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Objective and design: Though combination antiretroviral therapy reduces the con-
centration of HIV-1 RNA in both plasma and cerebrospinal fluid (CSF) below the
detection limit of clinical assays, low levels of HIV-1 RNA are frequently detectable in
plasma using more sensitive assays. We examined the frequency and magnitude of
persistent low-level HIV-1 RNA in CSF and its relation to the central nervous system
(CNS) immune activation.

Methods: CSF and plasma HIV-1 RNA were measured using the single-copy assay with
a detection limit of 0.3 copies/ml in 70 CSF and 68 plasma samples from 45 treated HIV-
1-infected patients with less than 40 copies/ml of HIV-1 RNA in both fluids by standard
clinical assays. We also measured CSF neopterin to assess intrathecal immune acti-
vation. Theoretical drug exposure was estimated using the CNS penetration-efficacy
score of treatment regimens.

Results: CSF HIV-1 RNA was detected in 12 of the 70 CSF samples (17%) taken after up
to 10 years of suppressive therapy, compared to 39 of the 68 plasma samples (57%) with
a median concentration of less than 0.3 copies/ml in CSF compared to 0.3 copies/ml in
plasma (P<0.0001). CSF samples with detectable HIV-1 RNA had higher CSF neopterin
levels (mean 8.2 compared to 5.7 nmol/l; P¼0.0085). Patients with detectable HIV-1
RNA in CSF did not differ in pretreatment plasma HIV-1 RNA levels, nadir CD4þ cell
count or CNS penetration-efficacy score.

Conclusion: Low-level CSF HIV-1 RNA and its association with elevated CSF neopterin
highlight the potential for the CNS to serve as a viral reservoir and for persistent infection
to cause subclinical CNS injury.
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Introduction

HIV-1 enters the central nervous system (CNS) early
during systemic infection and can then be detected in the
cerebrospinal fluid (CSF) throughout the subsequent
course of untreated infection in most individuals [1–3].
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The concentration of HIV-1 RNA in the CSF averages
about one-tenth of that in plasma during chronic
infection, though the CSF : plasma virus ratio varies
among individuals and also may change over time within
individual patients [1,2,4,5] related to both the stage of
systemic infection and the origins of the CSF virus [2,6].
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Through the course of infection, HIV-1 is accompanied
by local inflammation and immune activation that is
reflected in CSF lymphocytic pleocytosis and elevated
concentrations of a number of CSF inflammatory
biomarkers, including neopterin (a marker for macro-
phage activation), and chemokines CCL2 and CXCL10
[5,7]. Later in its course, infection may also lead to brain
injury reflected in changes in CSF biomarkers of neuronal
injury including neurofilament light (NFL) chain, tau and
amyloid proteins [8–10]. In the era before effective
treatment, 20–30% of untreated patients with advanced
immunosuppression developed overt HIV-associated
dementia (HAD) [11,12].

Combination antiretroviral therapy (cART) effectively
reduces HIV-1 RNA concentrations in both CSF and
plasma to levels below the lower level of detection of
assays used in clinical settings (<20–50 copies/ml)
[2,4,13,14]. However, using very sensitive assays such
as single-copy assay (SCA) that allows HIV-1 RNA
quantification down to less than one copy of viral RNA/
ml, it is possible to detect HIV-1 RNA regularly in plasma
and less commonly in CSF during suppressive therapy
[15,16].

In addition to reducing the HIV-1 RNA concentrations,
cARTalso reduces intrathecal inflammation and ongoing
neural injury [14,17–19]. When it is widely available,
cART has greatly reduced the incidence of HAD and
opportunistic CNS infections [20–23]. However, recent
studies indicate that less severe cognitive impairment is
common in patients on cART despite plasma virus
suppression, related either to earlier injury before
treatment was initiated or to persistent low-level CNS
infection accompanied by local immune activation
[22,24–26].

