetic

modeling to develop CNS-targeted therapeutic approaches.

Individual PK
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Relative Distribution

Table 2: Subject demographics and dosing history

Subject Sex
Age 

yrs

Weight 

kg

Post-

mortem 

interval 

hours

ARV regimen

(mg)

Months on 

ARV 

regimen

Fluconazole 

mg/day

Days on 

fluconazole

Hours since 

last 

fluconazole

dose

007 M 43 Unk 13.7
TDF/3TC/EFV

(300/300/600) 
26+ -- --- --

009 M 32 53 9.5 None -- 800 42 26

010 M 47 50 2.5 None -- 1200 3* 13

011 F 28 30 5.2
TDF/3TC/EFV

(300/300/600) 
2 400 22 30

013 F 30 55 2.2
TDF/3TC/EFV

(300/300/600) 
4 800 3* 6

*010 had received 2 doses of fluconazole prior to death; 013 had received 4 doses

TDF=tenofovir disoproxil fumarate; 3TC=lamivudine; EFV= fluconazole; Unk= unknown 
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• HIV and related infections can lead to 

significant neurologic sequelae.

Table 1: CNS Tissues Collected for Analysis

Blood plasma Occipital Lobe

Cerebrospinal fluid Globus pallidus

Cerebellum Hippocampus

Pons Midbrain/substantia nigra

Frontal Lobe Medulla oblongata

Corpus Callosum Cervical spinal cord/meninges

Parietal lobe Choroid plexus/arachnoid granulations
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1 0

1 0 0

1 0 0 0

1 0 0 0 0

1 0 0 0 0 0
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• Median (range) time between HIV diagnosis and death was

14.2 (1.4-75.5) months.

• Median (range) time between Cryptococcosis diagnosis and

death was 42 (3-157) days.

• Autopsy results for all subjects were consistent with infectious

cause of death.

• Interstitial inflammation in kidneys of 009 and 011 was noted,

consistent with either Cryptococcus or HIV-associated

nephropathy.
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• HIV enters the brain within days of 

infection, leading to neuroinflammation

and immune activation.

• Prevalence of HIV-associated 

neurocognitive disorder is estimated 

between 33-52% among HIV infected.

• Prevalence may be even higher in 

African countries.

• CSF drug penetration does 

not correlate with neuro-

cognitive outcomes. 

• Knowledge of drug exposure in

the CNS is largely limited to data

in cerebrospinal fluid (CSF).

• Upon death, study staff 

obtained written, 

informed consent from 

next of kin to perform 

post-mortem and 

collect tissues.

• Tissues from discrete regions of the brain (see Table 1) as well as

other organs were snap frozen in liquid nitrogen. Whole blood was

collected from femoral vein into EDTA tubes before being separated

into plasma and cell pellets.

• Drug quantification was performed at the UMN Clinical

Pharmacology and Analytical Services Laboratory using high

performance (efavirenz) or ultrahigh performance (tenofovir,

lamivudine, fluconazole) liquid chromatography coupled with triple

quadrupole mass spectrometer.

• Higher than historical plasma values for tenofovir and lamivudine, but not

efavirenz, in some subjects, may be due to differences in post-mortem

redistribution, or to kidney damage as observed at autopsy.

• Inverse relationship between dose and concentration of fluconazole may

be in part explained by time on therapy and time since last dose.

Cerebellum
Pons

Figure 1: Schematic of solute trafficking between CNS and

systemic circulation. CSF is generated in the choroid plexus

and can be secreted passively into venous blood or actively

transported into arterial blood. Drug transporters at the blood-

brain and blood-CSF barriers limit movement between

compartments. Adapted from Shen et al 2004 and Shannon et al 2013.

• Due to inability to adequately sample brain tissue in living subjects, 

limited information is known about drug distribution to and between 

different CNS compartments.

• Calibrator standards and quality control 

(QC) samples were prepared in the 

matrix to match the sample tested; 

bovine brain homogenate was used for 

brain tissue, a solution of salt and 

proteins for CSF, and lithium heparin for 

plasma.

Figure 2: Location of cerebellum and

pons, the tissues described in this

analysis.

