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Abstract The implementation of combination antiretroviral
therapy (cART) has changed HIV infection into a chronic
illness, conveying extensive benefits, including greater lon-
gevity and advantages for the central nervous system (CNS).
However, studies increasingly confirm that the CNS gains are
incomplete, with reports of persistent immune activation af-
fecting the CNS despite suppression of plasma HIV RNA.
The rate of cognitive impairment is unchanged, although se-
verity is generally milder than in the pre-cART era. In this
review, we discuss cognitive outcomes from recently pub-
lished clinical HIV studies, review observations on HIV bio-
markers for cognitive change, and emphasize longitudinal im-
aging findings. Additionally, we summarize recent studies on
CNS viral invasion, CD8 encephalitis, and how CNS involve-
ment during the earliest stages of infection may set the stage
for later cognitive manifestations.
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Introduction

Combination antiretroviral therapy (cART) has transformed
the HIV epidemic into a chronic yet complex illness that is
largely manageable for people with access to life-saving ther-
apies [1]. Combination therapies are now deliverable in as few
as one to two pills daily; with adherence and longitudinal
follow-up, they are highly successful in suppressing plasma
HIV RNA to levels undetectable by standard assays. Yet, cog-
nitive impairment remains frequent, has been quantified in
study participants despite plasma HIV RNA suppression,
and is associated with markers of ongoing immune activation
[2, 3].

Multiple lines of evidence confirm that cART is inadequate
to ameliorate central nervous system (CNS) injury for all pa-
tients. In research studies, among participants with suppres-
sion of plasma HIV RNA, CNS microglial activation is ap-
parent by positron emission tomography (PET, [11C]-
PK11195 tracer) and the extent of microglial activation is
associated with worse cognitive performance on executive
functioning tests [4¢]. Diffusion tensor imaging (DTI), a meth-
od that evaluates the integrity of deep brain fibers, uncovers
CNS injury among suppressed participants, and the degree of
compromised CNS fiber integrity correlates to worse cogni-
tive performance [5—7]. Persistent blood monocyte activation
measured by the monocyte/macrophage scavenger receptor,
CD163, is apparent in participants with suppressed plasma
HIV RNA who have HIV-associated neurocognitive disorder
(HAND) [3]. Even markers of brain injury have been identi-
fied in some individuals with chronic infection, as measured
by cerebrospinal fluid (CSF) neurofilament (NFL) elevations
in 8 % of asymptomatic suppressed HIV-infected participants
compared to only 2 % of controls [8].

While many studies indicate HIV-specific mechanisms,
particularly that related to inflammation, there is a similar bulk
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of data to emphasize the role of comorbidities in current era
cognitive impairment. The CNS Anti-Retroviral Therapy
Effects Research (CHARTER) study conducted at five aca-
demic centers in the USA and published in 2010 noted the
greatest probability of cognitive impairment among individ-
uals with comorbidities, including cerebrovascular disease,
head injuries, substance use, and depression. More recently,
in a brain autopsy series of 144 HIV-infected individuals,
about 50 % had moderate or severe cerebral small vessel dis-
ease (CVD), with the extent of CVD associating with previous
exposure to protease inhibitors [9¢]. This study also noted
correlations between HAND and mild CVD [OR (confidence
intervals) 4.8 (1.1-21.2)]. Although this important study pro-
vides unequivocal evidence of high rates of CVD in HIV, the
enrollment period (1999-2011) may expose cohort biases
related to the antiretroviral medications used during that era
that are no longer broadly employed.

A recent review itemized the likely increased risk of clini-
cal stroke in the HIV-infected population, a finding that may
be particularly important for women [10]. HIV may also con-
tribute to young age of stroke, not only among treatment naive
individuals but also those during early phase of treatment [11].
Vasculopathies have been associated with HIV, including ves-
sel remodeling by atherosclerosis, elongation and distension
of vessels [12, 13], and alterations in cerebral vasoreactivity
[14].

More recently, cognitive impairment in the setting of HIV
has been linked to multimorbidity, defined as the presence of
two or more independent disease processes that can augment
each other and achieve worse outcomes. The Veterans Aging
Cohort Study (VACS) index of multimorbidity combines age,
traditional HIV clinical measures (e.g., plasma HIV RNA and
current CD4+ count), and non-HIV disease markers from
more than one organ system (e.g., renal and liver function,
anemia, and hepatitis C co-infection) [15]. The possible mul-
tisystem contributions to HAND is suggested in a recent
Women’s Interagency HIV Study (WIHS) publication linking
liver fibrosis to cognitive performance in models that were
adjusted for both hepatitis C and HIV [16]. Both studies, how-
ever, raise concern that the relationship is not mechanistic but
rather an indication of common underlying pathophysiologi-
cal processes, most probably chronic inflammation.

