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Abstract
HIV-associated neurocognitive disorder (HAND) is characterized by chronic immune activation. We aimed to identify bio-
markers associated with HAND and to investigate their association with cognitive function and sex, in a homogenous cohort
of HIV-infected (HIV+) young adults, parenterally infected during early childhood. One hundred forty-four HIV+ Romanian
participants (51%women) without major confounders underwent standardized neurocognitive and medical evaluation in a cross-
sectional study. IFN-γ, IL-1β, IL-6, CCL2, CXCL8, CXCL10, and TNF-α were measured in plasma in all participants and in
cerebrospinal fluid (CSF) in a subgroup of 56 study participants. Biomarkers were compared with neurocognitive outcomes, and
the influence of sex and HIV disease biomarkers was assessed. In this cohort of young adults (median age of 24 years), the rate of
neurocognitive impairment (NCI) was 36.1%.Median current CD4+ count was 479 cells/mm3 and 36.8% had detectable plasma
viral load. Women had better HIV-associated overall status. In plasma, controlling for sex, higher levels of IL-6 and TNF-αwere
associated with NCI (p < 0.05). Plasma CXCL10 showed a significant interaction with sex (p = 0.02); higher values were
associated with NCI in women only (p = 0.02). Individuals with undetectable viral load had significantly lower plasma
CXCL10 (p < 0.001) and CCL2 (p = 0.02) levels, and CSF CXCL10 (p = 0.01), IL-6 (p = 0.04), and TNF-α (p = 0.04) levels.
NCI in young men and women living with HIV was associated with higher IL-6 and TNF-α in plasma, but not in the CSF.
CXCL10 was identified as a biomarker of NCI specifically in women with chronic HIV infection.
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Introduction

HIV-associated central nervous system (CNS) dysfunction
is attributed in a large part to inflammatory responses that

damage neurons (Wiley et al. 1986) (González-Scarano
and Martín-García 2005). Increased inflammation in the
CNS during chronic HIV infection was associated with
neurocognitive impairment (NCI) (Cinque et al. 1998;
Burdo e t a l . 2013) l ead ing to HIV-assoc i a t ed
neurocognitive disorders (HAND), despite efficient sup-
pressive antiretroviral treatment (ART) (Burdo et al.
2013). Since HAND can also occur in clinically asymp-
tomatic persons infected with HIV (HIV+) (Heaton et al.
2011; Gott et al. 2017), diagnostic tests in easily accessi-
ble body fluids are currently main research goals.

Lower neurocognitive performances in HIV-infected
(HIV+) women compared with HIV+ men have been re-
ported in several cohorts (Morlat et al. 1992; Robertson
et al. 1996; Kabuba et al. 2016; Royal et al. 2016; Bacon
et al. 2005; Holguin et al. 2011; Manly et al. 2011; Hestad
et al. 2012) despite better HIV indicators (Kabuba et al.
2016; Royal et al. 2016). Also, HIV+ women have a
higher prevalence of NCI compared with HIV-negative
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(HIV−) women regardless of symptom status and AIDS
diagnosis (Richardson et al. 2002; Stern et al. 1998).

Different patterns of cognitive impairment have been de-
scribed in HIV+ men and women (Faílde-Garrido et al. 2008;
Kabuba et al. 2016; Royal et al. 2016; Royal et al. 2016) with
impairment in psychomotor tasks being particularly noted
(Richardson et al. 2002), although other publications do not
report specific differences (Robertson et al. 2004). Our team
has previously reported a specific negative effect of HIV on
motor functioning in HIV+ females only (Burlacu et al. 2018).

It has been speculated that, in spite of better HIV surrogate
markers in women, immunogenic responses, which might be
influenced by hormonal patterns, impact on the size of viral
reservoir (Hagen and Altfeld 2016) and that there may be
specific hormonal influences associated with higher levels of
inflammatory biomarkers in response to HIV, in women
(Owen et al. 2010).

