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The objectives of this study is to clarify whether there are phases critical for the
infection of the central nervous system (CNS) as defined by active viral replica-
tion in the cerebrospinal fluid (CSF) in human immunodeficiency virus (HIV)
infection. One hundred and nine HIV-1–positive homo- and bisexual patients
in early and late disease stages with or without highly active antiretroviral
therapy (HAART) were included in the cross-sectional, diagnostic (phase I)
multicenter study. No patients had any overt neurological deficits; all under-
went venous and lumbar puncture as well as neuropsychological testing. In
untreated early-stage patients, cerebrospinal fluid (CSF) viral load correlated
with inflammatory parameters, but not significantly with neuropsychological
abnormalities. CSF viral load and inflammatory reactions were suppressed
in HAART-treated early-stage patients. In HAART-treated late-stage patients,
there was a weak correlation between CSF viral load and CSF cell count as well
as a moderate correlation with immune activation markers and with distinct
cerebral deficits independent of CSF viral load. Seventeen of the 109 patients
had higher CSF than plasma viral loads and marked inflammatory reactions
and immune activation. In patients with greater plasma than CSF viral loads,
the factors contributing to cerebral deficits still need to be identified. The re-
sults suggest not only that there is an early “set point” for CSF/central nervous
system (CNS) infection, but also that there is a subgroup of patients in whom
intrathecal viral replication correlates with cerebral deficits. Lumbar punc-
ture should be performed in all positive patients to identify members of this
subgroup and to ascertain what characteristic factors they have in common in
order to improve therapy. Journal of NeuroVirology (2007) 13, 225–232.
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Introduction

The significance of cerebrospinal fluid (CSF) abnor-
malities (elevated cell count, protein content, and
positive oligoclonal bands) in patients infected with
the human immunodeficiency virus (HIV) has been a
subject of discussion since the pandemic began (Mar-
shall et al, 1988). It soon became clear that a high



Viral load and cerebral deficits in HIV disease stages
226 G Arendt et al

percentage of HIV carriers—although they show no
neurological signs or symptoms and have no severe
immunosuppression—do have inflammatory CSF ab-
normalities. In the study by Marshall and coworkers
this percentage reached about 60. Unfortunately, no
reliable predictor of impending central nervous sys-
tem (CNS) complications has yet been found. After it
became possible to analyze HIV viral load (VL) in dif-
ferent body compartments, several studies found cor-
relations between CSF VL and acquired immunode-
ficiency syndrome (AIDS) dementia stage and neu-
rocognitive impairment (Brew et al, 1997; Ellis et al,
1997; von Giesen et al, 2005). McArthur et al (1997),
as well as Sevigny et al (2004), found no correla-
tion between CSF VL and pleocytosis or antiretro-
viral therapy, but there was a correlation of CSF VL
with VL in the brain of patients with HIV-associated
dementia. The same McArthur study detected a rela-
tionship between plasma/CSF VL and levels of CSF
β2-microglobulin, suggesting that both VL and the
CNS itself are perhaps responsible for immune acti-
vation in neurological disease. By contrast, Gisslén
et al (1998) found no significant differences between
CSF VL of untreated patients with or without neuro-
logical complications. These authors detected a cor-
relation between monocyte cell counts and CSF VL
in patients without neurological deficits, but no sig-
nificant correlation was seen between immune acti-
vation, CSF VL, and systemic immunosuppression
in patients with neurological complications (Gisslén
et al, 1999). In the earlier study, these authors had
found an increase in CSF VL over time in a longitu-
dinal comparison of patients without antiretroviral
therapy that correlated with an increase in CSF levels
of neopterin. This correlation reflected an intrathe-
cal immune activation triggered by the virus (Gisslén
et al, 1998). Although results on the significance of
CSF VL for neurological disease are still contradic-
tory, most authors agree that the CNS is a viral reser-
voir (Lambotte et al, 2003). Thus, the CSF constitutes
a “window” to brain infection (Price and Staprans,
1997). Price and associates (1999) as well as others
(Harrington et al, 2005) have postulated that HIV in-
fection is compartmentalized. This idea is consistent
with the model of two prototypes of CSF infection: a
short-lived, transitory infection early in the course of
the disease and a longer-lived autonomous type pre-
dominating in later stages. CSF cell counts remain the
best predictor for CSF VL in both types (Staprans et al,
1999; Neuenburg et al, 2004; Spudich et al, 2005).
Other groups have found that the virus evolves diver-
gently in plasma and CSF, leading to the emergence
of therapy-resistant mutants in the CSF, which es-
cape routine diagnostic procedures. The CSF is thus
not only a virus reservoir, but also a compartment
that produces pharmaco-resistant variants (Stingele
et al, 2001). Ellis and coworkers examined a small
group of clinically asymptomatic HIV carriers with-
out antiretroviral treatment. They analyzed longitu-
dinal trends in series of CSF samples and found a

