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Abstract

A defective chemokine motif in the HIV-1 Tat protein has been hypothesized to alter central
nervous system cellular trafficking and inflammation, rendering HIV-1 subtype C less
neuropathogenic than B. To evaluate this hypothesis, we compared biomarkers of cellular
chemotaxis and inflammation in cerebrospinal fluid (CSF) and serum in individuals infected with
HIV-1 subtypes B (n=27) and C (n=25) from Curitiba, Brazil. None had opportunistic infections.
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Chemokines (MCP-1, MIP-1a, MIP-1B, RANTES, IP-10) and cytokines (TNF-a,, IFN-y, IL-1p,
IL-2, IL-4, IL-6, IL-7, IL-10) were measured using the multiplex bead suspension array
immunoassays or ELISA HD. CSF and serum biomarker concentrations were compared between
subtype B and C groups and HIV-positive and HIV-negative subjects (N=19) using an independent
group £test (unadjusted analysis) and linear regression (adjusted analysis), controlling for nadir
CD4 and CSF and plasma HIV RNA suppression. CSF levels of cytokines and chemokines were
significantly (p< 0.05) elevated in HIV-positive versus HIV-negative participants for 7/13
biomarkers measured, but levels did not differ for subtypes B and C. Serum levels were
significantly elevated for 4/13 markers, with no significant differences between subtypes B and C.
Although pleocytosis was much more frequent in HIV-positive than in HIV-negative individuals
(27% vs. 0%), subtypes B and C did not differ (32% and 22%; p = 0.23). We did not find
molecular evidence to support the hypothesis that intrathecal chemotaxis and inflammation is less
in HIV-1 subtype C than in subtype B. Biomarker changes in CSF were more robust than in serum,
suggesting compartmentalization of the immunological response to HIV.

Keywords

biomarkers; inflammatory; HIV associated neurocognitive disorders (HAND); HIV-1; subtype;
cerebrospinal fluid (CSF)

INTRODUCTION

HIV type 1 (HIV-1) is characterized by extensive genetic diversity and has evolved into
major subtypes that differ in prevalence by geographical region. Regional variation is based,
in part, on founder effects. For example, India and sub-Saharan Africa host predominantly
subtype C, whereas in Europe and the U.S., subtype B dominates. Subtypes are
characterized by structural and functional differences that can influence cellular tropism and
organ involvement. If such differences affect central nervous system (CNS) disease, this
could result in geographic variation in the prevalence of cognitive impairment (Kanki et al.
1999; Kaleebu et al. 2002). A clinical study reported that dementia was rare in India, where
subtype C predominates (Satishchandra et al. 2000), although other groups, applying
standardized neuropsychological tests, found high rates of cognitive impairment among
HIV-1subtype C participants in South India (Gupta et al. 2007) and Brazil (de Almeida et
al., 2013; Gupta et al., 2007).

The Trans-Activator of Transcription (Tat) protein in HIV-1 subtype B viruses bears a CC
dimotif that confers strong chemotaxis for monocytes and increases the production of
immune mediators (cytokines and chemokines) 7 vitro (Weiss et al. 1999; Woodman et al.
1999; Park et al. 2001). In contrast, HIV-1 subtype C Tat shows no such chemotaxis and
cytokine stimulation, due to the replacement of one cysteine residue in the CC dimotif with a
serine (CS, SC) (Ranga et al. 2004). This alteration could influence neurovirulence by
reducing cellular trafficking and neuroinflammation in subtype C infections compared to B
infections. Previous studies have evaluated cellular chemotaxis and neuroinflammatory
biomarkers only in subtype B (Genis et al. 1992; Brabers and Nottet 2006; Cinque et al.
2007; Yuan et al. 2013; Peluso et al. 2013).
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The purpose of the present study was to compare indicators of cellular trafficking and
inflammation in the CSF and serum of individuals with HIV-1 subtypes B and C infections,
and HIV negative individuals. All patients were recruited from a single region of southern
Brazil where both B and C subtypes are common.