Figure 3: Drug quantification in plasma and CNS compartments. Dashed lines represent literature

reported steady-state concentrations. * 007 pons tissue was not collected; 007 tenofovir and lamivudine values for CSF

were excluded from analysis due to abnormal internal standard

Table 3: Relative tissue distribution of antiretrovirals and fluconazole 

(median/range)

N

CSF: 

Plasma 

Ratio

Cerebellum: 

Plasma 

Ratio

Pons: 

Plasma 

Ratio

Cerebellum: 

CSF Ratio

Pons: CSF 

Ratio

Tenofovir 3
0.30

(0.29-0.32)

0.05

(0.02-0.42)

0.20

(0.03-0.37)

0.77

(0.7-1.48)

0.69

(0.09-1.30)

Lamivudine 3
0.62

(0.51-0.74)

0.06

(0.05-0.15)

0.15

(0.06-0.25)

0.14

(0.09-0.20)

0.23

(0.12-0.34)

Efavirenz 3
0.03

(0.02-0.03)

0.26

(0.19-0.29)

0.40

(0.32-0.48)

9.20

(8.25-10.16)

14.13

(11.50-16.77)

Fluconazole 4
1.14

(1.08-1.21)

0.16

(0.12-0.17)

0.18

(0.11-0.26)

0.14

(0.11-0.14)

0.15

(0.10-0.23)

Figure 4: Tissue to plasma ratio for tenofovir (TFV), lamivudine

(3TC), efavirenz (EFV) and fluconazole. Median and range of values

are reported. Corresponding data are summarized in Table 3 below.

Epivir (lamivudine) [package insert. Viiv Healthcare, Research Triangle Park, NC; 2013.

Menichetti F, Fiorio M, Tosti A, Gatti G, Pasticci MB, Miletich F, Marroni M, Bassetti D, Pauluzzi S. High-

dose fluconazole therapy for cryptococcal meningitis in patients with AIDS. Clin Infect Dis. 1996; 

22:838-50.

Shen DD, Artru AA, Adkison KK. Principles and applicability of CSF sampling for the assessment of CNS 

drug delivery and pharmacodynamics. Advanced Drug Delivery Reviews. 2004; 56(12):1825-57. 

Shannon RJ, Carpenter KLH, Guilfoyle MR, Helmy A, Hutchinson PJ. Cerebral microdialysis in clinical 

studies of drugs: pharmacokinetic applications. J Pharmacokinet Pharmacodyn. 2013; 40(3):343-58. 

Sustiva (efavirenz) [package insert]. Bristol-Myers Squibb Company. Princeton, NJ; 2017.

Viread (tenofovir disoproxil fumarate) [package insert]. Gilead Sciences, Inc. Foster City, CA; 2012.

CROI 2018

Poster #474

mrnicol@umn.edu



TRANSPORTERS AND CSF/CNS PK

Cynomolgus monkeys

Nelfinavir with zosuqidar

brain to plasma: 

 huge effect 4.4% 

640% 

CSF to plasma: 

 no effect 0.6%  0.7%

Kannan P, et al. Clinical Pharm and Ther 2009; Kaddoumi A, et al .Drug Met and Disp 2007; 35 (9): 1459-1462

Pgp Inhibitors PgP inducers

amiodarone ASA 

atorvastatin cisplatin

azithromycin /clarithromycin cyclosporine

carbamazepine dexamethasone

carvedilol erythromycin

chloroquine insulin

Tacrolimus/cyclosporin ++ nifedipine

verapamil ++/diltiazem phenobarbital

fenofibrate phenytoin

fluoxetine /paroxetina rifampin

grapefruit juice St. John's Wort

garlic tacrolimus

green tea (catechins) tamoxifen

ivermectin verapamil

Lanso/ome/pantoprazolo

loperamide

progesterone 

tamoxifen ++



BCRP/PGP AND BRAIN CONCENTRATIONS IN MACAQUES

Srinivas et al, IAS 2017, Abstract WEAB0105
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SHIV Infection and Drug Transporters Influences Brain Tissue Concentrations of Efavirenz
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• Despite antiretroviral (ARV) therapy, there is a high prevalence
of HIV-associated neurocognitive disorder (HAND) in HIV-
infected individuals1.

• It has been theorized that inadequate ARV concentrations may
contribute to the persistence of HAND2. However, there is no
conclusive relationship between ARV concentration in the CSF
and HAND3,4. Concentration of ARVs in the brain may be a
more accurate pharmacokinetic measure but the data on brain
tissue concentrations is sparse.

