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Abstract

Introduction: CD4/CD8 ratio is a marker of immune activation in HIV infec-
tion and has been associated with neurocognitive performance during chronic
infection, but little is known about the early phases.

The aim of this study was to examine the relationship between blood CD4/CD8
ratio and central nervous system endpoints in primary HIV infection (PHI)
before and after antiretroviral treatment (ART).

Methods: This was a retrospective analysis of the Primary Infection Stage
CNS Events Study (PISCES) cohort.

We longitudinally assessed blood and cerebrospinal fluid (CSF) markers of
inflammation, immune activation and neuronal injury, and neuropsychologi-
cal testing performance (NPZ4, an average of three motor and one processing
speed tests, and a summarized total score, NPZ11, including also executive
function, learning and memory) in ART-naive participants enrolled during
PHI. Spearman correlation and linear mixed models assessed the relationships
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between the trajectory of CD4/CDS8 ratio over time and neurocognitive perfor-
mance, blood and CSF markers of immune activation and neuronal injury.
Results: In all, 109 PHI participants were enrolled. The mean CD4/CDS ratio
decreased with longer time from infection to starting treatment (p < 0.001).
Every unit increase in NPZ4 score was independently associated with a 0.15
increase in CD4/CDS8 ratio (95% CI: 0.002-0.29; p = 0.047), whereas no correla-
tion was found between CD4/CD8 ratio and NPZ11.

Among the cognitive domains, only a change in processing speed was corre-
lated with CD4/CDS8 ratio over time (p = 0.03). The trajectory of the CD4/CD8
ratio was negatively correlated with change in CSF neurofilament light
chain (p = 0.04).

Conclusions: The trajectory of CD4/CD8 ratio was independently associated

with motor/psychomotor speed performance, suggesting that immune
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INTRODUCTION

In the era of antiretroviral therapy (ART), individuals liv-
ing with HIV who have access to ART gain a life expec-
tancy close to that of the general population [1, 2].
Nevertheless, successfully treated subjects may still expe-
rience prolonged HIV-related neurological and cognitive
symptoms. Despite the significant decline in the inci-
dence of HIV-associated dementia due to effective ART
[3-6] and the potential role of lifestyle factors and comor-
bid conditions, varying degrees of HIV-associated neuro-
cognitive disorders (HAND) continue to impact the daily
living and reduce the quality of life of affected individuals
[7-10], as well as influencing their ability to adhere to
ART regimens [11].

There are limited biomarkers associated with the risk
of neurological impairment in people living with HIV.
CD4 T-cell nadir is a predictor for HAND as the level of
neuropsychological impairment increases among HIV-
infected individuals with lower CD4 T-cell nadir
[12-15]. However, accurate CD4 T-cell nadir values can
be difficult to ascertain. Additionally, cerebrospinal
fluid (CSF) markers of monocyte/macrophage activa-
tion, such as elevated plasma-soluble CD163 and CSF
neopterin, and neuronal injury, such as CSF and
plasma/serum neurofilament light (NfL), have been
found in HIV-infected participants with neurological
diseases and with the presence of neurocognitive
impairment, suggesting their utility as additional diag-
nostic biomarkers of HAND [16-20].

activation is involved in brain injury during the early stages of the infection.

CD4/CD8 ratio, early HIV infection, HIV-associated neurocognitive disorders, immune

Most of these biomarkers are not commonly included
in routine laboratory evaluations for clinical indications.
Additionally, none of these markers captures a combina-
tion of immune suppression and immune activation, both
of which probably contribute to CNS pathogenesis. In
fact, neopterin has always been considered as such a
marker because its formation is induced by the activated
immune system (primarily under control of interferon-
gamma) and it is also associated with the development of
immunodeficiency. This fact became more obvious when
tryptophan breakdown by indoleamine 2,3-dioxygenase
(IDO-1) was found to be associated with neopterin forma-
tion; meanwhile IDO-1 became established as a link to
immunosuppressive regulatory T-cells [21, 22]

Increasing attention has been directed at the valuable
information that blood CD4/CD8 ratio can provide about
an individual in HIV care management, and about the
pathophysiological processes underlying neurological
impairment. A normal CD4/CD8 ratio is approximately
2:1 in the general population [20].