The diagnostic challenge associated with risk for other neu-
rodegenerative disorders, such as Alzheimer’s disease (AD),
as etiology to cognitive impairment in older HIV-infected pa-
tients is an emerging issue. A recent publication employed the
more general criteria of mild cognitive impairment (MCI),
nosology typically used in HIV-uninfected studies and often
prodromal of AD. Participants were virally suppressed and
over age 50 years and had a seven-times higher risk of meeting
MCI criteria compared to seronegative control (n=75) [17].
With treatment earlier in the course of HIV, HAND is increas-
ingly found to be independent of clinical markers of immune
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compromise (e.g., CD4+ counts). Among young treatment-
naive participants (age 27-42 years, n=608) with CD4+
counts >500 cells/uL, 20 % had at least mild impairment in
neuropsychological testing and 3 % had moderate-to-severe
impairment [18¢]. While worse performance was associated
with duration of HIV, it was also linked to diagnosis of
diabetes and the presence of cardiovascular risk factors that
compromise the Framingham risk score.

Longitudinal studies support the risk for persistent cogni-
tive impairment, and large cohort studies in the USA uncover
challenges with broad uptake of therapy. The Multicenter
AIDS Cohort Study (MACS) completed a longitudinal
substudy of 197 HIV-infected men who have sex with men
(MSM) sampled to be free of major cognitive confounding
factors [19]. Across a 3-year period, the frequency of
HAND increased from 25 to 31 % (p=0.048), and during this
period, 77 % remained stable, 13 % deteriorated, and 10 %
improved in their diagnostic HAND staging. In this sample,
75 % of participants were on cART at baseline and the mean
CD4+ count was 589 cells/mm’. Rates of persistent impair-
ment, deterioration, and improvement among successfully
suppressed participants were not reported, although progres-
sion was linked to poorer treatment outcome variables (e.g.,
viral load). Similarly, the CHARTER study reported the 3-year
incidence and predictors of cognitive change in 436 enrollees
of whom 46 % were impaired at baseline and noted that 61 %
remained stable, 17 % improved, and 23 % declined [20].
Predictors of cognitive change included treatment-related var-
iables, disease severity indicators, baseline demographics, and
premorbid intelligence quotient.

These two major US cohort studies highlight an urgent gap
in implementing treatment. Although rates of cognitive im-
pairment exceeded 50 % in the CHARTER cohort, less than
half had suppressed plasma HIV RNA and 44 % of those on
cART were not suppressed. In the WIHS (cross-sectional)
conducted in the US and the MACS (longitudinal) reports,
only 53 and 70 % of participants achieved undetectable HIV
RNA during study visits, respectively. Given that suppression
of plasma virus is a universally accepted early step in treating
cognitive symptoms and that treatment-related factors were
related to cognition, these studies uncover a crucial opportu-
nity for treatment of persistent impairment.

Substantial controversy remains regarding the research cat-
egorization of asymptomatic neurocognitive impairment
(ANI) within the HAND nosology [21]. The ANI designation
may be used in as many as 70 % of research participants who
are impaired on cognitive testing, but the absence of functional
symptoms is often determined only by self-report [22]. Several
studies buttress the likelihood that the “asymptomatic™ termi-
nology is misleading and that these individuals remain at risk
for outcomes associated with impairment. Compared to unim-
paired HIV-infected participants, ANI individuals more fre-
quently convert to symptomatic disease [23]. In a study of
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mixed asymptomatic and symptomatic participants with
HAND, researchers uncovered impairment in the objective
skills needed to manage health care literacy [24]. In a separate
study, individuals with ANI were found to perform similarly
to participants with mild symptomatic impairment (mild
neurocognitive disorder (MND)) on both neuropsychological
tests and objective tests of everyday function, yet ANI partic-
ipants discrepantly reported normal or above normal perceived
performance [25]. Symptoms, such as irritability and commu-
nication difficulty, are more readily identified when collateral
information can be acquired, but proxy input is not commonly
included in research studies [26]. These studies highlight
important contributions to the asymptomatic designation
driven by impaired insight and less proximal objective infor-
mants than are typical in non-HIV neurodegenerative disorder
studies.