“set point” for CSF VL, perhaps reflecting the reser-
voir of infected cells in the CNS. The number of in-
fected cells might increase with advancing systemic
immunosuppression (Ellis et al, 2003). Other authors
found HIV RNA in the CSF of neurologically asymp-
tomatic early-stage patients, including individuals
with an intact blood-brain barrier, and an indepen-
dent association of CSF abnormalities and CSF VL.
These findings support the hypothesis that viruses
are produced locally (Garcia et al, 1999). The results
are in good agreement with those of Ellis and col-
leagues (2000) and provide evidence that HIV dynam-
ics in the CNS become increasingly independent of
the systemic disease in advanced stages. The greatest
discrepancy between plasma and CSF parameters is
found among patients with HIV-associated dementia
(Ellis et al, 2000). An Italian group found CSF viral
replication to be positively influenced by highly ac-
tive antiretroviral therapy (HAART) and underlined
the usefulness of the drugs’ ability to penetrate into
the CSF, especially in patients with high CSF vi-
ral loads, advanced systemic disease, or neurological
disorder associated with significant macrophage ac-
tivation (De Luca et al, 2002). However, studies com-
paring early- and late-stage patients with and without
therapy with respect to CSF viral replication are still
lacking. This also holds true for analyses of correla-
tions between other inflammatory CSF and immune
activation markers.

The present study investigates patients in different
stages of HIV infection with and without therapy in
order to determine whether CSF VL correlates with
CSF routine parameters, inflammatory and systemic
disease markers, as well as with cognitive and motor
tests. Potential differences between early- and late-
stage disease are of special interest, in order to iden-
tify which stages tend to be critical for CSF infection
and CNS function.

Results

Figure 1 shows plasma and CSF VL copy rates for
the patient groups and the status of the blood-brain
barrier (BBB). Almost all of the untreated early-stage
patients had detectable HIV RNA in the CSF, but only
8/27 showed disruption of the BBB. Most of the late-
stage untreated patients also had an intact BBB, but
they had relatively high CSF VL. Early-stage patients
on HAART had a suppressed CSF VL in the majority
of cases, whereas 17 of the 49 late-stage patients on
HAART had detectable CSF VL. Only 10/39 revealed
disrupture of the BBB.

Pleocytosis was common in untreated early-stage
patients (group 1) and differed significantly from
the other three groups. The other routine CSF pa-
rameters (protein, immunoglobulin G [IgG], and
lactate) showed no statistically significant differ-
ences between groups after Bonferroni adjustment
(Table 1).
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Table 1 Demographics of patients and distribution of protein, IgG, and lactate levels in CSF in the different groups

CSFAge Duration of CD4+ Viral load
n (years) HIV-1 positivity cell count Blood plasma Protein (mg/dl) IgG index Lactate (mmol/L)

Early stage without HAART 27 42.41 4.76 508.04 23,151.61 46.74 0.76 1.53
(± 12.64) (± 5.06) (± 195.55) (± 27,558.60) (± 15.14) (± 0.35) (± 0.19)

Early stage with HAART 28 45.25 7.97 595.46 70.29 43.74 0.51 1.67
(± 9.00) (± 5.37) (± 320.53) (± 234.04) (± 10.82) (± 0.13) (± 0.31)

Late stage without HAART 5 42.39 3.73 456.80 32,896.20 39.58 0.64 1.64
(± 7.51) (± 5.53) (± 548.86) (± 56,460.30) (± 9.71) (± 0.26) (± 0.19)

Late stage with HAART 49 48.22 10.31 414.08 9356.44 46.18 0.59 1.85
(± 9.01) (± 6.03) (± 268.82) (± 43,896.75) (± 13.23) (± 0.28) (± 0.34)

Viral load in the CSF of untreated early-stage
patients correlated positively with the duration of
established HIV positivity (slight), CSF cell count
(slight), and the IgG index (moderate). There was
no correlation between CSF-VL and cognitive and/or
motor tests at this stage (data not shown). However,
55% of these patients showed abnormal results in
neuropsychological tests.

