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Background. Occasional cases of viral escape in cerebrospinal fluid (CSF) despite suppression of plasma human

immunodeficiency virus type 1 (HIV-1) RNA have been reported. We investigated CSF viral escape in subjects
treated with commonly used antiretroviral therapy regimens in relation to intrathecal immune activation and
central nervous system penetration effectiveness (CPE) rank.

Methods. Sixty-nine neurologically asymptomatic subjects treated with antiretroviral therapy 16 months and
plasma HIV-1 RNA !50 copies/mL were cross-sectionally included in the analysis. Antiretroviral therapy regimens
included efavirenz, lopinavir/ritonavir or atazanavir/ritonavir combined with tenofovir, abacavir, or zidovudine
and emtricitabine or lamivudine. HIV-1 RNA was analyzed with real-time polymerase chain reaction assays.
Neopterin was analyzed by enzyme-linked immunosorbent assay.

Results. Seven (10%) of the 69 subjects had detectable CSF HIV-1 RNA, in median 121 copies/mL (interquartile
range, 54–213 copies/mL). Subjects with detectable CSF virus had significantly higher CSF neopterin and longer
duration of treatment. Previous treatment interruptions were more common in subjects with CSF escape. Central
nervous system penetration effectiveness rank was not a significant predictor of detectable CSF virus or CSF
neopterin levels.

Conclusions. Viral escape in CSF is more common than previously reported, suggesting that low-grade central
nervous system infection may continue in treated patients. Although these findings need extension in longitudinal
studies, they suggest the utility of monitoring CSF responses, as new treatment combinations and strategies modify
clinical practice.

Human immunodeficiency virus type 1 (HIV-1) in-

vades the central nervous system (CNS) early during

primary infection and remains detectable in the cere-

brospinal fluid (CSF) in a majority of untreated subjects

during the entire infectious course [1–3]. As immune

function deteriorates, some individuals develop a more

invasive encephalitis, which may lead to CNS dysfunc-

tion known as AIDS dementia complex, or HIV-as-

sociated dementia [4, 5]. Combination antiretroviral

therapy (ART) has had a major impact on morbidity
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and mortality in HIV-1–infected patients, restoring im-

mune function and thereby preventing opportunistic

infections and other disease complications [6, 7].

Current guidelines recommend the use of 2 nucle-

oside/nucleotide reverse transcriptase inhibitors

(NRTI) in combination with either a ritonavir-boosted
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protease inhibitor (PI), a nonnucleoside reverse transcriptase

inhibitor (NNRTI), or the integrase inhibitor raltegravir for

treatment of chronic HIV-1 infection [8, 9]. In recent years,

the most commonly used antiretroviral therapy (ART) com-

binations have been based on the NNRTI efavirenz or the PIs

atazanavir/ritonavir or lopinavir/ritonavir, in combination with

the NRTIs tenofovir or abacavir with either emtricitabine or

lamivudine. Previously, zidovudine was preferred as part of the

NRTI backbone, and although currently considered an alter-

native drug, many patients continue zidovudine as part of their

ART regimens.

In the CNS compartment, entry of antiretroviral drugs is

restricted by the blood-brain barrier and the blood-CSF barrier,

and concern has been raised that virus in the CNS may escape

therapy and act as a reservoir for viral persistence and evolution

of drug resistance. Despite concerns about treatment difficulties

in the CNS, HIV-1 in CSF is usually suppressed in subjects on

effective therapy [2, 10]. ART has proved to be effective in

preventing neurological complications of chronic HIV-1 infec-

tion, and the incidence of HIV-associated dementia has mark-

edly declined since the introduction of combination antiret-

roviral therapy [6]. Although ART is often effective in

suppressing CSF virus, the infectious process is associated with

a local chronic inflammatory process that remains measurable

even in individuals undergoing effective therapy [11, 12], albeit

on a lower level than in untreated subjects [1]. It is unclear

whether this residual intrathecal immune activation results

from ongoing viral replication within the brain itself, transitory

exposure of the CSF compartment to virus originating from

migrating blood cells, or other mechanisms [11–13].