Some researchers have questioned whether HAND termi-
nology appropriately attributes cognitive deficits to HIV
alone. In the Cognitive Impairment in People with HIV in
the European Region (CIPHER) study of 248 healthy HIV-
infected participants (mean CD4+ count of 550 cells, 88 % on
cART), investigators found no difference in the frequency of
cognitive impairment compared to demographically similar
HIV-uninfected controls [27]. These data should be
interpreted with caution given such a limited sample of con-
trols (n=45) of which nearly one third met criteria for cogni-
tive impairment and the sample selection from regular clinic
attendees. The authors noted important differences in rates of
moderate to severe depression in this study, affecting 29 % of
HIV-infected participants compared to only 8 % of HIV-
uninfected controls (»p<0.001). Given knowledge that HIV
is linked to motor, behavioral, and cognitive manifestations,
such a high discrepancy in rates of depression highlights con-
tinued concern for HIV-related CNS morbidity.

Biomarkers for HAND

To date, markers of immune activation and neuronal injury
show greatest promise as potential biomarkers of HAND, al-
though no marker has emerged to have sufficient performance
characteristics for clinical use [3]. CSF monocyte/macrophage
inflammatory markers MCP-1 and sCD14 correlate to MR
spectroscopy (MRS) neuronal damage and inflammatory ab-
normalities among treated participants, 70 % of which
achieved CSF and plasma viral suppression [28]. CSF
sCD14 was also found to associate with CSF NFL, a marker
of neuronal injury, in another cross-sectional analysis studying
a mixed group of participants that were either treatment-naive
or off treatment (n=48) [29]. These findings demonstrate the
importance of understanding the role of monocytes/
macrophages in HAND, particularly noting the associations
of'these markers to HAND despite virologic suppression. This

is also bolstered by a recent study using a myeloid only mouse
model, demonstrating that macrophages from humans can
sustain and transmit infection [30].

Some data have shown that T-lymphocyte activation is
linked to HAND. In a study of 86 HIV-infected participants
with about 70 % achieving viral suppression, the upregulation
of HLA-DR, a marker for T-lymphocyte activation, was de-
tected on CD4+ and CD8+ T-lymphocytes in both blood and
CSF samples compared with healthy controls [31].
Decreasing CD4/CDS ratios in the CSF and the increased
frequencies of HLA-DR expressing CD4+ and CD8+ T cells
in the CSF also were found to associate with HAND severity
and T2 MRI signal abnormalities in the periventricular white
matter and basal ganglia [31].

Potential relationships between persistent intracellular HIV
DNA and cognitive impairment were explored in a retrospec-
tive study of 44 HIV-infected participants with plasma and
CSF viral suppression. Here, higher HIV DNA levels were
associated with cognitive impairment severity in the subset
of older participants (age 50-71, n=26) [32]. These associa-
tions were not detected cross-sectionally in a separate but
similar study (rn=80, CSF and blood viral suppres-
sion=97 %); however, change in HIV DNA did link to
change in cognitive performance in some domains [33].

CSF NFL is a structural component of myelinated axons
and can be detected with active neuronal damage. NFL was
shown to be sensitive for detecting HIV-associated dementia
(HAD), the most severe form of HAND, and was superior to
other CSF markers, including total and phosphorylated tau (t-
and p-tau), soluble amyloid precursor protein (sAPP), and
amyloid beta fragments [34]. Regardless of CD4+ counts,
individuals with HAD also displayed the most distorted over-
all CSF biomarker profiles (e.g., CSF NFL, sAPP, t-tau), white
blood cell count (WBC), and blood-brain barrier (BBB) integ-
rity by albumin ratio. These findings suggest a more extensive
inflammatory response and presence of active neuronal injury
in HAD compared to neuroasymptomatic disease. In a longi-
tudinal study of treatment effect (n=78), CSF NFL levels
decreased in 63 % of participants after cART initiation, al-
though levels remained higher than those in healthy controls
after cART [8]. Recently, elevated NFL levels in plasma, in-
dependent of CSF, have been associated with the presence of
HAD in participants not taking cART, implying that NFL in
blood could be useful as a minimally invasive biomarker for
active neuronal injury in demented patients [35]. Markers of
ongoing injury are still needed for patients with suppressed
plasma HIV RNA, and blood markers would be optimal.

