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Special Articles

Lyme Disease: A Neuropsychiatric Illness

Brian A. Fallon, M.D., M.P.H., and Jenifer A. Nields, M.D.

Objective: Lyme disease is a multisystemic illness that can affect the central nervous system
(CNS), causing neurologic and psychiatric symptoms. The goal of this article is to familiarize
psychiatrists with this spirochetal illness. Method: Relevant books, articles, and abstracts from
academic conferences were perused, and additional articles were located through computerized
searches and reference sections from published articles. Results: Up to 40% of patients with
Lyme disease develop neurologic involvement of either the peripheral or central nervous sys-
tem. Dissemination to the CNS can occur within the first few weeks after skin infection. Like
syphilis, Lyme disease may have a latency period of montbs to years before symptoms of late
infection emerge. Early signs include meningitis, encephalitis, cranial neuritis, and radicu-
loneuropathies. Later, encephalomyelitis and encephalopathy may occur. A broad range of
psychiatric reactions have been associated with Lyme disease including paranoia, dementia,
schizophrenia, bipolar disorder, panic attacks, major depression, anorexia nervosa, and ob-
sessive-compulsive disorder. Depressive states among patients with late Lyme disease are fairly
common, ranging across studies from 26% to 66 %. The microbiology of Borrelia burgdorferi
sheds light on why Lyme disease can be relapsing and remitting and why it can be refractory
to normal immune surveillance and standard antibiotic regimens. Conclusions: Psychiatrists
who work in endemic areas need to include Lyme disease in the differential diagnosis of any
atypical psychiatric disorder. Further research is needed to identify better laboratory tests and
to determine the appropriate manner (intravenous or oral) and length (weeks or months) of
treatment among patients with neuropsychiatric involvement.

(Am ] Psychiatry 1994; 151:1571-1583)

L yme disease (Lyme borreliosis), caused by the tick-
borne spirochete Borrelia burgdorferi, may pro-
gress from an initial skin infection to a disabling multi-
systemic illness. Now the most common vector-borne
infection in the United States, Lyme disease is increasing
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in incidence and geographic spread (1). The disease has
dermatologic, arthritic, ophthalmologic, cardiac, neuro-
logic, and psychiatric manifestations (2). In its protean
manifestations, in its spirochetal etiology, and in its
course (early skin localization and rapid invasion of the
central nervous system [CNS]), Lyme disease is similar
to syphilis (3). Like syphilis, early recognition is impor-
tant to prevent an acute, treatable illness from becom-
ing a chronic or relapsing one. Because current diagnos-
tic tests are not always reliable, physicians must rely on
clinical presentation as the basis for diagnosis. Because
many of the symptoms of Lyme disease involve the
CNS, patients with Lyme disease may be referred to
psychiatrists both before and after diagnosis.

In this article, we present an overview of Lyme dis-
ease with a particular emphasis on its neuropsychiatric
features.



LYME DISEASE

TRANSMISSION -

Lyme disease is transmitted by an infected nymphal
or adult female Ixodes tick. Smaller than the dog tick,
the Ixodes tick may easily be missed on casual inspec-
tion. The bite is usually not painful. Transmission of the
spirochete appears to require the tick to feed at least
12-24 hours (4). The ticks are most commonly carried
by deer and by the white-footed mouse, but other car-
riers have been described as well.

DISTRIBUTION

Lyme disease has been reported throughour the
United States and in numerous countries around the
world. The geographic spread and the incidence in the
Unirted States have been rapidly increasing. For ex-
ample, during 1992, 43 states reported 9,677 cases,
representing a 19-fold increase over the 497 cases re-
ported by 11 states in 1982 (5). The State of Connecti-
cur, which in 1992 had the highest rate of Lyme disease
in the country, reported between 1991 and 1992 a
threefold increase in the proportion of infected ticks in
four communities and a one and a half-fold increase in
reported cases throughout the state (6). The most heav-
ily affected areas include the Northeast (New York,
New Jersey, Connecticut, Massachusetts, Rhode Is-
land, Pennsylvania), the upper Midwest (Minnesota,
Wisconsin), and the Pacific coastal region (California,
Oregon).