Infiltration of HIV-infected macrophages, monocytes, and
T cells into the CNS determines a cascade of inflammation
that leads to the activation of microglia, astrocytes, and
perivascular macrophages and persistent neuroinflammation
(Heaton et al. 2011; Heaton et al. 2004; Canestri et al. 2010;
Peluso et al. 2012). Chemokine ligand 10 (CXCL10) is
chemoattractant and a potent pro-inflammatory cytokine.
Macrophages produce interferon gamma (IFN-γ) in self-
amplifying loop and release CXCL10 when interacting with
T cells. Transmigration of CD8 T cells into the CNS resulting
in elevated cerebrospinal fluid (CSF) IFN-γ has specifically
been correlated with increased risk of HIV-associated NCI
(Schrier et al. 2015). In presence of HIV-1 proteins,
CXCL10 is neurotoxic and leads to the production of further
pro-inflammatory cytokine as tumor necrosis factor alpha
(TNF-α) and IFN-γ (Williams et al. 2009; Luster and
Ravetch 1987; van Marle et al. 2004; Williams et al. 2009).

We aimed to identify immune activation biomarkers associat-
ed with NCI and the relation to viral characteristics and sex in a
highly homogenous young cohort, with chronic HIV infection.

Methods

Study population

One hundred forty-four HIV+ adults were evaluated at “Dr.
Victor Babes” Hospital (VBH), in Bucharest, Romania.
Participants are part of the Romanian cohort of children
infected in their first years of life, in the late 1980s, with
HIV clade F (Patrascu and Dumitrescu 1993; Apetrei et al.
1998) The study was approved by the institutional review
boards of VBH and the University of California at San
Diego. All participants provided written informed consent.
The inclusion and exclusion criteria were previously de-
scribed (Ene et al. 2014).

Neurocognitive assessment

Seven ability domains (Verbal Fluency, Speed of Information
Processing, Attention/Working Memory, Executive Function,
Learning, Delayed Recall, and Motor) were tested using an
internationally validated battery (Ene et al. 2014). Analyses
for individual test raw scores were conducted using indepen-
dent samples t test. In order to examine performance within
and across cognitive domains, each of the tests was trans-
formed into Z scores based on the mean and standard devia-
tion (SD) of the HIV– group on which norms were developed
(Ene et al. 2014). The domain-specific Z scores were then
averaged and independent sample t test was used to examine
if mean group differences exist. In order to estimate impair-
ment rates, we utilized a global deficit-type approach (Carey
et al. 2004b; Carey et al. 2004a) by assigning a score from 0 to
5 based on number of Z score SD from normal. Worse cogni-
tive performance results in a higher Z score deficit score. A Z
score of > 0.50 was the cut point for classification as neuro-
psychological impaired.

Current and past alcohol and substance use were deter-
mined using a specific questionnaire and MINI-International
Neuropsychiatric Interview. Depression was evaluated with
Beck Depression Inventory II. The Patient’s Assessment of
Own Functioning Inventory (PAOFI) was administered to
evaluate the impact of NCI on daily functioning.

Neuromedical evaluation

The neuromedical examination included a review of medical
files, any current or past ART medications and a brief medical
and neurological examination. Current CD4+ count and HIV
viral load were measured with a detection limit for HIV RNA
of 50 copies/ml. Lumbar puncture was proposed to all partic-
ipants and performed in those who consented.

Biomarker assays

The following biomarkers were measured in plasma the day or
the following day of the neurocognitive assessment: (N = 144)
and CSF (N = 56): interleukin-1β (IL-1β), interleukin-6 (IL-
6), interleukin-8 (CXCL8), tumor necrosis factor alpha
(TNF-α), interferon gamma-induced protein 10 (CXCL10),
monocyte chemo-attractant protein-1 (CCL2), and interferon
gamma (IFN-γ).

