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What CSF can/can’t tell us

Can demonstrate

• HIV replication in the CSF

• RAMs in the CSF

• The presence of other 
microorganisms

• Intrathecal inflammation and 
immune activation

• Neuronal damage, abnormal 
proteins, BBB status

Can’t measure

• HIV replication in the brain 
parenchyma

• PK of drugs in the the brain 
parenchyma

• Cognitive function (and reserve)

• Neurotoxicity of ARVs and 
concomitant drugs



Symptomatic CSF escape with INSTIs

Drug Symptoms
Pl HIV RNA
copies/mL

CSF HIV RNA
copies/mL

CSF RAMs 
to INSTI

Ref

RAL + DRV/r + EFV + 
TDF/FTC +/- ENF

Asthenia, skin hyperesthesia, loss of 
memory and psychomotor slowing

50 - <50 340 - 3400 Q148R
Watanabe 

2010

RAL qd + DRV/r Headaches, fever and meningismus <50 1438 N155H
Mora-Peris 

2013

RAL + LPV/r - 51 13K N155H
Dravid 
2018

RAL + PI + NRTIs
Neurological symptoms and 

convulsions 
10.8 K 1.2 M - Bang 2022

EVG + TAF/FTC? Progressive cognitive and gait decline 980 - EVG Muir 2021

DTG + DRV/r + MVC 
bid

Cerebellar symptoms <40 200 R263K
Vassallo 

2016

BIC/FTC/TAF
Lethargy, generalized tonic-clonic

seizures
33 34.9 K -

Al-Chalabi 
2022



Asymptomatic CSF HIV-1 Escape: Incidence 
and Effects On CNS Biomarkers 

Ulfhammer G, et al. CROI 2024 # 574

 449 samples from 173 PLWH
 CSF-E 8.1% with a median CSF HIV RNA of 30 (25–55) 

copies/mL. 
 Out of 449 samples, CSF-E was present in 19 (4%) 
 One individual had ≥2 consecutive samples with 

CSF-E but remained clinically stable

 Samples with CSF-E exhibited:
 a 25% higher geometric mean for CSF neopterin

compared to those without CSF-E (P = 0.01)
 an 8% higher geometric mean albumin ratio (P = 

0.04).
 the odds ratio for detectable CSF WBC (≥3 × 106 

cells/L) with CSF-E was 3.9 (P = 0.004)
 no significant differences in CSF NfL levels
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Background

Elevated levels of HIV RNA can occasionally be detected in 

cerebrospinal fluid (CSF) despite viral suppression in plasma 

by antiretroviral therapy (ART), a condition termed ‘CSF HIV-1 
escape´ (CSF-E). In rare cases CSF-E is associated with 

clinical neurological disease (symptomatic CSF-E) but more 

commonly, no neurological symptoms are evident 

(asymptomatic CSF-E) [1-3].

Previous studies on asymptomatic CSF-E have been limited in 

size, leaving its incidence and clinical relevance unclear [4]. 

Purpose

Our objectives were to determine the incidence of CSF-E in a 

large, well-characterized Swedish cohort of people living with 

HIV (PLWH), and to evaluate its impact on CSF biomarkers 

indicative of central nervous system (CNS) inflammation and 

injury.

Method

A retrospective, longitudinal cohort analysis of 

neuroasymptomatic PLWH who had been successfully treated 

with ART for >6 months (plasma HIV RNA <50 copies/mL prior 

to inclusion) and who underwent CSF examinations for 

research purposes between 2016–2022 [5]. CSF-E was 

defined as either increased CSF HIV RNA with concurrent 

plasma suppression or as CSF HIV RNA exceeding that in 

plasma when both were detectable [6]. The lower limit of 

quantification for HIV RNA was 20 copies/mL. Linear mixed-

effects models and generalized estimating equations were 

used to analyze repeated measurements of CSF neopterin, 

CSF neurofilament light protein (NfL), albumin ratio and CSF 

white blood cell (WBC) count.

Results

In total, 449 samples from 173 PLWH (65% male) were included (Figure 1). Mean 

number of samples per study participant was 2.6 (range 1–7) where ≥2 samples 

were collected from 114 PLWH.

CSF-E was present in 14 out of 173 PLWH (8.1%) with a median (IQR) CSF HIV 

RNA of 30 (25–55) copies/mL. Out of 449 samples, CSF-E was present in 19 

(4%, Figure 2). One individual had ≥2 consecutive samples with CSF-E but 

remained clinically stable and did not require any treatment adjustment. 

