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Role of Infection and Neurologic Dysfunction
in Chronic Fatigue Syndrome
Anthony L. Komaroff, M.D.,1,3 and Tracey A. Cho, M.D.2,3,4

ABSTRACT

Chronic fatiguing illnesses following well-documented infections and acute
‘‘infectious-like’’ illnesses of uncertain cause have been reported for many decades. Chronic
fatigue syndrome (CFS) was first formally defined in 1988. There is considerable evidence
that CFS is associated with abnormalities of the central and autonomic nervous systems.
There also is evidence linking several infectious agents with CFS, although no agent has
been proven to be a cause of the illness. Most of the infectious agents that have been linked
to CFS are able to produce a persistent, often life-long, infection and thus are a constant
incitement to the immune system. Most also have been shown to be neuropathogens. The
evidence is consistent with the hypothesis that CFS, in some cases, can be triggered and
perpetuated by several chronic infections that directly or indirectly affect the nervous
system, and that symptoms are a reflection of the immune response to the infection.

KEYWORDS: Chronic fatigue syndrome, neuroendocrine, magnetic resonance

imaging, central nervous system, autonomic nervous system, depression, immune

activation, mitochondrial dysfunction, Epstein-Barr virus, human herpesvirus 6,

enterovirus

Chronic fatigue syndrome (CFS) is a chronic
illness defined entirely by a constellation of symptoms,
including profound fatigue, impaired memory and con-
centration, headaches, muscle and joint pain, and post-
exertional malaise.1 Between 1 and 8 in 1000 adults in
the United States meet the Centers for Disease Control
and Prevention (CDC) criteria for the syndrome;2 it
occurs in all age, ethnic, and socioeconomic groups.
Patients with CFS report substantial functional impair-
ment3 and cost the U.S. economy approximately $9
billion annually in lost productivity.4

There is no proof that any infectious agent causes
CFS, yet there is considerable evidence linking infec-
tious agents with CFS. There also is considerable

evidence that the nervous system is involved in the
pathogenesis of CFS, although there is no proof of
this hypothesis. In this review, we will expand on both
of these propositions.

CHRONIC FATIGUE SYNDROME AND THE
NERVOUS SYSTEM

Evidence of Central Nervous System

Involvement

In an illness characterized by fatigue, pain, and cognitive
problems, it is reasonable to postulate that the central
nervous system (CNS) is directly or indirectly involved.

1Division of General Medicine, Department of Medicine, Brigham
and Women’s Hospital; 2Department of Neurology, Massachusetts
General Hospital; 3Department of Neurology, Brigham and Women’s
Hospital; 4Harvard Medical School, Boston, Massachusetts.

Address for correspondence and reprint requests: Anthony L.
Komaroff, M.D., Harvard Medical School, 10 Shattuck Street, 2nd
Floor, Boston, MA 02115 (e-mail: Komaroff@hms.harvard.edu).

Emerging and Controversial Issues in Neurology: Infectious Diseases;
Guest Editor, Tracey A. Cho, M.D.

Semin Neurol 2011;31:325–337. Copyright # 2011 by Thieme
Medical Publishers, Inc., 333 Seventh Avenue, New York, NY 10001,
USA. Tel: +1(212) 584-4662.
DOI: http://dx.doi.org/10.1055/s-0031-1287654.
ISSN 0271-8235.

325

D
ow

nl
oa

de
d 

by
: H

ar
va

rd
 U

ni
ve

rs
ity

 L
ib

ra
ry

. C
op

yr
ig

ht
ed

 m
at

er
ia

l.



Indeed, many studies of the CNS have compared pa-
tients with CFS to healthy controls and controls with
other fatiguing illnesses.