Cytokine and chemokine levels in plasma and CSF sam-
ples were measured using a Meso-Scale Discovery (MSD)
(Rockville, MD, USA) MULTI-SPOT® Assay System. The
data were acquired on a SECTOR Imager-2400 instrument
(Rockville, MD, USA) and analyzed using MSD Discovery
Workbench® analysis software. All assays were performed
according to the manufacturer’s instructions.
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All samples were assayed in duplicate and blind to the
subject’s diagnostic record; mean intra-assay coefficients of
variability (CVs) for all analyses were < 25%. Cytokine con-
centrations below the lower limits of detection were reported
as undetectable.

Statistical analysis

Demographic and clinical characteristics were summarized by
mean and standard deviation or median and interquartile range
for numeric variables and by count (N) and percent for cate-
gorical variables. The number of measurements differed be-
tween the participants; thus, the sample sizes differ between
analyses of each biomarker. Number of participants with com-
plete data is listed for each analysis in the results section. Raw
values of the biomarkers (in pg/mL) were log10 transformed
and all necessary assumptions for parametric analyses were
checked with appropriate methods prior to analyses. One ex-
treme outlier in CSF IL-6 was excluded from analysis.
Outliers were detected by visual inspection of the biomarkers
distributions as well as diagnostic methods for detecting out-
liers in linear regression (Cook’s distance and externally
studentized residuals), when regressing biomarker measured
in CSF on values measured in plasma.

The two-sample t test method was used to compare bio-
markers between sexes and, separately, between individuals
with undetectable and detectable HIV plasma RNA. Effect
sizes were estimated with the Cohen’s d. We also compared
biomarkers between normal and impaired subjects using non-
parametric analysis, for each of the 4 groups (female/detect-
able and undetectable HIV RNA; male/detectable and unde-
tectable HIV RNA) in plasma and CSF.

Multivariable analyses were conducted to investigate the
association of biomarkers (plasma and CSF) and sex. Separate
multivariable logistic regressions modeled NCI on bio-
markers, sex, and HIV RNA. Their interactions were investi-
gated at α = 0.05 significance level. A significant interaction
would indicate that the association of a biomarker with the
NCI differs between sexes. Non-significant interactions were
not kept in the models. The effect size was measured by odds
ratio (OR).

For the 56 patients with CSF samples, we compared bio-
markers levels and HIV RNA in CSF and plasma using
Spearman’s rho method. The nonparametric method was cho-
sen to accommodate potential non-linear associations.

Results

Cohort description

Demographic and clinical characteristics of the participants
are summarized in Table 1. Participants were young adults

(age range = 19–26 years) and half were women. The average
duration of HIV infection was 22.9 years. The majority had
controlled HIV infection: 63.2% (91 of 144 participants) had
undetectable plasma HIV RNA. Only 12.3% had detectable
CSF HIV RNA (7 of the 57 patients for whom data were
available). Plasma and CSF HIV RNA were strongly associ-
ated with each other (Spearman rho = 0.72, p < 0.001). All but
7 male and 5 female participants (8.3%) were on ART. The
median current CD4+ count was 479 cells/mm3. Thirty-seven
percent of men (26 of 71) and 36% of women (49 of 73) had
NCI; the difference was not statistically significant (p = 0.31).
Among the 53 (36.8%) participants with detectable HIV
RNA, 19 (35.8%) had NCI. Among the 91 persons with un-
detectable HIV RNA, 33 (36.3%) had NCI. There was no
significant association between NCI and detectable plasma
viral load (chi-squared test; χ2 = 0.002, df = 1, p = 0.96).

13.2% of participants (9 of 144) had evidence of depression
(BDI > 13), but none had major depression. The subgroup of
study participants with available biomarkers in CSF and plas-
ma had similar demographic and clinical characteristics (data
not shown). None of the study participants had increased
blood-brain barrier (BBB) permeability as measured by the
albumin ratio index (data not shown).

