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CNS Complications in HIV

• Direct effects of HIV
• HIV Associated Neurocognitive Disorders (HAND)

• CSF HIV Escape

• Opportunistic infections
• Cerebral Toxoplasmosis

• Cryptococcal Meninigitidis

• Progressive Multifocal Leukoencephalophaty (PML)

• CMV Encephalitis

• Tuberculous Meningitidis

• Neurosyphilis

• Opportunistic Neoplasm
• Primary CNS Lymphoma

• Metastatic Systemic Lymphoma

• Kaposi’s Sarcoma



INMI Experience
Esami e pazienti esaminati dal 1988 al 31/01/2018 presso l’INMI

N. esami 4356

N. pazienti 2541

N. esami per pz. HIV+ 4082

N. pazienti HIV+ 2320

N. esami HIV- 274

N. pazienti HIV- 221

Esami e pazienti esaminati dal 15.11.2014 al 31.01.2018

N. esami 892

N. pazienti 649

N. esami HIV+ 872

N. pazienti HIV+ 633

N. esami HIV- 16

N. pazienti HIV- 20

Patologie Prevalenza di patologia 

neurologica nella 

casistica INMI(%)

Toxoplasmosi

PML

HIVE 

Criptococcosi

Tubercolosi

Staging patologia linfoproliferativa

Neurolue

Altro

20 (2.3%)

53 (6.2%)

99 (11.5%)

41 (4.8%)

13 (1.5%)

410 (47.6%)

28 (3.2%)

55 (6.4%)

Banca plasma/liquor che comprende un totale di circa 

800 campioni



The underlying pathogenesis is likely to be multifactorial and includes immune activation,
neuroinflammation, antiretroviral neurotoxicity, the presence of noninfectious comorbidities such as vascular
disease and depression and patient lifestyle factors such as recreational drug use.
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Despite ARV benefits on morbidity and mortality 

HAND remains prevalent

ARV, antiretroviral; CDC, Centers for Disease Control; HAND, HIV-associated neurocognitive disorders 



Estimates of prevalence of neurocognitive impairment in 
HIV-positive and HIV-negative MSM

A total of 248 HIV-positive and 45 HIV-negative MSM participated. Prevalence of HAND was 21.0% in HIV-positive MSM 

(13.7% asymptomatic neurocognitive impairment, 6.5% mild neurocognitive disorder, and 0.8% HIV-associated dementia). 

These results were not significantly different from the HIV-negative study sample.

Prevalence of HAND and degree of impairment on neuropsychological testing of HIV-positive MSM that could represent

a normal population distribution.

McDonnell J, et al. J Acquir Immune Defic Syndr, 2014



In HIV-positive individuals on cART with systemic virologic
suppression HAND is not a progressive condition

Multicenter AIDS Cohort Study (MACS) participants received a 

full neuropsychological test battery and functional assessments

every 2 years to allow for HAND classification.

The frequency of HAND for the 364 HIV+ individuals seen in 

2007–2008 was 33% and for the 197 HIV+ individuals seen at all

time periods during the 2007–2008, 2009–2010, and 2011–2012 

periods were 25%, 25%, and 31%, respectively.

The overall frequency of HAND increased from 2009-2010 to 

2011–2012 (p=0.048).

Over the 4-year study, 77% of the 197 HIV+ individuals 

remained at their same stage, with 13% showing deterioration

and 10% showing improvement in HAND stage.

Sacktor N, et al. Neurology, 2016



Cognitive functions

Attention and speed of 

mental processing

Trail Making A

WAIS-R Digit span (forward)

WAIS-R Digit span (backward)

WAIS-R Digit symbol

Corsi Cube Test

Mental flexibility

Trail Making B

Stroop test (word and colour)

Controlled Oral Association Test

Memory and learning
Rey Auditory Verbal Learning Test

Rey Auditory Verbal Learning Test (delayed recall after 15 min.)

Rey Complex Figure  (delayed recall after 45 min.)

Fine motor functioning
Grooved Pegboard Test 

(dominant hand)

Grooved Pegboard test (non-

dominant hand)

Visuospatial and 

constructive abilities

Rey Complex Figure (copy)



Antinori et al, Neurology 2007, 69: 1789-99

Clinical Definition of HIV-Associated Neurocognitive 
Disorders (HAND)

Acquired

Impairment in

≥ 2 Cognitive

Abilities

Interferes*

with Daily

Functioning

No Current 

Severely 

Confounding 

Condition

No Pre-

existing

Cause

Delirium

Absent

Asymptomatic

Neurocognitive

Impairment (ANI)
✔

No
✔ ✔ ✔

Mild

Neurocognitive

Disorder (MND)
✔

Mild
✔ ✔ ✔

HIV-Associated

Dementia (HAD)
Marked Marked

✔ ✔ ✔

*by performing Instrumental Activities of Daily Living (IADL)



HAND prevalence in overall population (N=1,289)

Overall HAND prevalence = 327/1,289 (25.4%)
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ANI= asymptomatic neurocognitive impairment; MND=mild neurocognitive disorders; HAD=HIV-associated dementia