Samples with CSF-E exhibited a 25% higher geometric mean for CSF neopterin 

compared to those without CSF-E (P = 0.01), and an 8% higher geometric mean 

albumin ratio (P = 0.04).There were no significant differences in CSF NfL levels 

with respect to the presence or absence of CSF-E (P = 0.8). The odds ratio for 

detectable CSF WBC (≥3 × 106 cells/L) with CSF-E was 3.9 (P = 0.004).

CONCLUSIONS
IN THIS COHORT, ASYMPTOMATICCSF HIV-1 ESCAPE 

(CSF-E) WAS RARE AND USUALLY RESOLVED WITHOUT 

TREATMENT ADJUSTMENTS. ASSOCIATIONS WERE 

OBSERVED BETWEEN CSF-E AND BIOMARKERS 

INDICATIVE OF CNS INFLAMMATION AND BLOOD-BRAIN 

BARRIER DAMAGE, BUT, IMPORTANTLY, NOT WITH 

BIOMARKER SIGNALING NEURONAL INJURY. 
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Figure 1. Overview of samples representing cerebrospinal fluid escape and viral plasma blips  in the 
study population. The y-axis depicts the 173 people living with HIV (abbreviated PLWH in the figure) on 
stacked dashed horizontal lines, contingent upon their entry into the study, while the x-axis represents 
the study period. Each circle represents an individual sample. Empty grey circles indicate HIV-RNA < 20 
copies/mL in both plasma and cerebrospinal fluid, red filled circles indicate CSF escape, and yellow filled 
circles indicate plasma blips. The total number of samples was 449. Fourteen (8.1%) had ≥ 1 samples 
with CSF-E and in total 19 samples out of 449 (4.2%) represented CSF-E. 

Figure 2. Relationship between cerebrospinal fluid (CSF) HIV-RNA (y-axis) and plasma HIV-RNA (x-axis) among the 449 samples. The 
densely dashed line indicates the lower limit of quantification (LLQ) of 20 copies/mL and the dotted line indicates the widely utilized cut-
off of 50 copies/mL. The labels 'TD' and 'TND' on both axes represent 'target detected but not quantifiable' and 'target not detected' 
respectively. The four black filled circles (yellow background) represent 376 samples where HIV-RNA levels were below LLQ in both CSF 
and plasma. The empty blue circles (white background) represent samples with CSF-E (n=19) and empty red circles (turquoise 
background) represent samples with plasma HIV-RNA > LLQ and greater than CSF HIV-RNA (n=54). 



Persistent infected cells in the CSF
Spudich S, et al. JCI 2019

Detection of CA-HIV DNA in CSF cells did not significantly associate with pre-ART CD4 count , HIV RNA level , 
CD4/CD8 ratio, or years on ART 
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What CSF can/can’t tell us

Can demonstrate

• HIV replication in the CSF

• RAMs in the CSF

• The presence of other 
microorganisms

• Intrathecal inflammation and 
immune activation

• Neuronal damage, abnormal 
proteins, BBB status

Can’t measure

• HIV replication in the brain 
parenchyma

• PK of drugs in the the brain 
parenchyma

• Cognitive function (and reserve)

• Neurotoxicity of ARVs and 
concomitant drugs



Resistance-associated mutations in the CSF

Dravid AN, et al. Medicine 2018 97:8(e9969) 



How to select RAMs in a compartment?

Partially drug-resistant virus

Drug-sensitive virus

Low penetration
Intermediate 
penetration

High penetration

Lorenzo-Redondo R, et al. Nature 2016
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Biomarkers and phenotypes

Gisslen M, et al. PlosOne 2021



CXCL13 in the 
CSF

30 pg/mL

9.9 pg/mL

8.1-15.8 pg/mL 9.5-91.5 pg/mL

MS

NS

NB

Trunfio MG, et al. JNIP 2023 and AIDS 2024
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…
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IgG index (and 
Kappa free 
light chain) in 
PLWH and 
patients with 
MS
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Lymphocyte-Dominant Encephalitis and Meningitis in 
SIV-Infected Macaques Receiving Antiretroviral Therapy
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CSF and brain concentrations in macaques

Srinivas et al, Xenobiotica 2019
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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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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
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We present a comprehensive mapping of 

DTG concentrations across tissues in PWH. 

DTG tissue concentrations is overall lower 

but homogenous across CNS regions, and 

higher in GI tract and kidney.
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Antiretroviral Concentrations in Post-Mortem Tissues: Preliminary Results From the Last Gift Program

RESULTS

• Overall DTG had lower concentrations in central nervous 

system as compared to other organ systems (Figures 2 

and 3).