CNS Imaging in HIV

Imaging studies that investigate mixed treatment populations
(e.g., both with and without plasma viral suppression)
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continue to limit our understanding of disease severity among
optimally adherent and suppressed patients. A longitudinal
volumetric study of 51 asymptomatic HIV-infected partici-
pants (mean plasma HIV RNA=9608 copies/ml, about
20 % not on cART) demonstrated faster atrophy rates in
HIV in regions that included the neocortex (from frontal lobes
to parietal lobes) and the thalamus compared to 65 HIV-
uninfected controls [36¢]. The authors did not report the pro-
portion of HIV-infected participants suppressed on therapy.
Those with higher CD4+ counts had slower expansion of
Sylvian fissure and slower atrophy rates in the insulae, hippo-
campi, and frontal and temporoparietal cortices, a finding that
could be interpreted as a window of neuroprotection linked to
early treatment initiation [36¢]. Another preliminary longitu-
dinal study reports that, despite 24 months of cART that was
started within days of infection and with demonstrated plasma
viral suppression, volumetric decreases of 2 % were found in
caudate (p=0.002), putamen (p<0.001), and pallidum
(p=0.034), with a 1 % decrease in total subcortical gray matter
(»=0.002) (n=38, median age 29 years, CD4+ count 386
cells/mm?). These preliminary data lacked an HIV-uninfected
comparison group to assure that these rates exceeded that of
healthy controls; however, given the age of these participants,
such atrophy would be unusual [37].

Magnetic resonance spectroscopy (MRS) measures the
concentration of key metabolites in the brain and can provide
insight into neuronal health, cellular metabolism, and inflam-
mation. Several longitudinal studies suggest that virologic
suppression does not achieve complete normalization of
MRS abnormalities, such as normalization of N-acetyl aspar-
tate (NAA) reflecting neuronal integrity, or choline (CHO), a
marker of inflammation [38, 39]. These persistent MRS
abnormalities were seen in HIV regardless of cognitive status.
Nadir CD4+ count, duration of HIV infection, and older age
correlate with persistent abnormalities in markers of neuronal
health (NAA/Cr, n=260 on stable cART, 75 % with plasma
HIV RNA suppression) [40]. In a study highlighted earlier in
this review, the ability to detect potential microglial activation
linked to cognitive performance among suppressed patients
using PET imaging may represent one of the greatest break-
throughs in understanding ongoing brain injury despite effec-
tive cCART from a study published recently; however, larger
studies are needed [4°].

A study of white matter hyperintensities (WMHs) used a
combination of DTI and fluid-attenuated inversion recovery
(FLAIR) images in over 80 HIV-infected participants with a
broad age range. Authors found that older age was associated
with an increased frequency of WMH in HIV, but not in con-
trols [41]. Investigations of DTI also uncovered impaired mi-
crostructural integrity in the internal capsule, cerebral pedun-
cle, and corona radiata associated with age and HCV co-in-
fection. Alterations in white matter integrity, as measured by
DTI, correlated with cognitive performance in older HIV-
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infected individuals (mean age=64, 90 % with plasma HIV
RNA <400 copies/ml) compared to age-matched controls [6].
Diffuse white matter alterations were detected in another DTI
study comparing HIV-infected participants on suppressive
therapy (n=100) with matched controls (n="70); however,
the contributions from residual pre-cART damage cannot be
excluded in any of these studies and, in the later study, the DTI
abnormalities correlated with the number of years spent with a
CD4+ cell count below 500 cells/pl [7].

The neuroanatomic structures involved in HIV infection are
largely consistent across the various imaging modalities, with
the most common affected brain regions being the frontal white
matter (FWM) [38, 39], basal ganglia (BG) [38, 39, 42, 43], and
the thalami [42]. The effect of HIV infection on frontostriatal
circuitry was similarly reported by a meta-analysis combin-
ing six task-based functional MRI (fMRI) studies (n=105
HIV-infected and »=102 HIV-uninfected controls) where
frontostriatal dysfunction correlated to degree of cognitive im-
pairment, disease progression, and treatment effect [44].

Insights from Early HIV Infection

HIV RNA has been found in the CSF as early as 8§ days fol-
lowing estimated infection [45], and through blood and CSF
viral sequencing, independent replication in the CNS has been
observed within the first year of HIV infection [46¢]. We do
not yet understand when brain changes that underlie irrevers-
ible, long-term cognitive consequences begin and whether
there is a window period for early intervention that can be
neuroprotective. The growing body of early HIV infection
studies may bridge this gap.