NEUROENDOCRINE STUDIES

Multiple studies have demonstrated hypofunction of
corticotropin-releasing (CRH) neurons in the hypothal-
amus,5 and hypocortisolism (distinct from Addison dis-
ease).6–10 This downregulation of the hypothalamic–
pituitary–adrenal (HPA) axis in CFS stands in contrast
to the upregulation seen in major depression. Seroto-
nergic and noradrenergic hypothalamic pathways,11–13

and growth hormone secretion14 also are disrupted. One
possible cause of hypothalamic dysfunction and fatigue is
the production of cytokines produced in response to a
chronic infection of the CNS.15–18

MAGNETIC RESONANCE IMAGING

The preponderance of published studies have found
areas of high signal on T2-weighted magnetic reso-
nance imaging (MRI) in patients with CFS at a
higher frequency than in age- and gender-matched
healthy control volunteers.19–22 Most often, the areas
of high signal are small and punctate, and are located
in the subcortical white matter. These abnormalities
may be more likely in CFS patients who have no
concomitant psychiatric illness.23 Studies using MRI
also have found enlarged ventricles24 and reduced gray
matter volume.25,26 One group assessed MRI findings
and functional capacity at the same point in time, and
found a strong association between the two: CFS
patients with more MRI abnormalities were also
more functionally impaired, suggesting that the
MRI findings had clinical relevance.22 These findings
were not confirmed by other investigators, although
the small number of patients made possible a type 2
error.27

FUNCTIONAL MRI (fMRI)

Functional MRI (fMRI) of CFS patients compared
with matched healthy control volunteers reportedly
reveals abnormalities. When given motor and visual
imagery tasks, patients with CFS demonstrated re-
duced striatal and ventral cingulate activation and
greater visual system activation than control volun-
teers.28 Responsiveness of the auditory cortex to a
task-independent stimulus (sound) was delayed and
impaired in patients with CFS when engaged in a
fatigue-inducing task (visual), and the degree of delay
correlated with the patients’ report of fatigue severity.29

Although patients with CFS performed comparably to
matched control volunteers on tasks of verbal working
memory, fMRI revealed considerably greater activation
of working memory networks in the CFS patients. As
the intensity of the cognitive challenge increased, the
difference between cases and controls was amplified.30

Similar findings with a different cognitive challenge
have been reported by others.31–33

IN VIVO MAGNETIC RESONANCE SPECTROSCOPY

OF BRAIN

Proton magnetic resonance spectroscopy (MRS) has
revealed significantly reduced concentration of N-acety-
laspartate in the hippocampus of patients with CFS,
compared with healthy control volunteers, a result
thought likely to reflect reduced metabolism of neurons
or glial cells.34 Using the same technology, other inves-
tigators have found a highly significant increase in the
spectra from choline-containing compounds in CFS
patients. This result may be due to higher cell membrane
turnover secondary to injury.35,36

SINGLE PHOTON EMISSION COMPUTED TOMOGRAPHY

AND POSITRON EMISSION TOMOGRAPHY

Studies comparing patients with CFS to age- and
gender-matched healthy control volunteers have found
single photon emission computed tomography
(SPECT) abnormalities that could represent either hy-
poperfusion in the microcirculation and/or metabolic
dysfunction of neuronal and glial cells.20,37–39 Other
investigators have not reported similar findings.40,41

Similar abnormalities have been reported in patients
with CFS using positron emission tomography
(PET),42,43 findings not present in a comparison group
with major depression.44 PET also has revealed reduc-
tion of serotonin transporters in the anterior cingulate43

and hippocampus.45

ELECTROENCEPHALOGRAPHY

Motor cortex excitability has been reported in chronic
fatigue syndrome.46 Spectral analysis of EEG electro-
encephalography (EEG) data has been reported to
produce a pattern that distinguishes patients with CFS
from healthy and depressed control volunteers.47 Other
investigators have identified several significant differ-
ences during motor performance in spectrum analysis
and motor activity-related cortical potentials.48

SPINAL FLUID STUDIES

A small study found that patients with CFS were
significantly more likely than healthy control volun-
teers to have elevated levels of protein or pleocytosis.49

Nuclear magnetic spectroscopy has revealed increased
lactate levels in ventricular spinal fluid in patients with
CFS, compared with healthy control volunteers and
control volunteers with generalized anxiety disorder
and major depression.50,51 The results of the study,
including patients with major depression, did not
reach statistical significance, but the number of study
participants was small. Finally, a study employing
liquid chromatography, mass spectrometry, and pep-
tide sequencing of spinal fluid from patients with CFS
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found a group of proteins (‘‘a proteomic signature’’ of
CFS) that distinguished patients with CFS from
healthy control volunteers.52 The findings were repli-
cated in a small independent second cohort of patients
with CFS.