In early-stage patients on HAART, inflammatory
CSF reactions (CSF cell count) were suppressed,

Figure 1 Plasma and CSF viral loads and number of patients
with blood-brain barrier (BBB) disruption in the four groups (1:
early stages without HAART; 2: early stages with HAART; 3: late
stages without HAART; 4: late stages with HAART); almost all of
the untreated patients show CSF viral replication, but also a high
percentage of the treated late-stage patients (upper panel), most
of them without having BBB disrupture (lower panel). The group
mean differences are significant on a level of P = .05 (ANOVA; post
hoc analysis: Scheffe); HAART comprised in most of the patient 2
NRTIs and 1 NNRTI/PI.

whereas cognitive/motor abnormalities persisted in
16/28 individuals, demonstrating that functional
damage is not positively influenced by therapy in
every case.

In the few late-stage patients without HAART, there
was a positive correlation between CSF VL and CSF
cell count, protein content, IgG index, immune ac-
tivation parameters (monocyte chemoattractant pro-
tein [MCP]-1, galectin-3 [Gal3]), CSF lactate, and
plasma VL (data not shown because of the low num-
ber of individuals in this group).

In late-stage patients on HAART, there was no cor-
relation between CSF VL and any of the other CSF
parameters and only a moderate correlation with
plasma VL. However, results of some of the motor
tests (motor test battery after Arendt et al, 1990) in
this patient group revealed marked pathological con-
ditions when compared to the results of HIV-negative
controls and to those of early-stage carriers with and
without HAART (Figure 2). Only on a group level
were motor results similar to those of early-stage pa-
tients without HAART.

There was a subgroup of 17/109 (15.6%) patients
spanning all four groups who had higher viral replica-
tion in CSF than in plasma (PL) (VLCSF > PL; Figure 3).
In fact, whenever viral replication was detectable in
early-stage patients on HAART, VL was higher in the
CSF than in plasma. In six patients with VL CSF > PL
(HAART-treated, two early- and four late-stage pa-
tients), viral replication was suppressed by HAART
below the detection limit in plasma, but could read-
ily be detected in the CSF. The proportion of patients
with reversed VL was similar in all groups except in
the late-stage patients without HAART: two out of five
of these patients had a higher VL in the CSF. Because
of the small number of patients in this group, it is
not yet clear whether this condition reflects the nat-
ural course of CNS infection. On the whole, plasma
VL in patients with greater VL in the CSF than in the
plasma was similar to that in patients with “normal”
plasma/CSF ratios, but greater by more than one order
of magnitude in CSF (data not shown). This applied
to all groups except for the late-stage patients without
HAART.

Correlation results of this subgroup (the 17 patients
described above) are provided in Table 2. In con-
trast to patients with higher plasma than CSF VL,
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Figure 2 Comparison of motor test results across groups. There is statistically significant difference between the performance of late-
stage patients on HAART and the other groups, with late-stage patients on HAART performing worst; the early-stage patients on HAART
performed significantly worse than the HIV-negative control group, but better than early-stage patients without HAART (ANOVA).

significant correlations could be found between VL in
CSF and inflammatory markers (CSF cell count, pro-
tein content, and IgG), immune activation markers
(MCP-1, Gal3), and neuropsychological test results
(Table 2).

Treatment failure was probably not the cause of
higher CSF viral replication, because plasma VL was
effectively suppressed in most of the patients with

Figure 3 Comparison of blood and CSF viral loads of patients in
the the four groups (1: early stages without HAART; 2: early stages
with HAART; 3: late stages without HAART; 4: late stages with
HAART). The bottom panel shows the number of patients with CSF
viral load higher than blood viral load. Group mean differences are
significant on a level of P = .05 (post hoc analysis: Scheffe).

VLCSF > PL on HAART. Inversely, there were three pa-
tients, one early-stage individual without therapy
and two late-stage patients with HAART, who had
high plasma VL but no detectable CSF VL and no
disrupture of the BBB.