Associations between cognition and biomarkers,
controlling for sex and for viral load

Table 2 shows the results of multivariable logistic regression
analyses: in plasma, higher levels of two biomarkers were
associated with NCI (ps < 0.05), controlling for sex and HIV
RNA (IL-6 OR = 2.85; TNF-α OR = 1.9). One biomarker,
CXCL10, showed a significant interaction with sex (p =
0.02), such that higher level was associated with NCI only
in women (OR = 13.4 per 1 log10 increase, p = 0.02), but not
in men (p = 0.33). For each biomarker, the odds ratio demon-
strates effect size per 1 unit increase on the log10 scale.
Figure 1 shows this interaction effect. No CSF biomarkers
were associated with NCI in the smaller sample of participants
who underwent lumbar puncture (n = 56).

Associations of biomarkers with HIV disease
characteristics

In plasma, persons with undetectable HIV RNA had lower
CXCL10 (d = − 1.38, p < 0.001) and CCL2 (d = − 0.54, p =
0.02) than persons with detectable HIV RNA. Comparisons of
other plasma biomarkers showed medium effects sizes: IFN-γ
(d = 0.36), IL-6 (d = 0.31), TNF-α (d = 0.34), and CXCL8
(d = −0.30).

For the CSF biomarkers, persons with undetectable HIV
RNA had significantly lower levels of CXCL10 (d = − 1.44,
p = 0.01), IL-6 (d = − 0.72, p = 0.04), and TNF-α (d = − 0.85,
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p = 0.04), compared with the persons with detectable HIV
RNA. Results of these analyses are summarized in Table 3.

Correlations between plasma and CSF biomarkers

Correlation analyses for plasma and CSF pairs showed that
CXCL10 values were significantly correlated with each other

(Spearman rho = 0.50, p = 0.002, N = 37). The other four cor-
relations were not significant (ps > 0.05).

Comparison of biomarkers by sex

Men had marginally higher values of plasma CCL2 (d = 0.37,
p = 0.07) compared with women. Effect sizes of similar

Table 1 Demographic and clinical characteristics of the cohort (N=144)

Male (N = 71) Female (N = 73) p valuea Total

Demographic characteristic

Age (years), mean (SD) 23.7 (1.21) 23.7 (1.16) 0.81 23.7 (1.18)

Education (years), mean (SD) 11.6 (2.44) 11.7 (2.87) 0.83 11.6 (2.66)

Employed or in school 36.6% 34.2% 0.90 35.4%

Beck Depression Inventory > 13 14.1% 12.3% 0.95 13.2%

PAOFI total score > 3 complains 15.5% 13.7% 0.95 14.6%

GDS, median (IQR) 0.30 (0.09, 0.61) 0.39 (0.17, 0.68) 0.31 0.39 (0.13, 0.65)

GSD ≥ 0.5 36.6% 35.6% 36.1%

HIV characteristic

AIDS 43.7% 45.2% 0.99 44.4%

Estimated years with HIV from the date of infection, mean (SD) 23.0 (2.66), N = 68 22.7 (2.76), N = 68 0.55 22.9 (2.70)

Nadir CD4+ count, median (IQR)
Mean (SD)

61 (15.5, 171)
107 (115)

105 (35, 168)
134 (138)

0.20 83 (22, 170)
121 (128)

Current CD4+ count, median (IQR)
Mean (SD)

420 (162, 662)
437 (290)

516 (347, 771)
576 (310)

0.006** 479 (259, 698)
507 (307)

CD4/CD8, mean (SD) 0.51 (0.40) 0.83 (0.50) < 0.001*** 0.67 (0.48)

Currently taking ART 90.1% 93.2% 0.73 91.7%

Months on current ART regimen, mean (SD) 35.5 (31.5), N = 64 31.2 (23.4), N = 68 0.38 33.3 (27.6)

Detectable HIV viral load in plasma 47.9% 26.0% 0.011* 36.8%

Detectable HIV viral load in CSF 13.3%, N = 30 11.1%, N = 27 > 0.99 12.3%

Years with detectable HIV RNA,
Median (IQR) mean (SD)

5.6 (2.2, 8.7)
5.7 (4.0)

