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Abstract
Objectives—To confirm reduced human
immunodeficiency virus type-1 (HIV-1)
burden in the CSF of patients with
progressive multifocal leukoencephalopa-
thy (PML) and to verify whether this viral
load coincides with the absence of inflam-
matory changes in the CSF.
Methods—Paired CSF and plasma sam-
ples from 17 patients with PML, 26 with
non-PML cerebral opportunistic infec-
tions, nine with HIV-1 leukoencephalopa-
thy (HIVE), and 12 neurologically
asymptomatic AIDS patients were sub-
jected to HIV-RNA titration. Tumour
necrosis factor (TNF)-á was also
measured and the CSF albumin: serum
albumin ratio (QAlb) was calculated.
Results—The CSF HIV-1 burden of pa-
tients with PML did not diVer from that of
neurologically asymptomatic patients
(p=0.21), but was significantly lower than
CSF burden of the remaining patients
(non-PML opportunistic infections,
p<0.001; HIVE, p<0.001). QAlb was normal
for all neurologically asymptomatic pa-
tients, for 86.6% patients with PML, and
62.5% patients with HIVE (p=0.09). QAlb

was altered in 91.6% patients with non-
PML opportunistic infections. TNF-á in
CSF was higher in patients with non-PML
opportunistic infections (p<0.001) and
those with HIVE (p<0.001) than in pa-
tients with PML who consistently had
TNF-á concentrations<10 pg/ml.
Conclusions—These results, while indi-
cating a reduced HIV replication in CSF
of patients with PML which might serve as
a disease marker, emphasise the increased
CSF HIV-RNA concentration in patients
with HIVE and patients with non-PML
opportunistic infections. Low concentra-
tions of HIV-RNA in CSF coincide with
reduced TNF-á concentrations, possibly
due to particular features of PML com-
pared with other opportunistic infections
as it develops without detectable inflam-
matory changes in the CSF.
(J Neurol Neurosurg Psychiatry 1999;67:369–373)
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Human immunodeficiency virus type 1
(HIV-1) burden in the peripheral blood has

recently been recommended as a powerful and
independent prognostic indicator of HIV-1
disease progression.1 However, a transient
increase in plasma HIV-RNA can be measured
during the course of an active opportunistic
infection superimposed on HIV-1 disease2;
therefore, particular caution is required in
interpreting the results of viral load.

Increased HIV-RNA concentrations in CSF
have been associated with HIV-1 leukoen-
cephalopathy (HIVE).3 4 However, Brew et al
also found increased CSF HIV-RNA concen-
trations in patients with neurological diseases
other than HIVE,5 and they suggested that a
rising CSF viral load could be the consequence
of recruitment of HIV-1 infected inflammatory
cells.

This finding casts a new light on the hypoth-
esis of Price and Staprans who postulated that
two distinct types of HIV-1 infection could be
detected in CSF.6 A transitory traYc of virus
infected cells from the blood into the CSF
might cause brain infection during the early
phase of HIV-1 disease, and an autonomous
self sustaining infection would mirror CNS
disorders strictly related to HIV-1. On the basis
of the above findings, we can hypothesise that a
transitory infection regularly coincides with
any opportunistic infection of the CNS causing
the importation of fresh infected cells from the
peripheral compartment and also the increased
number of activated CD4+ cells sustaining the
productive HIV-1 infection.5

Previously, we confirmed that increased
concentrations of HIV-RNA may be detected
in the CSF of patients with opportunistic
infections localised in the CNS.3 7 However,
even if limited to a few patients, progressive
multifocal leukoencephalopathy (PML)
seemed to present an exception to this rule.7

Herein we confirm the presence of reduced
CSF HIV-RNA concentrations in a larger
group of HIV positive patients with PML and
discuss the possibility that this finding might be
a consequence of the particular features of
PML with respect to other opportunistic infec-
tions in that it seems to develop without
detectable inflammatory changes in CSF.8 To
support this latter hypothesis, we also com-
pared the degree of blood-brain barrier impair-
ment and the levels of tumour necrosis factor
(TNF)-á in the CSF of patients with PML
with those of patients both neurologically
asymptomatic and with opportunistic infec-
tions of CNS other than PML or with HIVE.
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Patients and methods
The study included 17 HIV infected patients
with PML diagnosed between 1986 and 1998,
26 patients with opportunistic infections of the
CNS other than PML, nine with HIVE, and 12
neurologically asymptomatic AIDS patients.
Paired CSF and plasma samples from these 64
patients were subjected to HIV-RNA titration.
TNF-á was also measured and the CSF
albumin:serum albumin ratio (Qalb) was
calculated for the evaluation of impairment of
the blood-brain barrier.

