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Abstract 

In six patients with primary HIV-1 infection cerebrospinal fluid (CSF) and 
plasma HIV-1 RNA, and (32 microglobulin (b2m) concentrations were monitored 
during a quintuple or sextuple antiretrouiral drug regimen. Four patients had 
neurological symptoms during primary HIV-1 infection. At baseline, CSF HIV-1 
RNA was detectable in five patients and varied widely (median: 3,68 (range: < 
2,60-5,67) logw copies /ml). A CSF inflammatory response was present in some: 
leukocytes were increased in four, and b2m was increased in three patients. 
Following 8 weeks of treatment, median CSF HIV-1 RNA concentrations had 
decreased to <2,60 (<1,60-3,00) logw copies/ml (p=0.04), and median plasma 
HIV-1 RNA levels had decreased from 5,46 (4,40-5,97) to 3,07 (2,57-3,79) logl0 

copies/ml (p-0.03). Median CSF b2m concentrations had decreased from 2,5 
(0,9-5,5; normal value <2,2) to 1,2 (0,9-1,7) mg/l (p-0.06), and median plasma 
b2m levels had decreased from 2,6 (1,4-3,1; normal value <2,4) to 1,7 (1,1-2,2) 
mg/l (p=0.03). After 48 weeks, one patient still had 1,97 log10 copies/ml HIV-1 
RNA in CSF and 1,51 logw copies /ml in plasma, although CSF and plasma b2m 
concentration had normalized after 8 weeks. 
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INTRODUCTION 

Primary HIV-1 infection is frequently associated with a transient 'flu-like' ill
ness, that is often undiagnosed or misdiagnosed.1,2 Neurological manifestations 
may occur ranging from a mild viral meningitis to an encephalitis.35 HIV-1 and 
HIV-1 p24 antigen have been detected in the cerebrospinal fluid (CSF) from such 
patients.56 Very few longitudinal CSF data are available on antiretroviral treat
ment initiated at the time of primary HIV-1 infection.7-8 Since the CSF provides a 
window on what is happening in the brain parenchyma, we longitudinally meas
ured CSF and plasma HIV-1 RNA and (3-2 microglobulin (b2m) in six patients 
who started with a quintuple or sextuple antiretroviral drug regimen around 
this time.9 

PATIENTS AND METHODS 

Since November 1997, six patients with primary HIV-1 infection have been 
enrolled in an open label trial, evaluating the efficacy of a quintuple-drug regi
men: zidovudine (AZT) 300 mg bid (or stavudine (d4T) 40 mg bid), lamivudine 
(3TC) 150 mg bid, abacavir 300 mg bid, indinavir 1000 mg tid, and nevirapine 
400 mg once a day.10 During the study this drug regimen was adapted: indinavir 
1000 mg tid was replaced by indinavir 800 mg tid plus ritonavir 100 mg bid. Four 
patients started with the quintuple drug regimen, and later changed to the sex
tuple drug regimen. Two patients received the sextuple drug regimen from the 
start. All patients were asked to participate in a neurological sub-study to assess 
HIV-1 RNA levels and drug concentrations in the CSF. Lumbar punctures were 
planned at baseline, and 8, 24, 48, and 96 weeks after the initiation of therapy. 
The study was approved by the local medical ethical committee. All patients 
gave written informed consent. 

Sera were screened for the presence of antibodies to HIV-1 with commercial 
enzyme immunoassay (EIA) and confirmed by Western blot according to the 
manufacturers' instructions (Abbott Laboratories, North Chicago, IL, USA). CSF 
and plasma HIV-1 RNA were measured using the NucliSens HIV-1 QT assay 
(Organon Teknika, Boxtel, The Netherlands). Standard measurements were per
formed on 200 |il plasma or CSF, resulting in a lower limit of quantification 
of 400 copies/ml. When HIV-1 RNA levels decreased to below 400 copies/ml, 
and sufficient sample was available, an initial input volume of 2 ml was used, 
resulting in a lower limit of quantification of 40 copies/ml, and, in plasma, an 
ultrasensitive protocol adaptation was performed, resulting in a lower limit of 
quantification of 5 copies/ml.10 B2m concentration was measured by micropar-
ticle capture enzyme immunoassay (MEIA) (Abbott IMx analyser).11 Normal 
values are < 2.4 mg/1 in plasma, and < 2.2 mg/1 in CSF. CSF was analysed for cell 
count, glucose, and total protein. Samples were stored at -70°C until assessment. 
CSF and plasma samples were available from 16 HIV-1 seronegative controls.12 

Results are reported as medians and ranges for all variables. Differences 
were tested with Wilcoxon's matched pair's signed rank test, and Mann-Whitney 
U-test, as appropriate. Correlations were tested with Spearman's rank correla-
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tion test. If values were below the lower limit of detection, the cut-off point was 
used as the individual's value in all analyses. P < 0.05 was considered signifi
cant. 