In summary, the longer an untreated early-stage
patient is HIV positive, the higher is his CSF VL and
the stronger the CSF inflammatory reaction and im-
mune activation (see group results of untreated early-
stage patients). Once treated, inflammation and im-
mune activation are suppressed, but virus-induced
functional brain damage is not lessened in every case.
By contrast, inflammatory reactions were weak in
late-stage patients on HAART, but immune activation
and functional cerebral deficits strong. A subgroup of
patients had a higher rate of viral replication in the
CSF than in plasma; these patients showed marked
inflammatory reactions and immune activation cor-
related with neuropsychological deficits.

Discussion

In our study CSF VL was examined as it relates to
inflammatory and immune activation markers in pa-
tients with and without antiretroviral therapy in both
early and late disease stages to ascertain its signifi-
cance for HIV-associated brain disease. Similar stud-
ies have been undertaken in monkeys (Scheller et al,
2005).

In our clinically asymptomatic early- and late-stage
patients without therapy, the vast majority showed
CSF viral replication without BBB disruption, as re-
ported earlier by other groups (Chiodi et al, 1992;
Abdulle et al, 2005). White blood cell counts were
elevated in patients without therapy, revealing an
inflammatory reaction. Opportunistic cerebral infec-
tion as well as neurosyphilis had been excluded. An
association between CSF pleocytosis and viral bur-
den has been described by others (Martin et al, 1998),
but those studies did not differentiate between early-
and late-stage patients with and without therapy.
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Table 2 Correlation of CSF markers and neuropsychological test results with viral load in patients with elevated viral load in CSF
compared to patients with elevated viral load in blood

Correlation of Log10 VL CSF with:
CSF cells CSF protein IgG index CSF lactate CD4 cell count Log10 VL blood CSF MCP1 CSF Gal3

VL CSF > VL blood (N = 17)
Log10 VL CSF 0.695∗∗ 0.645∗∗ 0.587∗ −0.375 0.312 0.703∗∗ 0.911∗∗ 0.681∗∗

VL blood ≥ VL CSF (N = 92)
Log10 VL CSF 0.393∗∗ 0.051 0.266∗ −0.103 −0.212∗ −0.063 0.792 0.003

Correlation of Log10 VL CSF with:
GPT, GPT, Digit Rey CT, CT,

dominant nondominant Symbol Osterrieth dominant nondominant
hand hand Test Figure, Recall TMT A TMT B hand hand

VL CSF > VL blood (N = 17)
Log10 VL CSF −0.152 −0.182 0.200 0.195 −0.196 −0.136 −0.060 0.047

VL blood ≥ VL CSF (N = 92)
Log10 VL CSF 0.556∗ 0.521∗ −0.336 −0.143 0.089 0.438∗ −0.250 −0.279

Pearson test: ∗ P ≤ .05; ∗∗ P ≤ .005.

Functional brain deficits, although spread over the
entire spectrum of HIV carriers, did not correlate with
CSF VL. Thus, the results presented here suggest that
there are factors other than the virus itself provoking
neurological symptoms in early-stage patients with-
out therapy. On the other hand, correlations between
CSF cell counts and viral burden in early stages sup-
port the results of Cinque et al (2000), who concluded
from such correlations that infiltrating lymphocytes
might be the main source of CSF VL. Marshall and
colleagues (1988) found that CSF cell counts decrease
without therapy in patients with more advanced sys-
temic infection. Other groups (Ellis et al, 2000) de-
scribed slower HIV decay in CSF than in plasma in all
infected individuals. This finding could account for
the persistence of cognitive/motor damage in early-
stage patients under therapy, especially in those with
persisting CSF viral burden. Price (2000) reported
that in early stages a transitory CSF infection predom-
inates and is then sustained by CD4+-cells migrating
into the CSF, followed by an autonomous infection
stemming from cells of the monocyte lineage. In the
treated late-stage patients of our study, 8/49 had a
higher CSF than plasma viral burden, most of them
being HAART responders. They had fully suppressed
plasma viral loads and relatively stable CD4+-cell
counts, supporting the hypothesis of an independent
HIV disease in the central nervous system. We agree
with the findings of Price and colleagues (Spudich
et al, 2006) that in general HAART successfully sup-
presses plasma and CSF VL, but we focused on two
subgroups of patients in whom therapy is not effec-
tive in the CSF/CNS, i.e., on patients with VLCSF > PL
and on early- and late-stage individuals with neu-
rocognitive deficits despite HAART (>50%) whether
or not these had a detectable CSF VL. This latter con-
dition could be due to HAART combinations with
low CSF penetration capacity or to genetic differ-
ences between blood- and CSF-derived virus types in
the same individual (Korber et al, 1994; Peeters et al,
1995; Giancola et al, 2006). Most likely blood-derived