Diagnosis of PML was based on suggestive
neurological symptoms and signs along with
compatible white matter lesions of CNS on
MRI evaluation.9 In all patients with PML,
diagnosis was confirmed by testing CSF for the
presence of JC virus (JCV)-DNA with the use
of a nested polymerase chain reaction (PCR)
protocol.10 A further confirmation of PML
diagnosis was derived from necropsy in two
patients.

HIV-RNA was quantified with a commercial
RT-PCR (detection limit=200 copies/ml) (Am-
plicor HIV-1 monitor test, Roche Molecular
Systems). All samples were thawed only once.

The QAlb was calculated according to the for-
mula:

Q Alb = albumin conc in CSF (mg/l) × 1000
albumin conc in serum (g/l)

Values of Q Alb>8 signified an altered blood
brain barrier.11

An additional amount of never thawed CSF
and 52 paired plasma samples were available
for measurement of TNF-á with the commer-
cial Medgenix (Fleurus, Belgium) enzyme
amplified sensitivity immunoassay (EASIA).
The detection limit of the assay was 3 pg/ml,
and according to the manufacturers’ guidance,
a mean value of 6 ± 4 pg/ml was regarded as
normal. For the purpose of analysis, the maxi-
mum normal value of 10 pg/ml of TNF-á was
used.

The results of viral load, TNF-á titration, and
QAlb from the patient groups were analysed with
the Kruskal-Wallis H test and the Mann-
Whitney test. Numbers of patients with impair-
ment of the blood-brain barrier and detectable
TNF-á were compared by the Mantel-
Haenszel test and the Fisher’s exact test.

Results
PATIENT CHARACTERISTICS

Patients with PML (13 men and four women,
median age=31 years) had severe immuno-
deficiency (median CD4+ cell count=57 ×
106/l, range 7–110×106/l). For 13 patients,
PML represented the first AIDS defining con-
dition. At the time of PML diagnosis and CSF
collection one patient was regularly receiving
zidovudine and an additional patient was on
treatment with zidovudine plus lamivudine.
Eleven patients had not taken antiretroviral
drugs and for the remaining four patients,
antiretroviral drugs had been discontinued for
at least 2 months before CSF sampling because
of intolerance, non-compliance, or concomi-
tant incompatible medications.

All patients had recently developed personal-
ity change, memory loss, cognitive and speech
changes, motor and sensory abnormalities, and
visual disturbance. In 16 patients MRI demon-
strated typical white matter lesions.9 In one of
these, a faint peripheral enhancement of the
lesions was seen. The remaining patient had a
single lesion which was hyperintense on T2
weighted images and isointense on T1
weighted images. Examination of CSF showed
a normal cell count in all cases (cells<5/µl) and
an unaltered blood-brain barrier in 13 of 15
patients tested. Finally, CSF samples were
negative for bacteria, fungi, protozoa, cytome-
galovirus (CMV), and herpes simplex virus
(HSV)-1 and HSV-2. Survival after diagnosis
of PML was <5 months for all patients.
Necropsy evaluation of two patients showed no
additional concurrent opportunistic infection
of the CNS.

The 12 neurologically asymptomatic pa-
tients who were admitted to hospital for AIDS
related manifestations in sites other than the
CNS had a median CD4 count of 35 × 106/l
cells (range 5–150 × 106/l) and none had been
taking antiretroviral drugs.

At the time of sampling, five of nine patients
diagnosed as having HIVE according to the
American Academy of Neurology criteria were
receiving antiretroviral therapy. In patients with
HIVE, median CD4 count was 36×106/l cells,
range 3–158×106/l cells.

The 26 patients with opportunistic infec-
tions of the CNS other than PML included 11
patients with cerebral toxoplasmosis, five with
cryptococcal meningitis, three with cerebral
tuberculosis, and seven with CMV leukoen-
cephalopathy. In all these patients diagnosis
was either established by culture or based on
accepted criteria.12 For the purpose of analysis
these 26 patients constituted a single group. All
these patients were heavily immunosuppressed
(median CD4 count=20×106/l, range
4–150×106/l), nine of whom had a previous
AIDS diagnosis. At the time of CSF sampling,
a total of nine of 26 patients were on antiretro-
viral therapy.