• This study compared the concentration of ARVs in four regions
of brain tissue with CSF in uninfected and SHIV-infected rhesus
macaques and investigated the effect of drug transporters on
influencing ARV concentrations in brain tissue

Background

Methods
Concentration of ARVs in brain tissue and CSF
• In 12 male macaques (6 uninfected and 6 SHIV-infected) dosed

to steady-state, concentrations of 6 ARVs –tenofovir (TFV),
emtricitabine (FTC), efavirenz (EFV), raltegravir (RAL), maraviroc
(MVC) and atazanavir (ATZ) were measured by LC-MS/MS in the
CSF, where LLOQ was 0.5 ng/mL and in the frontal cortex,
cerebellum, basal ganglia and parietal cortex regions of the brain
where LLOQ of homogenate ranged from 0.002-0.01 ng/mL.

• Tissue concentrations were converted to ng/g using density of
1.06.

Concentration of BCRP and P-gp in brain tissue
• To assess the influence of drug transporters on ARV

concentration, protein was extracted from the brain tissue and
analyzed for Pgp and BCRP efflux transporter concentration by
LCMS/MS proteomics method called Quantitative Targeted
Absolute Proteomics (QTAP)5. The LLOQ was 0.1 pMol/mg
protein).

Data Analysis
• Statistical analysis was performed by Kruskal-Wallis test using

Sigmaplot®

Results

Conclusions and future directions

• Antiretroviral concentrations in brain tissue were significantly greater than CSF for TFV, FTC and EFV (Figure 1): ranging from 5-times (FTC)
to 769-times (EFV) higher. Brain tissue concentration of EFV was 4.1 times higher in uninfected animals. Brain tissue concentrations of
efavirenz correlated with CSF over a range of concentrations (Figure 2).

• BCRP concentration (Figure 3) was 1.7 times higher in infected animals (p=0.02) while Pgp concentration did not differ with infection status
(p=0.06). There was a trend noted for correlation between concentration of BCRP transporter and efavirenz in brain tissue (Figure 4).

• CSF concentrations need to be interpreted cautiously as surrogate for brain tissue concentration for several ARVs. Further, increase in BCRP
concentration may lead to lower EFV concentration in infected rhesus macaques.

• In future analyses, additional animals will be evaluated, and unbound concentration of EFV in brain tissue will be quantified since EFV
exhibits a high degree of non-specific binding (>99.5%) in the brain tissue. Further investigations are needed to determine the influence of
brain tissue concentrations on HAND
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Figure 1. Concentrations of  Tenofovir, Emtricitabine, Efavirenz, Raltegravir, 

Maraviroc and Atazanavir in brain tissue and CSF of  rhesus macaques
Figure 3. Concentration of  BCRP and P-gp transporter 

proteins in brain tissue of  rhesus macaques by QTAP
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BCRP transporter 

protein in rhesus 

macaques

Figure 2. Correlation between brain tissue and CSF 

concentrations of  Antiretrovirals
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• Despite antiretroviral (ARV) therapy, there is a high prevalence
of HIV-associated neurocognitive disorder (HAND) in HIV-
infected individuals1.

• It has been theorized that inadequate ARV concentrations may
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(p=0.06). There was a trend noted for correlation between concentration of BCRP transporter and efavirenz in brain tissue (Figure 4).
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• In future analyses, additional animals will be evaluated, and unbound concentration of EFV in brain tissue will be quantified since EFV
exhibits a high degree of non-specific binding (>99.5%) in the brain tissue. Further investigations are needed to determine the influence of
brain tissue concentrations on HAND

References
1. Marra CM. HIV-associated neurocognitive disorders and central nervous system drug penetration: what next? Antivir

Ther. 2015. doi:10.3851/IMP2951.
2. Decloedt EH, Rosenkranz B, Maartens G, Joska J. Central Nervous System Penetration of Antiretroviral Drugs:

Pharmacokinetic, Phharmacodynamic and Pharmacogenomic Considerations. Clin Pharmacokinet. 2015 Jun;54(6):581-
98

3. Caniglia EC, Cain LE, Justice A, et al. Antiretroviral penetration into the CNS and incidence of AIDS-defining neurologic
conditions. Neurology. 2014;83(2):134-141.

4. Scott Lentendre. Randomized Clinical Trial of Antiretroviral Therapy for Prevention of Hand (Oral Presentation). In: CROI
2015..

5. Uchida Y et al. A study protocol for quantitative targeted absolute proteomics (QTAP) by LC-MS/MS: application for
inter-strain differences in protein expression levels of transporters, receptors, claudin-5, and marker proteins at the
blood–brain barrier in ddY, FVB, and C57BL/6J mice. Fluids Barriers CNS. 2013; 10: 21

Figure 1. Concentrations of  Tenofovir, Emtricitabine, Efavirenz, Raltegravir, 

Maraviroc and Atazanavir in brain tissue and CSF of  rhesus macaques
Figure 3. Concentration of  BCRP and P-gp transporter 

proteins in brain tissue of  rhesus macaques by QTAP

Figure 4. 