PAIN

Mechanisms of pain have not been studied extensively in
CFS, but they have been in a very similar syndrome,
fibromyalgia. The hyperalgesia and allodynia that are so
frequently reported by patients with CFS and fibromyal-
gia may be due to central sensitization or augmented
sensory processing.53

COGNITION

Neuropsychological testing of cognition has revealed
abnormalities in patients with CFS,54–67 abnormalities
not explained by a coexisting depression.56 A recent
meta-analysis of 50 eligible studies found deficits pri-
marily in attention, memory and reaction time, and not
in fine motor speed, vocabulary, or reasoning.68 Another
recent study directly compared cognitive function in 25
patients with CFS, 25 with major depression and 25
healthy control volunteers. Patients with CFS were
found to have impairments in attention and visual and
verbal episodic memory; these deficits were not found in
the comparison groups.69

Evidence of Autonomic Involvement

Abnormalities of autonomic function in adults and
children have been reported by multiple investiga-
tors.70–80 A consensus panel of autonomic experts con-
cluded that the literature provided strong evidence for
exaggerated venous pooling, diminished red cell mass,
reduced plasma volume, disordered sympathetic activity,
impaired baroreflex function, and reduced cerebral per-
fusion.80,81 The most frequently observed disorders on
autonomic testing are postural orthostatic tachycardia
syndrome, neurally mediated hypotension, and heart rate
variability during head-up tilt testing. Investigators have
reported a strong correlation between symptoms of
autonomic dysfunction, as assessed by the Composite
Autonomic Symptom Scale (COMPASS), and fatigue,
as assessed by a validated instrument, the Fatigue Impact
Scale.82

Is Chronic Fatigue Syndrome a Psychiatric

Illness?

Depression may be the most common cause of the
presenting complaint of fatigue. Thus, the role of
psychiatric illness in CFS has been debated. Most
studies have found that in 30 to 50% of patients with
CFS there is no co-existing psychiatric disorder, and
that most of those with a psychiatric disorder developed

the disorder only after becoming ill with CFS.83–87 In
addition, a controlled trial of fluoxetine showed no
improvement in fatigue in patients with CFS, including
those with a concomitant major depression.88 Clauw
notes the evolution of thinking on this issue: ‘‘Inves-
tigators who once staunchly viewed CFS as a psychi-
atric condition have significantly tempered their views,
now acknowledging that these conditions are clearly
separable from, and often occur independently of,
psychiatric disorders.’’53

CHRONIC FATIGUE SYNDROME AND
INFECTION

Epidemiologic Studies

Postinfectious fatigue syndromes have been described in
the literature over the past 70 years. Sometimes these
syndromes have followed well-documented specific
acute viral and bacterial infections,89–94 and sometimes
they have followed acute syndromes with symptoms
suggesting infection, such as fever, myalgias, respiratory,
and gastroenterologic symptoms.95,96

Hickie and colleagues reported a prospective
observational study that confirmed the existence of a
postinfectious fatigue syndrome.97 The study was con-
ducted in a small, rural Australian town. Virtually all
medical care in the community was provided by a small
number of health professionals and facilities. This
meticulously conducted study identified all cases of
acute infection with Epstein-Barr virus (a DNA virus),
Ross River virus (an RNA virus), and Coxiella burnetii
(the intracellular bacterium that causes Q fever) during
a predefined window of time. Of the 253 patients in the
study, 12% of patients developed a postinfectious fa-
tigue syndrome 6 months after their acute infection.
Virtually all the patients met the CDC criteria for CFS.
The progression and regression of symptoms was quite
similar regardless of the infectious agent. Chronic
fatigue syndrome was more likely to develop in patients
with more severe acute infectious symptoms, and was
not more likely to occur in those with premorbid
psychological problems.98,99 The presence of more
severe acute infectious symptoms was correlated with
increased production of proinflammatory cytokines in
blood.98 This increased production of cytokines did not
persist 6 to 12 months later, when cytokine levels were
comparable between the patients who developed CFS
and those who did not, suggesting that infection may
have initiated the disease process but may not be
perpetuating it.100