sequences respond to therapy whereas CSF-derived
types do not. Such differences would remain undiag-
nosed if lumbar puncture is not performed routinely
in HIV carriers and if genotyping is not part of the
diagnostic procedures.

Bestetti and coworkers (2004) found virological
failure in both CSF and plasma associated with the
emergence of new drug resistancies in both compart-
ments. One subgroup of our treated late-stage patients
(17/49) had persistent viral replication in the CSF and
eight of them revealed higher CSF than plasma repli-
cation rates but not all of them showed therapy failure
in plasma. In those patients showing HAART failure
(in our study the minority), it needs to be clarified
whether this failure is due to drug resistance in the
CSF virus variants or to host-specific factors.

Spector and colleagues (1993) found neurocogni-
tive deficits in patients with undetectable plasma VL
and concluded that functional deficits cannot be de-
pendent only on the presence of the virus in the CNS.
We did not find any correlation between CSF VL and
functional deficits in our early- and late-stage patients
under therapy. This fact suggests that additional fac-
tors account for the high incidence of neurocogni-
tive deficits in these patients. Furthermore, the role
of antiretroviral drugs in CNS toxicity must also be
carefully evaluated.

In untreated early-stage patients, there was a cor-
relation between duration of known HIV positivity
and CSF VL, i.e., the longer a patient is virus car-
rier, the higher is his CSF VL in early stages. In her
review on HIV infection and dementia, Gartner dis-
cusses the hypothesis that “a virus threshold level”
is probably reached in the brain before active damage
occurs; there may be a limited range of host cells in
the brain (Gartner, 2000). This hypothesis strongly
suggests that the virus should not be allowed the
time to reach this threshold level. Lumbar puncture
should be integrated into routine patient care at the
time of HIV diagnosis and in follow-ups based on
the results of neuro-screen test batteries and because
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the CNS functions as a long-term latent virus reser-
voir (Siliciano and Siliciano, 2004).

There were three patients with high plasma VL
and BBB disrupture, but undetectable CSF VL. One
of them was an early-stage patient without HAART;
this individual might have been in a very early phase
of viral replication in which the virus had not yet
penetrated into the CSF. The other two HIV carri-
ers were late-stage patients on HAART; they might
now be in a phase of early therapy failure, a phase
at which the brain is not yet involved but the BBB
already disturbed.

Thus, in summary, HIV penetrates very early into
the CSF, replicates there, and provokes an inflamma-
tory reaction in untreated patients, correlating with
the known duration of positivity. The inflammatory
reaction is accompanied or followed by an immune
activation and functional brain deficits. In some, but
not in all, cases these deficits are reversed under
HAART (Sacktor et al, 1999). In treated late-stage pa-
tients, VL is more likely to correlate with immune
activation than with inflammatory markers and not
at all with functional deficits.

In the subgroup of patients with higher CSF than
plasma VL, the divergence from the usual condition
of plasma greater than CSF VL cannot be due exclu-
sively to therapy failure or to slower viral decay in
CSF than in plasma. There might be compartment-
specific virus quasispecies or host factors that still
need to be identified. Among our patients there was a
higher percentage of patients with VLCSF > PL (15.6%)
than in the report of Spudich et al (2005) (10.0%),
even though their study included only late-stage
patients.

Furthermore, it is obvious that the group with
higher viral replication rates in CSF than in plasma
shows stronger correlations with respect to inflam-
matory values (Monteiro de Almeida et al, 2005), im-
mune activation, and functional cerebral deficits, so
that these patients must be identified, followed up
carefully and perhaps put on HAART earlier than
those with VLPL > CSF. Thus, if these findings are con-
firmed in larger studies, it would be useful to perform
lumbar puncture in every patient identified as HIV
carrier. Furthermore, the virus- and/or host-specific
factors leading to the constellation VLCSF > PL, and
thus to functional cerebral deficits, must be analyzed.