Correlation 

analysis between 

brain tissue 

concentration of  

antiretroviral and 

concentration of  

BCRP transporter 

protein in rhesus 

macaques

Figure 2. Correlation between brain tissue and CSF 

concentrations of  Antiretrovirals



TRANSPORTERS INDUCTION BY INFLAMMATION

❖Increased expression of P-gp in 
hypertrophic GFAP-positive astrocytes in 
brains from MS patients

❖HIV infection increases P-gp expression 
in lymphocytes, GALT and brain 
endothelial cells

❖PgPhigh CD4+ cells and antiviral 
efficacy

❖ P-gp expression affects intracellular 
concentrations and activity of PIs

Kooij G, et al Journal of Autoimmunity 2010; De Rosa MF, et al. JCP 2013; Ellis K, JPP 2015; Kis O, et al. AAC 2016; Roy U, et al. PlosOne 2013; Turriziani O, et al. 

JMV 2008; Zhang JC, et al. Int J Mol Med 2014; Maffeo A, New Microbiologica 2004; Chaillou S, et al. HIV Clin Trials 2002; Dallas S, et al. J Neuroinflammation

2013



CNS “FUNCTIONAL” LYMPHATIC VESSELS

Louveau A, et al. Nature 2015





HAND is a complex phenotype



Nightingale S, et al. Lancet Neurology 2014

RISK FACTORS

ARV therapy

Suboptimal 

penetration into the CNS
Systemic HIV replication

Persistent immune and 

glial cell activation

Advanced immunosuppression 

before treatment (low CD4 count)

Immune reconstitution

inflammatory syndrome 

in the CNS

HIV replication

in the CNS
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effect

Hepatitis C

coinfection

CNS 

inflammation

Direct neurotoxic 

effects of HIV

Cerebrovascular 

disease

Drug

neurotoxicity

Psychoactive

drug use
Mood disorders

Lack of 

education

Functional impairment

Cognitive impairment

Neuronal damage or neuronal dysfunction

AgingGenetic factors

in the patient



HAND (20-40%)

CSF escape (10-20%)

Symptomatic

CSF escape (<1%)
White matter 

hyperintensitites and 
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CSF ESCAPE – ACCORDING TO DEFINITIONS AND UNDERLYING CONDITIONS

1093 CSF/plasma pairs from c-ART treated subjects

9,3%

15,7%

28,7%

18,5%

24,1%

0,7%

8,2%

19,9%

10,3% 11,0%

3,4%

7,1%

25,2%

9,1%

11,9%

Definition A: CSF HIV RNA > 1
Log10 plasma HIV RNA

Definition B: CSF HIV RNA >
0.5 Log10 plasma HIV RNA

Definition C: CSF HIV RNA >
plasma HIV RNA

Definition D: Detectable CSF
HIV RNA with undetectable

plasma HIV RNA

Definition E: A + D

HAND Asymptomatic Lymphomas without CNS involvement

Trunfio M, et al. AIDS 2018



SYMPTOMATIC CSF-ESCAPE
Data from:

❖5 case series and sevrael case reports  n=102

❖Recently from an Italian case series  n= 46

Usually low nadir CD4 count

Acute or subacute neurological symptoms

T-2 hyperintense lesions at brain MRI

Often resistance associated mutations (RAMs) in the CSF

Resolution/Improvement after HAART change (considering RAMs and CSF penetrating drugs) 

Canestri A, et al. CID 2010; Peluso MJ, et al. AIDS 2012; Wendel KA, et al. CID 2003; Gutmann C, et al. AIDS 2010; Watanabe K, et al. Intern J STD & AIDS 2010; van Lelyveld SFL 

et al. CID 2010; Bingham R, et al. Intern J STD & AIDS 2011; del Palacio Tamarit M, et al. AIDS Res and Human Retrov 2011; Bogoch II, et al. J Infect 2011; Pasquet A, et al. AIDS 

2012; Khouri MN, et al. JNV 2013; Bierhoff M, et al. Antivir Therapy 2013; Mangioni D, et al. CID 2014; Imaz A, et al. AIDS Res and Human Retrov 2014; Perez-Rodriguez MT, et al. 

