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Arguments exist as to the cause of chronic fatigue syndrome (CFS). Some think that it is an example of
symptom amplification indicative of functional or psychogenic illness, while our group thinks that some CFS
patients may have brain dysfunction. To further pursue our encephalopathy hypothesis, we did spinal taps on
31 women and 13 men fulfilling the 1994 case definition for CFS and on 8 women and 5 men serving as healthy
controls. Our outcome measures were white blood cell count, protein concentration in spinal fluid, and
cytokines detectable in spinal fluid. We found that significantly more CFS patients had elevations in either
protein levels or number of cells than healthy controls (30 versus 0%), and 13 CFS patients had protein levels
and cell numbers that were higher than laboratory norms; patients with abnormal fluid had a lower rate of
having comorbid depression than those with normal fluid. In addition, of the 11 cytokines detectable in spinal
fluid, (i) levels of granulocyte-macrophage colony-stimulating factor were lower in patients than controls, (ii)
levels of interleukin-8 (IL-8) were higher in patients with sudden, influenza-like onset than in patients with
gradual onset or in controls, and (iii) IL-10 levels were higher in the patients with abnormal spinal fluids than
in those with normal fluid or controls. The results support two hypotheses: that some CFS patients have a
neurological abnormality that may contribute to the clinical picture of the illness and that immune dysregu-
lation within the central nervous system may be involved in this process.

Chronic fatigue syndrome (CFS) is a medically unexplained
illness characterized by severe and often disabling fatigue ac-
companied by infectious, rheumatological, and neuropsychiat-
ric symptoms. One hypothesis driving a good deal of CFS
research is that the illness stems from immunological dysfunc-
tion. The logic for this hypothesis is twofold: first, a substantial
proportion of CFS patients have a sudden, influenza-like ill-
ness onset, and second, the symptoms of CFS are produced in
healthy people given cytokines (7, 18). Unfortunately, there
are few carefully controlled data to support this hypothesis. In
two plasma cytokine studies using classical statistical methods,
we found no differences in immune variables between CFS
patients and sedentary, age- and sex-matched controls (10, 17).
In fact, a recent comprehensive analysis of all controlled stud-
ies on immune function in CFS found little evidence to support
the immune dysfunction hypothesis (16).

In parallel work, we have reported data suggesting that some
CFS patients have neurological dysfunction. Specifically, we
reported that patients with a sudden illness onset (4) as well as
those with no history of psychiatric diagnosis (3) had more
evidence of cognitive dysfunction than other CFS groups.
Moreover, we showed that CFS patients with no history of
psychiatric diagnosis had more abnormalities on brain mag-
netic resonance imaging (MRI) (11) and that those patients
with MRI abnormalities had poorer physical function than
those without these abnormalities (2). These results suggested
that the abnormalities were not merely epiphenomena of CFS
but instead contributed to the patients’ symptom burden.

We reasoned that if some CFS patients had their illness on

a neurological basis, we would find abnormalities either in
spinal fluid and/or in spinal fluid cytokines. This report pro-
vides some evidence for both of these hypotheses.

MATERIALS AND METHODS

Subjects were 31 women and 13 men who fulfilled the 1994 case definition for
CFS (5) and 8 female and 5 male healthy controls. All subjects signed informed
consent forms approved by the New Jersey Medical School’s Institutional Review
Board. The patients were all self- or physician-referred to our center, and control
subjects responded to media advertisements or community-wide postings. All
subjects completed the multidimensional fatigue inventory (20) and then under-
went a careful history and physical examination by a licensed health care pro-
fessional expert in evaluating patients with medically unexplained fatigue and
pain. A note was made of whether the illness onset was sudden (i.e., flu-like) or
gradual. Patients had a set of blood tests done to rule out common causes of
severe fatigue, such as anemia, liver disease, hypothyroidism, human immuno-
deficiency virus, lupus, etc. All subjects then underwent a psychiatric diagnostic
interview designed to identify major psychiatric diagnoses (15). None of the
healthy controls was positive for psychiatric disease, and none took medicines
other than birth control pills. Eleven of the patients were not taking medicines.
No subject in either group had a history of loss of consciousness.

Subjects then underwent lumbar puncture. Fluid was sent to the laboratory for
white blood cell (WBC) counts and quantification of protein concentration.
Aliquots were frozen for later analysis of the following cytokines: interleukin-1�
(IL-1�), IL-1�, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12p40, IL-12p70,
IL-13, IL-15, tumor necrosis factor alpha, gamma interferon (IFN-�), granulo-
cyte-macrophage colony-stimulating factor (GM-CSF), RANTES, and monocyte
chemoattractant protein 1. We chose to survey a broad range of cytokines here
because of the dearth of data on their levels in spinal fluid for both CFS patients
as well as for healthy controls. We were able to measure so many cytokines in
only 50 �l of spinal fluid because of the recent development of the Luminex
multiplex bead technology and a reagent set (Beadlyte 48-011 human 22-plex
cytokine detection system) available from Upstate USA, Inc. (Charlottesville,
Va.). We validated this kit for measuring cytokines in spinal fluid by spiking
spinal fluid with known amounts of each of the cytokines and showing good
recoveries and parallelism with the standard curves.