In this study, we examined paired CSF and plasma samples
from 45 patients on long-term suppressive therapy who
volunteered for lumbar puncture. We used SCA to
determine the frequency and magnitude of HIV-1 RNA
detection in the CSF compared to plasma during
suppressive cART, and also measured CSF neopterin to
assess whether low concentrations of HIV-1 in CSF was
associated with CNS immune activation.
Methods

Study design and participants
Paired plasma and CSF samples were derived from
observational cohort studies in Gothenburg, Sweden and
San Francisco, California, USA. Selection criteria
included HIV-1 infection with confirmed or epidemio-
logically presumed clade B, treatment with cART
containing at least three antiretroviral drugs (not counting
ritonavir), and both plasma and CSF HIV-1 RNA below
pyright © Lippincott Williams & Wilkins. Unautho
40 copies/ml at screening by standard clinical assays.
Additional criteria included the following: above 18 years
of age, absence of neurological symptoms suggestive of
new or progressing CNS disease, presumed medication
adherence by history, no contraindications to lumbar
puncture, and no active opportunistic infections or
neurological disease. The study was conducted in
accordance with the Declaration of Helsinki approved
by the Regional Ethical Review Boards in Stockholm and
Gothenburg, Sweden and the University of California
San Francisco Committee on Human Research. Written
informed consent was obtained from all patients.

Cerebrospinal fluid and plasma HIV-1 RNA
concentrations
HIV-1 RNA concentrations in CSF and plasma were
measured using the sensitive SCA following the same
methods of sample preparation and assay as detailed in the
earlier publication [27]. In brief, 7 ml of CSF or plasma,
with a known amount of Replication-competent avian
sarcoma-leukosis virus long terminal repeat with a splice
acceptor (RCAS) (an avian retrovirus) added as an
internal standard, was ultra-centrifuged and the pellet
was extracted and subjected to complementary DNA
synthesis followed by real-time PCR amplification of a
79-base pair region of HIV-1 Gag and a portion of the
RCAS genome. HIV-1 RNA levels were determined
using a standard curve constructed with HIV-1 of known
RNA copy number. To ensure that the extraction process
was successful, the level of RCAS was measured using a
separate standard curve constructed with RCAS of
known RNA copy number. Samples where we measured
less than half of the expected amount of added RCAS
internal standard were considered to have failed and were
excluded from the analysis. As described earlier [16], we
assigned negative results (below<0.3 copies/ml) a default
‘floor’ value of 0.2 copies/ml for further analysis including
group statistics.

Biomarkers of immune suppression and
activation
Cerebrospinal fluid white blood cell (WBC) counts and
blood CD4þ T-cell analysis were performed in the
Sahlgrenska University Hospital in Gothenburg or the
San Francisco General Hospital Clinical Laboratories using
standard clinical methods. Neopterin was measured in
cell-free CSF by enzyme-linked immunoassay according
to the manufacturer’s instructions (BRAHMS Aktienge-
sellschaft, Henningsdorf, Germany) in Innsbruck, Austria.
Normal reference values were below 5.8 nmol/l in CSF
[28].

Central nervous system antiviral drug
penetration
As an index of the theoretical CNS exposure to cART, we
used the revised form of the CNS penetration-effective-
ness (CPE) score developed by Letendreet al. [29,30] to
rized reproduction of this article is prohibited.
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Table 1. Background characteristics.

Number of patients 45
Patients per site (San Francisco/Gothenburg) 30/15
Number of samples (total, with valid SCA results)

CSF 76 (70)
Plasma 76 (68)

Patients with multiple samples 18
Sex (M/F) 40/5
Age (mean years, SD) 49 (11)
Time of infection (median years, IQR) 8 (4–13)
Time of suppressive therapy (median years, IQR) 3 (1–5)
CPE (median, IQR) 7 (7–8)
Blood T-cells (mean cells/ml, SD)

CD4þ at first time point in study 598 (246)
Nadir CD4þ 198 (162)

Pretherapy HIV-1 RNA concentration
(log 10 mean HIV-1 RNA/ml, SD)
CSFa 3.4 (1.0)
Plasmab 4.8 (0.8)

CSF WBC (median per ml, IQR) 2 (1–3)

CPE, central nervous system penetration-efficacy; CSF, cerebrospinal
fluid; IQR, interquartile range; SCA, single-copy assay; WBC, white
blood cell.
an¼20 samples.
bn¼33 samples.
calculate a rating for each patient’s regimen at the time
of sampling.