TITRATION OF HIV-RNA

Median plasma log HIV-RNA concentrations
were similar in the four patient groups
(p=0.08).Overall, HIV-RNA was detectable in
all CSF samples. Concentrations of HIV-RNA
in paired CSF and plasma samples of the 17
patients with PML are listed in table 1. Values
for HIV-RNA in CSF were regularly lower than
those in plasma; the median CSF value was
3.63 log10 with 10 patients (58.8%) having<4
log10 copies/ml CSF HIV-RNA. Moreover,
some untreated patients had lower concentra-
tions of CSF HIV-RNA than the two patients
on antiretroviral therapy. Interestingly, the
highest concentrations of CSF HIV-RNA
detected in two patients coincided with impair-
ment of the blood-brain barrier(QAlb>8, table
1).

Concentrations of HIV-RNA in CSF dif-
fered in the 64 patients grouped according to
neurological diagnosis. Whereas the median
value of viral load in CSF of neurologically
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asymptomatic patients (3.48 log10) was similar
to the CSF value of patients with PML
(p=0.21), in patients with non-PML CNS
opportunistic infections, CSF HIV-RNA con-
centration was much higher (median value,
5.32 log10 copies/ml, p<0.001). As expected,
patients with HIVE had the highest CSF HIV-
RNA concentration (median value, 6.58 log10;
p<0.001). Lastly, when the number of patients
with CSF viral load above an arbitrary cut oV
value of 5 log10 was calculated, only two of 17
(11.7%) patients with PML but 15 of 26
(57.6%) of those with CNS non-PML oppor-
tunistic infections and nine of nine (100%)
patients with HIVE had a CSF HIV-1 burden
exceeding this concentration (p<0.001). This
result was obtained even if patients neurologi-
cally asymptomatic were grouped together with
those with CNS abnormalities other than PML
(p=0.005).

CSF ALBUMIN: SERUM ALBUMIN RATIO

For 56 of 64 patients, the QAlb was calculated
and an impaired blood-brain barrier (QAlb> 8)
was diagnosed in 27 (48%). The results are
detailed in table 2. QAlb was normal among

neurologically asymptomatic patients, also in
13 of 15 (86.6%) patients with PML and in
five of eight (62.5%) patients with HIVE
(p=0.09). By contrast, 22 of 24 (91.6%)
patients with opportunistic infections other
than PML had QAlb values exceeding the
normal. The median QAlb value in patients with
PML was similar to the median values
obtained from neurologically asymptomatic
patients (p=0.12) and those with HIVE
(p=0.07). Conversely, QAlb in patients with
non-PML opportunistic infections (median
value=13.7; range 4.0- 43.7) was significantly
higher than the value obtained in patients with
PML (p<0.001).

MEASUREMENT OF TUMOUR NECROSIS FACTOR-á
(TNF-á)
In all plasma samples, TNF-á concentration
was>10 pg/ml irrespective of neurological
diagnosis (p=0.24, table 2).

Concentrations of TNF-á in CSF above the
assay sensitivity limit were detected in 55 of 64
(85.9%) patients studied. TNF-á was unde-
tectable in the CSF of four neurologically
asymptomatic patients, four patients with
PML, and in an additional patient with
cerebral toxoplasmosis. Details of TNF-á
measurement in CSF are shown in table 2.
The TNF-á concentration in the CSF of
patients with PML was similar to that in
asymptomatic patients (p=0.32) as was also
the number of patients with TNF-á concen-
trations>10 pg/ml in the two groups (p=0.61).
TNF-á was significantly higher in patients
with HIVE and those with non-PML oppor-
tunistic infections than in those with PML
(p<0.001 and p<0.001, respectively). Moreo-
ver, all patients with HIVE and 19 (76%) with
non-PML opportunistic infections had con-
centrations of CSF TNF-á concentrations>10
pg/ml (HIVE v PML, p=0.02; non-PML
opportunistic infections v PML, p<0.001,
respectively).

Finally, TNF-á concentrations that were by
far higher in CSF than in plasma were found in
two patients with non-PML opportunistic
infections.