15.9%

8.4%

1.1%

74.6%

ANI

MND

HAD

unimpaired
Multivariable logistic regression

OR 95% CI p

Years of NPA

2009-2010 1.00

2011-2012 0.86 0.55 1.34 0.498

2013-2014 0.59 0.38 0.91 0.019

2015-2016 0.54 0.33 0.86 0.009



HAND prevalence by calendar period and plasma HIV 
RNA, CD4 nadir and CD4 < or >=500 cell/mmc 
(N=1,289)
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At baseline, the 

prevalence of NCD was 

41%, with 27% of 

patients suffering from 

HAND (26% 

asymptomatic 

neurocognitive 

impairment (ANI), 0.7% 

mild neurocognitive 

disorder, and 0.7% HIV-

associated dementia)

14% due 

to'other'factors

(mostly psychiatric 

disorders).

• cART treated: 959 (97.8%)

• HIV VL <50 copies/mL: 942 

(96.2%)

• Current CD4/mm3, median

[IQR]: 634 [468-814] 

• Nadir CD4/mm3, median

[IQR]: 180 [74-270]



Hypothetical changing aetiology
of cognitive impairment in HIV-
infected individuals

Underwood J & Winston A. Curr HIV/AIDS Rep, 2016

(…..) there are many possible causes of

CI in an HIV-positive individual presenting

with CI, with HIV-infection being only one.

In fact, as the majority of PLWH on ART 

have durable suppression of HIV-replication 

in both the plasma and central nervous 

system (CNS) compartments, the likelihood

that CI is directly caused by HIV-replication 

and associated neuroinflammation is now

decreasing.



Schouten J, et al for the AGEhIV Study Group. AIDS, 2016

Neuropsychological assessment was performed on 103 HIV-1-infected men with suppressed viraemia on combination antiretroviral therapy for at least

12 months and 74 HIV-uninfected highly similar male controls, all aged at least 45 years.

Cognitive impairment and cognitive performance were determined by multivariate normative comparison (MNC).

Cognitive impairment as diagnosed by MNC was found in 17% of HIV-1-infected men.

Decreased cognitive 
performance probably 
results from a 
multifactorial
process, including not 
only HIV-associated 
factors, such as having 
experienced more
severe immune 
deficiency, but also 
cardiovascular/metab
olic factors, cannabis 
use, and depressive 
symptoms



60 HIV-infected and 60 HIV-uninfected adults with a history of first ever ischemic

stroke between 2000 and 2012. Ischemic strokes were classified as 1 of 5 subtypes

based on established criteria. We used multinomial logistic regression models to 

compare the relative frequency of ischemic stroke subtypes by HIV status.

HIV-infected individuals may be at greater proportional 
risk of stroke of undetermined etiology compared

with uninfected individuals

The most recent plasma HIV RNA level and CD4 count before the stroke event differed significantly 
by ischemic stroke subtype. 
HIV-infected individuals with stroke of undetermined etiology and large artery atherosclerotic 
stroke had the lowest median viral loads and the highest median CD4 counts.



Observational cohort study of WLWH (n=1,214) and demographics-matched HIV-uninfected women (n=12,041) seen between

1996 and 2011 at two tertiary care hospitals in Boston.

The incidence of ischemic stroke was higher among WLWH compared with HIV-uninfected women (incidence rate ratio, IRR 

2.39, 95% CI 1.62-3.43). The relative increase in stroke rates for WLWH was present in all age groups but only statistically

significant among younger women (<55 years).

After adjusting for demographics and traditional stroke risk factors, HIV infection was associated with almost twice the risk of 

ischemic stroke (hazard ratio (HR) 1.93, 95% CI 1.31-2.85).



HIV-associated vasculopathy is a common cause of HIV-
related ischemic stroke and may manifest as a result of an 
immune reconstitution–like syndrome after starting ART

We recruited 64 HIV-infected and 107 HIV-uninfected patients.

Those with HIV were significantly younger (P < .001) and less likely to have established vascular risk factors.

Patients with HIV were more likely to have large artery disease (21% vs 10%; P < .001). The commonest etiology was HIV-associated vasculopathy (24 [38%]), 

followed by opportunistic infections (16 [25%]).

Sixteen of 64 (25%) had a stroke soon after starting antiretroviral therapy (ART), suggesting an immune reconstitution–like syndrome. In this group, CD4+ T-

lymphocyte count was low, despite a significantly lower HIV viral load in those recently started on treatment (P < .001).

Benjamin LA, et al. J Infect Dis, 2017



1. Severe psychiatric conditions

2. Abuse of psychotropic drugs

3. Alcohol abuse

4. Sequelae from previous CNS-OIs or 

other neurological diseases

5. Current CNS-OIs or other 

neurological diseases

The following 3 questions may be used to guide 

physician assessment

1. Do you experience frequent memory loss (e.g. 

do you forget the occurrence of special events 

even the more recent ones, appointments, etc.)?

2. Do you feel that you are slower when 

reasoning, planning activities, or solving

problems?

3. Do you have difficulties paying attention (e.g. to 

a conversation, book or movie)?

For each question, answers could be: a) never, b) 

hardly ever, or c) yes, definitely. HIV-positive 

persons are considered to have an “abnormal” 

result when answering “yes, definitely” on at least 

one question.