RESULTS 

Five patients (16, 18, 20, 21, 23) experienced an acute illness consistent with 
primary HIV-1 infection and had peak plasma HIV-1 RNA concentrations > 5 
log10 copies/ml; four of them (16, 18, 21, 23) had indeterminate Western blots 
during their first visit evolving towards positive Western blots during follow up, 
and one of them (20) had a peak plasma HIV-1 RNA concentration of 6,4 log10 

copies/ml and a four-fold increasing HIV-1 antibody-level following the acute ill
ness. One patient (24) had a negative HIV-1 antibody screening 6 months before 
study entry, and was found HIV-1 antibody seropositive 6 weeks before enroll
ment. The clinical details of two patients with primary HIV-1 infection and 
severe neurological symptoms are described below. Two patients had mild neu
rological symptoms consisting of headache and fever, and two patients had no 
neurological symptoms (Table 1). Five patients had detectable CSF HIV-1 RNA 
concentration (median: 3,68 (range: <2,60-5,67) log10 copies/ml) at baseline: the 
two patients without neurological symptoms had either low (2,79 log](J copies/ml) 
or undetectable CSF HIV-1 RNA. CSF leukocytes, nor CSF protein correlated 
with CSF HIV-1 RNA (data not shown) (Table 2). Concomitant plasma levels of 
HIV-1 RNA were 5,46 (4,40-5,97) log10 copies/ml. CSF HIV-1 RNA levels were not 
significantly correlated with plasma HIV-1 RNA levels (r=0.77, p=0.07). After 
8 weeks of t reatment, CSF concentrations decreased significantly to a median 
of <2,60 (<1,60-3,00) log]0 copies/ml) (p=0.04). In two patients data were avail
able for week 48. The patient who had highest baseline CSF HIV-1 RNA (5,67 
log1() copies/ml; plasma HIV-1 RNA: 5,48 log]0 copies/ml ) still had detectable 
CSF HIV-1 RNA (3,00 log10 copies/ml; plasma 3,52 log10 copies/ml) after 8 weeks, 
and after 48 weeks (1,97 log10 copies/ml; plasma 1,51 log10 copies/ml); plasma 
HIV-1 RNA has become < 0,70 log10 copies/ml from week 71 onwards, but CSF 
follow-up has not been planned until week 96. In the other patient CSF HIV-1 
was <1,60 log10 copies/ml at both weeks 8 and 48 (Tables 1 & 2). Plasma HIV-1 
RNA levels decreased significantly from 5,46 (4,40-5,97) to 3,07 (2,57-3,79) log]0 

copies/ml (p=0.03) after 8 weeks of treatment. 

The CSF inflammatory response was additionally evaluated during treat
ment. The median CSF leukocyte count decreased from 30 (4-203) to 4 (2-13) cells 
/ul (p=0.03), and the median CSF protein declined slightly from 0,58 (0,32-1,36) 
to 0,48 (0,22-0,68) g/1 (p=0.10) after 8 weeks of treatment. CSF b2m levels at 
baseline were significantly higher compared with HIV-1 seronegative controls 
(p=0.002), and were elevated in three patients (Table 2). Baseline CSF b2m 
levels were significantly correlated with CSF leukocytes (r=0.83, p=0.04), and 
with CSF protein (r=0.83, p=0.04). Baseline plasma b2m levels were higher 
than those in controls as well (p=0.002). Baseline CSF and plasma b2m levels 
were significantly correlated (r=0.78, p<0.001); four patients had CSF b2m levels 
exceeding plasma b2m levels. CSF levels of b2m decreased from 2,5 (0,9-5,5) to 
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Table 2 
Cerebrospinal and plasma concentrations of b2m and HIV-1 RNA before and after the start 
of a quintuple or sextuple drug regimen 

median and range 

b2m (mg/l) HIV-1 RNA log to copies/ml 

CSF 
controls 
before treatment 
8 weeks after treatment 
48 weeks after treatment (n=2) 

plasma 
controls 
before treatment 
8 weeks after treatment 
48 weeks after treatment (n=2) 

0.8(0.5-1.8) 
2.5 (0.9-5.5)* 
1.2 (0.9-1.7)** 
0.9 (0.8-0.9) 