Immunologic Studies

Although not all published studies concur, the prepon-
derance of the published literature indicates that patients
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with CFS have increased numbers of CD8þ cytotoxic T
cells that bear antigenic markers of activation on their
cell surface.101

Most published studies have found an increased
production of various proinflammatory cytokines15–17,102–

106 and type 2 cytokine-producing cells107 in the blood. A
recent analysis of cytokine networks in patients with CFS,
compared with healthy control volunteers, found an
enhanced TH2 milieu.108 Proinflammatory cytokines
can produce symptoms characteristic of CFS—fatigue,
fevers, adenopathy, myalgias, arthralgias, sleep disorders,
cognitive impairment, and mood disorders—whether
produced in the periphery (and penetrating a porous
blood–brain barrier) or produced by an inflammatory
process in the CNS. There have been few studies on
cerebrospinal fluid (CSF) to pursue this possibility.

Additionally, an important arm of the antiviral
immune response, function of natural killer cells, is
impaired in patients with CFS.108–113 These observa-
tions are similar to those seen in patients with well-
documented latent viral infections.108

The 2–5A synthetase/ RNase L enzymatic path-
way in lymphocytes (the 2-5A pathway), which is
induced by viral infection, is activated in CFS, and a
characteristic low-molecular-weight form of RNase L is
produced.114–116

Finally, gene expression studies using microarray
technology from different laboratories, studying differ-
ent groups of patients, find changes indicating a state of
chronic activation of the immune system.117–122 Collec-
tively, these studies suggest, but do not prove, that there
may be an underlying chronic infectious process in some
patients with CFS.

Evidence of Mitochondrial Dysfunction,

Oxidative and Nitrosative Stress

Several studies of muscle mitochondria have found what
appear to be acquired abnormalities in patients with
CFS.123–126 Gene expression studies have also found
altered expression of genes involved in mitochondrial
function in cases of postinfectious fatigue caused by
Epstein-Barr virus.127

Studies of blood and muscle demonstrate in-
creased oxidative stress, as evidenced by increased levels
of isoprostanes and oxidized LDL cholesterol,128 re-
duced levels of antioxidants,129 increased levels of per-
oxides and superoxides,130 and decreased levels of a-
tochopherol.131 A study employing in vivo proton MR
spectroscopy found evidence of cerebral oxidative
stress.132 Longitudinal studies suggest that oxidative
stress is greatest at times of clinical exacerbation.133

Similarly, increased levels of nitric oxide, nitrate, and
peroxynitrite demonstrated in patients with CFS is
evidence of increased nitrosative stress.134 Strikingly
increased lactate levels in CSF indicate increased anae-

robic metabolism in the CNS, consistent with mito-
chondrial dysfunction.50,51 Finally, increased production
of iNOS, COX-2, and of NFkB have been reported in
the blood of patients with CFS.135,136

Several studies have found that exercise precip-
itates oxidative stress in patients with CFS, in contrast to
healthy and disease control groups. Nitric oxide metab-
olite production in blood reportedly rises nearly fivefold
in patients, but does not rise in controls.137 One group
compared patients with CFS to healthy control volun-
teers following a sustained moderate exercise task. Pa-
tients with CFS had much higher expression of genes for
receptors important in sensing metabolites that mediate
muscle fatigue and pain than the control volunteers.138 A
controlled study comparing patients with CFS to sed-
entary healthy control volunteers during two types of
controlled exercise (submaximal, and self-paced physio-
logically limited) found that pain thresholds following
exercise increased in controls, but decreased in patients
with CFS.139 These studies suggest, but do not prove, a
physiologic basis for the postexertional malaise reported
by a high fraction of patients with CFS.