The inverted CD4/CD8 ratio among virally sup-
pressed HIV-infected individuals is correlated with
higher risk of early immunosenescence [23], protracted
inflammation [24], age-related disease [25, 26], as well
as AIDS-defining and non-AIDS-defining morbidity and
mortality [25-32]. Systemic and CSF CD4 and CD8 T-
cells express greater concentration of HLA-DR, a
marker for T-cell activation, among chronically HIV-
infected individuals with HAND as compared with
those without HAND [33]. Moreover, chronically
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HIV-infected individuals with symptomatic HAND dis-
play higher rates of inverted CD4/CDS8 ratio than either
unimpaired individuals or individuals with asymptom-
atic neurocognitive disorders, the latter defined by at
least two impaired cognitive domains without any
impact on daily living [34, 35]. Independent of viral rep-
lication and suppression, longitudinal decline in the
ratio is associated with neurocognitive deterioration
[36]. To our knowledge, there has not been any study to
explore blood CD4/CDS ratio as a potential marker of
changes in neurocognitive performance or recovery after
treatment in people during primary HIV infection
(PHI - defined as within the first 12 months after trans-
mission). This information may allow earlier detection
of those at heightened risk of cognitive decline and pro-
vide affected individuals with greater opportunities to
treat and prevent the neurological deficits due to HIV
infection.

The aim of this study was to examine the relation-
ship between blood CD4/CD8 ratio and central ner-
vous system (CNS) endpoints in early infection before
and after ART in order to identify an early biomarker
that may affect the long-term trajectory of neurologi-
cal status in HIV. We investigated the longitudinal
pattern of blood CD4/CD8 ratio and its relationship
with neurocognitive and motor performance as well
as with CSF markers of immune activation and neu-
ronal injury among participants identified during PHI
(Figure 1).
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Trajectory of different markers during follow-up. CSF, cerebrospinal fluid; NfL, plasma/serum neurofilament light

METHODS
Study design and participants

The Primary Infection Stage CNS Events Study (PISCES)
was a prospective observational study that enrolled and
followed participants with PHI between 2003 and 2014 in
San Francisco.

Participants with PHI had laboratory confirmation
of recent HIV infection (within 12 months of viral
transmission) using the Serological Testing Algorithm
for Recent HIV Seroconversion [37]. The date of HIV
transmission was estimated either as 14 days before the
onset of seroconversion symptoms [38] or as the aver-
age date between the last negative and first positive
HIV tests [39].

Participants underwent structured medical and neu-
rological examination, detailed battery of neuropsycho-
logical testing, venipuncture and lumbar puncture at
baseline, 6 weeks, 6 months, and every subsequent
6 months indefinitely. Major exclusion criteria were his-
tory of opportunistic infections and major neurological
diseases, such as stroke, multiple sclerosis and seizure
disorders. Although most participants were ART-naive at
baseline, over half commenced ART at various time
points during follow up for reasons outside of the study.
Participants were prescribed standardized ART regimens
based on the decisions of the participants and their pro-
viders, which were in some, but not all, cases due to a
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decline in CD4 and based on the treatment initiation cri-
teria at the time.

All participants provided written informed consent to
take part in the study, approved by the Institutional
Review Board of the University of California at San
Francisco and Yale University.

Specimen sampling, processing and
laboratory analysis

At the San Francisco General Hospital Clinical Labora-
tory, routine methods measured blood CD4 and CD8
T-cell counts, as well as CSF total white blood cell (WBC)
count, from fresh samples. HIV viral load was measured
from frozen, paired plasma and CSF specimens using the
ultrasensitive Amplicor HIVMonitor v.1.5 (Roche Molec-
ular Diagnostic Systems, Basel, Switzerland) or the
Abbott RealTime HIV-1 (Abbot Laboratories, Abbott
Park, IL, USA) assays. Plasma and CSF neopterin were
measured from frozen samples locally or in the labora-
tory of Dr Fuchs using commercial immunoassays
(Brahms Aktiengesellschaft, Hennigsdorf, Germany).
NfL, a sensitive marker for neuronal injury in the CNS
[38, 39], was measured in CSF using a sensitive quantita-
tive immunoassay (UmanDiagnostics, Umed, Sweden)
with a lower detection limit of 50 ng/L in the laboratory
of Dr Zetterberg. Based on the analysis of 359 neurologi-
cally healthy HIV-uninfected individuals, the upper normal
CSF NfL concentrations were 387 (for participants aged
20-29 years), 525 (for those aged 30-39 years), 713 (for
those aged 40-49 years), 967 (for those aged 50-59 years),
1313 (for those aged 60-69 years), 1781 (for those aged
70-79 years) and 2417 ng/L (for those aged 80 years) [40].

