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Long-term virological effect of highly active
antiretroviral therapy on cerebrospinal fluid
and relationship with genotypic resistance
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The objective of this study was to assess the long-term virological response in
cerebrospinal fluid (CSF) in patients treated with highly active antiretroviral
therapy (HAART) and to compare this response to CSF and plasma human
immunodeficiency virus (HIV) drug resistance profiles. Paired CSF and plasma
specimens were drawn from 18 patients receiving HAART at baseline and after
9 to 70 months of therapy. At baseline, median HIV-1 RNA concentrations
were 4.13 log10 copies/ml in CSF and 5.31 log10 copies/ml in plasma. At the
time of on-therapy CSF sampling, HIV-1 RNA was undetectable in CSF from
13/18 patients (72%), and in plasma from 9/18 patients (50%). The genotypic
analysis at baseline revealed reverse transcriptase (RT) resistance mutations
in 7 of 11 (64%) CSF samples and in 8 of 11 (73%) plasma samples. No patient
had protease resistance mutations, except for secondary mutations. At the time
of virological failure in CSF, new RT and protease resistance mutations were
found in both CSF and plasma of the two patients with both baseline and
on-treatment paired evaluations. At long-term follow-up, the proportion of
patients failing to respond virologically was lower in CSF than in plasma.
Virological failure in CSF was associated with failure to respond in plasma
and onset of new drug resistance mutations in both compartments. Journal of
NeuroVirology (2004) 10(suppl. 1), 52–57.
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Introduction

During the years following the advent of highly ac-
tive antiretroviral therapy (HAART), a body of infor-
mation has been collected on the effect of these treat-
ments on human immunodeficiency virus (HIV) in-
fection of the central nervous system (CNS). HAART
has been associated with a decline of both incidence
and prevalence of acquired immunodeficiency virus
(AIDS) dementia complex (ADC) in cohort studies
(Dore et al, 1999; Sacktor et al, 2001). Furthermore,
both clinical and neuroradiological improvement is
usually observed in patients with ADC or milder HIV-
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related cognitive deficits after a few weeks of HAART.
Virologically, HAART is usually followed by a de-
crease in cerebrospinal fluid (CSF) HIV-1 RNA levels
(Gisslen et al, 1997). Like in plasma, this effect is
evident as soon as during the first days of therapy;
however, the dynamics of viral load decay in CSF
may differ from that in plasma. Actually, two dis-
tinct patterns of response have been observed: a first
pattern, consisting in a parallel decrease of CSF and
plasma HIV-1 RNA levels, and a second, character-
ized by a slower decline in CSF compared to plasma
(Ellis et al, 2000; Staprans et al, 1999). It is likely
that, in the first case, the CSF virus derives predom-
inantly from peripheral cells trafficking within the
CSF. In contrast, the CSF virus might originate in-
trathecally in the latter case, being produced by brain
mononuclear phagocytes (Price, 2000). In the case of
productive brain infection, CNS penetration of indi-
vidual drugs, as well as specific properties of brain
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macrophages, involving drug metabolism and virus
turnover, might influence the response to HAART.

It has been hypothesized that, because of the poor
penetration of some antiviral drugs in the CNS, vi-
ral replication could be suppressed less efficiently in
this tissue than in plasma, thus creating the ground
for local virus rebound and development of resistant
HIV strains. Long-term treatment with HAART is as-
sociated with a high proportion of virological failure
in plasma. However, preliminary observations sug-
gest that virological failure in CSF might occur less
frequently than expected compared to plasma.

The aim of this study was to study the long-term
response to HAART in both CSF and plasma sam-
ples drawn at HAART baseline and after long-term
treatment follow-up. The viral load was compared to
the resistance profile for reverse transcriptase (RT)
and protease in both compartments. Finally, relevant
published studies analyzing the virological response
in CSF compared to resistance patterns in CSF and
plasma were briefly reviewed.

Results

The changes in CSF and plasma HIV-1 RNA levels
were evaluated in 18 patients treated with HAART.
Eight of these patients had on-treatment viral load
assessed at two different time points, giving a total
of 26 measurements. At the time of the most distant
viral load assessment from baseline, median time on
HAART was 19 months (range 9–70 months).