A mixed-model analysis to 

evaluate the natural 

history of BBB integrity in 

the overall PHI group 

before cART initiation did 

not reveal a significant 

change in QAlb over time 

(–0.000436/day; P = .092).

The baseline age-adjusted QAlb was elevated in 106 patients with primary HIV infection, compared with that in 64 controls (P = .02). 

Before cART initiation, the QAlb increased over time in 84 participants with a normal baseline QAlb (P = .006) and decreased in 22 with a high baseline QAlb

(P = .011 ). The QAlb did not change after a median cART duration of 398 days, initiated at a median interval of 225 days after infection (P = .174).

The QAlb correlated with the NFL level at baseline (r = 0.497 and P < .001) and longitudinally (r = 0.555 and P < .001) and with the ratio of N-acetylaspartate to 

creaVnine levels in parietal gray maWer (r = −0.352 and P < .001 at baseline and r = −0.387 and P = .008 longitudinally) but not with neuropsychological

performance.



Neurofilament light chain correlated 

with decreased 

N-acteylaspartate/creatine and 

glutamate/creatine in the anterior 

cingulate (r = −0.35, P = .02; r = −0.40, P 

= .009, respectively), frontal white

matter (r = −0.43, P = .003; r = −0.30, P 

= .048, respectively), and parietal gray 

maWer (r = −0.43, P = .003; r = −0.47, P 

= .001, respectively). 

Beta-amyloid was elevated in the

primary infection group (P = .0005) and 

correlated with time infected (r = 0.34; 

P = .003). 



DTI metrics in PHI individuals were similar to HIV 

participants and correlated with disruptions in the blood–

brain barrier (indicated by CSF/plasma albumin ratio and 

CSF protein).

CHI participants had significant loss of white matter 

integrity that correlated with biomarkers of infection and 

inflammation (blood viral load, CD4þ T-cell count,

and neopterin, and CSF white blood cell).



Does HIV persist in the CNS?

Zayyad et al, 2015



A. State with a CSF HIV-1 RNA level 1–2% of the viral load in the blood 

and defined by minimal to no local CNS replication or inflammation, 

resulting in an equilibrated state between the two compartments when 

CSF viral load high enough for analysis). Transparent infected CD4+ T cell 

represents potential local CNS replication that may be obscured by the 

import of virus into the CNS from the periphery.

B. State of equilibration between CSF and blood accompanied by high 

levels of pleocytosis, potentially caused by local CNS replication. 

Transparent infected CD4+ T cell represents potential local CNS 

replication likely obscured by the high levels of virus secreted by the 

infiltrating CD4+ T cells.

C. State of CSF/CNS clonal amplification of identical or nearly identical 

variants within CD4+ T cells. These clonally amplified populations are 

characterized by low diversity, signified by all CSF viruses in a single 

shade of blue.

D. State of genetically complex, compartmentalized viral replication 

within CD4+ T cells in the CSF/CNS indicative of persistent replication 

beyond a single clonal amplification event; this complexity is signified 

by CNS viral variants in multiple shades of blue.



DEEP SEQUENCING REVEALS RARE CNS COMPARTMENTALIZATION IN ACUTE 

HIV-1 INFECTION
Rujipas Sirijatuphat1, James L. Fletcher2, Eric Sanders-Buell3, Jintanat Ananworanich3, Nelson L. Michael3, Victor Valcour4, Sodsai Tovanabutra3, Gustavo Kijak3, Serena Spudich5

1Mahidol Univ, Bangkok, Thailand,2South East Asia Rsr Collab with Hawaii (SEARCH), Bangkok, Thailand,3US Military HIV Rsr Prog, Silver Spring, MD, USA,4Univ of California San Francisco, San Francisco, 

USA,5Yale Univ, New Haven, CT, USA

In one participant with multiple T/F infection (RV254_276; Fiebig II, 

sampling interval: 1 day) a minor T/F variant circulating in plasma at low 

frequencies (15-23%) was found at high frequencies in the 

contemporaneous CSF sample (42-50%).



ASYMPTOMATIC HIV-1 CSF ESCAPE IS UNCOMMON AND IS NOT 

ASSOCIATED WITH NEURONAL DAMAGE
Sarah Beth Joseph1, Laura P. Kincer1, Natalie M. Bowman1, Henrik Zetterberg2, Magnus Gisslén2, Kevin Robertson1, Serena Spudich3, Joseph J. Eron1, 

Richard W. Price4, Ronald Swanstrom1

1Univ of North Carolina Chapel Hill, Chapel Hill, NC, USA,2Sahlgrenska Academy at the Univ of Gothenburg, Gothenburg, Sweden,3Yale Univ, New Haven, 

CT, USA,4Univ of California San Francisco, San Fransisco, CA, USA

Prevalence of CVE: 6% of 

subjects

We did not observe a relationship between CSF VL and CSF NFL (r = 0.06, p = 0.54), nor did subjects with 

CSF escape have higher levels of CSF NFL in comparison to other subjects (p = 0.1).