Biomarkers were selected for this study on the basis of their roles in leukocyte migration
from the peripheral circulation into the CNS and their direct or indirect stimulation by HIV
tat (Nath 1999; King et al. 2006; Campbell et al. 2007a; Abbas and Herbein 2013).
Chemokines are a group of small molecular weight (814 kDa) proteins (Zlotnik and Yoshie
2000); the CC- or p-chemokines are characterized by the presence of two adjacent cysteines
near their amino terminus (Laing and Secombes 2004). Specifically, we studied four -
chemokines stimulated by the C30C31 motif of HIV-1 Tat: MCP-1 (CCL2), MIP-1a
(CCL3), MIP-1p (CCL4), and RANTES (CCL5). In addition we measured the a-chemokine
C-X-C motif chemokine, type 10 (CXCL10), also known as interferon gamma-induced
protein type 10 (IP-10). The cytokines TNF-a, IFN-y, IL-1, IL-2, IL-4, IL-6, IL-7 and
IL-10 were measured due to their role in neuroinflammation and in the CNS HIV
pathobiology (Genis et al. 1992; Nath 1999). To the authors’ knowledge, there are no studies
addressing the difference of HIV-1 B and C cytokines and chemotactic stimulation.

RESEARCH DESIGN AND METHODS

Subjects

Methods

Fifty two HIV-positive research volunteers were recruited at the Hospital de Clinicas,
Universidade Federal do Parana (UFPR), Curitiba, Parand, Brazil. None had opportunistic
infections in the CNS. All volunteers provided samples of blood and cerebrospinal fluid
(CSF) under a study protocol approved by the Hospital de Clinicas-UFPR (Brazil)
Institutional Review Board (IRB) and the Brazilian National IRB (CONEP). All HIV-
positive participants underwent serological testing to confirm their HIV status before
enrollment according to guidelines published by the Brazilian Ministry of Health (Brasil
2009). As lumbar punctures could not be performed in HIV-negative subjects in Brazil, we
recruited a comparison group of 19 HIV-negative individuals at the HIV Neurobehavioral
Research Center (HNRC) under a protocol approved by the IRB at the University of
California, San Diego (UCSD). The HIV-negative group was matched by age to the HIV-
positive group. All participants were free of neurological co-morbidities and had negative
serological tests for hepatitis C virus and syphilis. As described previously (de Almeida et
al., 2013).

Lumbar punctures were performed using an atraumatic spinal needle and aseptic technique.
CSF total protein was determined by benzethonium chloride and glucose by hexoquinase/
G-6-PDH (both Architect, Abbott, IL). Total leukocytes/mm3 was determined in fresh,
uncentrifuged CSF by manual counting in a Fuchs-Rosenthal chamber. CSF pleocytosis was
defined as leukocytes > 5 cells/mm3. For differential leukocyte counts, CSF samples were
concentrated by Shandon Cytospin (Pittsburgh, USA). The slides were then stained by May
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Grinwald-Giemsa technique. Aliquots of CSF and serum were frozen and stored at -80°C
for later batch testing of cytokine and interleukin levels.

Clinical laboratory measures

HIV RNA levels in serum and CSF were measured by branched DNA assay (Siemens) with
a nominal limit of detection of 50 copies/mL. CD4 counts were quantified by flow
cytometry (FACSCalibur-Multitest). Nadir CD4 levels was extracted from medical records;
as described previously (de Almeida et al., 2013). Albumin levels in CSF and serum were
determined by the nephelometry (Dade Behring BNII, Deerfield, IL). The CSF/serum
albumin quotient, QAlb = Alb CSF/Alb serum, was used to assess blood-CSF barrier
function. The upper limit of the reference range of QAIb is age-dependent; it was calculated
for each case by the following: QAIb ref = (4 + age (y)/15) x 10 ~3 (Reiber and Peter, 2001).

HIV subtyping

For participants who had clinical resistance, the HIV genotyping was assigned using po/
sequences. For the remainder, the subtype was determined by sequencing envfrom HIV
DNA. Together these yielded 27 subtype B and 25 subtype C infections (de Almeida et al.,
2013; Rotta et al., 2014).

CSF and serum biomarker quantification

Biomarkers in CSF and serum were quantified by multiplex bead suspension array
immunoassays (EMD Millipore, Billerica, MA), which used antibodies added to dyed
fluorescent microspheres (TNF-a, IFN-y, IL-1pB, IL-2, IL-4, IL-6, IL-7, IL-10, MCP-1,
MIP-1a, MIP-1, IP-10) or high sensitivity enzyme linked immunosorbent assay
(RANTES; R&D Systems, Minneapolis, MN). The sensitivity of these assays ranged
between 0.1 to 10.1 pg/mL. All samples were assayed concurrently in duplicate according to
the manufacturers’ instructions.