In primary HIV infection (PHI), generally defined as within
the first year of infection, a previous report suggested normal
performance on neuropsychological testing in most of the par-
ticipants [47]. Nonetheless, the Chicago Early HIV Infection
cohort (CEHI, n=15, estimated duration of HIV <100 days,
Fiebig III to V) identified worse performance on tasks of psy-
chomotor speed and visual recall [48]. Refining this to the
window of acute HIV infection (AHI), a recent study from
Thailand (n=36, 64 % in Fiebig stage I or II) found that as
many as 25 % were at least one standard deviation below
mean performance on two or more cognitive tests, and this
group of cases had higher CSF HIV RNA [49]. At 3 and
6 months post cART, a subset of individuals did not improve.

In cross-sectional DTI studies from the CEHI cohort [48],
PHI participants had early impairments in white matter tract
integrity at diagnosis. Brain volumetric analyses further re-
vealed reduced parenchyma volumes in PHI compared to con-
trols, suggesting neuronal loss [48]. In contrast, a cross-
sectional analysis from the Primary Infection Stage CNS
Events Study (PISCES) did not find DTI abnormalities at
baseline (median 4 months post infection) compared to
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controls [50]. A conference proceeding noted earlier in this
review identified volumetric reductions over time in deep gray
matter structures despite 24 months of suppressive cART [37].

In the PISCES study, BBB integrity was modestly altered
during PHI, demonstrated by elevated CSF/plasma albumin
ratios, CSF protein levels, and DTI alterations [50, 51]. CSF
and plasma concentrations of matrix metalloproteinases
(MMPs), a group of extracellular proteases involved in BBB
permeability, were compared between 52 PHI and 21 controls
in the CEHI study. Here, authors demonstrated reduced plas-
ma MMP-2 in PHI and that elevation of CSF MMP-2 corre-
lated to reduced white matter integrity, basal ganglia volume,
and motor speed [52]. Longitudinal studies note that neuroin-
flammation in PHI can escalate with time in the absence of treat-
ment. A longitudinal MRS study in treatment-naive PHI reported
increases in inflammatory markers (CHO/Cr and MI/Cr) in the
frontal white matter and parietal gray matter over a median of
6 months [53]. Sequential analysis of CSF neopterin concen-
trations and percentages of activated CD4+ and CD8+ T cells
in CSF similarly demonstrated a steady, rising trend in most of
these 44 treatment-naive PISCES participants [54].

Elevated NFL concentration was seen in 44 % of 92 PHI
PISCES participants and varied with infection duration [51].
These elevations correlated with reductions in neuronal integ-
rity (NAA/Cr) on MRS, but not with neuropsychological per-
formance, suggesting a pre-clinical brain injury [51].
Treatment led to an attenuation, but not normalization of
levels of inflammatory markers in frontal white matter and
parietal grey matter. In AHI participants from Thailand, nor-
mal CSF NFL levels were seen in all but one participant
(n=32) and remained within normal levels after 24 weeks of
cART [55]. Together, these studies highlight CN'S HIV infec-
tion and immune activation being established very early after
initial HIV infection and reasonable support for the conjecture
that there may be a window period for protection from neuro-
nal injury after early CNS invasion.

CNS HIV Escape and CD8 Encephalitis

CNS HIV escape is a rare but biologically important
phenomenon, defined as either a detectable CSF HIV
RNA level despite undetectable plasma HIV RNA level
or a CSF HIV RNA level at least one log;o above a fairly
well-controlled level in plasma [56, 57]. Patients with
symptomatic CNS HIV escape can present with symp-
toms ranging from mild headache or sensory disturbance
to encephalopathy or coma and typically respond to
cART adjustments according to CSF HIV genotyping
or increasing the CNS penetration effectiveness (CPE)
[56, 57]. Drug resistance has been reported in the CSF
in case series of symptomatic CNS escape participants
treated with long-term suppressive cART, including one

after 9 years of a three drug PI-based regimen [58] and
another after 6 years of two-drug Pl-based regimen [59].
There are currently few published data to guide clinicians
on when CNS escape is likely and this is a major gap in the
field, since symptomatic CNS escape is likely occurring in
the minority of cases of cognitive impairment seen in clinic
populations.