Neuropsychological testing

Neuropsychological testing performed at every visit by a
trained psychometrist employed an 11-test battery to
assess five domains, including motor (timed gait, grooved
pegboard and finger tapping non-dominant hand), execu-
tive function (trail making B and verbal fluency), proces-
sing speed (digit symbol and trail making A), learning
(Rey Auditory Verbal Learning Test and figural memory
learning) and memory (Rey Auditory Verbal Learning
Test delay and figural delay). All measures, except timed
gait, were normalized according to age, education, gender
and ethnicity. Measures were also summarized as the
total z-score (NPZ11) for all the 11 neuropsychological
tests, as well as an abbreviated summary z-score (NPZ4)
for psychomotor and motor speed performance (average
of performance on four tests: timed gait, grooved

pegboard, finger tapping and digit symbol). These
domains and summarized scores were selected based on
their potential involvement in neurocognitive disorders
associated with HIV [41].

Statistical analyses

We performed all statistical analyses with SAS Enterprise
Guide 5.1 (SAS Institute, Cary, NC, USA). Variables were
described using mean, standard deviation, median and
interquartile range (IQR) for quantitative variables, and
frequencies and percentage for qualitative variables. Ini-
tially, Spearman's rank correlation coefficient generated
correlations between variables of interest: change in
CD4/CD8 ratio, time to ART initiation, neuropsychologi-
cal domains, as well as blood neopterin, CSF NfL, and
CSF WBC concentrations. These variables were selected
based on their known relevance to the state of systemic
inflammation and neuropsychological performance
among HIV-infected individuals from the published
literature.

In a second step, linear regressions were performed to
find variables associated with the trajectory of CD4:CD8
ratio. A linear mixed model was constructed to evaluate
variables associated with NPZ11 and NPZ4 scores. Age at
baseline, ART treatment status, plasma viral load, recent
drug use, alcohol abuse, time between each measure and
duration of HIV infection at baseline were tested in uni-
variate analysis. NPZ4 scores or CD4/CD8 ratios have
also been tested according to the outcome. Variables with
p < 0.2 in univariate analysis were used to construct a
multivariate model. Variables with p < 0.05 were kept in
the final model. Some variables of interest could be
forced in the model. Multivariate regression models
investigated independent associations of CD4/CDS8 ratio
with the aforementioned univariate variables.

RESULTS
Baseline characteristics of study cohort

From the cohort of 109 participants, 99% of whom were
men a total of 550 observations were analysed for the
study. In all, 103 (95%) participants were ART-naive at
enrolment, and six participants were ART-experienced
for 1-4 weeks prior to joining the study. At baseline, the
median age was 36 (IQR: 29-43) years, median duration
of infection was 3.3 (IQR: 2.0-5.1) months, median
plasma HIV viral load was 4.6 (IQR: 4.0-5.1) log;qocopies/
mL, median CD4/CD8 ratio was 0.5 (IQR: 0.4-0.9),
median NPZ4 score was —0.2 (IQR: —0.6-0.3) and
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(%)]
CD4 T-cell count (cells/pL)
CD4/CD8 ratio
NPZ4 score
NPZ11 score
Follow-up
Total observations (% on ART)

Number of follow-up visits per
participant

Follow-up duration (months)

ART initiation during follow-up [n
(%]

Delayed ART initiation after
baseline (months)

Viral load < 1000 copies/mL after
12 months [n (%)]

Number of visits while on
treatment

Number of visits while off
treatment

Median trajectory of CD4/CD8
ratio

Median trajectory of CD4/CD8
ratio pre-ART

Median trajectory of CD4/CD8
ratio post-ART

Median trajectory of NPZ4 score

Median trajectory of plasma viral
load (log;ocopies/mL)

TABLE 1 Demographic and clinical characteristics of the study
cohort
Baseline Median (IQR)?
Number of participants (1) 109
Sex (male:female) 108:1
Age (years) 36 (29-43)
Estimated duration of HIV 3.3(2.0-5.1)
infection (months)