2.8 (0.7, 5.9)
4.0 (3.6)

p = 0.007** 4.2 (1.4, 7.6)
4.8 (3.9)

Months of exposure to ARV medications, Mean (SD) 119 (61.3) 122 (51.8) 0.72 121 (56.5)

Biomarker

Plasma IFN-γ (log10) 1.78 (0.70) N = 44 1.73 (0.72) N = 37 0.77 1.76 (0.71)

Plasma CXCL10 (log10) 2.76 (0.37) N = 47 2.65 (0.31) N = 52 0.11 2.71 (0.34)

Plasma IL-6 (log10) 0.37 (0.55) N = 68 0.31 (0.53) N = 62 0.55 0.34 (0.54)

Plasma TNF-α (log10) 1.06 (0.68) N = 64 0.93 (0.69) N = 63 0.28 1.00 (0.68)

Plasma CCL2 (log10) 1.96 (0.18) N = 49 1.89 (0.21) N = 51 0.07 1.92 (0.19)

Plasma CXCL8 (log10) 0.57 (0.20) N = 69 0.54 (0.26) N = 73 0.52 0.56 (0.23)

CSF CXCL10 (log10) 2.87 (0.48) N = 24 2.71 (0.43) N = 20 0.25 2.80 (0.46)

CSF IL-6 (log10) 0.18 (0.16) N = 21 0.25 (0.19) N = 20 0.21 0.24 (0.27)

CSF TNF-α (log10)b − 0.33 (0.32) N = 25 − 0.43 (0.26) N = 21 0.27 − 0.37 (0.30)

CSF CCL2 (log10) 2.53 (0.12) N = 20 2.54 (0.16) N = 21 0.86 2.54 (0.14)

CSF CXCL8 (log10) 1.53 (0.17) N = 29 1.56 (0.21) N = 27 0.56 1.55 (0.19)

a p values are obtained using the two-sample t test for numeric variables, chi-squared tests for categorical variables, and Fisher’s exact test for detectable
HIV in CSF
bNegative log10 values reflect the mean raw biomarker values between 0 and 1

*p < 0.05, **p < 0.01, ***p < 0.001

AIDS, acquired immunodeficiency syndrome; GDS, global deficit score; IQR, interquartile range; PAOFI, Patient Assessment of Own Functioning
Inventory; SD, standard deviation
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magnitude (absolute value), but without the marginal signifi-
cance (ps > 0.05), were also observed for plasma CXCL10
(d = 0.32), CSF CXCL10 (d = 0.35), CSF IL-6 (d = −0.40),
and CSF TNF-α (d = 0.33). Other comparisons did not yield
large effect sizes.

Comparison of biomarkers between impaired
and unimpaired groups stratified by sex and HIV RNA

For plasma CXCL10, IL-6, TNF-α, and plasma CXCL8, the
impaired female group had higher median (and mean) than un-
impaired in both detectable and undetectable HIV RNA groups.
The results were significant only for the detectable group (data

not shown). Because of small sample sizes, we were unable to
investigate 3-way interactions. No significant results for males or
CSF biomarkers were found (data not shown).

Discussion

In this analysis of young adults infected with HIVas children,
NCI was associated with high plasma levels of IL-6 and
TNF-α. Biomarker levels did not differ between women and
men on global cognition with the exception of CXCL10, for
which higher plasma levels had a negative association with
cognitive functioning, only in women.

These findings are particularly interesting since HIV+
women had better HIV-associated characteristics such as
higher levels of current CD4 count, higher CD4/CD8 ratio,
lower proportion with detectable HIV RNA, and shorter cu-
mulative estimated time spent with detectable HIV RNA.

We also showed that patients who had controlled HIV rep-
lication had lower levels of plasma and CSF CXCL10, lower
levels of plasma CCL2, as well as lower CSF levels of TNF-α
and CCL2.