Statistical analyses

Demographic data, HIV disease characteristics, and CSF biochemical, cytological, and
virological measures were compared between individuals with subtype B and C infections
using the independent samples #test for continuous variables and Fisher's exact test for
binary and categorical variables (gender, AIDS diagnostic, ART, HCV serostatus, HIV RNA
in plasma and CSF). The demographic data and CSF biochemical and cytological measures
were compared between the HIV-positive (subtypes B and C combined) and the HIV-
negative control groups using similar methods. The distribution of plasma HIV viral loads
was highly skewed so the Wilcoxon rank-sum test was used.

The CSF and serum biomarker values were logyg-transformed to normalize their
distributions, and presented in terms of mean (SD), since they are approximately normal on
the log scale. The biomarkers were then compared between subtype B and C groups. We
used a multivariable linear regression (adjusted analysis), controlling for plasma HIV viral
load suppression, which was statistically different between the subtypes, and nadir CD4
count. Because low nadir CD4 has been shown in previous studies to be associated with
increased soluble biomarkers of inflammation and chemotaxis in HIV (Gisslen et al., 1994;
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Mooney et al, 2015; Noel et al., 2014), we included nadir CD4 in the multivariable model
(Vittinghoff, 2011). Results were considered statistically significant at the 5% alpha level.
Cohen’s d effect sizes (and 95% confidence intervals) were reported for differences between
groups. These were calculated as the ratio of the mean difference between groups to the
residual standard deviation of the linear model.

As shown in Table 1, subtype B- and C-infected individuals were similar in age, gender, and
education. Subtype B-infected participants had lower nadir CD4 counts (83 versus [vs.] 175)
and a longer estimated duration of HIV infection than the subtype C-infected. Subtype B-
infected participants were somewhat more likely to be on antiretroviral therapy (ART) (89%
vs. 64%; p = 0.05). Participants taking ART were more likely to be virologically suppressed
than those not taking ART (plasma HIV RNA < 50 copies/mL, 81% vs. 40%, p = 0.01).
ART included non-nucleoside reverse transcriptase inhibitors (NNRTISs) in 9/21 (43%) of
those with subtype B infections vs. 4/15 (27%) of those with subtype C infections (p =
0.48). Also shown in Table 1 are HIV disease characteristics and hepatitis C virus (HCV)
serostatus according to subtype.

1. CSF profile and HIV RNA levels

Table 2 shows CSF biochemical, cytological and virological characteristics for HIV-negative
and HIV-positive subtype B and C individuals. CSF pleocytosis (increased leukocytes of >5
cells/mm3) was significantly more frequent in HIV-positive (27%) than HIV-negative (0%)
subjects (p= 0.015). Subtypes B- and C-infected subjects did not differ significantly either in
the frequency of pleocytosis (6 (22%) vs. 8 (32%); p = 0.43) or in absolute numbers of CSF
leukocytes (median, IQR: 1.6 (0.3, 4.9) vs. 3.4 (0.6, 11); p = 0.23).

Median CSF HIV RNA levels were higher (and the proportion detectable was lower) in
subtype C than B infections, although this difference did not reach significance (p = 0.06).
As noted previously, subtype C participants were somewhat less likely to be on ART. Plasma
HIV RNA was significantly higher in subtype C- than in B-infected individuals, and there
were fewer cases with undetectable plasma HIV RNA in subtype C (Table 2).

In CSF, total protein, albumin, and albumin quotient (QAIb) were all significantly higher in
HIV-positive participants than HIV-negative controls. Subtypes B and C did not differ on
these measures (Table 2). CSF glucose was significantly higher in HI\-positive than HIV-
negative group; and in HIV-1 subtype B than C, but in all groups CSF glucose levels were
under reference range.

2. Inflammatory biomarkers

Comparison between HIV-positive and HIV-negative groups—CSF levels of
cytokines and chemokines were significantly elevated (p< 0.05) in HIV-positive versus HIV-
negative participants for 7 of the 13 markers measured. By contrast, serum levels were
significantly elevated in only 4 of 13 markers. Differences between HIV positive and HIV
negative participants, assessed as effect sizes, were larger on average for CSF than for serum
(Table 3).
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CSF levels of the cytokines TNFa, IFNa, IL-7, and IL-10 were significantly elevated in
HIV-positive patients compared with those of HIV-negative individuals, whereas, in serum
TNFa and IFNa levels were significantly elevated in HIV-positive individuals. CSF levels
of the chemokines IP-10, MCP-1, and MIP-1a were significantly elevated in HIV- positive
compared with HIV-negative individuals, whereas, in the serum of HIV- positive patients,
only IP-10 and RANTES were significantly elevated (Table 3).