An intriguing model has been proposed by
Maes135,136 and others, and is summarized in Fig. 1.
In patients with CFS, a series of vicious metabolic cycles
may exist involving inflammation, oxidative and nitro-
sative stress, mitochondrial dysfunction, and possibly cell
death; the inflammation is triggered by mitochondrial
fragments entering the circulation.140 At the core of
these vicious cycles are mitochondrial dysfunction and
increased production of NFkB—both of which are
commonly caused by infection. Oxidative damage is
prominent in viral infections of the nervous system.141

However, when it comes to incriminating infectious
agents in CFS, this is all no more than circumstantial
evidence.

Studies of Specific Infectious Agents

EPSTEIN-BARR VIRUS

Fatigue states following acute infectious mononucleosis,
an illness typically caused by Epstein-Barr virus (EBV),
have been reported for over 60 years,142 and recently
have been well documented.143,144 Interest in CFS
became resurgent in the mid-1980s due to several
publications linking high titers of antibodies to EBV
with a chronic, fatiguing illness.145,146 Subsequent stud-
ies have often, but not always, found higher titers of two
EBV antibodies—viral capsid antigen-IgG and early
antigen-IgG. However, over 90% of adults in the United
States are chronically infected with EBV, and therefore
seropositive. Higher levels of antibodies to EBV could
be a secondary reflection of subtle primary immune
dysfunction in CFS, and do not necessarily indicate an
etiologic role for EBV in CFS.
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HUMAN HERPESVIRUS-6

First discovered in 1986 in the laboratory of Robert
Gallo,147 the virus now called human herpesvirus-6
(HHV-6) also has been linked with CFS. Like its cousin
herpesvirus EBV, HHV-6 permanently infects nearly
90% of the human race. Thus, as with EBV, most people
are seropositive.

Unlike EBV, the evidence linking HHV-6 to
CFS does not rely on antibody levels to viral antigens.
The first large study to suggest a link included 259
patients with a CFS-like illness (the case definition
had not yet been developed). Primary culture of lym-
phocytes showed active replication of HHV-6 in 70% of
the patients in contrast to 20% of the age- and gender-
matched healthy control volunteers (p< 10�8).19

Many studies that have employed assays that can
detect active infection—polymerase chain reaction
(PCR) of serum or plasma, IgM early antigen antibodies,
and primary cell culture—have found an association
between CFS and active HHV-6 infection.19,148–154

Several other studies have not demonstrated this associ-
ation.155,156

The greater frequency of reactivated infection
with HHV-6 more often in patients with CFS in
comparison to healthy control volunteers does not prove
an etiologic role for this virus. As with EBV, a primary
condition that led to subtle immune dysfunction could
encourage reactivation of latent HHV-6 infection.

Nevertheless, HHV-6 is a plausible candidate to
cause some cases of CFS. A recent review summarizes
the evidence suggesting that HHV-6 is a CNS patho-
gen157 associated with multiple sclerosis, mesial tempo-
ral lobe epilepsy, encephalitis in both immunosuppressed
and immunocompetent individuals, and febrile seizures
in children. The review also discusses the capacity of
HHV-6 to infect multiple types of glial cells, and to
induce potentially destructive immune responses. As a
potent inducer of TNF-a and IL-1B,158 and IL-6,159–

162 the virus could produce CNS infection directly
following primary infection, and achieve latency there,
or it could traverse the blood–brain barrier, leading to
the production of inflammatory cytokines in the CNS.

XMRV AND POLYTROPIC MURINE LEUKEMIA VIRUSES

Xenotropic murine leukemia virus-related virus
(XMRV) was first identified in prostate cancer speci-
mens, although not all investigators have corroborated
the initial finding.163 Recently, a multiinstitutional team
reported a strong association of this virus with CFS.
They detected viral nucleic acids by PCR in 67% of
patients compared with 4% of healthy blood donors.164

These investigators also reported finding antibodies to
the virus in serum, and viral antigens in peripheral
mononuclear cells. Additionally, the virus was isolated
from both the plasma and from peripheral mononuclear
cells on co-cultivation with a reportedly infection-free

Figure 1 Possible metabolic vicious cycles in chronic fatigue syndrome. Inflammation is triggered by the transcription factor

NFkB, stimulating the production of COX-2 and iNOS. Oxidative and nitrosative stress results, leading to damage of lipid

membranes and nucleic acids, and possibly to cell death. Mitochondrial DNA damage leads to mitochondrial dysfunction, which

encourages more oxidative stress, and to anaerobic metabolism. Cell death leads to mitochondrial fragments entering the

circulation, which in turn triggers the production of NFkB and further oxidative and nitrosative stress.
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cell line (called LNCaP cells) known to permit XMRV
infection. These additional studies were performed on
only a small fraction of the total patients, however.