Statistics
Means and SD were calculated for variables assumed to
have normal distribution, and median and intraquartile
range (IQR) were calculated for the remaining variables.
The variables were compared independently by Mann–
Whitney’s test, whereas proportions were compared using
Fisher’s exact test. Spearman’s rho was calculated to test
for correlation. All P values were two-sided with values
less than 0.05 considered significant. Statistical analyses
were performed and graphs constructed using GraphPad
Prism 6 software (GraphPad, La Jolla, California, USA).
Results

Samples and patients
We analyzed a total of 76 paired CSF and plasma samples
from 45 patients (Table 1). All samples had a volume of
7 ml. The extraction control failed for 14 of the 152
samples (six CSF and eight plasma); these measurements
were excluded from further analysis, leaving 70 CSF and
68 plasma from 45 patients for analysis. This included 18
patients with multiple samplings: nine sampled twice, five
Copyright © Lippincott Williams & Wilkins. Unaut

Table 2. Single-copy assay HIV-1 RNA measurements.

Proportion of positive samples
HIV-1 RNA concentrations during suppressive

therapy (mean HIV-1 RNA copies/ml, range)
0.3

Time of suppressive therapy to time point
with detectable HIV-1 RNA (median years, range)

2.8

CSF, cerebrospinal fluid.
sampled three times, three sampled four times and one
sampled five times. Patients were predominantly men and
middle-aged, had been diagnosed with HIV-1 for nearly a
decade, were on suppressive therapy for a median of
3 years, had not changed therapy during the previous
6 months before the first study sample, and were on
regimens with a median CPE score of 7. None had
symptoms or signs of active CNS disease. Their blood
CD4þ T cells at sampling were relatively high, but with a
nadir of about 200 cells/ml. Pretherapy plasma HIV-1
RNA concentrations were available for 73% with a mean
level of 4.8 log10 copies/ml, whereas pretherapy CSF
HIV-1 RNA concentrations were only available for 44%
with a mean concentration of 3.4 log10 copies/ml.

Single-copy assay HIV-1 RNA measurements
Twelve of the 70 (17%) CSF samples were positive for
HIV-1 RNA, which was significantly less than the 39 of
68 (57%) positive plasma samples (P< 0.0001) (Table 2).
The median concentration HIV-1 RNA in CSF was
below the limit of detection. Using the defined ‘floor’
value of 0.2 copies/ml, the median was at this value of
0.2 copies/ml (range 0.2–3.9, IQR 0.2–0.2) compared
to 0.3 copies/ml (range 0.2–15, IQR 0.2–0.9 in plasma;
P< 0.0001) (Table 2). Time points with detectable CSF
HIV-1 RNA occurred after a median of 2.8 years of
suppressive therapy (range 1.8–10) compared to 2.0 years
(range 0.4–11) for time points with detectable plasma
HIV-1 RNA (P¼ 0.0917).

After excluding SCA measurements where the extraction
had failed, 62 sample pairs with valid measurements of
HIV-1 RNA in both CSF and plasma remained (Fig. 1).
In these sample pairs, the proportion of positive samples
was 16% in CSF and 56% in plasma. The median level was
below the limit of detection in CSF (range 0.2–2.9, IQR
0.2–0.8) compared to 0.3 copies/ml (range 0.2–15, IQR
0.2–0.9 in plasma; P< 0.0001). Overall, there was no
correlation between CSF and plasma HIV-1 RNA levels
in the sample pairs (r¼�0.0071, P¼ 0.9563).

To avoid bias from repeated samples in individual patients,
we also conducted similar calculations for measurements
from the first visit for all patients. In this subset of 45 pairs,
the proportion of positive samples was 14% in CSF and
61% in plasma. In this subset, the median level was again
below the limit of detection in CSF (range 0.2–3.9, IQR
horized reproduction of this article is prohibited.

CSF Plasma P value

12/70 39/68 <0.0001
(0.2–3.9) 1.1 (0.2–15) <0.0001

(1.8–10) 2.0 (0.4–11) 0.0917
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HIV-1 RNA in 62 paired samples
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Fig. 1. HIV-1 RNA concentrations in analyzed 62 pairs. The
figure shows SCA results in the 56 paired samples with valid
results on both CSF and plasma. The larger-colored symbols
indicate overlapping results in the samples with undetectable
CSF HIV RNA with the number of overlaps given below each.
The smaller black circles represent results of single sample
pairs. CSF, cerebrospinal fluid; SCA, single-copy assay.
0.2–0.1) compared to 0.3 copies/ml (range 0.2–14, IQR
0.2–0.9 in plasma; P< 0.0001).

We analyzed samples from multiple time points from 18
patients. Six of these 18 patients had detectable CSF HIV-
1 RNA in at least one sample. Two of these six patients in
whom CSF HIV-1 RNA could be detected at least once
had a detectable CSF HIV-1 RNA at more than one time
point (Fig. 2). By contrast, 17 of the 18 patients with
samples from multiple time points had detectable plasma
HIV-1 RNA from at least one time point.