Transient CSF 

escape



This population was

product by a infected T cell

that migrated into CNS in 

the settings of immune 

activation and was not

produced by a CNS 

reservoirs

May be facilitate 

by macrophage-

tropism and drug

resistance, 

exemple of an 

active CNS 

reservoirs



Clear circles represent CSF HIV-1 RNA 
load of <20 copies/mL (lower limit of 
quantification).
Filled circles represent CSF HIV-1 RNA 
load of ≥20 copies/mL. Median number 
of CSF samples per patient was 5 
(interquartile range, 3–8 
samples/patient). 

Twenty seven patients (36%) had ≥1 
CSF HIV-1 RNA load above the lower 
limit of quantification.



Physicians should be aware of the 
possibility of acute HIV-associated CNS 
disorders even in the presence of
minor neurological complaints that should 
prompt a CSF evaluation with the 
determination of viral replication and 
genotypic resistance testing.

Despite successful suppression of plasma 
viremia with antiretroviral therapy, HIV may 
replicate in CSF, with development of CSF 
HIV resistance resulting in acute or 
subacute neurological manifestations





Neurological 

presentation
Plasma HIV RNA CSF HIV RNA

Overall 

prevalence

n, %

Prevalence by 

absence of 

symptoms

n, %

Prevalence by 

absence of 

symptoms and 

CVE definition

n, %

Asymptomatic 

CSF escape

absence of symptoms 

and of neurological 

disease

<50 copies/mL

>50 copies/mL

>50 copies/mL

>50 copies/mL*

>1 log10 higher than 

plasma*

>plasma HIV RNA^

52/686 

(7.6%)

52/483§

(10.8%)

21/262 (8.0%)

13/221 (5.9%)

18/221 (8.1%)

Neurological 

presentation
Plasma HIV RNA CSF HIV RNA

Overall 

prevalence

n, %

Prevalence by 

presence of 

symptoms or 

neurologic 

diseases

n, %

Symptomatic 

CSF escape

presence of 

neurological symptoms
<50 copies/mL >50 copies/mL# 25/686

(3.6%)

25/101$

(24,8%)>50copies/mL >2 x plasma#

Secondary CSF 

escape

presence of 

concurrent 

neurological disease

<50 copies/mL >50 copies/mL#
26/686 

(3.8%)

26/103£

(25,2%)>50copies/mL >plasma RNA#

PREVALENCE OF DIFFERENT TYPE OF CVE

C. Pinnetti et al, Abstract 447, 

CROI 2018



Table 4.  Logistic regression model

(Dependent variable: Asymptomatic CSF viral escape)

OR 95% CI p AOR 95% CI p

Age (10 yrs

increase) 1.32 1.01 1.72 0.044 1.51 1.10 2.07 0.012

Nadir CD4<200 

cell/mmc 1.63 1.25 2.13 <0.001 1.59 1.16 2.18 0.004

CDC stage C vs A/B 3.90 1.53 9.93 0.004 4.14 0.84 20.44 0.081

CD4 at LP, cell/mmc

<200 1.00 1.00

201-350 1.16 0.61 2.20 0.645 1.46 0.73 2.93 0.287

350 or more 0.18 0.05 0.59 0.005 0.32 0.09 1.10 0.071

>5 cells in CSF 2.37 1.08 5.20 0.032 2.84 1.19 6.79 0.019

Calendar year of LP

1999-2003 1.00 1.00

2004-2008 1.33 0.57 3.09 0.514 1.34 0.53 3.36 0.533

2009-2014 0.37 0.14 0.95 0.039 0.38 0.13 1.15 0.087

2015-2018 0.59 0.21 1.65 0.318 0.69 0.21 2.26 0.543

Table 5. Factors associated with asymptomatic CSF viral escape in 

the sub-group of 153 plasma/CSF pairs with available albumin 

quotient

AOR 95% CI p

Age (10 yrs increase) 1.88 1.03 3.42 0.039

Nadir CD4<200 cell/mmc 3.69 1.85 7.37 <0.001

CD4 at LP, cell/mmc

<200 1.00

201-350 1.42 0.30 6.63 0.656

350 or more 1.42 0.19 10.56 0.732

CPE score 0.75 0.48 1.18 0.217

Calendar year of LP

1999-2003 1.00

2004-2008 - - - -

2009-2014 0.08 0.02 0.37 0.001

BBB dysfunction 5.06 1.26 20.28 0.022

Table 6. Logistic regression model

(Dependent variable: Symptomatic CSF viral escape)

OR 95% CI p AOR 95% CI p

Male gender 0.33 0.1 0.8 0.009 0.37 0.15 0.89 0.026

CSF number of cells>5/mmc 6.03 2.6 14.2 <0.001 4.95 1.97 12.41 0.001

CSF proteins >50 mg/dl 2.68 1.1 6.3 0.024 1.65 0.65 4.18 0.289

PREDICTORS OF aCVE AND sCVE

Gender, age, mode of HIV transmission, CDC stage, lenght of HIV infection, nadir CD4, CD4 

at LP, calendar year of LP, HCV, CPE score, cells and proteins in CSF, CSF neopterin, CSF NFL, 

SCD14, MCP-1, BEE dysfunction



Geometric mean CSF neopterin was 25% higher in the NCI group (p = 0.04) 

and NFL and neopterin were significantly correlated within the NCI group (r = 

0.30; p<0.001) but not in the NCN group (r = -0.13; p = 0.3). Additionally, a 

trend towards higher NFL was seen in the NCI group (p = 0.06).