Viral load changes from baseline are shown in
Figure 1. At baseline, median HIV-1 RNA concentra-
tions were 4.13 log10 copies/ml in CSF and 5.31 log10
copies/ml in plasma. During therapy, HIV-1 RNA
became undetectable in plasma from 9/18 patients
(50%) and in CSF from 13/18 patients (72%). Over-
all, 17 of 26 CSF (65%) and 11 of 26 plasma samples
(42%) drawn during the follow-up had undetectable
HIV-1 RNA levels. Four patients failed to respond in
both CSF and plasma, four patients in plasma only

Figure 1 Cerebrospinal fluid and plasma HIV-1 RNA load in 18 HAART-treated patients. Both levels at baseline and during treatment
(one or two assessments) are shown for each patient. The dotted line indicates the cut-off value, set at 400 copies/ml.

and one patient in CSF only. Patients failing to re-
spond in both compartments always had plasma viral
levels higher than in CSF. In the patient failing to re-
spond in CSF only, CSF HIV-1 RNA load was 3.65
log10 copies/ml, but at the time of failure, he was
receiving a combination of two protease inhibitors,
consisting of lopinavir/ritonavir and saquinavir.

The pattern of genotypic resistance for RT and pro-
tease was evaluated in CSF and plasma of all the pa-
tients from whom sufficient amount of sample was
available and/or HIV-1 RNA levels were sufficient to
allow RNA amplification from the RT and/or protease
genes. At baseline, the genotypic analysis revealed
RT resistance mutations in 7 of 11 (64%) plasma sam-
ples and in 8 of 11 (73%) CSF samples. No patient had
protease resistance mutations, except for secondary
mutations. At this time discordant resistance profiles
between CSF and plasma were found in 5 of 10 pa-
tients with paired analyses, for a total of 13 discordant
mutations out of a total of 46 mutations identified.
Discordances were more similarly frequent in CSF (8
of 24) than in plasma (6 of 22). Plasma samples taken
during follow-up disclosed resistance mutations in
all of four samples examined. New resistance muta-
tions were found in both plasma and CSF from the
two patients with both baseline and on-treatment de-
terminations (Table 1, patients 9, 11). Different mu-
tations between CSF and plasma were found in one
of these patients.

Discussion

Concern has been risen around the hypothesis that
HAART could lead to incomplete suppression of vi-
ral replication in the CNS, due to the potential limited
penetration of some antiretroviral drugs through the
brain barriers. Such occurrence would have impor-
tant implications in the CNS, where elevated viral
replication levels can be associated with HIV-related
tissue damage and neurological disease (Wiley
and Achim, 1994). Furthermore, persistent virus
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replication in the CNS in the presence of suboptimal
drug levels might theoretically predispose to local de-
velopment of viral resistance to antiviral drugs. Be-
cause of the continuous trafficking of immune cells
between CSF and plasma, such resistant virus might
eventually spread from the CNS to the periphery.

There are at present some observational data sup-
porting the hypothesis that resistant strains can de-
velop selectively in the CNS. In this regard, several
studies comparing CSF and plasma sequences have
shown different resistant mutations in the two com-
partments, with mutations found in CSF but not in
plasma in up to one third of the cases (Chien et al,
1999; Cunningham et al, 2000; Venturi et al, 2000).
The majority of these studies, however, were cross-
sectional and they were not designed to address ques-
tions such as the dynamics of onset of resistance in
the two compartments, the correlation between re-
sistance mutations and viral replication in the two
compartments, or with development of HIV-induced
CNS disease.

Only few studies have analyzed RT and protease
resistance in paired CSF and plasma samples col-
lected longitudinally from HAART-treated patients.
In the majority of these studies, however, resistance
mutations were assessed only at baseline or during
the first days to weeks from the start of an effective
HAART regimen, when sufficient amounts of viral
RNA was still detectable. Tang et al (2000) showed
that the viral CSF sequences at baseline did not
differ from CSF sequences drawn during treatment,
whereas the sequences in CSF samples differed sig-
nificantly from those in plasma. We also previously
shown the persistence of same resistance profiles in
CSF and plasma samples during the first phases of a
successful HAART (Cinque et al, 2001). In the same
study, we failed to demonstrate a consistent corre-
lation between presence and pattern of resistance
mutations at baseline and the kinetics of virological
response in the two compartments during the first
weeks of HAART.