ART-naive [n (%)] 103 (95%)
Plasma viral load (log;ocopies/mL) 4.6 (4.0-5.1)
Viral load < 1000 copies/mL [n 11 (10%)

586 (435-735)
0.5 (0.4-0.9)
—0.2 (—0.6-0.3)
—0.4 (—0.9-0.0)

550 (50%)
4(2-7)

12.5 (1.6-35.0)
62 (56.8%)

3.1(0.8-11.8)

35 (66%)

2(0-4)

2(1-3)

0.30 (—0.02-0.56)

—0.07 (—0.18-0.02)

0.35 (0.18-0.48)

0.12 (—0.24-0.48)
—1.83 (—3.13-0.00)

Abbreviations: ART, antiretroviral therapy; IQR, interquartile range.
*Median (IQR) unless stated otherwise.

median NPZ11 score was —0.4 (IQR: —0.9-0.0). Hepatitis
coinfection was found in seven participants (6%). For the
duration of the study, the median number of visits per
participant was 4 (IQR: 2-7) and median duration of
follow-up was 12.5 (IQR: 1.6-35.0) months. A total of
62 (56.8%) participants initiated ART treatment during

follow-up with a median of 3.1 (IQR: 0.8-11.8) months
after baseline; the median number of visits when partici-
pants were on treatment was 2 (IQR: 0-4), and the
median when participants were off treatment was
2 (IQR: 1-3) (Table 1).

Changes in CD4/CD8 ratio during early
infection

Throughout the study, the median increase in CD4/CDS8
ratio trajectory was 0.30 (IQR: —0.02-0.56). During the
period before participants initiated ART, the median tra-
jectory of the CD4/CD8 ratio showed a decrease (—0.07,
IQR: -0.18-0.02). During the interval after ART initia-
tion, the median increase of the CD4/CDS ratio was 0.35
(IQR: 0.18-0.48; Table 1). Multivariate analysis revealed
that the change in CD4/CDS8 ratio over the course of the
study was negatively correlated with age at baseline, time
since HIV infection at enrolment, and CD4/CDS ratio at
week 0 (Table 2). Therefore, the higher the CD4/CDS8
ratio at inclusion, the lower was its improvement over
time (adjusted coefficient = —0.35, 95% CIL: —0.59 to
—0.11; p = 0.005). Moreover, the older the participants
were at enrolment, the less their CD4/CDS8 ratios chan-
ged (adjusted coefficient = —0.01, 95% CI: —0.02-0.00;
p = 0.042). Furthermore, longer delays in time to treat-
ment initiation were associated with less improvement in
the CD4/CD8 ratio (tho = —045, n = 65, p <0.01)
(Table 3).

Association between CD4/CD8 ratio and
general neuropsychological performance

CD4/CD8 ratio was correlated with NPZ11 in univariate
regression analysis (coefficient = 0.27, 95% CI: 0.15-0.39;
p < 0.001), but not in the multivariate model (Table 4).
Of the five individual domains analysed, only the change
in information processing speed was significantly corre-
lated with the trajectory of the CD4/CD8 ratio
(tho = 0.26, n = 77, p = 0.03).

Association between CD4/CD8 ratio and
motor/psychomotor speed performance

Multivariate analysis including all values during the
follow-up and controlling for age at baseline, plasma vir-
aemia < 1000 copies/mL and ART treatment status
revealed that every unit increase in CD4/CD8 ratio corre-
sponded with a 0.15 increase in NPZ4 score (95% CI:
0.002-0.29; p = 0.047; Table 5). When blood CD4/CD8
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TABLE 2 Factors associated with trajectory of CD4/CD8 ratio - linear regression
Univariate Multivariate
Spearman’s
Parameter rho p-value* AdjCoeff (95% CI) p-value
Age at baseline -0.13 0.234 —0.01 (—0.02-0.00) 0.042
Time between each CD4/CDS ratio (in years) 0.21 0.047 0.00 (—0.04-0.04) 0.977
Time since infection at baseline (in months) -0.19 0.072 —0.05 (—0.08 to —0.02)  0.003
First CD4/CD8 ratio —0.31 0.004 —0.35(—0.59 to —0.11) 0.005
Delta NPZ4 0.25 0.021 0.18 (0.07-0.29) 0.002
First NPZ4 0.07 0.551
AdjCoeff
Mean (SD) p-value** (95% CI) p-value