Our study population was a highly homogenous group of
young adults, with approximately 23 years of chronic HIV
infection, a balanced sex distribution, and no significant med-
ical, psychiatric, or behavioral confounding conditions.
Indeed, they are issued of the major HIVepidemic in children
that occurred between 1987 and 1990, in Romania, when the
majority acquired the infection via transfusions of unscreened
blood or therapeutic injections with improper reuse of
nonsterile needles and syringes (Hersh et al. 1993).

Table 2 Results of logistic regression models of NCI on biomarkers
and sex, controlling for HIV viral load

Predictors N OR (95% CI)a p value

Plasma IFN-γ 81 1.71 (0.88, 3.33) 0.12
Sex 0.77 (0.31, 1.94) 0.58
HIV VL detectable 1.27 (0.46, 3.49) 0.65

Plasma CXCL10 99 13.4 (1.23, 145.52) 0.021*
Sex 0.64 (0.27, 1.51) 0.31
Plasma CXCL10 × sex interaction 0.03 (0.002, 0.51) 0.016*
HIV VL detectable 1.12 (0.37, 3.40) 0.84

Plasma IL-6 130 2.85 (1.37, 5.91) 0.005**
Sex 0.87 (0.40, 1.87) 0.72
HIV VL detectable 1.29 (0.58, 2.87) 0.53

Plasma TNF-α 127 1.90 (1.09, 3.33) 0.025*
Sex 0.93 (0.43, 1.99) 0.85
HIV VL detectable 1.19 (0.53, 2.64) 0.68

Plasma CCL2 100 0.45 (0.05, 4.25) 0.49
Sex 0.79 (0.34, 1.84) 0.59
HIV VL detectable 1.75 (0.69, 4.46) 0.24

Plasma CXCL8 142 1.82 (0.40, 8.19) 0.44
Sex 1.03 (0.51, 2.08) 0.94
HIV VL detectable 0.95 (0.45, 1.99) 0.89

CSF CXCL10 44 0.88 (0.16, 4.70) 0.88
Sex 0.95 (0.26, 3.39) 0.93
HIV VL detectable 1.03 (0.19, 5.46) 0.97

CSF IL-6 41 0.13 (0.001, 13.4) 0.39
Sex 1.02 (0.24, 4.31) 0.98
HIV VL detectable 1.46 (0.30, 7.00) 0.64

CSF TNF-α 46 0.45 (0.04, 5.77) 0.54
Sex 1.04 (0.28, 3.86) 0.95
HIV VL detectable 1.22 (0.27, 5.43) 0.78

CSF CCL2 41 0.38 (0.004, 39.3) 0.68
Sex 1.66 (0.45, 6.13) 0.45
HIV VL detectable 0.93 (0.22, 3.91) 0.92

CSF CXCL8 56 0.32 (0.01, 8.61) 0.50
Sex 0.74 (0.23, 2.33) 0.60
HIV VL detectable 1.30 (0.36, 4.74) 0.69

a The odds ratio > 1 indicates higher odds of cognitive impairment, and
the odds ratio < 1 indicates lower odds of cognitive impairment. For
biomarkers, the odds ratio is measured per 1 unit increase on log10 scale.
For sex, the odds ratio compares men with women (reference group). For
HIV viral load, the odds ratio compares detectable with undetectable
(reference group)
b For the interaction, the provided estimate is a ratio of odds ratios

*p < 0.05, **p < 0.01

OR, odds ratio; CI, confidence interval
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Fig. 1 Results from a logistic regression model of NCI on log10 plasma
CXCL10, sex, VL and their interaction. The figure shows how the
estimated probability of NCI changes with the changes in the log10
plasma CXCL10 separately for men (M) and women (F). The shown
odds ratios (OR) and p values (p) measure effect of log10 plasma
CXCL10 on NCI, separately, for men and women. The 95% CI for the
OR are M (0.05, 2.7); F (1.23, 145.52)
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They were treated for a median period of 11 years, had
good current immunological status, but a relatively high pro-
portion (36.8%) of detectable HIV RNA while on ART. The
overall rate of NCI was 36.1% which is similar to the rate in
other studies (Heaton et al. 2010; Robertson et al. 2007).
Impaired motor skills have particularly been described in this
cohort and a possible neurotropic effect of HIV clade F has
been proposed (Ene et al. 2014). Impaired myelination pro-
cesses during childhood and adolescence reported previously
by other pediatric studies (Abubakar et al. 2008; Blanchette
et al. 2001) may be responsible for these findings.