Patients who fail to respond to HAART would be
the natural population in whom to address the is-
sues of the possible CNS selection of viral resistant
mutants and of its clinical implications. Virological
rebound following an initial response to therapy is
increasingly frequent in HAART-treated patients, es-
pecially in those treated for long periods. Virological
failure may result from a number of factors, primarily
suboptimal adherence to therapy and development
of resistance due to nonsuppressing regimens. There
are a few, preliminary studies reporting on the long-
term response to HAART in CSF. Staprans et al (1999)
described a few patients treated for up to 37 weeks,
observing a continuing and gradual response in CSF
despite incomplete plasma response. These authors
suggested that more prolonged inhibition of viral
replication in CSF than in plasma can reflect the
slower virus turnover in brain macrophages, which
was also likely responsible for the slow response

in CSF observed during the first treatment period.
These observations are corroborated by a study from
Gunthard et al (2001), who searched for the presence
of residual virus replication in potential sanctuary
body sites in patients receiving HAART for more than
2 years. The authors found that lymph nodes contin-
ued harboring infectious virus, but HIV-1 RNA was
never detected in the CSF, leading them to conclude
that the CNS is unlikely to be the major source of viral
rebound under potent antiretroviral therapy.

A more recent study conducted on children re-
ceiving a combination of either two or three nucle-
oside RT inhibitors (NRTIs; zidovudine and lamivu-
dine versus zidovudine, lamivudine and abacavir)
demonstrated an overall high proportion of virolog-
ical failure in CSF, of almost 50% at week 48. This
response, however, was less marked in CSF than in
plasma (McCoig et al, 2002). In four children, CSF
and plasma pairs were available both at baseline
and after 48 weeks of HAART, showing a discordant
evolution of HIV between the two compartments. In
three of these four cases, new zidovudine resistance-
associated mutations were observed in CSF but not
in plasma. Despite these findings, however, a remark-
able improvement was observed in all of the children
with neuropsychological impairment.

Our study investigated the long-term response to
HAART in a group of patients with advanced HIV in-
fection and neurological problems. These patients, in
theory, are those more at risk for experiencing a viral
rebound in CNS and also develop active CNS disease
by HIV. The length of treatment varied among pa-
tients, and several patients changed repeatedly their
HAART before last follow-up. Overall, 50% of the pa-
tients failed to respond virologically in plasma. Only
half of these, however, also failed to respond in CSF.
In only one patient was the virus detectable in CSF
but not in plasma. Most likely, the treatment regimen
in this patient, consisting of a two-protease inhibitor
combination, was the reason for the selective failure
to respond in CSF. It has actually been shown that
the combination of ritonavir and saquinavir is inef-
fective to reduce CSF viral load until undetectable
levels after 12 weeks, as compared to a combination
of the same drugs plus stavudine (Gisolf et al, 2000).

As expected, all the patients who failed to respond
virologically in plasma had RT and/or protease resis-
tance mutations. Patients failing to respond in CSF
also had resistance mutations in this compartment.
Discordant resistance mutations between CSF and
plasma at this time were found in one case, suggest-
ing a different evolution of viral strains in the two
compartments. In particular, the protease mutation
at codon 82 was present in CSF after 10 months of
HAART, but it was not revealed in a plasma speci-
men taken one month earlier. Although remarkable,
these findings cannot prove transmission of resistant
virus from the CSF to the blood. In general, the poten-
tial transmission of resistant virus from one compart-
ment to the other is difficult to demonstrate. Intensive
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serial CSF and plasma sampling may actually provide
the only means to study the kinetics of emergence of
resistance mutations and the interactions with viral
replication in the two compartments.

Finally, in none of our patients was viral rebound
in CSF associated with onset of HIV-related CNS dis-
ease. Only one patient in this series had a diagnosis of
ADC before starting HAART. Clinically, he only par-
tially improved while on therapy, although his viral
load became undetectable from both CSF and plasma.

In summary, our study shows that long-term
HAART is accompanied by a proportionally better
virological response in CSF than in plasma. In pa-
tients treated with a potent HAART combination, the
viral load rebound in CSF was always associated with
a concomitant and more marked rebound in plasma.
The present study and other longitudinal studies pro-
vide evidence that, during HAART, the virus may
evolve independently in the CSF. The ultimate im-
plications of these findings, e.g., on the development
of CNS disease or progression of systemic disease, are
still unknown.

Patients and methods

Patients from the present study belong to a larger
group of patients with CNS complications admitted at
the Clinic of Infectious Diseases of San Raffaele Hos-
pital, Milano, Italy. Patients were selected for hav-
ing a CSF sample taken both before starting HAART
and during treatment, but after at least 9 months from
baseline. This interval of ≥9 months was chosen con-
sidering that, during the first months of HAART, the
virological response in CSF may be slower than in
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