CMI 2015;  Martins J, et al. AIDS 2016; Vassallo M, et al. AIDs 2016; Trunfio M, et al. JNV 2017; De Zan V, et al. EACS 2017, Patel JNV 2018; Mukerji, et al. JAIDS 2017



Symptoms in published cases of CSF escape

0 10 20 30

Others

Alterated consciousness

Cerebellar symptoms

Memory and cognitive
impairment

Focal deficits

0 20 40 60

Memory and cognitive…

Cerebellar symptoms (ataxia,…

Tremor

Seizures

Lower limb dysesthesia

Headache

Dizziness

Vertigo
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Temporospatial disorientations

Focal deficits

Anxiety

De Zan V, et al. EACS 2017Previous reff



Dravid AN, et al. Medicine 2018 97:8(e9969); Patel AK, et al. JNV 2018 



SANCTUARIES AND PK

Partially drug-resistant virus

Drug-sensitive virus

Low penetration Intermediate penetration High penetration

Lorenzo-Redondo R, et al. Nature 2016
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LYMPHOCYTE DOMINANT ENCEPHALITIS

17/30 SIV-infected macaques

Asymptomatic

 (different from SIV encephalitis)

CNS infiltrates: CD20+ B cells and CD3+ T cells

Associated with low levels of SIV RNA on brain 
tissue

More frequent in animals with episodes of CSF 
SIV RNA

Mangus LM, et al. The Am J Pathology 2017



Yu Q, et al. JID 2017

NEUROSYPHILIS AND ECTOPICAL GERMINAL CENTERS

Central portion of the mass contained a necrotizing
inflammatory material infiltrated with epithelioid cells, 
inflammatory cells, severe endarteritis with endothelial
cell swelling and hyperplasia

Syphilitic gumma was disclosed with abundant
lymphocytes, plasma cells (CD138) and follicle-like
structures  ECTOPICAL GERMINALCENTERS

FDCs

PCs
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IgG production in the CNS?
117 patients from from the Turin NeuroHIV database

CSF HIV RNA <50 copies/mL under HAART

No CNS inflammatory disease

22.6% 28.6% 20%

Bonnan M, et al. J Neuroimmunology 2015





NEW DRUGS PK                             NEW STRATEGIES

CSF to plasma 

ratio

Comment

Tenofovir with TAF 3.4%

Higher ratio

High rates of CSF 

HIV RNA 

suppression

Darunavir/cobicistat 1.1%

Similar to DRV/r

Rilpivirine 1.4%

LA Rilpivirine 1/1.3%

Elvitegravir/cobicistat 0.3%

Dolutegravir 0.4/0.5%

LA Cabitegravir 0.3%

Ma Q, et al. CROI 2018, #473;  Bartels H, et al. J Antimicrob Chemother 2017; Mora-Peris B, et al. JAC 2014; Letendre et al. HIV Glasgow O346; Ma Q, et al. CROI 

2018, #473; Letendre S, et al. CID 2014

+

Less Late 

Presentation?



NON-INVASIVE MONITORING

Vera JH, et al. Eur J Nucl Med Mol Imaging 2017; Bertero L, et al. AIDS 2019 
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33%



Vascular cognitive impairment and HIV-associated neurocognitive
disorder: a new paradigm

Lucette A. Cysique1,2,3
&Bruce J. Brew2,3,4,5

Received: 28 October 2018 / Revised: 15 November 2018 / Accepted: 16 November 2018
# Journal of NeuroVirology, Inc. 2019

Abstract

In thisreview, weproposethat vascular cognitiveimpairment (VCI), with relevancefor theglobal HIV population, isfundamentally

and clinically linked to thepersistence of mild formsof HIV-associated neurocognitivedisorders (HAND) in ageing people living

with HIV infection (PLWH). After placing our review within thecontext of thegeneral literatureonHIVandageing, wereview non-

VCI risks for dementia in ageing PLWH. Wethen present therecently updated VCI nomenclatureand show that theneuropsycho-

logical and neuroimaging phenotypes of VCI and HAND are largely overlapping, suggesting that further research is needed to

accurately distinguish them. Wefurther link VCI and HAND at themechanistic level by advancing theinnovative proposal that the

neuro-vascular unit (NVU) may represent theprimary target of HIV-related brain injury in treated HIV infection. To this, weadd the

fundamental impact of mild and major VCI on theNVU. Importantly, weshow that thepotential contribution of vascular damageto

overall brain damageinageingPLWH isprobably muchhigher thancurrently estimated becauseof methodological limitations, and

because this research is only emerging. Finally, because all VCI risk factors are more prevalent, premature, and sometimes

accelerated in the HIV population at large, we conclude that the probable total burden of VCI in the global HIV population is

higher than in the general population and would need to be compared to chronic conditions such as type I diabetes and multiple

sclerosistoaccount for thediseasechronicity and lifelong treatment effects. Therefore, thisreview isalso acall toaction. Indeed, it is

fully established that thisamount of VCI burden is amajor risk factor for dementia at aged 60+.