Data analysis and statistics. The first study outcome was the frequency of
abnormal spinal fluid. We defined “abnormal” based on laboratory norms (i.e.,
WBC counts greater than 4 cells/�l or protein values greater than 45 mg/dl). The
second study outcome was the identification of cytokines detectable in spinal
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fluid. IL-2, IL-3, IL-4, IL-12p70, IL-13, IFN-�, and tumor necrosis factor alpha
were undetectable in spinal fluid. The following cytokines were above the min-
imal detectable levels in only some subjects: IL-1� (26%), IL-1� (2%), IL-7
(57%), IL-12p40 (52%), and RANTES (63%). Whether these cytokines were
detectable or not was randomly distributed across patients and controls. IL-5,
IL-6, IL-8, IL-10, IL-15, GM-CSF, and monocyte chemoattractant protein 1 were
present in the spinal fluid of every subject. Statistical analysis of cytokine levels
was confined to those that were detected in at least 26% of the samples.

In looking for cytokine differences between CFS patients and controls, we
began with several a priori rules. We required data, corrected for age and sex, to
differ significantly at the 0.05 level between controls and CFS patients or to differ
among controls and CFS subgroups stratified by mode of illness onset, presence
or absence of Axis I psychopathology, or presence or absence of spinal fluid
abnormality.

General linear regression models were used in these analyses. Variables were
checked for normality and homoscedasticity; some variables were log trans-
formed when necessary. We also performed other simple statistical tests: chi-
square tests were used for the comparison of rates between groups of interest, t
tests or analyses of variance were used to compare means between groups of
interest, and Pearson product moment correlation coefficients were computed to
determine the relation between two continuous variables.

RESULTS

Except for two patients with unsteadiness on closed-eye,
tandem Romberg, neurological examination was normal for all
subjects. Healthy controls were significantly younger than CFS
patients (33.0 � 10.5 years versus 41.4 � 8.0 years; P � 0.01).
None of the taps was traumatic. No healthy volunteer had
more than 3 WBCs/�l, and protein levels were 40 mg/dl or
below. Of the 44 CFS patients, 4 patients had normal protein
levels with elevated numbers of WBCs (6, 7, 9, and 20 WBCs/
mm); 1 patient had an elevated protein level of 67 mg/dl and 5
WBCs/�l; and 8 patients had elevated protein levels alone
(range, 46 to 93 mg/dl; median level from all 8 patients with
elevations � 51 mg/dl). Thus, 13 of 44 patients (30%) had
spinal fluid cell counts or protein values outside of our labo-
ratory’s normal range. None of the controls showed any ab-
normalities (Fisher’s test comparing rates in patients to those
in controls, one-tailed, P � 0.02). Six subjects, all in the CFS
group, developed post-spinal tap headaches; only one of these
had an abnormal spinal fluid result.

Age correlated significantly with protein level for the con-
trols (r � 0.55; P � 0.05) but not for the entire group of CFS
patients (r � 0.08) nor for the subgroups with normal or ab-
normal spinal fluid protein levels (r � 	0.17 and 0.11, respec-
tively). CFS patients had higher levels of spinal fluid protein
than healthy controls (36.8 � 14.1 versus 26.4 � 7.5 mg/dl; P �
0.01). This difference remained significant (P � 0.05) after
adjusting for age. There was no significant correlation between
age and white blood cell count for the healthy and/or CFS
patients.

There was no significant difference in age between CFS
patients with normal and abnormal spinal fluids. There were
no significant differences between patients with normal and
abnormal spinal fluids in the rate of sudden illness onset (32.3
versus 23.1%) or in the magnitude of general fatigue as as-
sessed by the multidimensional fatigue inventory (18.8 � 1.6
versus 18.8 � 1.5). Rates of current major depression were
lower in those patients with abnormal spinal fluids than in
those with normal spinal fluids (0 versus 27%; one-tailed, P �
0.04), but rates of lifetime depression or overall Axis I diag-
noses did not differ between the groups (46.2 versus 48.4% and
69.2 versus 51.6%, respectively).

After adjustment for age and gender, none of the cytokines
except for GM-CSF, IL-8, and IL-10 differed significantly be-
tween controls and CFS patients or among controls and CFS
subgroups stratified by mode of illness onset, presence or ab-
sence of Axis I psychopathology, or presence or absence of
spinal fluid abnormality. Levels of GM-CSF were significantly
lower in CFS patients than in controls (3.2 � 0.5 [standard
error] versus 5.7 � 1.0 pg/ml; P � 0.03). Levels of IL-8 were
significantly higher in CFS patients with sudden onset than in
patients with gradual onset or in controls (P � 0.007 for both
comparisons) (Fig. 1). Levels of IL-10 were significantly higher
in CFS patients with abnormal spinal fluid than in those with
normal spinal fluid or in controls (P � 0.025 for both compar-
isons) (Fig. 2).