HISTORY

Although Lyme disease was first described in the
United Srates as an arthritic illness preceded by a rash
(7), early reports in Europe described a primarily
neurologic illness without any arthritis (8, 9). Psychi-
atric symptoms were described in some of these early
reports.

In 1909 a Swedish physician described the classic
Lyme rash, known as erythema chronicum migrans,
noting that it developed at the site of an Ixodes tick bite
(10). In 1922 two French doctors, Garin and Bujadoux,
wrote a case entitled “Paralysis by Ticks,” now thought
to be the first report of Lyme meningoradiculitis (8).
The patient developed erythema migrans after a tick
bite, followed by radiculopathy, paralysis of a portion
of one arm, anxiety, and meningitis. In 1930 Heller-
strom, of the Karolinska Institute, described a man
who, 3 months after an erythema migrans rash, devel-
oped an encephalitis with psychotic symptoms, disori-
entation, and marked CSF abnormalities (11). In 1941
Bannwarth, a German neurologist, described the syn-
drome of chronic lymphocytic meningitis, which was
characterized by radicular pains, lymphocytic menin-
gitis, and peripheral nervous system involvement, es-
pecially facial palsy (9). The cases in all of these early
reports, previously described as Garin-Bujadoux syn-
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drome, Bannwarth’s syndrome, and neuroborreliosis,
are now considered to have been cases of Lyme disease.

In the United States, the first report of a tick-induced
erythema migrans rash was in 1970 (12). In 1977
“Lyme arthritis” was described by Steere et al. (7); the
article was based on an epidemiological investigation of
an outbreak of presumed juvenile rheumaroid arthritis
in Connecticut. In 1978 the link between Lyme arthritis
and the bite of an Ixodes tick (13) was recognized. In
1982 Burgdorfer et al. isolated the etiologic agent of
Lyme disease from an Ixodes tick—a spirochete now
known as B. burgdorferi (14). Early in the history of
Lyme disease, aspirin and nonsteroidal anti-inflamma-
tory agents were used for symptoms that emerged after
the erythema migrans rash (15). Subsequently, penicil-
lin was shown to shorten the duration of illness, thus
supporting an infectious etiology. While short courses
(10 days) of oral or intravenous antibiotics were recom-
mended at first, it is now recognized that some patients
benefit from longer courses (6 weeks or longer) or re-
peated treatments (16-18).

TYPICAL CLINICAL MANIFESTATIONS OF LYME
DISEASE

Within days or weeks after the bite of a tick infected
with B. burgdorferi, a localized skin reaction may oc-
cur, consisting most typically of an erythematous annu-
lar rash (erythema migrans), which may enlarge to a
size of 5 cm or greater. This early localized sign of in-
fection may soon be followed by mild to severe flu-like
symptoms.

Hematogenous dissemination may lead to early
(weeks to months) heart, ophthalmologic, or nervous
system involvement. Although second- or third-degree
atrioventricular block is most common, rare reports of
myopericarditis, left ventricle dysfunction, and cardio-
megaly exist (19). Conjunctivitis can be an early mani-
festation of ocular involvement.