Few published studies have reported CSF “viral escape,” with

HIV-1 RNA above levels of detection of standard assays in CSF

despite having undetectable levels in blood [14–16]. A recent

report describes a group of subjects with neurologic symptoms

attributed to HIV-1 CNS infection and detectable CSF viral

load despite suppression of plasma viremia [17]. The frequency

of viral escape in neurologically asymptomatic individuals suc-

cessfully treated with ART is largely unknown. To investigate

CSF viral escape in this setting, here defined as having CSF

HIV-1 RNA above the level of detection of standard assays

while having HIV-1 RNA !50 copies/mL in blood, we have

conducted a cross-sectional study of neurologically asymptom-

atic or stable individuals successfully treated with standard ART

regimens. In addition, we examine our findings in relation to

intrathecal immune activation drug regimens and CNS-pene-

tration effectiveness rank (CPE rank) [18].

METHODS

Study design. In a cross-sectional analysis using archived CSF

and plasma specimens from 2 clinical centers in Gothenburg,

Sweden, and San Francisco, California, we identified neurol-

ogically asymptomatic or stable (referred to subsequently as

neuroasymptomatic) subjects who had received continuous an-

tiretroviral therapy �6 months, with no change in treatment

regimen �3 months before sampling. All subjects were eval-

uated by clinical neurological examination; however, formal

neuropsychiatric testing was not performed in all subjects. A

neuroasymptomatic condition was defined as either wholly

without neurological symptoms or signs, or with neurological

findings that could be attributed to static CNS conditions; past

or present CNS opportunistic infections were excluded. Sub-

jects with plasma HIV-1 RNA !50 copies/mL using treatment

combinations that included either efavirenz, ritonavir-boosted

lopinavir, or ritonavir-boosted atazanavir in combination with

2 NRTIs consisting of either tenofovir, abacavir, or zidovudine

in combination with either emtricitabine or lamivudine, were

included in the analysis. For subjects with 11 valid sampling

point according to inclusion criteria, the most recent visit was

included in the study. CSF samples were obtained for research

purposes in separate local protocols evaluating CSF responses

to antiretroviral treatment. The protocols followed in the pre-

sent study were approved by the Research Ethics Committee

of the University of Gothenburg and by the University of Cal-

ifornia San Francisco Committee on Human Research, and all

subjects provided informed consent to participate.

CSF and blood measurements. After venous and lumbar

puncture, paired samples of blood and CSF were centrifuged,

and cell-free plasma and CSF were aliquoted and subsequently

stored at �70�C for later analysis. Neopterin, a marker of mac-

rophage activation and inflammation, was analyzed in CSF and

plasma by a commercially available radioimmunoassay (Hen-

ningtest Neopterin; BRAHMS) or enzyme-linked immunosor-

bent assay (BRAHMS) with a normal reference value of !8.8

nmol/L in serum and !5.8 nmol/L in CSF [19]. HIV-1 RNA

in CSF and plasma was measured using Cobas TaqMan HIV-

1 version 1 or 2 (Hoffmann-La Roche) or Abbott RealTime

Viral Load Test on the m2000 system (Abbott RT/m2000 assay;

Abbot), assays with a dynamic range of 20 (TaqMan software,

version 2) or 40 to copies/mL. CSF white blood cell71 � 10

count and peripheral blood CD4+ T lymphocyte determination

was also performed using routine methods.

CNS penetration scores for antiretroviral medications. To

investigate the impact of antiretroviral drug combinations on

residual CSF HIV-1 RNA and immune activation, we calculated

the CPE of drug regimens as devised and reported by Letendre

et al [18]. In addition, we also calculated the revised CPE rank

according to a recently proposed revision of ranking score by

the same investigators [20].