• Distribution within organ systems appeared  

homogeneous. No statistical differences were observed 

in the DTG penetration in different areas in the brain 

(p=0.971) and intestine tracts (p=0.941). Figure 2. 

CONCLUSIONS

• Scarce data on human intra-tissue ART penetration are 

reported in literature. 

• Previous studies on non-human primates showed similar 

results about the poor, but rather uniform, concentrations 

of DTG in all the districts of the CNS, and higher 

concentrations in kidney and intestine.
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BACKGROUND

• Antiretroviral therapy (ART) cannot eradicate HIV reservoirs in

blood and anatomic compartments.

• Variable ART penetration in anatomic compartments might allow

residual HIV transcription.

• Measuring ART concentrations across human tissues is

complicated by technical and ethical obstacles.

STUDY GOAL

To create a comprehensive map of DGT concentrations across

different tissues from altruistic people with HIV (PWH)

recruited as part of the “Last Gift” Program.

METHODS

Cohort and Sampling.

• The Last Gift Program enrolls altruistic PWH to participate in

end-of-life research in San Diego. Blood and tissues are

collected by rapid research autopsy within 6h from death.

• For this study, we included tissue samples from 6 participants

across 22 tissue sites. See Table 1 for clinical characteristics.

• Participants were on ART up to the time of death (Figure 1).

• All participants were taking DTG as part of their last ART

regimen before death (Figure 2).

Data generated.

• Intra-tissue Dolutegravir (DTG) concentrations were measured

through an UHPLC-MS/MS validated method, with accuracy and

precision within the requirements of FDA guidelines, after

homogenization of 2 aliquots (about 30 mg) of tissue.

Analysis.

• Results were normalized by weight and reported as mean values

• ART concentrations were compared across tissue sites by non-

parametric statistical test using SPSS v.28

Acknowledgments: This work was supported by the Department of 

Veterans Affairs, The James B. Pendleton Charitable Trust and the 

following grants from the National Institutes of Health: DK131532; 

AI169609; I164570; AI147821; DA051915; AI164559; DA055491; 

U24 MH100928.
Data were generated with the support of the San Diego Center for 

AIDS Research Translational Virology Core. 

FUTURE DIRECTIONS

• Increase sample size (more participants and more 

tissue sites). 

• Measure concentrations of other drugs. 

• Determine correlations between ART tissue levels 

and HIV reservoir measures (size and activity). 

FIGURE 1: Viral loads, CD4 and ART History

TABLE 1

FIGURE 2: DTG Distribution in Tissues

FIGURE 3: DTG Distribution across Tissue System

Legend: DTG concentrations (in ng/g) are 
shown across tissue systems. 
* For p value <0.05. **, for p value <0.01,  
*** for p value <0.001
*** shows significant results as compared to 
central nervous system (reference tissue). 
ns: not significant. See figure 2 for 
concentrations at the individual tissue levels. 

Legend: DTG concentrations (in ng/g) are shown across 
individual tissues (groups by systems). 

FIGURE 2: Details of DTG Intake  

We present a comprehensive mapping of 

DTG concentrations across tissues in PWH. 

DTG tissue concentrations is overall lower 

but homogenous across CNS regions, and 

higher in GI tract and kidney.

Micol Ferrara1, Amedeo De Nicolò1, Davey Smith2, Antoine Chaillon2, Magali Porrachia2, Niamh Higgins2, Antonio D’Avolio1, Stefano Bonora1, Sara Gianella2

1. Infectious Diseases Unit, Amedeo di Savoia Hospital, Department of Medical Sciences, University of Turin, Turin, Italy ; 2. University of California San Diego, CA, USA

Antiretroviral Concentrations in Post-Mortem Tissues: Preliminary Results From the Last Gift Program

RESULTS

• Overall DTG had lower concentrations in central nervous 

system as compared to other organ systems (Figures 2 

and 3).

• Distribution within organ systems appeared  

homogeneous. No statistical differences were observed 

in the DTG penetration in different areas in the brain 

(p=0.971) and intestine tracts (p=0.941). Figure 2. 

CONCLUSIONS

• Scarce data on human intra-tissue ART penetration are 

reported in literature. 

• Previous studies on non-human primates showed similar 

results about the poor, but rather uniform, concentrations 

of DTG in all the districts of the CNS, and higher 

concentrations in kidney and intestine.

608

BACKGROUND

• Antiretroviral therapy (ART) cannot eradicate HIV reservoirs in

blood and anatomic compartments.

• Variable ART penetration in anatomic compartments might allow

residual HIV transcription.

• Measuring ART concentrations across human tissues is

complicated by technical and ethical obstacles.