Within the first few weeks after skin infection, B.
burgdorferi may disseminate to the CNS (20-22) where
it may remain quiescent for months to years before pro-

-ducing symptoms (23). Because approximately one-

third of infected patients do not recall the tick bite or
rash and because the flu-like symproms are nonspecific
and may be mild (24), patients may not realize that they
are infected until long after the initial bite. Neurologic
problems, which occur in 15%—40% of patients (25),
may be the presenting symptom. Early on, patients may
experience headaches without any signs of inflamma-
tion in the CSF (18). Shortly thereafter, patients may
develop meningitis, cranial neuritis, and motor or sen-
sory radiculitis (26). With meningitis, symptoms may
include recurrent severe headaches, stiff neck, photo-
phobia, and, less commonly, nausea and vomiting. At
this stage, objective signs are commonly present in the
CSF (see the section on CNS laboratory tests). In less
than half of the patients with meningitis, a mild en-
cephalitis develops that is characterized by fluctuaring

Am ] Psychiatry 151:11, November 1994



disturbances of maod, concentration, memory, and
sleep. Cranial neuritis, such as Bell’s palsy, occurs in
5%-10% of patients with neurologic Lyme disease
(27). Other signs of peripheral nerve involvement in-
clude sensory or mortor radiculoneuropathies; objective
abnormalities may be evident on nerve conduction
studies. Symptoms of peripheral neuropathy typically
include sharp shooting pains, areas of numbness, pares-
thesias, weakness, or fasciculations. ]

Later-stage illness (months to years after infection)
generally affects the joints, eyes, skin, or CNS. Ar-
thritic involvement begins with migratory arthralgias
and, in 60% of untreated patients, develops into an
inflammatory arthritis, typically affecting the large
joints, such as the knee (28). Ophthalmologic involve-
ment may consist of localized inflammation such as
uveitis, iritis, or optic neuritis (29, 30). A late derma-
tologic manifestation of Lyme disease, acrodermatitis
chronica atrophicans, is seen almost exclusively in
Europe (31).

Late neurologic involvement may be manifested by
encephalomyelitis or encephalopathy (18, 23, 32). En-
cephalomyelitis, an uncommon late manifestation of
Lyme disease, may have quite severe and diverse pres-
entations, including spastic paraparesis, transverse
myelitis, cerebellar syndromes, hemiparesis, and move-
ment disorders (18, 32). More common in late Lyme
disease is an encephalopathy characterized by subtle to
severe cognitive changes and a polyradiculoneuropathy
(23). In this stage of illness, the CSF may appear normal
(18, 21) (see section on CNS laboratory tests). Other
accompanying symptoms of later infection include pro-
found fatigue, sleep disturbance, photophobia, audi-
tory hyperacusis, extreme irritability or emotional
lability, word-finding problems, dyslexic-like errors
when speaking or writing, and spatial disorientation
(23, 33). Disturbances in other sensory modalities, such
as taste and smell, have been reported (33, 34). These
symptoms may fluctuate in intensity so that symptoms
are present on some days but not others. The profile of
persistent, marked fatigue and cognirive deficits associ-
ated with late-stage Lyme disease is similar to the symp-
tom profile of the chronic fatigue syndrome (35).
Whether the late-stage symptoms of Lyme disease are
due to persistent infection or to a postinfectious im-
mune activation is an important question that requires
further elucidation.

Because patients with encephalopathy or encephalitis
may experience marked mood lability, irritability, and
sleep disturbance, the distinction between an organic
mood disorder and a concomitant primary major de-
pression may be quite difficult to make.

ATYPICAL NEUROLOGIC MANIFESTATIONS OF
LYME DISEASE

Because the clinical spectrum of Lyme disease contin-

ues to expand, physif:ians who work in endemic areas
should keep Lyme disease in the differential diagnosis
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of any atypical neurologic illness with multisvstemic
features. Case reports, for example, have linked a vari-
ety of neurologic syndromes to late Lyme disease; these
include blindness (30), progressive dementias (32. 36,
37), seizure disorders (34, 38, 39), the Tullio phenome-
non (40), strokes (41), extrapyramidal disorders (42),
amyotrophic lateral sclerosis (43), Guillain-Barré syn-
drome (44), and progressive demvelinating-like svn-
dromes mimicking multiple sclerosis (23).