Patients with VLPL > CSF also reveal motor and cog-
nitive deficits, most likely due to other factors than
the virus itself. These patients must be identified in
order to find therapeutic strategies other than HAART
and help prevent these patients from developing
brain disease.

Methods

Patients
In a cross-sectional multicenter study 109 HIV-1
positive homo- and bisexual Caucasian patients (all

had at least a high school diploma) without neu-
rological signs or symptoms were recruited con-
secutively. Patients were assigned to four groups:
early-stage patients (revised CDC classification 1993
A1, A2, B1, B2; CDC, 1993) without (group 1) and
with (group 2) HAART as well as late-stage patients
(CDC A3, B3, C1–3) without (group 3) and with
(group 4) HAART. Demographics are provided in
Table 1.

Exclusion criteria were a history of opportunis-
tic cerebral infections, bacterial or mycobacterial
meningitis, primary cerebral lymphoma and psychi-
atric or neurological comorbidities. If a patient had
CSF pleocytosis (>3 cells), plasma and CSF sam-
ples were tested for syphilis (TPPA [Treponema pal-
lidum particle agglutination/assay], FTA-abs [fluo-
rescent Treponema antigen–absorption], and VDRL
[Venereal Disease Research Laboratory] test in case
the FTA-abs test was positive).

All patients on medication had triple combina-
tion therapies, most of them two nucleoside in-
hibitors of the reverse transcriptase (NRTIs) plus a
protease inhibitor (PI). Fewer patients had two NR-
TIs plus a non-nucleoside inhibitor of the reverse
transcriptase (NNRTI). Only a small number of late-
stage patients (8%) received a multidrug salvage
therapy.

Venous blood samples and cerebrospinal fluid
were taken from every patient classified as clin-
ically asymptomatic. Each patient signed the in-
formed consent papers approved by the local ethics
committees.

Routine CSF, immunological, and virological
analyses
Cell counts and analysis of total protein content and
albumin were performed on CSF immediately after
lumbar puncture. CSF/serum ratios for IgG, IgA, IgM,
and albumin were calculated. Albumin was used to
assess the integrity of the blood-brain barrier (Reiber’s
diagram). Aliquots of CSF were frozen and stored
at −80◦C for virological and immunological (MCP-1,
Gal-3) analysis.

Viral load was quantified in plasma and CSF us-
ing the branched DNA assay (Quantiplex HIV-RNA
3.0; Bayer Diagnostics, Emeryville, CA). The detec-
tion threshold for HIV was 50 copies/ml. A log 10
transformation was performed on all RNA concentra-
tion values (copies/ml). If the number of RNA copies
was below detection threshold, it was set at 0 = log1
copy/ml.

Concentrations of the chemokine MCP-1 and the
lectin galectin-3 (Gal-3) in serum and CSF were
measured using commercially available sandwich
ELISAs (Bender, Vienna, Austria) with a detection
limit of 3.5 pg/ml for MCP-1 and 0.15 ng/ml for Gal-3.
All tests were carried out according to the procedures
recommended by the manufacturer.
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Cognitive/motor testing
The following neuropsychological tests were used:
the Grooved Pegboard test (GPT), the Digit Symbol
and the Trail Making tests parts A and B (Klove, 1963;
Spreen and Strauss, 1998; Reitan and Wolfson, 1985),
as well as the motor test battery according to Arendt
et al (1990).

The Grooved Pegboard is a fine motor function test.
It requires rapid visual-motor coordination. The peg-
board has 25 slotted holes orientated in different di-
rections. Pegs with a flat and a rounded side must be
rotated to match the hole before they can be success-
fully inserted.

In the Digit Symbol test (HAWIE-R Handbook and
Instructions; Hans Huber Editions, 1991) patients
have to attribute symbols to digits. The level of per-
formance is time dependent.

The Trail Making tests A and B require rapid recog-
nition of the symbolic significance of numbers and
letters and the ability to identify numbers or letters
in sequence. Parts A and B consist of 25 circles with
numbers (A) and numbers and letters (B) distributed
over the test sheet which have to be connected in the
right order as fast as possible.

The Motor Test Battery was used for register-
ing contraction times (CTs). Individual and group
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