Statistical analysis. Descriptive statistics were performed

using Prism software (version 5; GraphPad) or SPSS PC soft-

ware (version 17.0; SPSS). Continuous variables were log10

transformed where appropriate for the tests used. For 2-group
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Table 1. Subject Characteristics

Characteristic
CSF viremic

(n p 7)
CSF aviremic

(n p 62) P

Age, years 46 (36–64) 45 (22–71) NS
Male sex, no. (%) of patients 4 (57) 45 (73) NS
CD4 cell count, � 106 cells/L 620 (400–810) 525 (390–642) NS
CD4 nadir, � 106 cells/L 133 (40–200) 150 (68–213) NS
CSF HIV-1 RNA level, copies/mL 121 (54–213) !50
CPE rank 1.6 � 0.5 1.7 � 0.6 NS
CPE-2010 rank 7.3 � 0.76 7.4 � 1.23 NS
CSF neopterin level, nmol/L 9.2 (6.6–16.2) 5.1 (4.4–8.4) .03
Plasma neopterin level, nmol/L 7.2 (6.1–8.0) 7.6 (5.1–10.3) NS
WBC count, � 106 cells/L 1 (1–6) 1 (1–3) NS
Time on ART, months 77 (67–101) 35 (17–59) .002

NOTE. Data are median value (interquartile range) or mean value � standard deviation,
unless otherwise indicated. All subjects had plasma HIV-1 RNA !50 copies/mL. ART, anti-
retroviral therapy; CSF, cerebrospinal fluid; CPE, CNS penetration effectiveness; NS, not
significant; WBC, white blood cell count.

comparisons, a t test or Mann-Whitney U test was used. Cor-

relations were calculated using Spearman’s rank correlation test.

Comparisons of multiple categorical variables were analyzed

using x2 test or Fisher’s exact test when appropriate.

RESULTS

Sixty-nine subjects who fulfilled the inclusion criteria were

identified and included in the analysis, 56 from Gothenburg

and 13 from San Francisco. Samples included in the analysis

were collected between 2002 and 2010. Table 1 shows the sub-

ject characteristics stratified by detectable CSF viral RNA. Sub-

ject groups were similar with respect to age, sex, CD4 cell count,

and CD4 nadir (Table 1).

Seven (10%) of the 69 subjects had detectable HIV-1 RNA

in CSF. The median (range) CSF HIV-1 RNA was 121 (52–

860) copies/mL in these 7 subjects. As determined by the in-

clusion criteria, all subjects had plasma HIV-1 RNA !50 copies/

mL. The frequency of detectable CSF HIV-1 RNA was similar

in the 2 study sites.

CSF and plasma neopterin were available for 5 of 7 of subjects

with detectable CSF virus and 50 of 62 subjects with unde-

tectable CSF HIV-1 RNA. CSF neopterin was significantly

higher in subjects with detectable CSF HIV-1 RNA compared

with subjects with undetectable CSF viral load (Figure 1A).

Median (interquartile range [IQR]) CSF neopterin in subjects

with detectable and undetectable CSF HIV-1 RNA was 9.2 (6.6–

16.2) and 5.1 (4.4–8.4) nmol/L, respectively ( , t test,P p .03

neopterin log10 transformed for analysis). Four of the 5 subjects

with available CSF neopterin and detectable CSF HIV-1 RNA

had CSF neopterin levels above the normal reference value for

healthy subjects (5.8 nmol/L) compared with 20 (40%) of the

50 subjects with available CSF neopterin and undetectable CSF

HIV-1 RNA. In plasma, no significant difference was seen be-

tween subjects with detectable and subjects with undetectable

CSF HIV-1 RNA, in median (IQR) 7.2 (6.1–8.0) and 7.6 (5.1–

10.3) nmol/L, respectively ( ) (Figure 1A).P p .9

CSF pleocytosis was not significantly different in subjects

with or without detectable CSF virus. Median (range) CSF

white blood cell count was 1 (0–20) � 106 and 1 (0–9) � 106

cells/L in subjects with detectable and undetectable CSF HIV-

1 RNA, respectively ( ) (Table 1).P p .4

Figure 1B shows the continuous treatment time on combi-

nation ART for the study subjects. The 7 subjects with de-

tectable CSF HIV-1 RNA had a significantly longer treatment

time on combination ART, in median (IQR) 77 (67–101)