Mild HAND was associated with 

increased intrathecal immune 

activation, and the correlation 

between neopterin and NFL found in 

NCI subjects indicates an association 

between neurocognitive impairment, 

CNS inflammation and neuronal

damage.



CSF sCD14 was associated 
with NFL (r = 0.32, P = 
0.031) and neopterin (r = 
0.32, P = 0.012) in CSF. LPS 
was not detectable in CSF. 
In a multivariate regression 
model CSF sCD14 remained 
associated with NFL and 
neopterin after adjusting for 
age, CD4+ cell count, and 
HIV RNA in CSF.



Plasma and CSFNFL concentrations were very highly correlated (r=0.89, P b 0.0001). While NFL was more than 50-

fold lower plasma than CSF it was within the quantifiable range of the new plasma assay in all subjects, including the

HIV negatives and the HIV positives with normal CSF NFL concentrations. The pattern of NFL changes were almost

identical in plasma and CSF, both exhibiting similar age-related increases in concentrations along with highest values

in HAD and substantial elevations in ART-naïve neuroasymptomatic subjects with low blood CD4+ T cells



Acute Infection

Chronic Infection

Association

between CSF 

YLL-40 and CSF 

Neopterin, IFN 

gamma and NFL



Neuroasymptomatic cerebrospinal fluid (CSF) viral escape is 
associated to increased intrathecal immune activation but not with 
CSF signs of neuronal injury

Pinnetti et al, Abstract 293, ICAR 2016Median concentration of different biomarkers in plasma and 



Concentration of CSF NFL, CSF neopterin and plasma NFL according to HAND classification

Subjects with HAD showed higher concentrations of CSF and plasma NFL compared to unimpaired patients (p=0.036, 

p=0.027 respectively). There was a trend in the same direction for the concentration of CSF neopterin (p=0.074). The 

rank correlation between the concentration of biomarkers and the grade of NCI was analysed by Spearman’s rank test: 

a) CSF NFL Rho=0.465, p=0.033;  b) CST neopterin Rho=0.377, p=0.020; c) CSF NFL Rho=0.370, p=0.022.



QAlb was significantly higher in HIV participants than in uninfected controls

Based on age-dependent reference values, there was BCSFB dysfunction in 30 (44%) 
HIV-positive individuals, but not in uninfected controls (P = 0.0002). BCSFB dysfunction 
was observed in 13 (65%) HIV participants with CSF pleocytosis, as well as in 17 (35%) 
participants with normal white blood cell count in the CSF (P=0.033).





3
3.

2
3.

4
3.

6
3.

8

no BBB dysfunction BBB dysfunction

C
S

F
 s

C
D

14
 (

lo
g1

0
 n

g/
m

L)

1.
5

2
2.

5
3

3.
5

no BBB dysfunction BBB dysfunction

C
S

F
 n

e
op

te
ri
n 

(lo
g
10

 n
g
/m

L
)

Median: 2.14 

IQR 1.78-3.80

Median: 2.48 

IQR 2.21-2.73
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Median CSF Neopterin and sCD14 concentrations according to BBB dysfunction

BBB dysfunction and CNS inflammation



N=148 AOR 95%CI p

Age (10 yrs incr) 0.87 0.57 1.33 0.514

CSF neopterin (log10 ng/mL) 3.84 1.20 12.28 0.024

CSF sCD14 (log10 ng/mL) 4.50 0.59 34.31 0.146

CSF NFL (log 10 pg/mL) 4.52 0.24 84.24 0.313

CSF HIV RNA (log10 cp/mL) 1.79 1.01 3.20 0.047

CD4 (100 cell/mmc incr) 1.01 0.89 1.15 0.844

IQ95>1 2.53 0.97 6.56 0.057

Factors associated with BBB dysfunction at multivariable logistic regression model 

in all samples (a) and in pts with plasma HIV RNA <50 cp/ml (b) at LP

N= 78 AOR 95%CI p

Age (10 yrs increase) 0.87 0.49 1.54 0.627

CSF neopterin (log10 ng/mL) 3.97 0.81 19.52 0.089

CSF sCD14 (log10 ng/mL) 13.74 0.54 347.30 0.112

CSF NFL (log 10 pg/mL) 0.92 0.01 65.07 0.968

CSF HIV RNA (log10 cp/mL) 7.59 1.04 55.43 0.046

CD4 (100 cell/mmc increase) 1.04 0.90 1.20 0.577

IQ95>1 2.60 0.61 11.16 0.198

a)

b)

BBB dysfunction and CNS inflammation



CSF neopterin decreased significantly from in median (IQR) 
18.6 (IQR 10.9-28.8) to 5.95 (IQR 4.6-7.9) nmol/L after 
treatment initiation (p < 0.001). 55% participants still had CSF 

neopterin above the upper normal reference limit (5.8 nmol/L) 

despite > 10 years of ART.