STUDY GOAL

To create a comprehensive map of DGT concentrations across

different tissues from altruistic people with HIV (PWH)

recruited as part of the “Last Gift” Program.

METHODS

Cohort and Sampling.

• The Last Gift Program enrolls altruistic PWH to participate in

end-of-life research in San Diego. Blood and tissues are

collected by rapid research autopsy within 6h from death.

• For this study, we included tissue samples from 6 participants

across 22 tissue sites. See Table 1 for clinical characteristics.

• Participants were on ART up to the time of death (Figure 1).

• All participants were taking DTG as part of their last ART

regimen before death (Figure 2).

Data generated.

• Intra-tissue Dolutegravir (DTG) concentrations were measured

through an UHPLC-MS/MS validated method, with accuracy and

precision within the requirements of FDA guidelines, after

homogenization of 2 aliquots (about 30 mg) of tissue.

Analysis.

• Results were normalized by weight and reported as mean values

• ART concentrations were compared across tissue sites by non-

parametric statistical test using SPSS v.28

Acknowledgments: This work was supported by the Department of 

Veterans Affairs, The James B. Pendleton Charitable Trust and the 

following grants from the National Institutes of Health: DK131532; 

AI169609; I164570; AI147821; DA051915; AI164559; DA055491; 

U24 MH100928.
Data were generated with the support of the San Diego Center for 

AIDS Research Translational Virology Core. 

FUTURE DIRECTIONS

• Increase sample size (more participants and more 

tissue sites). 

• Measure concentrations of other drugs. 

• Determine correlations between ART tissue levels 

and HIV reservoir measures (size and activity). 

FIGURE 1: Viral loads, CD4 and ART History

TABLE 1

FIGURE 2: DTG Distribution in Tissues

FIGURE 3: DTG Distribution across Tissue System

Legend: DTG concentrations (in ng/g) are 
shown across tissue systems. 
* For p value <0.05. **, for p value <0.01,  
*** for p value <0.001
*** shows significant results as compared to 
central nervous system (reference tissue). 
ns: not significant. See figure 2 for 
concentrations at the individual tissue levels. 

Legend: DTG concentrations (in ng/g) are shown across 
individual tissues (groups by systems). 

FIGURE 2: Details of DTG Intake  



What CSF can/can’t tell us

Can demonstrate

• HIV replication in the CSF

• RAMs in the CSF

• The presence of other 
microorganisms

• Intrathecal inflammation and 
immune activation

• Neuronal damage, abnormal 
proteins, BBB status

Can’t measure

• HIV replication in the brain 
parenchyma

• PK of drugs in the the brain 
parenchyma

• Cognitive function (and reserve)

• Neurotoxicity of ARVs and 
concomitant drugs



CNS 
phenotypes

Sundermann EE, et al. Neuropsychology 2023



How to measure brain health status?

Screening tests

• Poor sensitivity for 
MCI

• Ethnic/cultural 
differences

Full NC tests

• Time consuming

• Cognitive reserve seldom 
measured

• Great heterogeneity in tests used

• Redundancy

• Learning effect

• Validation often in specific 
populations and years ago (70-
80)

• Correction for sex and education 
not available for all tests

MRI+

• Cortical and 
hippocampal 
thickness

• Brain Age Gap

• MRI-spectroscopy

Wiseman RL, et al. AIDS 2024



What CSF can/can’t tell us
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• The presence of other 
microorganisms

• Intrathecal inflammation and 
immune activation
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proteins, BBB status

Can’t measure

• HIV replication in the brain 
parenchyma

• PK of drugs in the the brain 
parenchyma

• Cognitive function (and reserve)

• Neurotoxicity of ARVs and 
concomitant drugs



Evidence of 
neurotoxicity 
of ARVs

Several potential mechanisms studied in vitro 
and in vivo

De Benedetto I, et al. JNV 2020



Alzheimer’s 
biomarkers in 
PLWH

Tenofovir use prior to 
death 
associated with lower
odds of 
amyloid β plaque 
deposition
(OR 0.13, p=0.012)

Darunavir use prior 
to death 
associated with 
higher odds of 
phopho-tau 
deposition in 
neurons
(OR 15.3, p=0.0005)

Ritonavir use prior to 
death 
associated with 
higher odds of 
microgliosis
(OR 4.96, p=0.023)

Soontornniyomkij et al,  AIDS 2018; 
Calcagno A, et al. Neurology Clin Pract 2021

HAD AD

t-tau +++ +++

p-tau = ++

AB42 - -

sAPP --- =

sAPP --- =

NFL +++ +



Concomitant 
drugs and NCI

Dastgheyb et al, CROI 2022, Abstract 1305

Slide courtesy of Prof. Letendre

RC 1

CNS Drugs Gastrointestinal Drugs

Psychotherapeutic Drugs
Nonsteroidal Anti-

inflammatory

Anxiolytics, Sedative, 

Hypnotics
Antipsychotics

Analgesics, Antipyretics Benzodiazepines

Antidepressants Opiate Agonists

RC 12

Autonomic Drugs

Skeletal Muscle Relaxants

Anorexigenic Agents & Stimulants



Positive effect 
of SSRIs in 
PLWH

Trunfio MG, et al. JID 2024



What about serum 
biomarkers?