A recent cross-sectional study (n=69) found that
10 % of asymptomatic participants with undetectable
plasma HIV RNA had low but detectable levels of CSF
HIV RNA [60]. Higher occurrence rates of 15-19 % of
participants with detectable CSF HIV RNA despite plas-
ma viral suppression have been reported in cART sim-
plification studies [61, 62]. Among participants with
long-term plasma HIV RNA suppression (n=45, <40
copies/ml), 17 % of CSF samples (12/70) had detectable
CSF HIV RNA using a single copy assay with detection
limit 0.3 copies/ml [63¢¢]. Despite the exceptionally low
level of CSF HIV replication, CSF neopterin was higher
in the detectable group compared with the undetectable
group, suggesting that macrophage activation may foster
low-level HIV persistence or vice versa. This is consis-
tent with other asymptomatic CSF viral escape reports
that employ standard assays for HIV RNA quantitation
[60, 64]. As these studies were cross-sectional, it re-
mains less clear if the presence of actively replicating
virus in the CNS is transient or persistent and what role
asymptomatic CNS escape may plan in CNS compart-
mentalization or symptomatic escape. Deep sequencing
of four symptomatic CNS HIV escape cases revealed the
presence of minority variants in CSF, supporting the
concept of local CNS replication and differential evolu-
tion of HIV in the CNS [65].

CD8 encephalitis, a diagnosis pathologically defined by
extensive perivascular and parenchymal infiltration of CD8+
T-lymphocytes [66+], has been reported in treated individuals
and further broadens the possible CNS manifestations in treat-
ed HIV [66¢, 67]. In a case series of CD8 encephalitis, 8 out of
14 individuals had been on stable cART for at least 2 years,
with undetectable plasma HIV RNA and either CD4+ count
>350 cells/mm> or CD4/CD8 ratio >0.7 [67]. All presented
with unexpected, acute or subacute brain dysfunction (e.g.,
dizziness, headache, memory disorders, confusion, status ep-
ilepticus), and all had elevated CSF lymphocyte counts with a
disproportionately elevated CD8/CD4 ratio (CD8+ 65-87 %),
in the absence of blood CD8+ lymphocytosis in all but one
person. The improvement of CD8 encephalitis after steroid
treatment suggests a shared feature with autoimmune condi-
tions; total recovery was reported in 5/14 patients with parallel
resolution of MRI brain abnormalities. Both CNS HIV escape
and CDS encephalitis expand our understanding of cognitive
impairment in people living with HIV on suppressive cART,
as they are proof of concept that CNS viral replication and
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widespread neuroinflammation can persist and associate with
dramatic neurologic symptomatology.

Summary and Recommendations
Conclusions

The persistence of HAND in the era of cART is likely
due to multiple ectiologies. While cerebrovascular risk
factors grow in importance with an aging HIV-infected
population, the issue of persistent CNS immune activa-
tion despite suppressive cART should not be
disregarded, as its presence has been linked with
neurocognitive impairment, neuroimaging abnormalities,
and neuronal damage markers. The observations from
CNS HIV escape offer a potential source of persistent
immune activation, and the occurrence of CDS8 encepha-
litis highlights that a partly recovered yet dysfunctional
host immune system may be of importance in affecting
clinical outcomes.

While there is a persistent risk for developing cogni-
tive impairment despite treatment, hopeful intervention
trials are developing. In a recent, small, randomized con-
trol trial targeting HIV-infected participants with cogni-
tive symptoms despite suppressive cART in both plasma
and CSF (n=9; HIV RNA <50 copies/ml), adding a
CCRS inhibitor (maraviroc) to a backbone cART regi-
men was associated with medium to large effect sizes,
favoring improved global cognitive performance at 6 and
12 months [68]. In another single arm, open-labeled
study of maraviroc intensification, cognitive improve-
ment was noted, as was a reduction in intracellular HIV
DNA and decreased CD38+ T-lymphocytes, providing
mechanistic links to this improvement [69]. With the
expanding narrative about usefulness of CCRS5 blockade
for neuroinflammatory disease [70], CCRS inhibitors
merit larger randomized control trials. Notably, these findings
contrast with a study of neuroasymptomatic participants
where CCRS5 inhibitors were added to first-line therapy (i.e.,
cART naive). Authors identified no benefit to augmentation,
highlighting the likelihood that the opportunity for augmenta-
tion is best guided to those with symptomatic impairment
despite cART [71].

Another potential candidate for intervention is parox-
etine, which was shown to be beneficial for HIV-infected
participants with cognitive impairment in a preliminary
conference report [72]. It continues to be reasonable to
recommend physical exercise [73] and potentially cogni-
tive rehabilitation [74] in an armamentarium that in-
cludes vigilance in management of comorbidities in this
complex and multietiology cognitive impairment.
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