CSF NFL (NFL normally increases with ageing) decreased 
during the treatment period from in median (IQR) 1030 (541-
1220) to 480 (290-750) ng/L (p < 0.05).

ART significantly decreases intrathecal immune activation, 
but, despite effective treatment for > 10 years, 55% of 
PLHIV continue to show signs of macrophage/microglia
activation in the central nervous system.



HIV-positive individuals showed increased

brain-PAD scores, compared to HIV-negative 

individuals.

Increased brain-PAD score was associated with 

decreased performance in multiple cognitive 

domains and general cognitive performance 

across all participants. Brain-PAD score was not 

associated with age, duration of HIV infection, or 

other HIV-related measures.

Increased apparent brain aging, predicted using 

neuroimaging, was observed in HIV-positive 

adults, despite effective viral suppression. 

Furthermore, the magnitude of increased 

apparent brain aging related to cognitive deficits. 

However, predicted brain age difference did not 

correlate with chronological age or duration of 

HIV infection, suggesting that HIV disease may 

accentuate rather than accelerate brain aging.

(A) Grouped data plot of brain-predicted age difference (brain-PAD) in HIV-positive 

individuals (red triangles) and HIV-negative controls (blue spots). Solid black lines 

indicate group mean brain-PAD values. (B) Scatterplot of chronological age in years (x-

axis) against predicted brain age (y-axis) generated using structural neuroimaging. 

Points indicate HIV-positive individuals (red triangles) and HIV-negative controls (blue 

spots) and lines are regression lines for each group (HIV-positive 5 red; HIV-negative 5 

blue), with 95% confidence intervals displayed. Dashed gray line is the line of identity (y 

5 x).
Cole et al, Neurology 2017



White matter hyperintensities on T2-

weighted and FLAIRn imaging suggest a

generalized inflammatory process

consistent with diffuse encephalitis, and

are similar to findings reported in patients

failing ART

This process is associated with 
findings on imaging that may 
persist after the resolution of 
symptoms, and may take 
months to years to resolve 
completely.

Peluso et al,
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The prevalence of CSVD was 52% in a 

well controlled group of PLWHIV over 

50 years of age with OR of 2.3 (1.5-3.6) 

compared with uninfected controls

The association

between HIV 

infection and CSVD 

was smaller with 

increasing age (most

likely because of the 

competitive risk of 

dying for older

PLWHIV)

CEREBRAL SMALL-VESSEL DISEASE IN HIV-INFECTED PATIENTS WELL 

CONTROLLED ON CART





What is the impact of antiretroviral therapy on 

viral replication

Nauroactivity

Neurotoxicity



This study suggests that treatment regimens with high intracerebral efficacy 

reflected by a high CPE score are essential to achieve CSF HIV-1 RNA suppression.



Calcagno A et al, CID 2015

DRV/r bid, DRV/r QD, and EFV had the highest CSF 95% IQ(18.5, 8.2, and 6.4, respectively).
Higher nadir CD4 cell count (P = .01) and plasma HIV RNA <50 copies/mL (P < .001) were
independent predictors of controlled CSF HIV RNA. Optimal drug exposure (CSF detectable drugs
and 95% inhibitory quotient >1) was protective for CSF escape (P = .01).



The cytochrome P450 (CYP) isoenzyme 2B6 polymorphism

G516T confers slower metabolism and is more common with 

African origin

CNS score was calculated using 21 CNS symptoms in the 

Subject Experience Questionnaire.

· 4 novel CYP SNPs found to be associated with 1) EFV

clearance and · 2e EFV plasma concentrations. · Extensive

SNPs in CYP450 appear to e CNS toxicity. · Hypothesis on

mechanism: 8-OH EFV as causative agent of CNS AEs.·

Lower EFV dose to reduce AEs may not be warranted in

slow metabolizers.



Neurocognitive performance and psychological

symptoms improve in HIV-positive patients

switching from an efavirenz- to a rilpivirine-based

cART. P62.

Pinnetti C, Lorenzini P, Mastrorosa I, Vergori A, Giannetti A, Ricottini M, 

Balestra P, Ammassari A and Antinori A.

Submitted





• Approximately 25-40% of individuals infected with human immunodeficiency virus (HIV) are coinfected with

hepatitis C virus (HCV) in high-income countries (Alter, 2006, Peters 2014).

• Both viruses are able to invade the Central Nervous System (CNS) and also to replicate in this compartment.

HCV may infect brain microglia and macrophages (Wilkinson 2009), and a productive HCV infection has been

detected in the brains of HIV/HCV coinfected individuals (Letendre 2007).

• HIV/HCV coinfection is associated with rapid progression of liver disease (Lo Re 2014) and increased risk of

several targeted organ diseases (CVD, kidney, bone) (Freiberg 2011, Lucas 2013, Maalouf 2013).

• Coexistence of these two chronic viral infections may increase monocyte activation, inflammation and cytokine

production (Dichamps 2014, Màrquez 2015).