Alcohol abuse 0.611

No 0.31 (0.50)

Yes 0.26 (0.36)
Recent drug use 0.888

No 0.28 (0.41)

Yes 0.29 (0.48)
Treated at least once during the study < 0.001

No —0.12 (0.29) 1

Yes 0.42 (0.40) 0.50 (0.31-0.68) < 0.001
Viral load at baseline < 50 000 0.002

(logyoplasma viral load < 4.7)

No 0.42 (0.45)

Yes 0.14 (0.40)

Abbreviation: AdjCoeff, adjusted coefficient.
Note: Trajectory = last value - first value.
*Refers to "Spearman correlation" and ** to "Student-t test"

ratio was replaced by blood CD4 T-cell count in the mul-
tivariate model analysis with NPZ4, the relationship
between CD4 T-cell and NPZ4 was not significant (coeffi-
cient = 0.00, 95% CI: —0.0000-0.0005; p = 0.092; data not
shown).

Association of CD4/CDS8 ratio with CSF
biomarkers

Among a small group of individuals who were treatment-
naive and who had follow-up CSF NfL available, the
change in CSF NfL concentration was inversely corre-
lated with the change in CD4/CDS ratio (rho = —0.73,
n = 8, p = 0.04). This relationship was not significant
among participants on ART.

For the whole population, the change in CSF WBC
(rho = —0.40, n = 61, p = 0.002) and blood neopterin
(rtho = —0.25, n = 83, p = 0.024) was inversely correlated
with the trajectory of the CD4/CDS ratio in univariate

but not multivariate analysis (Table 2). Baseline CSF
WBC was also positively correlated with the change in
CD4/CD8 ratio (rtho = 0.29, n = 65, p = 0.02), whereas
baseline blood neopterin was not significantly correlated
with the change in CD4/CD8 ratio (Table 3).

DISCUSSION

This study shows that the trajectory of blood CD4/CD8
ratio is independently associated with changes in motor/
psychomotor speed performance among individuals who
are diagnosed with HIV within the first 12 months after
transmission. Early neuroinvasion has previously been
described by Valcour et al. [42] and characterized by the
increase of inflammatory biomarkers in the CSF. Besides,
parenchymal inflammation could be detected early with
magnetic resonance spectroscopy (MRS). These changes
occur most prominently in subcortical structures, includ-
ing basal ganglia, thalamus and frontal white matter and
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TABLE 3 Correlations with trajectory of CD4/CD8 ratio
Spearman’s

Variables rho (n) p-value

Delayed treatment time (months) —0.45 (65) < 0.001

Processing speed domain 0.26 (77) 0.03

At baseline
CSF white blood cells/mm? 0.27 (69) 0.024
Blood neopterin —0.03 (84) 0.813
CSF protein —0.06 (69) 0.652
CSF IP10 0.25(19) 0.297
CSF MCP-1 —0.14 (34) 0.431
Albumin serum:CSF ratio 0.01 (69) 0.923

Trajectory
CSF white blood cell/mm? —0.40 (61) 0.002
Blood neopterin —0.25 (83) 0.024
CSF protein —0.06 (61) 0.635
CSF IP10 —0.08 (10) 0.829
CSF MCP-1 0.25 (13) 0.405
Albumin serum:CSF ratio —0.10 (61) 0.464

Abbreviation: CSF, cerebrospinal fluid; IP 10, Interferon y protein 10; MCP
1, monocyte chemoattractant protein-1.
Note: Trajectory = last value—first value.

could explain why motor findings and bradykinesia are
among the most frequently described disorders during
acute HIV infection [43]. Moreover, the increase in Cho-
line/creatinine levels at MRS during the early phases of
infection has been associated with higher CSF neopterin
values, confirming the role of inflammation and cellular
immune activation in the earliest CNS events [42].

Improvement in the NPZ4 score performance was corre-
lated with increases in the blood CD4/CD8 ratio over time,
independent of other major factors, including age at base-
line, low-level plasma viremia (<1000 copies/mL) and ART
treatment status.