months, compared with 35 (17–59) months for subjects with

undetectable CSF HIV-1 RNA ( ). Similarly, the totalP p .002

time on therapy was significantly longer in subjects with de-

tectable CSF virus compared with subjects with suppressed CSF

virus, in median (IQR) 100 (80–183) and 38 (18–63) months,

respectively ( ).P ! .001

The number of previous viral blips, defined as a single plasma

HIV-1 RNA 150 copies/mL during ongoing therapy, was higher

in the group of subjects with detectable CSF viral RNA, in

median (IQR) 2.5 (1–4) compared with 0 (0–1) for subjects

with undetectable CSF virus ( ). In addition, 5 (71%)P p .001

of the 7 subjects with detectable CSF HIV-1 RNA had a history

of 1 or more treatment interruptions, compared with 8 (15%)

of the 54 subjects with available treatment history and viral

suppression in CSF ( ). Treatment interruptions were de-P ! .01

fined as episodes of total ART abstinence 12 weeks followed

by a subsequent increase in plasma viremia.

The distribution of antiretroviral drugs used in subjects with

detectable CSF HIV-1 RNA is shown in Table 2. There was no

significant difference in frequency of detectable CSF virus be-

tween study drugs ( , test), although a trend was seen2P p .5 x
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Figure 1. A, Cerebrospinal fluid (CSF) and plasma neopterin in relation to CSF human immunodeficiency virus type 1 (HIV-1) RNA. Neopterin values are
log10 transformed. Dotted line represents normal reference value for neopterin. CSF neopterin was significantly higher in CSF viremic subjects ( ,P p .03
t test). B, Total treatment time was significantly longer in CSF viremic subjects ( ; Mann-Whitney U test). C and D, the impact of central nervousP p .002
system penetration effectiveness 2010 rank (CPE 2010-rank) on CSF viral load (C ; ) and CSF neopterin (D ; , ).P p .88 r p �0.009 P p .9

for comparison of tenofovir, abacavir, and zidovudine (P p

). Among NRTIs, 4 (22%) of 14 subjects treated with abac-.08

avir and 3 (9%) of 34 subjects treated with tenofovir had de-

tectable CSF RNA. None of the 17 zidovudine-treated subjects

had signs of CSF escape (Table 2). Four (15%) of 27 subjects

treated with efavirenz had detectable HIV-1 RNA in CSF. The

corresponding frequencies for ritonavir-boosted atazanavir and

ritonavir-boosted lopinavir were 2 (10%) of 21 subjects and 1

(5%) of 21 subjects, respectively.

Figure 1C–1D shows the impact of CPE rank on CSF viral

load and immune activation. The CPE rank was not a predictor

of CSF escape in this analysis. Mean (� standard deviation)

CPE rank was for subjects with detectable CSF HIV-1.6 � 0.5

1 RNA and for subjects with undetectable CSF HIV-1.7 � 0.6

1 RNA ( , t test). Using the CPE-2010 score, mean (�P p .95

standard deviation) rank was and for sub-7.3 � 0.76 7.4 � 1.27

jects with or without detectable CSF HIV-1 RNA, respectively

( ). Furthermore, CPE rank was not correlated withP p .88

neopterin levels in CSF (CPE rank: , ; CPE-r p �0.09 P p .5

2010 rank: , ) or plasma (CPE rank: rpr p �0.04 P p .8

�0.18, ; CPE-2010 rank: , ) in this study.P p .2 r p 0.01 P p .9

DISCUSSION

In this cross-sectional evaluation of neurologically asymptom-

atic patients successfully treated with commonly used first-line

ART combinations, we demonstrate that 10% of subjects had

CSF HIV-1 RNA 150 copies/mL. Subjects with detectable CSF

virus had significantly longer exposure to ART and higher levels

of intrathecal immune activation; treatment interruptions were

also more common in these subjects. Previous studies have

shown that CSF HIV-1 RNA generally responds well to anti-

retroviral therapy [2, 10], although persistent HIV-1 RNA in

CSF has occasionally been reported in subjects with suppressed

plasma viral load [14–16]. Our findings, however, suggest that

viral escape in CSF, even in subjects with successful systemic
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Table 2. Distribution of Cerebrospinal Fluid (CSF) Viral Escape
for Antiretroviral Drugs