Keywords HIV-associated neurocognitive disorders . Vascular cognitive impairment . HIV infection . Ageing . Dementia .

Stroke . Vascular dementia . Alzheimer’sdisease . Neurodegenerativediseases

The context of current NeuroHIV research
in ageing PLWH

With increased life expectancy on successful combined antire-

troviral treatment (cART), people living with HIV infection

(PLWH) havealmost similar lifeexpectancy to thegeneral pop-

ulation (The Antiretroviral Therapy Cohort Collaboration

2008). Becauseof this, an increasing body of literaturehasbeen

dedicated to thequestion of whether chronic HIV infection may

promote premature ageing and/or accelerated ageing. Large

sample studies have investigated whether systemic age-related

conditionshavedifferent ageprevalenceand ageincidencerates

compared to the general population (Althoff et al. 2015;

Guaraldi et al. 2011; Petoumenos et al. 2014; Rasmussen et al.

2015; Schouten et al. 2014). In the few instances where HIV-

related neurological diagnoses were included in thesestudies, it

was only the most severe form (e.g. HIV-associated dementia,

HAD), for which prevalence is rare in the cART era (Antinori

et al. 2007; Cysiqueet al. 2014; Heaton et al. 2010). Therefore,

the relevanceof such studies to brain prematureageing and the

potential precipitation of HAD and non-HIV types of dementia

in PLWH age 60+ is limited. Nevertheless, there is growing

consensus within the HIV and ageing literature that there is

premature ageing (Guaraldi et al. 2011) in the HIV population

* Lucette A. Cysique

lcysique@unsw.edu.au

1 Neuroscience Research Australia, 139 Barker Street,

Randwick, NSW 2130, Australia

2 UNSW Medicine, UNSW Sydney, Sydney, NSW, Australia

3 Peter Duncan Neuroscience Research Unit, St. Vincent’s Centre for

Applied Medical Research, Darlinghurst, NSW, Australia

4 Department of Neurology, St. Vincent’s Hospital,

Darlinghurst, NSW, Australia

5 Department of Immunology, St. Vincent’s Hospital,

Darlinghurst, NSW, Australia

Journal of NeuroVirology

https://doi.org/10.1007/s13365-018-0706-5





Nightingale S, et al. Lancet Neurology 2014
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TREATMENT OF HAND TREATMENT OF SPECIFIC PHENOTYPES

CPE score
95% Inhibitory 

quotients
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In vitro 

neurotoxicity

N
R

T
Is

Abacavir 3 na 3 ++ +

Emtricitabine 3 na 12.5 0 0

Lamivudine 2 na 50 0 +

Tenofovir DF 1 na 50 - 0

Zidovudine 4 na 50 0 +

N
N

R
T
Is

Nevirapine 4 na 20 0 +

Efavirenz 3 6.4 100 0 ++

Etravirine 2 5.1 na 0 +

Rilpivirine na na na 0 +

P
Is

Atazanavir 2 0.4 na - +

Atazanavir/r 2 2.8 na - +

Darunavir/r 3 8.2-18.5 na 0? 0

Lopinavir/r 3 1.5 na ++ +

IN
S
T
Is

Raltegravir 3 0.7 na - +

Elvitegravir/r na na na 0 +

Dolutegravir na na na 0 ?

E
Is

Maraviroc 3 na na 0 -

Enfuvirtide 1 na 50 0 na

1) Tiraboschi J, et al. JAC 2012; 2) Nguyen et al, JAC 2013; 3) Mora-Peris, et al. JAC 2014; 4) Letendre S, et al. CROI 2013, Abst 178LB; 5) Hinckley S, et al. CROI 2016 #395

A Source reference for table is Calcagno A, et al. Current HIV/AIDS Reports 2018



CONCLUSIONS

CSF does not seem to accurately predict brain PK

o CPE (largely based on physochemical properties) better?

o PBPK

Inflammation and transporter may affect brain parenchyma exposure

o Intracellular concentrations in target cells

o Pgp/BCRP inhibition? 

We need to better define HAND phenotypes

o Tailored interventions
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