Another group of investigators reported that it
had identified nucleic acids not from XMRV, but from a
related family of viruses, the polytropic murine leukemia
viruses (MLVs) in 87% of 37 CFS patients and 7% of 44
healthy blood-donor controls.165 By several measures,
including a highly sensitive assay for mouse mitochon-
drial DNA, the team argued that the PCR results were
not falsely positive due to contamination with mouse
DNA.

However, as of the time of publication, many
other groups have not been able to confirm the associ-
ation,166–168 including in patients that previously had
tested as positive for XMRV.167 Moreover, XMRV may
be a contaminant of commercial reagents.167 Whether
these murine viruses are associated with CFS remains
uncertain. The National Institutes of Health has
launched studies to develop sensitive and reproducible
assays for these viruses, and a multicenter study to look
for the viruses in patients with CFS, including patients
previously found to be positive by the two laborato-
ries.164,165 Hopefully, these studies will resolve the un-
certainty as to whether mouse retroviruses are associated
with CFS.

ENTEROVIRAL INFECTION

Several epidemics in different countries of an apparently
infectious illness followed by months or years of fatigue
were studied in the mid-20th century. Investigators ini-
tially suspected that they were atypical epidemics of
poliovirus (an enterovirus).96 Because of their tropism
for the nervous system, enteroviruses have long been
suspected as etiologic agents in postinfectious fatigue
syndromes. Several investigators have reported enterovi-
ral involvement in some cases of CFS.169–176 The most
provocative recent report involved 165 consecutive pa-
tients with CFS accompanied by prominent gastrointes-
tinal symptoms. Each of them had biopsies of the gastric
antrum, as did 34 control volunteers without CFS. The
enteroviral antigen VP1 was found in 82% of the CFS
patients versus 20% of the controls. Enteroviral RNA was
found in 37% of the CFS patients versus 5% of con-
trols.176 In five patient samples, transient growth of
noncytopathic enteroviruses was noted. None of the
samples from patients or controls were positive for anti-
gens from a ‘‘control’’ enteric pathogen, cytomegalovirus.
No report from another group attempting to replicate
these findings has yet been reported. Some investigators
have been unable to link enteroviruses to CFS through
studies of blood and stool.177,178

PARVOVIRUS

The development of CFS following well-documented
acute infection with parvovirus B19 has been re-

ported.179–181 One study involved 200 patients with
CFS and 200 normal blood donor control volunteers.
There were no differences in the frequency of IgG or
IgM antibodies to structural proteins, but 42% of the
CFS patients versus 7% of controls had IgG antibodies
to the nonstructural protein, NS1, a marker associated
with chronic and severe parvovirus infection.182

BACTERIAL INFECTIONS

There are cases of a chronic fatiguing illness that develop
in the wake of well-documented, and appropriately
treated cases of Lyme disease, in which the cardinal
manifestations of Lyme disease (e.g., arthritis, carditis)
have resolved.183,184 However, even among patients with
CFS who live in areas endemic for Lyme disease, this
bacterial infection is an unusual cause of CFS.185

A condition very similar to CFS has been de-
scribed following Q fever, and is associated with the
persistence of bacterial antigen.186,187 Cytokine dysre-
gulation has been reported in these patients and could
explain the symptoms.188

EVALUATION OF PATIENTS WITH
POSSIBLE CFS
Clinical evaluation of a patient with protracted and
severe fatigue, who may have CFS, requires both assess-
ing the possibility of other chronic, fatiguing illnesses—
including multiple sclerosis, systemic lupus erythemato-
sus, and many others—as well as verifying the presence
of those symptoms that constitute the CDC case defi-
nition of CFS.