Drug

CSF
viral escape, no. (%)

of subjects
Total,

no. of subjects

Efv 4 (15) 27
Lpv/r 1 (5) 21
Atv/r 2 (10) 21
Tdf 3 (9) 34
Abc 4 (22) 18
Zdv 0 (0) 17
3TC 4 (10) 43
FTC 3 (12) 26

NOTE. 3TC, lamivudine; Abc, abacavir; Atv/r, atazanavir/ritonavir; Efv, efa-
virenz; FTC, emtricitabine; Lpv/r, lopinavir/ritonavir; Tdf, tenofovir; Zdv,
zidovudine.

treatment with contemporary regimens, is a more common

occurrence than previously reported. Several factors may in-

fluence the frequency of detectable CSF viral load found in our

study population. First, the composition of ART regimens has

been continuously modified as newer drugs have become avail-

able. Previously, ART regimens frequently included the PIs in-

dinavir or lopinavir as well as the NRTI zidovudine, drugs that

have a well-documented effect in the CNS [21–23], and de-

tectable CSF HIV-1 RNA was uncommon in subjects treated

with lopinavir or zidovudine in our analysis (Table 2). More

recent regimens are commonly based on the NNRTI efavirenz

or the PI atazanavir in combination with the NRTI tenofovir,

drugs that likely penetrate less well into the CNS. Second, CSF

samples in our study were consistently analyzed using newer

reverse-transcription polymerase chain reaction assays that have

improved quantification properties for low-level viral load. The

level of HIV-1 RNA in subjects with detectable CSF viral load

in our study population was low, in median (range) 121 (52–

860) copies/mL, and in this interval the change from older

amplification assays is likely to have an impact on the frequency

of detectable CSF viral load.

No significant difference in frequency of detectable CSF HIV-

1 RNA was detected between study drugs, although we did see

a trend toward significance when comparing NRTIs zidovudine,

tenofovir, and abacavir. The efficacy of individual or combi-

nations of antiretroviral drugs in the CNS is still not sufficiently

elucidated, which may raise difficulties in estimating the an-

tiretroviral potency of ART combinations. The CPE ranking

system has been proposed as a simple method for estimating

the combined CNS effectiveness of ART regimens and has been

shown to correlate with CSF viral load in a cohort study [18].

In our subjects, however, CPE ranking (published version and

CPE-2010 ranking) was not correlated with either detectable

CSF HIV-1 RNA or level of intrathecal immune activation,

suggesting that use of a simple categorical scale may not be

sufficient in judging CNS efficacy and that a degree of caution

in implementing CPE rank in routine clinical practice is in-

dicated. However, the limited size of the study population may

have influenced the lack of association between CSF viral escape

and study drugs, as well as CPE rank.

Subjects with detectable CSF virus had significantly longer

exposure to ART than subjects with no detectable virus in CSF.

Given the comparatively lower drug concentrations in CNS

than in plasma, adherence is likely of even greater importance

in the treatment of HIV-1 in the CNS than systemically. The

increased frequency of plasma viral blips found in the subjects

with detectable CSF virus may represent slightly less adherent

drug intake in these subjects. It is possible that longer treatment

duration may influence adherence negatively, although other

intrapatient related factors are likely as important. All subjects

in our analysis were effectively suppressed in blood, suggesting

that adherence in this population was good, although we cannot

rule out that adherence may influence results.