Comparison of HIV-1 subtypes B and C—For both unadjusted (data not shown) and
adjusted (Table 4) analyses, cytokine and chemokine levels in CSF and serum did not differ
significantly for subtypes B and C. Additionally, CSF/serum ratios were not significantly
different. As described previously, adjusted analyses were performed for specific covariates
(viral suppression on ART [plasma HIV RNA < 50 copies/mL] and CD4 nadir). Table 4
shows mean biomarker values adjusted for these covariates, plus effect sizes, measured as
the standardized difference (Cohen’s d) between subtypes B and C. No significant
differences were seen in any of the biomarkers in serum or CSF. In CSF, effect sizes were
small (d < 0.22) for all markers except IL-2 (d = 0.45; p=0.15). In serum, effect sizes were
small to medium (0.02 — 0.53), and none approached statistical significance, save IFNa (d =
0.53; p=0.09).

CSF/serum ratio: The CSF/serum IFNa and RANTES ratios were higher in HIV-positive
than in HIV-negative individuals (p = 0.001 and 0.004, respectively). For all of the other
biomarkers, there were no significant differences (all p-values >0.05; data not shown).

DISCUSSION

CNS immunological response in individuals with HIV-1 subtype B and C infections

We detected many significant differences in the levels of cytokines or chemokines in CSF
and serum between HIV positive and negative individuals, but no differences were found
between subtypes B and C. Although lower chemoattractant activity was reported previously
in HIV-1 subtype C infections than in subtype B infections, this was not found in the present
study. CSF WBC count was slightly higher in HIV-1 subtype C-infected individuals than
those with subtype B, although not statistically significant. In conjunction with our finding
that the B-chemokines studied have similar values in CSF and serum of HIV-1 subtype B-
and subtype C-infected individuals, we conclude that, /n vivo, there was no difference in the
stimulation of p-chemokines, including MCP-1, in CSF and serum of HIV-1 subtype B- and
subtype C-infected individuals. The levels of IP-10, an a.-chemokine, were also similar in
both the HIV subtype B and HIV subtype C groups.

As we discuss in detail below all these results must be carefully interpreted due to the
differences in treatment and HIV suppression between the participants groups. In the
subtype C group, there were fewer cases with undetectable CSF VL; plasma HIV RNA
levels were higher; and there were fewer cases with undetectable plasma HIVV RNA levels
than subtype B group. This could be explained by the fact that in the subtype C group there
were fewer patients on ART and fewer patients with AIDS than in subtype B.

J Neurovirol. Author manuscript; available in PMC 2017 December 01.
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Our findings contrasts with the /n vitro observation that subtype C Tat protein fails to induce
MCP-1 production. Numerous laboratory studies have shown reduced activation of
proinflammatory cytokines (Mishra et al. 2008a; Mishra et al. 2008b; Gandhi et al. 2009),
decreased augmentation of TNF-a. (Campbell et al. 2007a), and less severe cognitive
impairment in mice with the C31S substitution (Rao et al. 2008; Rao et al.2013). These
studies provided evidence of reduced neuropathogenesis in subtype C, secondary to the
C31S substitution. This was not confirmed by the present /n vivo analysis.

The literature on biomarkers in HIV-1 non-B subtype infections is scarce, and in the
available studies, these biomarkers are not compared among different subtypes. To date, this
is the first study to attempt to define HIV inflammatory and cellular biomarker differences in
subtype B and C infections /n vivo, as well as study these markers in different
compartments, CSF and serum.

Early clinical reports of cognitive outcomes related to HIV-1 subtype C infections identified
very low rates of dementia among subtype C-infected individuals in India versus individuals
infected with subtype B in North America (Teja et al. 2005). The lower frequency of HIV-
associated dementia (HAD) in India was interpreted as evidence that HIV-1 subtype C is less
neurovirulent than subtype B (Riedel et al. 2006). A study performed in Alberta, Canada,
found the prevalence of HAND in HIV-1 subtype B twice the prevalence in subtype C;
although the majority of HIV-1 subtype C participants were immigrants with different
cultural backgrounds and origins and different native languages (Pornpun et al. 2012).
However, other groups found high rates of cognitive impairment among HIV subtype C-
infected individuals (de Almeida et al., 2013; Gupta et al., 2007).