Serum 
biomarkers

Item
Use in 

other fields

Validation 

in PWH

Outcomes

Setting Feasibility
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CD4/CD8 Y H Clin Ext H

T cell activation Y M/H Res/Clin Ext M/H

NK Res M Res M

MAIT/NKT INNATE LYPH  

CELLS
Res L Res M/L

Monocyte activation Y M Res M

Blood dendritic cells Y M Res M

sCD14 Y L Res M/L

sCD163 Y M Res/ Limited L

Gut barrier dysfunction

(LPS rDNA, IFABP, zonulin

Kynurenina/triptofano- KT)

Y L Res M/L

TMAO Y M Target M

C-reactive protein Y H Clin Ext H

IL-6 Y H Clin Ext M

D-DIMER Y H Clin Ext H

ICAM-VCAM Y M Target M

sCD27 Y L Target M

sCD40L Y L Target M

PD-1/antiPD1 Y Target L

TNF system Y M Res L

IP-10 (CXCL-10) Y L Res H

MMPs (1, 2, 9) Y L Res L

IgG CMV Y M Clin Ext/Res H

IFN type 1 Y L Res M

Neopterin Y H Target H

Beta-2-Microglobuline Y H Target/Res H

Chemokines (MCP-1/CCL2, MIP-

1a/CCL3, MIP-1b/CCL4, 

RANTES/CCL5)

Y M/L Res MMaggiolo F, et al. Expert Review of Anti-infective 
Therapy 2020



Serum 
Biomarkers of 
CNS 
involvement

 Technological development with Digital ELISA – Single 
Molecule Arrays (SIMOA)

 In the field of neurology: tau181 and B-Amyloid1-42

correlating with CSF levels, MRI, Amyloid-PET and 
future development of MCI

 Normative data for serum NFL 
(https://mybiomarkers.shinyapps.io/Neurofilament)

Karikari T, et al. Lancet Neurol 2020; Moscoso A, et al. 
JAMA Neurol 2021; Gisslen M, et al. EBioMedicine 2015; 
Ripamonti E, et al. JIM 2022; Alagaratnam J, et al. JNV 

2022; Trunfio M, et al. CROI 2022



Serum 
Biomarkers of 
CNS 
involvement

 Technological development with Digital ELISA – Single 
Molecule Arrays (SIMOA)

 In the field of neurology: tau181 and B-Amyloid1-42

correlating with CSF levels, MRI, Amyloid-PET and 
future development of MCI

 Normative data for serum NFL 
(https://mybiomarkers.shinyapps.io/Neurofilament)

 In PLWH mostly on serum NFL
 average/high correlation with CSF NFL

 higher levels in patients with low CD4 and HAD

 decline after antiretroviral initiation 

 preliminary data on correlation with cognitive function

Karikari T, et al. Lancet Neurol 2020; Moscoso A, et al. 
JAMA Neurol 2021; Gisslen M, et al. EBioMedicine 2015; 
Ripamonti E, et al. JIM 2022; Alagaratnam J, et al. JNV 

2022; Trunfio M, et al. CROI 2022



Serum to CSF 
correlations in 
PLWH

Cusato J, et al. Submitted



Serum NFL and 
cognition in 
PWH

 104 PWH (HIV RNA <50, CD 610) and 42 PWoH
 No difference in NfL, higher with older age
 No association with typical HIV variables
 Within PWH, NfL was higher with higher cardiovascular 

risk, cognitive impairment and a greater BAG. 

Cooley SA, et al. AIDS 2024



Conclusions

• CSF is very informative for
• Quantifying the replication of HIV and looking at RAMs

• Studying the reservoir (HIV DNA and intact DNA)

• Looking for other microorganisms

• Establishing the presence of intrathecal Ig synthesis and BBB status

• After many years of research, the role of the CSF is limited for:
• Brain tissue PK

• Brain tissue HIV replication/evolution

• Predicting cognitive trajectory

• Serum biomarkers of CNS damage, AD pathology and 
inflammation/astrocytosis are now available
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