We found evidence of chronic, sustained immune activa-
tion in the CNS as illustrated by elevated cytokines (CXCL10,
IL-6, TNF-α) in the CSF, even in participants with controlled
HIV replication. However, there was no association between
CSF biomarkers and NCI, possibly due to the limited number
of CSF study samples. Nonetheless, NCI was correlated with
elevated plasma levels of IL-6 and TNF-α.

Plasma CXCL10 levels were positively correlated with
CSF CXCL10 levels and appeared to be the most reliable
marker and a close correlate of NCI, especially in women.

We hypothesize that NCI is the consequence of exposure of
the developing brain to HIV, before treatment was started, and
of persistent inflammation and that ART failed to prevent or
reverse neurological damage.

CXCL10, IL-6, and TNF-α versus cognition and sex

In our study, plasma CXCL10 showed a significant interaction
with sex: increased values were associated with greater odds of
NCI in women, but not in men. To our knowledge, this is the
first report showing that there was a preferential negative asso-
ciation of plasma CXCL10 with neurocognition, in women

only. Moreover, our team previously described, in the same
cohort, that after controlling for age and education, HIV+ fe-
males had worse motor skills than HIV− females, but there was
no difference in mean motor scaled scores between HIV+ and
HIV− males suggesting a specific negative effect of HIV on
motor functioning in HIV+ females only (Burlacu et al. 2018).

These specific differences between sexes may be due to
specific hormonal influences on plasmacytoid dendritic cells
which were already associated with higher levels of inflam-
matory biomarkers in response to HIV, in women (Owen et al.
2010). Other reports, however, did not find an interaction
effect when looking at the association between soluble factor
levels and sex adjusting for HIV RNA, CD4 counts, and/or
severity of neurocognitive disease (Krebs et al. 2016).

Higher plasma IL-6 and TNF-α levels were associatedwith
increased risk of NCI with no differences between sexes, in
our study. Higher IL-6 levels were associated with worse neu-
ropsychological test scores, in predominantly male popula-
tions, suggesting the role of chronic inflammation in NCI
(Lake et al. 2015). Conversely, in some uncontrolled HIV-
infected women populations no elevations were found
(Keating et al. 2011). Also, elevation of plasma TNF-α was
associated with time to the development of HIV-associated
dementia (Sevigny et al. 2004) and impaired women had ele-
vated levels of TNF-α and its receptor compared with unim-
paired women in both plasma and CSF (Nolting et al. 2009).

Biomarkers and HIV replication

In our cohort, detectable HIV plasma RNA was associated
with higher plasma levels of CXCL10 and CCL2 and higher
CSF CXCL10 respectively. Specifically, we found that both
plasma and CSF CXCL10 levels were significantly higher in

Table 3 Biomarkers by HIV viral
load in plasma Biomarker (log10) Undetectable (N = 91) Detectable (N = 53) Cohen’s d (p valuea)

Plasma IFN-γ 1.83 (0.72), N = 57 1.58 (0.64), N = 24 0.36 (0.15)

Plasma CXCL10 2.59 (0.25), N = 71 2.99 (0.36), N = 28 − 1.38 (< 0.001***)
Plasma IL-6 0.40 (0.58), N = 82 0.24 (0.45), N = 48 0.31 (0.09)

Plasma TNF-α 1.08 (0.73), N = 81 0.85 (0.57), N = 46 0.34 (0.07)