1.3 (0.8-2.2) 
2.6 (1.4-3.1 )# 

1.7 (1.1-2.2)** 
1.1 (1.0-1.1) 

na 
3.68 (<2.60-5.67) 
2.60 (<1.60-3.00)' 
1.82 (< 1.60-1.97) 

na 
5.46 (4.40-5.97) 
3.07 (2.57-3.79)AA 

1.27 (< 0.70-1.51) 

* P=0.002 compared with HIV-1 seronegative controls 
** P=0.06 compared with values before treatment 
# P=0.002 compared with HIV-1 seronegative controls 
## P=0.03 compared with values before treatment 
A P=0.04 compared with values before treatment 
AA p=o.03 compared with values before treatment 
na: not applicable 

1,2 (0,9-1,7) mg/l (p=0.06) af ter 8 weeks of t r e a t m e n t . In two p a t i e n t s , d a t a w e r e 
a v a i l a b l e for week 48: in p a t i e n t 16 C S F (p l a sma) b 2 m decreased from 2,0 (1,7) 
a t b a s e l i n e to 1,2 (1,1) a t week 8 and to 0,8 (1,0) mg/l a t week 48, a n d in p a t i e n t 
18 C S F (p lasma) b 2 m w a s elevated a t b a s e l i n e (5,5 (3,1) mg/l), a n d dec reased 
to 1,4 (1,9) a n d to 0,9 (1,1) mg/l after 8, a n d 4 8 weeks respect ively. P l a s m a b 2 m 
leve ls d e c r e a s e d from 2,6 (1,4-3,1) to 1,7 (1,1-2,2) mg/l after 8 weeks (p=0.03). 

Patient 16 
A 41-year old homosexual male was admitted to the neurology ward with a 6-week 
history of fatigue and fever (temperature to 38°C). He complained of severe headache, 
lower back pain, paresthesias in the extremities, and irradiating pain in both legs. 
Neurological examination demonstrated hypalgesia of the right hand, the foot soles, 
and the left side of the trunk, and bilateral positive straight leg raising signs. CAT 
scan of the brain yielded no abnormalities. CSF examination revealed a pleocytosis of 
130 leukocytes/ul, total protein of 2.89 g/1, and a glucose level of 2.7 mmol/1. Bacterial 
and viral cultures, Ziehl Neelsen, and PCR for herpes viruses were negative. Labora
tory findings were unremarkable except for increased liver enzymes. He developed a 
peripheral facial palsy. He was diagnosed with meningoencephaloradiculitis due to 
primary HIV-1 infection. Antiretroviral t rea tment was started after normalization of 
liver enzymes, four weeks after hospitalization for neurological symptoms. Symptoms 
gradually resolved over the ensuing weeks, but fatigue persisted for several months. 

Patient 18 
A 39-year old homosexual male was admitted to the neurology ward with severe 
myalgia, neck pain, and fever (temperature up to 38.5"C), followed by hypalgesia and 
decreased strength of both arms. CAT scan, myelography and CSF findings were 
completely normal. He developed a headache, accompanied by nausea and vomiting, 
initially diagnosed as CSF hypotension. After strength and sensation had returned 
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to normal, he was dismissed. One week later, he was readmitted because of persist
ent severe vomiting, headache, and fever. Physical examination revealed a rash and 
palpable lymph nodes in the axillary and inguinal region. Meningeal irritation was 
absent. Temperature was 39"C. A differential white cell count revealed many atypical 
lymphocytes. Repeated CSF examination showed 59 leukocytes/ul (86% lymphocytes), 
increased protein (1.36 g/1), and normal glucose (2.6 mmol/1). He was diagnosed with 
viral meningitis due to primary HIV-1 infection. Antiretroviral treatment was started 
~ 4 weeks after the first neurological symptoms. The symptoms resolved over the next 
few weeks. 

DISCUSSION 

Neurological complications during primary HIV-1 infection may range from a 
mild viral meningitis to an encephalitis with a rapid onset of confusion and epi
leptic seizures.45 The incidence of symptoms consistent with viral meningitis 
during primary HIV-1 infection is 9 %.3 Neurological symptoms generally resolve 
over the course of several weeks.3 HIV-1 has been isolated from the CSF and 
from brain parenchyma during primary HIV-1 infection.513 