Detectable HIV-1 RNA in cerebrospinal fluid and
plasma in relation to pretreatment HIV-1 RNA
concentrations, nadir CD4R cell count and
central nervous system penetration-effectiveness
score
Of the 10 patients with detectable HIV-1 RNA in the
CSF from at least one time point during effective therapy,
we had data on pretherapy HIV-1 RNA concentration in
plasma from 7. They had a mean pretherapy plasma HIV-
1 RNA concentration of 4.8 (SD 0.8) log10 copies/ml
compared to the 34 patients with no detectable HIV-1
RNA in CSF who had a mean concentration of plasma of
5.0 (SD, 0.7) log10 copies/ml (P¼ 0.5031) (Fig. 3a).
Likewise, there was no significant difference in the mean
nadir blood CD4þ T-cell counts in those where HIV-1
RNA could be detected at one time point or more to
those where it never could be detected (165 vs. 208 cells/
ml; P¼ 0.4754) (Fig. 3b). The median CPE of the
treatment regimen was eight in the patients in whom CSF
HIV-1 RNA could be detected and seven in those in
whom it could not (P¼ 0.1845) (Fig. 3c).
pyright © Lippincott Williams & Wilkins. Unautho
Detectable HIV-1 RNA in relation to neopterin
We compared the levels of CSF neopterin in all samples
with detectable and undetectable CSF HIV-1 RNA and
found higher levels in the former (mean 8.2 compared to
5.7 nmol/l; P¼ 0.0085) (Fig. 3d). In contrast, higher CSF
neopterin was not found in patients with detectable
compared to undetectable plasma HIV-1 RNA (5.9 vs.
6.2 nmol/l; P¼ 0.1323) (not shown). For the patients
with multiple samples, the mean CSF neopterin level was
7.5 nmol/l for those in whom CSF HIV-1 RNA could be
detected at one time point or more compared to
5.6 nmol/l where CSF HIV-1 RNA could not be
detected at any time point (P¼ 0.0318) (Fig. 3e). When
excluding the time points with detectable HIV-1 RNA in
the CSF, there was, however, no significant difference
in the mean values between these groups (mean 5.8 vs.
5.6 nmol/l; P¼ 0.5830) (Fig. 3f), suggesting that the
patients in whom HIV-1 RNA was detected CSF at one
or more time points did not have chronically elevated
levels of CSF neopterin compared to those without
detectable CSF HIV RNA at any time point.

Cerebrospinal fluid neopterin in relation to
blood–brain barrier integrity
We examined if CSF neopterin was related to the blood–
brain barrier integrity by comparing the albumin ratio to
CSF neopterin levels, but found no significant correlation
(r¼�0.21, P¼ 0.0878) (not shown).
Discussion

These results show that low-level HIV-1 RNA could be
measured by SCA in CSF in a substantial proportion of
treated individuals with ‘undetectable’ viral loads in both
CSF and plasma by conventional clinical assays.
Additionally, detection of CSF HIV-1 RNA was
associated with higher CSF neopterin concentrations,
suggesting that the presence of CSF virus may either be a
cause or a response to local immune activation.

This is the first study using SCA to measure the low HIV-
1 RNA concentrations in CSF in a substantial number of
patients and samples. We found that HIV-1 RNA could
be detected in 17% (12 of 70 CSF samples) during
suppressive therapy. This was significantly less than the
57% (39/68) plasma samples that were positive. Both the
proportion of positive samples and the measured
concentrations were consistent with our previous study
using the same method for a smaller group of participants
enrolled in a treatment intensification study [15]. The
lower concentration of HIV-1 RNA in CSF than in
plasma is consistent with the relationship observed in
untreated HIV-1 infection where the levels of HIV-1
RNA in CSF are usually 10-fold lower than in plasma
albeit with considerable variation [31]. We found CSF
HIV-1 RNA after up to 10 years of suppressive therapy.
rized reproduction of this article is prohibited.
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Fig. 2. HIV-1 RNA concentrations in cerebrospinal fluid and plasma. The figure shows SCA results in the six patients where we
had multiple samples from CSF and at least one CSF sample was positive. Plasma values are shown in blue circles and CSF values
are shown in red squares. CSF, cerebrospinal fluid; SCA, single-copy assay.
This is in agreement with smaller previous intensification
studies where we have found CSF HIV-1 RNA after years
of therapy using SCA and other methods [15,32]. By
comparison, 57% of the plasma samples were positive
with a median of 0.3 copies of HIV-1 RNA copies/ml
and plasma HIV-1 RNA could be detected after up to 11
years of therapy which is comparable to what has
previously been described [16].