After adjustment for age, spinal fluid protein level corre-
lated significantly with IL-10 level (r � 0.38; P � 0.002) but not
with levels of IL-8 or GM-CSF. White blood cell count was
significantly associated with IL-10 level (r � 0.30, P � 0.05) for
patients only but not with IL-8 or GM-CSF levels for either
patients or controls. The correlations of IL-10 with spinal fluid
protein and cell count are consistent with the elevated levels of
this cytokine in CFS patients with abnormal spinal fluid com-
pared to those with normal spinal fluid.

FIG. 1. IL-8 levels in controls and CFS patients with gradual and
sudden illness onset.

FIG. 2. The level of IL-10 was significantly higher in CFS patients
with abnormal spinal fluid than in those with normal spinal fluid or in
controls (P � 0.025 for both comparisons).

VOL. 12, 2005 SPINAL FLUID ABNORMALITIES IN CFS PATIENTS 53



DISCUSSION

Two diametrically opposite explanations exist for illnesses
such as CFS. One takes the position that these illnesses are
“functional somatic syndromes” occurring in people with no
disease but with heightened concerns about otherwise normal
symptoms (1). Another position, which we hold, is that CFS is
a heterogeneous illness, with some patients having a neurolog-
ical cause to their symptoms. The data presented here support
our position. Thirty percent of CFS patients undergoing lum-
bar puncture had elevations in protein levels and/or in white
blood cell count relative to laboratory norms; in contrast, no
control had such elevations.

Our prior work suggested that stratifying based on a history
of psychiatric diagnosis was useful in identifying CFS patients
with neurological abnormalities. Specifically, the subgroup of
patients with no history of having had a psychiatric disorder
was the group with the most brain MRI abnormalities (11) and
the most abnormalities on neuropsychological testing (3). We
interpreted those data as suggesting the presence of encepha-
lopathy in this subgroup of patients. The work reported here
provides some additional support for that stratification strategy
in that the group of patients with abnormalities in their spinal
fluid had a lower rate of having current depression than those
with normal spinal fluids.

Because patients with CFS have many of the same symptoms
as healthy people infused with cytokines (7, 18), one hypothesis
for the cause of CFS is the existence of immune dysfunction.
However, two groups have reviewed the literature and have
concluded that insufficient evidence exists to support that hy-
pothesis (14, 16). If some CFS patients had an unrecognized
encephalopathy, we reasoned that we might find evidence for
immune dysfunction in spinal fluid. An earlier study comparing
CFS patients to others undergoing myelography did report
elevations in levels of IFN-� (13).

Extending the results of that earlier study, we did find evi-
dence for cytokine differences between our patient and healthy
control groups. First, we found that CFS patients as a group
had lower levels of GM-CSF than controls. Next, the subgroup
with sudden illness onset, as would occur following a viral
infection, had increases in IL-8, a cytokine previously reported
to be present at high levels in the plasma of patients with
fibromyalgia, an illness which overlaps with CFS (6, 21); how-
ever, for the patients whose results are reported here, the
presence or absence of comorbid fibromyalgia did not alter the
outcome. In addition, the patient subgroup with abnormal
spinal fluid had elevated levels of IL-10 in spinal fluid. Finding
elevations in cytokines in patients with viral-type illness onset
and in others with abnormal spinal fluid supports our working
hypothesis that some CFS patients have their illness due to a
neurological problem.

It is possible that these cytokine abnormalities could interact
in a way that could lead to brain dysfunction. GM-CSF is a
major hematopoietic regulator governing the functions of
granulocyte and macrophage lineage populations at all stages
of maturation, as well as playing an important role in main-
taining chronic inflammation (8). Low levels of this important
growth factor in the presence of IL-8 and IL-10 can lead to a
downregulated immune response to certain kinds of bacterial
infections (12). Although speculative, it is possible that the

elevated levels of IL-10 found here are responsible for down-
regulation of GM-CSF in these patients. Supporting this hy-
pothesis is a report showing that IL-10 inhibits GM-CSF-de-
pendent monocyte survival and macrophage generation (9).
The role of IL-8 is less clear but may be contributory.

How these alterations in cytokine levels lead to the severe
fatigue and widespread pain consistent with the diagnosis of
CFS requires further research. However, the finding of re-
duced levels of GM-CSF with increases in IL-8 in some pa-
tients and in IL-10 in others does support the hypothesis that
some of the symptoms of CFS may be due to immune dysfunc-
tion within the central nervous system. A recent study showing
elevations of IL-8 and IL-10 levels during chemotherapy-in-
duced symptoms resembling some of those seen in CFS pro-
vides additional evidence for this hypothesis (19).
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