While it is still unclear if ongoing full-cycle replication of

HIV-1 occurs in the CNS during effective ART, it has been

shown that HIV-1 may persist in the CNS during antiretroviral

therapy due to insufficient CNS penetration of some antiret-

roviral drugs [24]. HIV-1 infection in the CNS becomes in-

creasingly compartmentalized during disease progression [25],

and it has been proposed that autonomous infection may be

sustained by longer-lived cells within the CNS, that does not

require replenishment from the blood [2]. Increased levels of

intrathecal immune activation are found in a majority of sub-

jects successfully treated with ART, although it is unclear if

immune activation results from viral replication within the CNS

or as a response to other factors [11]. The SMART study [7]

established that subjects undergoing structured treatment in-

terruptions were more likely to experience adverse disease

events than subjects on continuous suppressive therapy. Treat-

ment interruptions lead to rapid resurgence of active HIV-1

replication systemically, and also in the CNS compartment,

resulting in neuronal injury, measurable in CSF as increased

levels of neurofilament light protein, a marker of axonal injury,

as well as increased levels of intrathecal immune activation [26].

Treatment interruptions were significantly more common in

subjects with measurable CSF virus, and intermittent reseeding

of the CNS during interruption of therapy leading to increased

intrathecal immune activation may be of importance for es-

tablishing an autonomous CNS infection, and may contribute

to the CSF viral escape found in these subjects. Autonomous

viral replication in the brain even during ART remains a pos-

sibility, and may over time give rise to measurable CSF HIV-

1 RNA, as suggested by the longer time on treatment in subjects

with CSF escape.

Ongoing replication in the CNS during ART may constitute

a risk for evolution of viral resistance, and reports have dem-
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onstrated different resistance profiles in viral populations from

blood and CSF, as well as in brain autopsy [27, 28]. Although

selective resistance causing isolated viral escape in CSF seems

to be rare, autonomous replication in the CNS may potentially

cause independent evolution of drug resistance in the CSF [17].

In addition, a recent report demonstrated selection of enfu-

virtide-resistant virus in CSF, causing subsequent loss of viral

suppression in plasma, thus illustrating the importance of ad-

equate penetration of antiretroviral drugs into the CNS [16].

CSF viral load in our subjects with detectable HIV-1 RNA was

too low to allow resistance analysis, and although background

resistance in our study population was rare, drug-resistant virus

remains an important possible cause for the CSF viral escape

found in 10% of our subjects.

Subjects included in the current analysis were neurologically

asymptomatic or without evidence of active CNS disease, sug-

gesting that viral escape in CSF may, at least in the short term,

be clinically benign or silent in otherwise effectively treated

individuals. Antiretroviral therapy has been successful in pre-

venting HIV-associated dementia [6], although neurocognitive

impairment remains prevalent in some chronically HIV-1–in-

fected individuals [29]. However, a group of subjects with neu-

rologic symptoms and viral escape in CSF despite systemically

effective therapy was recently described, which illustrates that

autonomous CNS HIV-1 replication and ongoing intrathecal

immune activation may indeed signify a risk for neurologic

complications in certain subjects [17]. For this reason, longi-

tudinal follow-up in subjects with and without CSF viral control

is important.

In conclusion, viral escape in the CNS may be a more com-

mon occurrence than previously recognized. Ten percent of

neurologically asymptomatic, systemically suppressed subjects

still had detectable CSF virus and increased intrathecal immune

activation. The increased frequency of previous treatment in-

terruptions in subjects with CSF viral escape suggests that con-

tinuous viral suppression is of importance in controlling HIV-

1 CNS infection. The findings illustrate the importance of

including analysis of CSF responses to antiretroviral therapy,

especially when implementing new treatment strategies, for ex-

ample, NRTI-sparing regimens, as well as when introducing

new drugs. Our findings need to be extended in longitudinal

studies both with respect to the frequency and consistency of

viral escape and the neurological consequences. If indeed CSF

viral escape is a persistent and consistent finding in a subset

of patients, it may warrant integration into long-term strategies

of virus and disease control.
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