We examined several factors that might have influenced
CNS infection, but none appeared to favor the capacity
for detecting CSF HIV-1 RNA in this group. CSF HIV-1
RNA did not correlate with that of plasma. This could
suggest two separate reservoirs, one in the CNS and one
in the periphery, which release HIV-1 virus particles
independently. In favor of this explanation is that HIV-1
variants found in the CSF and the plasma during
suppressive therapy can be genetically different variants
[33]. Less likely, HIV-1 RNA found in the CSF is actually
‘spill over’ from the periphery, but because of temporal
Copyright © Lippincott Williams & Wilkins. Unaut
dispersion of viral peaks and very low levels in CSF, the
associations were not seen and it would require analysis of
more samples from more patients to discern this
association. Whereas concentrations of plasma HIV-1
RNA found during suppressive therapy have previously
been linked to pretherapy plasma HIV-1 concentrations
[34], we did not find any association between the
occurrence of on-therapy CSF HIV-1 RNA and
pretherapy plasma HIV-1 concentrations. Likewise,
because nadir CD4þ T-cell counts have been linked to
neurocognitive impairment in patients on cART [35], we
examined the relationship of cell count nadir to detection
of CSF HIV-1 RNA, but found none. Finally, since
reduced drug exposure might also predispose a person to
CNS infection, we examined whether there was an
association with aggregate drug penetration estimates
using the CPE score, but again we found no association.
Hence, we were unable to identify patient background
features that predisposed to appearance of detectable CSF
HIV-1 RNA in these patients with plasma and CSF
horized reproduction of this article is prohibited.
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Fig. 3. Comparison of patients or samples with detectable and undetectable cerebrospinal fluid HIV-1 RNA by single-copy
assay. Graphs in top row compare patients with CSF HIV-1 detected at one or more time points (pos) to those without detected CSF
HIV-1 RNA (neg) with respect to: (a) pretherapy plasma HIV-1 RNA concentrations; (b) blood nadir CD4þ cell count; and (c) CPE
scores. Graphs in the bottom row compare the CSF neopterin concentrations in different patient and sample groupings: (d) includes
all time points from all patients, comparing samples with detectable CSF HIV-1 RNA (pos) to those in which it was undetectable
(neg); (e) includes only samples from patients with multiple samples and compares all time points from patients where HIV-1 RNA
could be detected in at least one CSF sample (pos) to all time points from patients in which HIV-1 RNA could not be detected in CSF
at any time point (neg); and (f) includes the same groups as in graph (e), but the measurements from time points where CSF HIV-1
RNA could be detected have been removed in order to compare these patients at intervals where CSF HIV-1 RNA was below the
SCA detection limit. Box-plots include 10–90 percentile whiskers and mean values (‘þ’). CPE, central nervous system penetration-
efficacy; CSF, cerebrospinal fluid; SCA, single-copy assay.
HIV-1 concentrations below the conventional laboratory
limits.