It is our clinical impression—not tested in a
blinded, controlled study involving non-CFS control
volunteers—that patients with CFS are more likely to
have the following abnormalities on examination: pos-
terior cervical and posterior auricular adenopathy, per-
sistent tachycardia when moving from a recumbent to a
standing position, impaired tandem gait, and abnormal
Romberg test.

Although as summarized above, many laboratory
and imaging tests have revealed abnormalities that are
more common in patients with CFS than in various
healthy control and disease comparison groups, none of
these tests has sufficient specificity and sensitivity to
constitute a diagnostic test. A panel convened at NIH
recommended a small and inexpensive battery of labo-
ratory tests in patients with protracted and severe fa-
tigue, primarily to rule out other causes of fatigue:
complete blood count with manual differential white
blood cell count, erythrocyte sedimentation rate, chem-
istry panel, urinalysis, and thyroid function testing.189

Based on a case-control study that we conducted involv-
ing over 700 cases and controls over 10 years in two
different geographic areas, the following test abnormal-
ities may be found more often in patients with CFS:
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atypical lymphocytosis, circulating immune complexes,
elevated levels of IgG, and antinuclear antibodies.190 As
patients with severe and prolonged fatigue who live in
areas endemic for Lyme disease nevertheless rarely have
positive serology, in the absence of Lyme-specific symp-
toms and signs, we do not recommend routine testing for
Lyme disease.185

FUTURE DIRECTIONS FOR THE STUDY OF
CFS
The symptom constellation of fatigue, concentration/
memory problems, headache, and generalized weakness
is familiar to any neurologic practice. These symptoms
are commonly seen in primary CNS diseases, such as
multiple sclerosis; systemic diseases with secondary im-
pact on the CNS, such as infectious mononucleosis; and
in primary psychiatric diseases, such as depression.191

These symptoms may also occur independently of these
diseases in CFS. A first step for the neurologist is to
acknowledge that the syndrome of CFS can occur in the
absence of psychiatric illness or malingering. The evi-
dence suggests that objective changes occur in the CNS
in the context of CFS and are distinct from depression
alone. We recognize that many challenges remain in
terms of defining the nature of the correlation (causality)
and the specificity of the changes to CFS.

T2-weighted MRI changes and metabolic pat-
terns on fMRI, MRS, and SPECT functional connec-
tivity MRI192 may help clarify specific CNS
abnormalities in CFS, help study the natural history of
CFS, and provide tools for assessing response to treat-
ment. Connecting these radiographic changes to under-
lying pathologic processes will remain a challenge,
however, as the non-life-threatening severity of illness
and lack of focal localization within the brain preclude
routine studies of antemortem or postmortem brain
tissue. Developments in molecular imaging may even-
tually help bridge this gap by allowing more specific
imaging of affected brain tissue at the molecular and
cellular level. The coupling of reporter molecules to cells,
enzymes, or genes of interest could theoretically be
applied to CFS to assess specific pathologic processes
that alter brain function in CSF.193–195

In addition to further refinement of neuroimag-
ing, further technologic advances in virology, immunol-
ogy, and genetics may elucidate the underlying
mechanisms through which infection, immune response,
and genetic predisposition converge in CSF. As de-
scribed by Wilson and Tyler (this issue), MassTag
PCR, DNA microarrays, and high-throughput DNA
pyrosequencing may identify viral pathogens in ence-
phalitis and other CNS syndromes where conventional
technologies have failed.

Further research should incorporate formal neu-
ropsychological testing, neuroimaging, and immuno-

logic markers over longer periods to distinguish those
changes that are specific to CFS as opposed to other
evolving diagnoses, and to define which changes are
dynamic. As with other diseases without a well-defined
pathologic etiology, such as multiple sclerosis, there may
be multiple underlying triggers of an inflammatory
process, which in certain susceptible individuals leads
to the clinical manifestations of CFS. By building on the
evidence we have summarized here, our hope is that
ongoing research will lead to a better understanding of
CFS and thus to more effective treatment or even
prevention of this debilitating disorder.
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