Table 1 Concentrations of HIV-RNA in paired CSF and plasma samples from 17 AIDS
patients with progressive multifocal leukoencephalopathy (PML). QAlb is also shown for
each patient

Patient
CD4+
(number/µl) QAlb

HIV-RNA (log 10)

Antiretroviral
drugsCSF Plasma

CSF/plasma
ratio

1 92 NA 4.92 5.80 0.84 Refused
2 97 4.34 4.37 5.33 0.81 Naive
3 40 6.8 3.40 4.92 0.69 Naive
4 36 16.63 5.95 6.13 0.97 Naive
5 49 4.8 3.04 5.54 0.54 Naive
6 88 3 2.69 4.70 0.57 Refused
7 106 3.5 3.43 5.37 0.63 AZT
8 27 5.99 3.48 5.88 0.59 AZT+3TC
9 21 7 4.18 5.63 0.74 Refused
10 7 7.67 4.72 5.72 0.82 Naive
11 66 6.8 3.29 5.21 0.63 Discontinued
12 102 10.18 5.48 6.09 0.89 Discontinued
13 34 4.44 4.32 5.25 0.82 Naive
14 98 3.1 3.95 5.05 0.78 Discontinued
15 110 5.1 2.76 4.82 0.57 Refused
16 8 3.93 3.51 4.82 0.72 Discontinued
17 50 NA 3.63 4.63 0.78 Naive

Q Alb =albumin concentration in CSF (mg/l)×1000/albumin concentration in serum (g/l); NA=not
available; AZT=zidovudine; 3TC=lamivudine.
CSF cell count was always normal (<5 cells/µl); Q Alb >8 signified an impaired blood-brain bar-
rier.

Table 2 Blood-brain barrier evaluation and measurement of plasma and CSF TNF-á in patients divided by neurological
diagnosis

Neurological diagnosis Asymptomatic PML HIVE OIs non-PML

QAlb:
Patients tested 9 15 8 24
Median value (range) 4.0 (2.9–6.7) 5.1 (3.0–16.6) 6.9 (5.8–14) 13.7 (4.0–43.7)
Patients with Qalb>8 0 2 (13.3%) 3 (37.5%) 22 (91.6%)

CSF TNF-á:
Patients with detectable TNF-á 8/12 13/17 9/9 25/26
Median value (range) 4.2 (3.2–6.7) 6.0 (3.2–10.5) 11.3 (7.0–16.0) 17.8 (3.5–532)
Patients with TNF-á >10 0 1 (7.6%) 5 (55.5%) 19 (76%)

Plasma TNF-á:
Patients tested 11 11 8 22
Median value (range) 36 (12.8–88) 22 (13.7–146) 50.1 (10.4–127.4) 38.3 (23.0–127)
Patients with TNF-á >10 11 (100%) 11 (100%) 8 (100%) 22 (100%)

PML=progressive multifocal leukoencephalopathy; HIVE=HIV-1 leukoencephalopathy; OIs=opportunistic infections). QAlb>8 sig-
nified an impaired blood-brain barrier. TNF-á values are expressed as pg/ml. Values of TNF-á up to 10 pg/ml were regarded as nor-
mal.
Statistical analysis. QAlb value: asymptomatic v PML, p=0.12; HIVE v PML, p=0.07; OIs non-PML v PMl, p<0.001.
Patients with QAlb >8: asymptomatic v PML, p=0.38; HIVE v PML, p=0.20; OIs non-PML v PMl, p<0.001
CSF TNF-á concentrations: asymptomatic v PML, p=0.32; HIVE v PML, p<0.001; OIs non-PML v PMl, p<0.001.
Patients with TNF-á>10 pg/ml: asymptomatic v PML, p=0.61; HIVE v PML, p=0.02; OIs non-PML v PMl, p<0.001.

CSF HIV-RNA and TNF-á in PML AIDS patients 371
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CORRELATION BETWEEN Q
ALB

AND TNF-á AND CSF

VIRAL LOAD

To evaluate a possible correlation between
blood-brain barrier damage and TNF-á with
CSF HIV-1 burden, patients were divided in
two groups according to an arbitrary threshold
value of CSF HIV-RNA of 5 log10. Overall, 25
and 31 patients had CSF HIV-RNA concentra-
tions above and below 5 log10 /ml, respectively.
QAlb was significantly related to CSF HIV-RNA
concentration (p<0.001) as was the median
concentration of CSF TNF-á (p<0.001).
Moreover, significant relations were found
between CSF HIV-RNA and the number of
subjects with blood-brain barrier damage
(p<0.001) and concentrations of TNF-á in
CSF>10 pg/ml (p=0.002).

Discussion
In a previous study we measured unexpectedly
low concentrations of HIV-RNA in the CSF of
patients with PML.7 A similar result was
reported by Brew et al, who found that patients
with PML had a CSF viral load between 200
and 503 copies/ml.5

In the present study, we confirm that low
values of HIV-RNA are almost always detected
in CSF of patients with PML as in neurologi-
cally asymptomatic patients (p=0.21); by con-
trast, a statistically significant diVerence does
exist with respect to CSF HIV-RNA concen-
trations in patients with HIVE (p<0.001) but
also in those with opportunistic infections of
the CNS other than PML (p<0.001).