The influx of WBC to CSF is not related to a single protein; rather, a complex interaction of
host proteins, cytokines and chemokines (Sherry et al. 1998), as well as HIV proteins (King
et al. 2006) are involved in this function. To explain the absence of a difference in CSF
WBC in HIV-1 subtype B and C infections, we hypothesized that /n vivo Tat deletion could
not lead to the loss of its chemoattractant property stimulating MCP-1 properly. This
hypothesis and the fact that in a previous study (de Almeida et al. 2013) we did not find
differences in neuropsychological impairment between subtype-B and C infected individuals
led us to investigate MCP-1 and other inflammatory biomarkers in CSF and serum.

A previous study also found no difference in CSF HIV RNA levels between subtype B and
C infections. This same study also investigated differences in CSF markers (HIV-1 RNA,
and neopterin) in HIV-1 subtypes (A, B, and C) and recombinant forms (AE and AG), but
did not find any subtype-dependent differences. The authors found a significant subtype-
dependent difference in the CSF WBC count between the subtype B and C groups, higher in
subtype C infections, but this result was not verified in a multivariate analysis. However, in
contrast to our study, this study did not analyze inflammatory and chemotaxis biomarkers.
(Abdulle et al. 2008).

Monocyte chemotaxis driven by Tat is mediated by both direct and indirect processes.
Several /n vitro studies demonstrated direct chemotaxis using recombinant Tat protein, and
this activity of Tat has been related to the C30C31 dicysteine motif in Tat (Albini et al. 1998;
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Beall et al.1996). Such a dicysteine motif is also a key feature of B-chemokines (Allavena et
al.1994; Albini et al.1998). An in vitro comparison of HIV-1B and HIV-1C Tat proteins
showed that B Tat induces robust monocyte migration and induces p-chemokines, while
HIV-1 C Tat is only a weak inducer (Rao et al. 2008). The absence of a dicysteine motif in
HIV-1 C Tat is considered to be responsible for the reduced chemotactic function (Ranga et
al.2004). Using chemically synthesized Tat proteins, Campbell et al. (2007a) showed that
HIV-1 B Tat protein binds to CCR2, induces an intracellular calcium flux, and causes
monocyte chemotaxis, as well as induces MCP-1 and TNFa.. In contrast, Tat from a
Southeast Asian HIV-1 subtype C, without a dicysteine motif, did not. The same group
showed that Tat protein from HIV-1C isolate retaining a dicysteine motif was competent to
induce monocyte chemotaxis and induced MCP-1 and TNFa to levels similar to that
observed with HIV-1B Tat protein (Campbell et al. 2007b). In our study CSF TNF-a and
IL-10 were higher in the HIV-1 subtype C group than in the HIV-1 subtype B group,
although the difference did not reach statistical significance. TNF-a induces the production
of MCP-1and IP-10 (Sheng et al. 2005).

Our data suggest that, /n7 vivo, there is no decrease in chemotactic function in HIV-1 subtype
C, despite our expectation based on previous /in vitro and animal studies. The fact that CSF
WBC counts did not differ between subtype B and C infections, paired with the previous
clinical finding that there is no difference in neurocognitive impairment between the two
subtypes (de Almeida et al. 2013), strongly suggest that HIV-1 subtype C is no less
neurovirulent than subtype B. A careful analysis of the CSF samples in this study provides
important information on HIV subtype diversity, CNS impairment, and
compartmentalization.

Comparison of the immunological responses in physiological compartments, CSF, and
blood in HIV infections

In the HIV-positive and HIV-negative groups, the immunological response differed between
the CSF and serum compartments. Our data indicates that more cytokines and chemokines
were stimulated in the CSF than in the serum.

Thus, we conclude that the immunological response is more intense in the CSF than it is in
the serum. The differences we found in the quantification of inflammatory biomarkers were
dependent on the presence of HIV infection; these differences were not seen in the HIV-
negative group.