Measuring CSF HIV-1 RNA may reflect what is happening in the brain.14 HIV-1 
RNA is detectable in the CSF of most untreated asymptomatic HIV-1 infected 
individuals, and a small but significant increase in level is seen over several 
years.15 The CSF HIV-1 RNA concentration varies widely (range <2,30-5,10 logiq 

copies/ml), but is generally lower than the plasma HIV-1 RNA concentration.'5J6 

CSF HIV-1 RNA levels, however, may surpass plasma HIV-1 RNA levels.16 

CSF HIV-1 RNA concentration is correlated to CSF leukocyte count, but not to 
plasma HIV-1 concentration.16 High CSF HIV-1 RNA concentrations are often 
present in neurologically symptomatic patients (e.g. patients with HIV-1 demen
tia, and cryptococcal meningitis).17 A preliminary report on CSF HIV-1 RNA 
monitoring during combination antiretroviral t reatment started during primary 
HIV-1 infection in 4 patients demonstrated tha t CSF HIV-1 RNA had become 
undetectable after 8 weeks.7 In two patients for whom baseline data were una
vailable, CSF HIV-1 RNA was undetectable after 2 and 2,5 years, respectively, 
of triple nucleoside therapy administered from primary HIV-1 infection.8 

HIV-1 replication may mediate an inflammatory response in the CNS, reflected 
by increased CSF lymphocytes, IgG index, and markers of immune activation 
including b2m and neopterin.18 B2m is the most interesting of the two because 
neurologically asymptomatic patients with elevated CSF b2m concentrations 
carry a much higher risk of eventually developing AIDS dementia.19 Longitudi
nal data have shown that CSF b2m concentration slightly increases over time in 
untreated HIV-1 infected individuals.18 Elevated CSF b2m concentrations have 
been reported in three patients with primary HIV-1 infection.20 

We monitored the CSF HIV-1 RNA and b2m concentrations in six patients who 
initiated antiretroviral treatment within six weeks of first symptoms of primary 
HIV-1 infection or documented HIV-1 seroconversion. Because of its superiority 
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in antiviral effect over a triple drug regimen, the described quintuple drug regi
men was chosen in this open label study.10 Several data support the initiation of 
antiretroviral t rea tment during primary HIV-1 infection. Aggressive treatment 
s ta r ted at this time may facilitate the HIV-1-specific CD4+ T cell response, and 
may lead to a greater reduction in HIV-1 viraemia compared to individuals who 
s tar ted treatment during chronic infection.21'23 

CSF HIV-1 RNA was detectable (above 400 copies/ml) in five patients; CSF 
HIV-1 RNA surpassed plasma HIV-1 RNA in one patient who had severe neuro
logical symptoms prior to the start of treatment. The lowest CSF HIV-1 RNA 
concentrations were seen in the two patients without neurological symptoms. 
An inflammatory response was seen in some: four patients had elevated CSF 
leukocytes consistent with viral meningitis, and CSF levels of b2m were elevated 
in three patients, and significantly higher than in controls. 

After 8 weeks of t reatment , CSF HIV-1 RNA concentration, CSF leukocytes, 
and CSF levels of b2m declined, in parallel with plasma HIV-1 RNA and b2m 
levels. Noteworthy, one patient still had detectable CSF HIV-1 RNA (1,97 log]0 

copies/ml) after 48 weeks of treatment, exceeding concomitant plasma HIV-1 
RNA with 0.46 log]() copies/ml. He started with the quintuple drug regimen, and 
changed to the sextuple drug regimen from week 14 onwards. CSF b2m con
centrat ion was elevated a t baseline, but had normalized after 8 weeks of treat
ment . This patient demonstrates that clearance of CSF (and plasma) HIV-1 RNA 
may not be complete after 48 weeks of aggressive t reatment started within 6 
weeks of primary HIV-1 infection. All eleven patients from our institution who 
s tar ted treatment during chronic HIV-1 infection with two nucleoside analogues, 
if necessary intensified with a protease inhibitor, had CSF HIV-1 RNA below 
50 copies/ml after 48 weeks, even when plasma response was not complete.21 

Several explanations may be given for the slow decline in patient 18. The drug 
combination used will not be the culprit since it included all the drugs given in 
the previous study.21 There is no reason to doubt adherence to therapy in these 
highly motivated patients, furthermore, this patient eventually had undetect
able plasma HIV-1 RNA concentration. The very high CSF HIV-1 RNA concen
trat ion at baseline may be a contributing factor. In conclusion, CSF HIV-1 RNA 
clearance may be slow in patients who s tar t therapy during primary HIV-1 infec
tion. Similar data have been found for plasma.25 

We wish to express our gratitude to Dr RAH Hoekstra-van Dalen and Dr JW 
Mulder, for providing clinical data on one patient. We furthermore wish to 
acknowledge Boehringer-Ingelheim for providing nevirapine, and Glaxo Well
come for providing abacavir. 
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