The particular features of JCV infection
compared with other opportunistic infections
might provide some explanations for these
results.

The causal agent of PML is JCV,13 the
incidence of which has increased with the
AIDS epidemic.14 15 Two possible explanations
can be oVered for this correlation. The first is
represented by the possibility of a direct inter-
action between HIV-1 and JCV,16 17 but in vivo,
the mutual transactivation of JCV and HIV-1 in
the same cell has been excluded.18 Secondly, as
PML can also be found in other conditions
associated with a defect of cell mediated
immunity, the increased frequency of PML in
AIDS patients may simply reflect the severe
immunodeficiency associated with AIDS.

Antibodies to JCV are commonly detected in
the normal population without clinical
manifestations.19 In these patients, JCV re-
mains in a latent state in the kidneys, the stem
cells of bone marrow and B lymphocytes until
the host becomes immunosuppressed20; at this
time viral reactivation can occur.21 The JCV
then moves to the CNS through B
lymphocytes20 and scatters into the brain where
the virus seeks the oligodendrocytes which
provide the transcription factors for JCV
expression.15 20 In the brain, JCV determines
the destruction of oligodendrocytes and the
development of a demyelinating disease. In-
flammatory infiltrates are rare,15 thus explain-
ing the term leukoencephalopathy rather than
leukoencephalitis, and are limited to a few
patients in whom residual immunocompetence
permits the viral clearance and prolongs

survival.22 23 Lipid laden macrophages in the
demyelinating lesions function as “sweepers”
by removing the myelin breakdown products,
but they do not necessarily transport HIV-1
into the brain.24 In this situation, we can
presume that the complex network of proin-
flammatory cytokines remains relatively unal-
tered.

Vullo et al found that the concentrations of
soluble receptors for TNF-á (sTNFr) in CSF
of patients with PML did not diVer from those
of neurologically asymptomatic HIV positive
patients and HIV negative controls.8 Con-
versely, high sTNFr concentrations were de-
tected in the CSF of patients with non-PML
opportunistic infections, thus indicating that
the production of sTNFr can be reduced in
PML patients. If so, in patients with PML it
would seem that the cellular immune system is
not stimulated to produce cytokines such as
TNF-á and IFNã, which in turn induce HIV-1
replication.25 Our data regarding the concen-
trations of TNF-á in the CSF of patients with
PML support this hypothesis, thus explaining
the low concentrations of HIV-1 replication in
the CSF of these patients.

However, in our study high HIV-RNA
concentrations were also measured in the CSF
of two patients who had an impaired blood-
brain barrier. As in other series,24 26 27 the possi-
bility that PML is combined with alterations
caused by an additional agent cannot be
excluded, thereby suggesting that inflamma-
tion could represent the response to a pathogen
in addition to JCV. The most plausible concur-
rent agent is HIV-1 itself. HIV-1 normally
infects the CNS,28 but an important factor
leading to the cerebral damage is the stimula-
tion of HIV induced cytokine production with
a possible blood-brain barrier change (as in our
two patients).29 This is a reasonable explana-
tion for some studies reporting inflammatory
perivascular infiltrates in the brain of AIDS
patients with PML.26 30 31 In these papers,
which are often limited to a few patients, PML
with inflammatory alterations are actually
referred to as “atypical” PML and an “unam-
biguous JCV directed inflammation” was not
definitively proved.26 31

Finally, whereas it has been suggested that
the presence of inflammatory PML lesions
seems to herald a better prognosis for the
disease in these patients,30 we cannot ignore the
fact that this result seems to be achieved when
the blood-brain barrier remains unaltered. In
our series, patients with raised QAlb died shortly
after the diagnosis, thus indicating that particu-
lar caution regarding prognosis should be used
in the presence of inflammatory changes which
accompany PML.27

In conclusion, our data confirm a reduced
HIV replication in the CSF of patients with
PML, and further emphasises the increased
CSF viral load in patients with HIVE and non-
PML opportunistic infections. The regularly
low concentrations of HIV-RNA in the CSF of
patients with PML indicate that CSF HIV-1
titration could be included in the algorithm for
PML diagnosis. Actually, our data are not sur-
prising because, unlike other infections of the
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CNS in HIV positive patients, PML seems to
develop without inflammatory changes such as
an increased TNF-á concentration. Hopefully,
these findings will stimulate further investiga-
tions into the pathogenetic mechanisms in
PML.
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