In the light of the lack of these associations, it is of interest
that detection of CSF HIV-1 RNA was associated with
CSF neopterin levels. CSF neopterin has proved to be a
useful biomarker of local, intrathecal immune activation
[28]. It is produced predominantly by cells of the
monocyte–macrophage lineage and likely also by
astrocytes in response to interferon gamma and other
signals [36]. CSF neopterin is elevated in untreated
viremic patients with particularly high levels in HAD
patients. Likewise, suppressive cART reduces these levels
rapidly, though not fully to normal, and a previous study
showed that immune activation in the CNS as measured
by CSF neopterin continued even after years of
suppressive therapy [37]. It has also been demonstrated
that asymptomatic CSF ‘virological escape’ (measurable
HIV-1 RNA in CSF by standard assays during cART) was
associated with elevated levels of CSF neopterin above
pyright © Lippincott Williams & Wilkins. Unautho
that of patients without escape [38]. Additionally, another
study using a different assay for HIV-1 RNA quantifi-
cation showed that patients with CSF HIV-1 RNA
concentrations above 2 copies/ml had higher levels of
CSF neopterin than those with undetectable CSF HIV-1
RNA by this assay [39]. We also used CSF neopterin as
our outcome biomarker for CSF immune activation. As
in the previously mentioned studies, we found that the
presence of HIV-1 RNA at very low levels was linked to
higher levels of CSF neopterin, indicating that measuring
these low levels of CSF virus is associated with an
independent biological measurement. We also found that
the patients who had detectable CSF HIV-1 RNA at one
time point did not have elevated levels of CSF neopterin
at other time points. This suggests that these patients may
not have had ‘chronic’ immune activation in the CSF, but
rather that release of these very low levels of HIV-1 in the
CNS may lead to macrophage activation and neopterin
production even during suppressive therapy. Alterna-
tively, the sequence of events may be reversed
rized reproduction of this article is prohibited.
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macrophage activation in the CNS, provoked by some
other factor, which could lead to the production of
virions. This additionally raises the question of whether
these ‘blips’ of detectable CSF HIV-1 RNA, either by
standard assays or by SCA, might also have neuropatho-
logical consequences through this increase in the local
immune activation. The association between elevated
levels of CSF neopterin and detectable CSF HIV-1 RNA
also suggests that CSF neopterin might be used as a
surrogate marker for low CNS-grade infection in
evaluating treatment regimens and various strategies for
CNS viral eradication. Whether the low, but clearly
abnormal, levels of neopterin detected in these patients
indeed reflect a level of local immune activation sufficient
to chronically impair neurological function and damage
CNS integrity is uncertain. Addressing this issue will
require longitudinal study of the predictive value of low
levels of CSF neopterin on neurological function.

The study highlights the CNS as a potential reservoir for
HIV-1 during suppressive therapy. It has been suggested
that the CNS is a ‘sanctuary site’ where HIV-1 replication
can persist during suppressive therapy by replicating at a
low level since some drugs penetrate less well across the
blood–brain barrier. In this study, we found that there was
no association between the estimated CPE and the
occurrence of CSF HIV-1 RNA. We have previously
examined this question and found that treatment
intensification did not affect CSF HIV-1 RNA or CSF
immune activation, suggesting that there is no, or very
little, ongoing replication in the CNS during suppressive
therapy with undetectable HIV-1 RNA concentrations in
both CSF and plasma by standard assays [15,32]. In
addition, whenwe sequenced CSFHIV-1RNA, we found
little evidence of viral evolution in the CSF during therapy
[33]. These findings taken together do not entirely rule out
ongoing replication in the CSF during suppressive therapy.
Perhaps, additional drugs are not enough to inhibit the
ongoing replication in the CNS or the methods used were
not sensitive or precise enough to measure these small
changes. The range of CPE values in our study was narrow,
and the patients were selected on the basis of both plasma
and CSF viral suppression below 40 copies/ml. In this
setting, the CPE score may not provide a sufficiently
precise measure of CNS drug effectiveness. Nevertheless,
there is no evidence in support of ongoing replication in
the CNS during suppressive therapy. Hence, whether the
presence of small amounts of HIV-1 RNA in the CSF
during suppressive therapy is the result of production of
HIV-1 virions within the CNS by cells that were infected
before the initiation of therapy or relates to transport of
virions across the blood–brain barrier or migration of
infected cells into the CNS at the time of sampling needs to
be further studied.

One limitation of our study was that the SCA only
amplifies HIV-1 RNA from approximately 80% of HIV-1
B strains due to primer and probe mismatch [27]. We did
Copyright © Lippincott Williams & Wilkins. Unaut
not have access to pretherapy samples to test for primer
and probe match. Our HIV-1 RNA concentration
determinations are therefore likely to be an under-
estimate, though with a similar effect on CSF and plasma
samples.

In conclusion, in this study, we show that HIV-1 RNA
can be detected in 17% CSF samples during suppressive
therapy, which is significantly less than the 57% plasma
samples that were positive. The concentration of HIV-1
RNA in CSF was also lower than in plasma. We found
that HIV-1 RNA could be detected in the CSF up to after
10 years of suppressive therapy and is associated with
elevated neopterin levels. This suggests that HIV-1
virions continue to drive immune activation and possibly
neurological injury during suppressive therapy. The
findings of HIV-1 RNA in the CSF during suppressive
therapy also indicate that the CNS could be a possible
reservoir for HIV-1 during suppressive therapy.
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