CSF showed a more intense response than serum, with a mix of pro and anti-inflammatory
(IL-10) markers, although a predominance of pro-inflammatory markers (TNF-a., IFN-y).
IL-7 was also higher in CSF. This cytokine is an important inducer of autoimmune (Th-17)
reactions. In serum, there was exclusively pro-inflammatory (TNF-a, IFN-y) cytokines. This
supports the view that the CNS is a main site of HIV infection and corroborates the
hypothesis that although the CNS is considered an immunologically privileged site (Barker
et al. 1977; Kreutzberg 1996), due to specific immunological and constitutional
characteristics of the CNS, it reacts in an adequate way when stimulated. The CNS was
viewed as a site protected by the blood-brain barrier (BBB), now it is known to be a dynamic
immunological environment through which immune cells migrate to prevent and respond to
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events such as infection (Banks 2014). Rather than the concept of the BBB being a purely
anatomical barrier, it is now considered a highly reactive interface controlled by signals from
capillary endothelial cells, glial cells, pericytes, and neurons in the CNS, as well as from
immune responses in the periphery (Abbott 2010; Zhang et al. 2009; Huber et al. 2014). The
less important immunological response in serum than CSF could be related to the fact that
the majority of the participants of this study are on HAART and are HIV suppressed; these
will reinforce more the concept of the CNS as isolated immunological compartment. Waida
et al (2015) measuring biomarkers of inflammation and immune activation in serum but not
in CSF, observed that most biomarkers were relatively normalized in the suppressed group
compared with the naive group. Although, residual immune activation, particularly
monocyte/macrophage activation persisted.

This study’s findings should be interpreted with caution due to the possibility of
confounding and type Il error. We did not find significant differences between subtypes B
and C in biomarkers of inflammation and intrathecal chemotaxis. With respect to
confounding, the subtypes differed in their distribution of HIV disease and treatment
characteristics. Thus, study subjects with subtype C infections were, on average, less likely
to be virologically suppressed on ART than subtype B. In addition, the subtype C group had
less severe historical levels of immunosuppression as measured by nadir CD4. Because low
nadir CD4 has been shown in previous studies to be associated with increased soluble
biomarkers of inflammation and chemotaxis in HIV (Gisslen et al., 1994; Mooney et al.,
2015; Noel et al., 2014), we included nadir CD4 in a multivariate model (Vittinghoff, 2012).
The statistically adjusted the effect size estimates presented in Table 4 show no subtype
differences.

In the case of MCP-1 (CCL2), the chemokine hypothesized to be directly influenced by the
defective Tat motif and the one believed particularly important in cellular trafficking into the
CNS, the estimated subtype effect sizes were very small and did not approach significance.
Additionally, across the panel of cytokines and chemokines measured, the direction of the
subtype differences (columns 4 and 8 of Table 4) was in many cases opposite to that which
would be predicted by a deficit in chemotaxis resulting from the hypothesized defective
subtype C Tat motif (i.e., higher levels for subtype B vs C). In contrast to the subtypes, we
did detect numerous significant differences of medium effect size between HIV+ and HIV-
subjects (Table 3). In all cases, these differences were as expected: higher biomarker levels
in HIV+ than in HIV-. The combined sample size for the subtypes was somewhat smaller
(N=52) than for HIV serostatus (N=71). Therefore smaller effect sizes for the subtypes
could not be ruled out.

Another possibility is that subtype C Tat in Brazil does not bear the same defective
chemokine motif as subtype C in the previous /n vitro experiments from India. In India, the
C30C31S substitution is present in more than 90% of HIV-1 subtype C cases (Ranga et al.
2004). We do not know the frequency of subtype C Tat C30C31S substitution in Brazil or in
the samples studied, and future studies are needed to determine these frequencies.

Some biomarkers previously shown to be abnormal in HIV, such as neopterin and
neurofilament light (NFL), were not measured in this study. We focused on markers of
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intrathecal chemotaxis and inflammation, rather than macrophage activation or neuronal
injury.

Chemokine and interleukin levels were frequently elevated in the CSF of HIV-positive
subjects compared with those of HIV-negative patients; the differences were dependent on
the presence of HIV infection. We did not find any molecular evidence to support the
hypothesis that intrathecal chemotaxis in HIV-1 subtype C infections is less than in subtype
B infections. Pleocytosis, a marker of cellular trafficking, was equally common in subtype
B- and C-infected individuals. The immunological response in CSF and serum in HIV
infection were qualitatively different in the two compartments.
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