Plasma CCL2 1.89 (0.20), N = 72 1.99 (0.17), N = 28 − 0.54 (0.018*)
Plasma CXCL8 0.53 (0.23), N = 89 0.60 (0.23), N = 53 − 0.30 (0.08)
CSF CXCL10 2.64 (0.24), N = 32 3.20 (0.64), N = 12 − 1.44 (0.013*)
CSF IL-6 0.17 (0.16), N = 27 0.29 (0.19), N = 14 − 0.72 (0.036*)
CSF TNF-αb − 0.45 (0.22), N = 32 − 0.21 (0.38), N = 14 − 0.85 (0.045*)
CSF CCL2 2.54 (0.13), N = 29 2.53 (0.17), N = 12 0.10 (0.77)

CSF CXCL8 1.53 (0.19), N = 41 1.59 (0.19), N = 15 − 0.32 (0.29)

Values represent means (standard deviations). For biomarkers with missing values, sample size (N) with the
available data are given
a Cohen’s d for the difference (undetectable–detectable); p values are obtained from a two-sample t test
b Negative log10 values reflect the mean raw biomarker values between 0 and 1

*p < 0.05, **p < 0.01, ***p < 0.001
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HIV patients with detectable viral RNA. Previous reports
show that plasma CXCL10 is produced in response to HIV
and positively associated with HIV RNA (Keating et al. 2011;
Simmons et al. 2013). Studies also show a correlation between
CXCL10 and its CXCR3 receptor expression and neurologi-
cal dysfunction and progression of the HIV-1-induced CNS
disease (Sanders et al. 1998; Williams et al. 2009). CXCR3
expression concomitantly increases in the brain of HIV-1-
infected patients and associate with severity of HAND
(Juompan et al. 2008).

In the WIHS, untreated and viremic participants with HIV
had significantly higher serum levels of CXCL10 as compared
with HIV-negative women, and treated and undetectable par-
ticipants had significantly lower CXCL10 levels compared
with untreated women, underlining the importance of this
chemokine in the response to HIV (Keating et al. 2011).

Higher plasma levels of CCL2 were associated with detect-
able plasma HIV RNA in our cohort consistent with other pub-
lications (Chang et al. 2004; Ansari et al. 2006). Elevated CCL2
plasma levels were found during neuroinflammation (Yang et al.
2009) and were predictive of HAD (Sevigny et al. 2004).
Conversely, CCL2 levels in the CSF were not significantly dif-
ferent between treated and untreated patients in other reports,
which might suggest that ART has limited effect on local inflam-
mation in the CNS during HIV infection (Yuan et al. 2013).

Correlations between CSF and plasma biomarkers

A previous study found elevated levels of CXCL10 in both
plasma and CSF of HIV-infected individuals with NCI, and a
correlation between plasma and CSF CXCL10 levels in the
cognitively impaired group only. The authors suggested that
increased permeability of the BBB leading to infiltration of
activated T lymphocytes from periphery and an overexpres-
sion of CXCL10 in the CNS was the underlying mechanism
for NCI (Yuan et al. 2015). This cohort included older pa-
tients, with more advanced HIV disease (including study par-
ticipants with opportunistic infections at the time of
neurocognitive evaluation) and individuals with limited expo-
sure to ART, which could explain higher levels of inflamma-
tion. Although in our study, we found a correlation between
paired CSF and plasma concentrations for CXCL10, CSF
CXCL10 levels were not associated with NCI probably due
to smaller sample size.

Also, we found no correlations between plasma and CSF
IL-6 and TNF-α levels in our study and this is consistent with
previous reports (Yuan et al. 2015).

Limitations of our study include the relatively small num-
ber of CSF samples and its cross-sectional design. Future
studies involving a longitudinal evaluation are necessary in
order to determine if the cognitive pattern that we found is
influenced by treatment adaptation or further development of
these young adults.

We report for the first time, a negative correlation between
CXCL10 plasma levels and neurocognitive function in HIV-
infected women. Our study suggests that plasma CXCL10
levels may be a valuable immune activation biomarker for NCI.
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