• Despite the fact that HIV/HCV coinfection has been associated to increased microbial translocation and

monocyte activation and this was found correlated to cognitive impairment (Ancuta 2008, Rempel 2013), main

concerns and controversials remain about the role of HCV coinfection as a factor associated to an increased risk

of cognitive impairment in HIV infected population (Hilsabeck 2005, Letendre 2005, Clifford 2009, Crystal 2012, Clifford

2015).

HIV-HCV co-infection and CNS



Clifford et al



Stroke rated decreased in HIV-monoinfected individuals
but increased steadily in HIV/HCV coinfected individuals

Hospital discharges with a diagnosis of stroke in Spain according to ICD-9-CM during 1997-2013.

The incidence of hemorrhagic stroke (HS) decreased in HIV-monoinfected patients and increased in HIV/HCV-coinfected patients.

The incidence of ischemic stroke (IS) decreased in HIV-monoinfected patients and increased in HIV/HCV-coinfected patients.

Alvaro-Meca A, et al. PLoS One, 2017



Undetectability threshold (50 cp/mL)
Undetectability threshold (12 IU/mL)

HIV-RNA and HCV-RNA determinations in paired plasma/CSF samples

67 pts HIV/HCV positive

15 pts with HCV-RNA in 

plasma <12 IU/mL were

excluded

52 pts: detectable HCV-RNA

HIV RNA values in CSF refer to  samples from both treated and 

untreated patients

� 39 pts had HCV-RNA > 12 

IU/mL only in plasma

� 13 pts had HCV-RNA > 12 IU/mL

both in plasma and CSF



Median concentration of different biomarkers in HIV positive patients categorized by HIV-RNA in plasma 

and CSF
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As expected, HIV-RNA detectable in plasma, as well as in CSF, was associated with increased concentration of neopterin, 

sCD14 and NFL in CSF. 
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Median (IQR) concentration of different CSF biomarkers in HIV mono and HCV co-infected

patients categorized by HCV-RNA levels in plasma

Multivariable linear regression to model the relationship between CSF biomarkers

concentration (log10) and response variables

sCD14

P<0.001

CSF Neopterin (ng/mL) Beta 95%CI p

HIV-RNA in CSF/plasma samples

pl <50 cp/mL and CSF <50 cp/mL ref

pl >50 cp/mL and CSF <50 cp/mL 20,85 -92,39 134,09 0,717

pl <50 cp/mL and CSF >50 cp/mL 159,51 -13,97 333,00 0,071

pl >50 cp/mL and CSF >50 cp/mL 130,54 42,67 218,40 0,004

HCV co-infection (IU/mL)

HCV RNA- ref

HCVRNA+ -106,16 -188,92 -23,39 0,012

cd4 category (cells/mmc)

0-200 ref

201-350 -35,33 -136,07 65,40 0,490

351-max -72,13 -158,88 14,62 0,103

CSF NFL (pg/mL) Beta 95%CI p

HIV-RNA in CSF/plasma samples

pl <50 cp/mL and CSF <50 cp/mL ref

pl >50 cp/mL and CSF <50 cp/mL 85,05 -25,39 195,50 0,131

pl <50 cp/mL and CSF >50 cp/mL 39,99 -144,73 224,71 0,670

pl >50 cp/mL and CSF >50 cp/mL 91,57 3,66 179,49 0,041

HCV co-infection (IU/mL)

HCV RNA- ref

HCV RNA+ -346,13 -434,41 -257,86 0,000

CSF MCP-1 (pg/mL) Beta 95%CI p

HIV-RNA in CSF/plasma samples

pl <50 cp/mL and CSF <50 cp/mL ref

pl >50 cp/mL and CSF <50 cp/mL -25,82 -136,88 85,23 0,647

pl <50 cp/mL and CSF >50 cp/mL 22,76 -147,37 192,90 0,792

pl >50 cp/mL and CSF >50 cp/mL 29,86 -56,31 116,03 0,495

HCV co-infection (IU/mL)

HCV RNA- ref

HCVRNA+ -114,28 -195,44 -33,11 0,006

cd4 category (cells/mmc)

0-200 ref

201-350 -110,72 -209,52 -11,93 0,028

351-max -95,72 -180,79 -10,64 0,028

CSF sCD14 (ng/mL) Beta 95%CI p

HIV-RNA in CSF/plasma samples

pl <50 cp/mL and CSF <50 cp/mL ref

pl >50 cp/mL and CSF <50 cp/mL -132,13 -550,12 285,86 0,534

pl <50 cp/mL and CSF >50 cp/mL 22,15 -618,20 662,50 0,946

pl >50 cp/mL and CSF >50 cp/mL 380,70 56,38 705,01 0,022

HCV co-infection (IU/mL)

HCV RNA- ref

HCVRNA+ 184,02 -1695,30 2063,34 0,847

cd4 category (cells/mmc)

0-200 ref

201-350 -286,08 -657,91 85,76 0,131

351-max -426,77 -746,97 -106,57 0,009

- Despite the fact that HCV-RNA detectable in plasma was associated with lower level of neuroinflammation and/or

neuroinjury, in the subgroup of patients with HCV-RNA detectable in plasma, active replication of HCV in CSF was

associated with increased levels of neopterin, MCP-1 and sCD14, but not of NFL.