No longitudinal association was found between the
general neuropsychological performance (NPZ11) and
the CD4/CDS ratio. One explanation could be linked to
the nature of the group studied, primary infection HIV,
with 95% of the participants being treatment-naive at the
beginning of the study. Hence, we found a cognitive pro-
file close to what Heaton et al. [41] observed in a pre-
ART group recruited from 1988 to 1995 compared with
participants recruited in the ART era from 2000 to 2007.
The participants in the years without available ARV had
more impairment in motor skills, cognitive speed and
verbal fluency, whereas the cognitive disorders in the
individuals on ARV more frequently involved memory,
learning and executive function impairment. Moreover,

this was a highly educated group of young subjects.
Therefore, high performance in some domains could
mask low performance in other domains and averaged
score could be considered normal.

Furthermore, the processing speed performance was
specifically correlated with the trajectory of the CD4/CD8
ratio. Cerebral processing delay remains one of the most
common cognitive deficits among individuals with HIV
[44, 45]. The association between processing speed and
CD4/CD8 ratio is consistent with the significant inverse
correlation between the CD4/CDS8 ratio trajectory and
CSF NfL concentration among treatment-naive individ-
uals. As high CSF NfL indicates axonal injury even in
early infection [40, 46], the inverse relationship between
blood CD4/CD8 ratio and CSF NfL reinforces the correla-
tion between CD4/CDS8 ratio and processing speed,
which is associated with myelination and white matter
regions in the brain [47]. As only the change in proces-
sing speed cognitive domain showed a significant associa-
tion with the CD4/CD8 ratio trajectory, it is possible that
myelination and white matter are either more damaged
or among the first to be injured in the CNS during early
HIV infection [48-52].

Taken together, these findings suggest a meaningful
relationship between CD4/CDS8 ratio and cognitive per-
formance, wherein a decrease or increase in systemic
CD4/CDS8 ratio over time may be a valuable signal of
neurocognitive status, potentially warranting an evalua-
tion for HAND.

Interestingly, when blood CD4/CD8 ratio was
replaced by blood CD4 T-cell count in the multivariate
model analysis with NPZ4, the relationship between CD4
T-cell and NPZ4 was insignificant. Therefore, CD4/CD8
ratio provides unique information beyond CD4 T-cell
count alone into potential mechanisms of HIV neuro-
pathogenesis, suggesting that both levels of immune sup-
pression (reflected in CD4 T-cell count) and immune
activation (reflected in CD8 T-cell count) are needed for
HAND. Additionally, change in CD4/CDS8 ratio may
serve as a common proxy for clinicians to identify indi-
viduals at risk of neurocognitive decline or to monitor
the response of neurocognitive disease to ART.

Regarding factors affecting blood CD4/CD8 ratio in
early infection, the results suggest an inverse relationship
between delayed time to ART initiation and the rate of
change in CD4/CD8 ratio. Hence, those who initiated
ART soon after HIV transmission experience greater
improvement in CD4/CD8 ratio than those who started
treatment later. This inverse relationship supports previ-
ous studies that show an effect of prolonged unaddressed
HIV replication in the body, depleting the systemic
reserve of CD4 T-cells and causing proinflammatory
responses in the body [53, 54], as well as provoking
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TABLE 4 Factors associated with general neuropsychological performance (NPZ-11) - all patients/all time, mixed model (N = 107
patients with 525 observations)

Univariate Multivariate

Parameter Coeff (95% CI) p-value AdjCoeff (95% CI) p-value
Age at baseline 0.01 (0.00-0.03) 0.040
Time since infection at baseline (in years) 0.03 (—0.59-0.65) 0.922
Time between baseline and each visit (in years) 0.08 (0.05-0.10) < 0.001 0.05 (0.02-0.07) 0.001
CD4/CD8 ratio during follow-up 0.27 (0.15-0.39) < 0.001 0.07 (—0.07-0.20) 0.345
Alcohol abuse

No Ref

Yes —0.18 (—0.43 to +0.6) 0.145
Recent drug use

No Ref

Yes —0.07 (—0.33-0.19) 0.603
Treated

No Ref ref

Yes without integrase inhibitor 0.22 (0.13-0.31) < 0.001 0.14 (0.03-0.24) 0.009

Yes with integrase inhibitor 0.33 (0.21-0.46) < 0.001 0.21 (0.07-0.35) 0.004
Viral load < 1000 (log;o < 3)

No Ref

Yes 0.23 (0.15-0.31) < 0.001

Abbreviation: AdjCoeff, adjusted coefficient; CI, confidence interval.
*Refers to "Spearman correlation" and ** to "Student-t test"