DAAs Improve VACS But Do Not Influence Cognitive 
Impairment In HIV/HCV Co-infected

Mastrorosa I, et al. CROI 2017; February 13–16, 2017, Seattle (WA). Poster #354

DAA treatment strongly improved VACS Index, but did not impact on neurocognitive performance in HIV/HCV co-infected patients.

These results could be explained by a poor contribution of HCV to neurocognitive impairment in HIV co-infected population.

The elevated frequency of confounding factors in this highly vulnerable population may have masked benefit effect of DAA on 

neurocognition.



CNS Opportunistic Infection



CNS Opportunistic Infection



Progressive Multifocal Leukoencephalopathy/JC Virus Infection

Epidemiology

- PML is an opportunistic infection of CNS, caused by the polyoma virus JC virus (JCV) and characterized by focal

demyelination.

- JCV: worldwide distribution (seroprevalence of 39% to 69% among adults). Primary JCV infection usually occurs

asymptomatically in childhood.

- Outside the context of HIV infection, PML is rare and characteristically manifests as a complication of other

immunocompromising diseases or therapies ( eg immunomodulatory humanized antibodies, including natalizumab,

efalizumab and rituximab). Concern has been raised about a possible increased risk of PML in HIV-infected patients

treated with rituximab for non-Hodgkin lymphoma,but no reports have yet documented PML in that setting.

- Before the advent of cART, PML developed in 3% to 7% of patients with AIDS and was almost invariably fatal;

spontaneous remissions were rare.With the widespread use of ART in the developed world, incidence of PML has

decreased substantially,and mortality in HIV-infected persons who develop the disease has declined.Although most CNS

opportunistic infections are almost wholly prevented when CD4 T-lymphocyte (CD4 cell) counts are maintained above

100 to 200 cells/mmPML can still sometimes occur in patiens treated effectively with ART.PML can also develop in the

setting of initiating ART and immune reconstitution.



Clinical Manifestations
Focal neurological deficits, usually with insidious onset and steady progression. Because the demyelinating lesions can involve

different brain regions, specific deficits vary from patient to patient. Although lesions can be multiple, one is often clinically

predominant.

- Any region of the CNS can be involved: occipital lobes (with hemianopsia), frontal and parietal lobes (aphasia,

hemiparesis, and hemisensory deficits) and cerebellar peduncles and deep white matter (dysmetria and ataxia).Spinal

cord involvement is rare and the optic nerves are not involved.

- Initial symptoms and signs:

- usually begin as partial deficits (e.g., weakness in one leg) that worsen over time and involve a larger territory (e.g.,

evolution to hemiparesis) as individual lesions expand concentrically or along white matter tracts.

- Focal or multifocal nature of the pathology is responsible for the consistency of clinical presentations with distinct

focal symptoms and signs, rather than as a more diffuse encephalopathy, or isolated dementia or behavioral

syndrome, all of which are uncommon without concomitant focal findings.

- Clinical progression:

- over several weeks, often provides a clue to diagnosis because the other major opportunistic focal brain disorders

(cerebral toxoplasmosis and primary CNS lymphoma) characteristically progress in hours to days and cerebral infarcts

begin even more abruptly.

- PML is sometimes mistaken for an evolving stroke. (bu PML was often gradually progressive)

- Headache and fever are not characteristic of the disease.

- Seizures develop in nearly 20% of PML patients and are associated with lesions immediately adjacent to the cortex.







PML-Immune Reconstitution Inflammatory Syndrome

- Occur within the first weeks to months after initiating ARTwith clinical and radiographic features that differ 

from classical PML, including lesions with contrast enhancement, edema and mass effect, and a more rapid 

clinical course.

- Low CD4 counts, and with greater decline in HIV viral load on initiation of ARV. 

- Histopathology: perivascular mononuclear inflammatory infiltration. Unmasked PML-IRIS is presumed to 

represent the effects of a restored immune response to JCV infection in the context of ART, with resultant 

local immune and inflammatory responses, but other undefined factors also may contribute to unmasked 

PML-IRIS.

- Corticosteroids have been used empirically in this setting, with reported benefit.Further study of 

corticosteroids for treatment of PML-IRIS is needed to confirm efficacy and refine dosage and duration. The 

decision to use steroids can be difficult because it is the immune response to JCV that controls the infection 

and treatments that blunt that response can be deleterious. Nevertheless, the inflammatory response against 

PML can, at times, be more damaging than the virus itself, and corticosteroids appear to have a role in 

treatment of these patients.

- Several case reports suggest that maraviroc might be beneficial for PML-IRIS,presumably related to the 

immunomodulatory rather than ARV properties of the CCR5 inhibitor. In patients whose condition worsens, 

imaging can be repeated to monitor for development of IRIS before initiating corticosteroids.



Treatment



The history of more specifically targeted treatments for PML includes many anecdotal reports of 
success that have not been confirmed by controlled studies

Treatment-2

Not recommanded

- intravenous (IV) and intrathecal cytarabine (cytosine arabinoside), 

hexadecyloxypropyl-cidofovir;

- block the 5HT2a receptor;

- topoisomerase inhibitor, an analogue, topotecan;

- Mefloquine;

- Immunomodulatory approaches
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