TABLE 5 Factors associated with motor/psychomotor speed performance (NPZ4) - all patients/all time, mixed model (N = 107 patients
with 525 observations)

Univariate Multivariate
Coeff (95% CI) p-value AdjCoeff (95% CI) p-value
Age at baseline 0.02 (0.01-0.04) 0.001 0.02 (0.01-0.04) 0.001
Time since infection at baseline (in years) 0.08 (—0.62-0.77) 0.825
Time between baseline and each visit (in years) 0.02 (—0.01-0.04) 0.136 —0.01 (—0.04-0.02) 0.561
CD4/CD8 ratio 0.20 (0.07-0.32) 0.003 0.15 (0.002-0.29) 0.047
Alcohol abuse
No Ref
Yes —0.22 (—0.50-0.05) 0.112
Recent drug use
No Ref
Yes —0.20 (—0.49-0.09) 0.175
Treated
No Ref Ref
Yes 0.12 (0.03-0.21-) 0.007 0.10 (—0.01-0.20) 0.062
Viral load < 1000 (log;, < 3)
No Ref
Yes 0.13 (0.05-0.21-) 0.002

Abbreviation: AdjCoeft, adjusted coefficient; CI, confidence interval.
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resistance of CD4 T-cell count restoration despite long-
standing viral suppression of up to 10 years [55].

This deleterious effect of delayed treatment time on
the progress of CD4/CDS8 ratio normalization in early
HIV infection further reinforces the importance of early
ART initiation for optimal CD4/CD8 ratio improvement
[56, 57].

Although delayed treatment time was correlated with
change in CD4/CD8 ratio, it was not related to the rate of
change in NPZ4 score. Thus, there may be other factors
that can explain the link between blood CD4/CDS8 ratio
and motor/psychomotor speed performance in this group
of participants. Inflammation and immune activation in
the CNS manifest after HIV transmission during the
acute stage (before seroconversion) [48, 58, 59] and even
persist among individuals with long-term HIV viral sup-
pression [60, 61]. Furthermore, elevated CSF WBC is
common among HIV-infected people with neurological
impairment despite the paucity of evidence of other CNS
infections, as well as individuals who are neurologically
asymptomatic [58, 61].

This retrospective study is limited due to the nature
of the analytical approach, relying on data collected
based on the criteria of the PISCES protocol. Addition-
ally, the study cohort is composed primarily of men,
which limits the generalizability of the findings to HIV-
infected women in the population. Despite adjusting for
time between each neuropsychological testing and base-
line, there may be a risk of practice effect due to repeated
test exposure. Additionally, as a quarter of participants
entered the study less than 2 months after their HIV diag-
nosis, their systemic CD4 T-cell levels may not yet have
stabilized. Therefore, potential bias of infection time may
have affected the analysis of the CD4/CDS8 ratio and neu-
ropsychological performance. However, this risk of bias
was reduced by the relatively long duration of infection
(after 3 months) by 61% of the cohort after which viral
set point is typically reached [62], as well as by adjusting
for this variable of infection duration in the multivariate
analysis. Moreover, a longer follow-up would have been
useful in understanding the long-term relationship
between the CD4/CDS8 ratio and cognitive performance.
Besides, we did not measure the CD4 and CDS8 cell count
in CSF. Lastly, although the role of cytomegalovirus
(CMV) on immune activation is mainly known during
chronic HIV infection, we cannot excluded an influence
of CMV coinfection on the trajectory of the CD4/CD8
ratio.

In conclusion, the trajectory of CD4/CDS8 ratio, but
not that of CD4 cell count alone, was independently asso-
ciated with motor/psychomotor speed performance, sug-
gesting that immune activation is involved in brain
injury during the early stages of the infection.

Improvements in neuropsychological test perfor-
mance observed in our overall cohort after most partici-
pants started ART were correlated with improvement in
CD4/CD8 ratio, suggesting that both immune suppres-
sion and immune activation are needed for HAND. Fur-
thermore, change in CD4/CD8 ratio may serve as a
common proxy for clinicians to identify individuals at
risk of neurocognitive decline or to monitor the response
of neurocognitive disease to ART. Longitudinal follow-up
of blood CD4/CDS8 ratio during early HIV infection may
be able to inform healthcare providers about patients
whose neurocognitive health needs closer monitoring.
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