CENTERS FOR DISEASE CONTROL (CDC) CRITERIA
FOR DIAGNOSIS

Lyme disease surveillance by the CDC began in 1982,
and in 1991 Lyme disease became nationally report-
able. For epidemiologic surveillance studies (1), the
CDC requires history of exposure in an endemic area
and either 1) a physician-diagnosed ervthema migrans
rash of at least 5 cm in diameter or 2) laboratory con-
firmation of exposure to B. burgdorferi and at least one
systemic manifestation. Systemic manifestations must
be either musculoskeletal (arthritis), neurologic (lym-
phocytic meningitis, cranial neuritis, radiculopathy, en-
cephalomyelitis with intrathecal antibody production),
or cardiac (second- or third-degree atrioventricular
conduction delays). Laboratory confirmation requires
the isolation of B. burgdorferi, the demonstration of
diagnostic levels of B. burgdorferi immunoglobulin (Ig)
M or IgG antibodies in serum or CSF, or a rising spe-
cific antibody titer on serum samples taken from
acutely ill and convalescent patients.

These criteria have been useful for epidemiologic
studies, but not all patients with Lyme disease will meet
this case definition. About one-third of patients do not
recall the erythema migrans rash; serologic testing mav
be unreliable (45); and the clinical spectrum of Lyme
disease continues to expand beyond the manifestations
currently included in the CDC case definition.

LABORATORY TESTING

Because B. burgdorferi is difficult to culture, indirect
methods are used to detect the presence of the spiro-
chete. Currently available serologic tests, such as the
enzyme-linked immunosorbent assay (ELISA) and the
indirect immunofluorescence assay, rely on the immune
response following exposure to B. burgdorferi, but they
can be unreliable, with both false positive and false
negative results (45). In a recent study, over half of the
45 laboratories studied reported falsely negative values
in a known positive serum sample from a patient with
Lyme disease (46). The Western blot is also often used
to examine the serum for antibodies against epitopes
that are specific for B. burgdorferi (e.g., 31 kD, 34 kD,
or 39 kD bands). Other laboratory tools are emerg-
Ing—such as urine antigen tests (47), cell-mediared im-
munoassay (48), immune complex assays (49), polym-
erase chain reaction assays (50, 51), and borreliacidal
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TABLE 1. Neuropsychological Test Results Among Patients With Disseminated Lyme Disease

Comparison
Study N Diagnosis Subjects Neuropsychological Tests® Results
Logigian et al. 27 Late neurologic None California Verbal Learning Test, 36% had memory deficits
(23) Lyme disease Wechsler Memory Scale, Wisconsin
Card Sorting Test, Trail Making
Test, Rey-Osterrieth Complex
Figure Test, Finger Tapping Test,
Hooper Visual Organization Test.
Benton Face Discrimination Test,
Boston Naming Test, Token Test,
Oral Word Association Test
Kaplan et al. 20b  Lyme encepha- 11 fibromyalgia and ~ California Verbal Learning Test, Lyme disease patients
(36) lopathy 11 nonpsychotic Wechsler Memory Scale, Rey- were significantly more
depressed patients Osterrieth Complex Figure Test, impaired on memory
MMPI, Beck Depression Inventory tests
Halperin et al. 17 Neurologic None California Verbal Learning Test, Impaired memory,
(27) Lyme disease Wechsler Memory Scale, Svmbol attention, conceprual
Digit Modalities, Booklet Category ability, and mortor
Test, Block Design, Purdue function; improvement
Pegboard with antibiotics
Krupp et al. (57) 15 Late Lyme 10 Healthy age- and WAIS-R¢, Trail Making Test, Booklet Lyme disease parients
disease and sex-matched Caregory Test, Oral Word Asso- had significantly
cognitive subjects ciation Test, Wechsler Memory impaired verbal fluency
svmptoms Scale, Selective Reminding Test and memory

#Neuropsychological tests were not administered by individuals who were blind to medical diagnosis.

bA subgroup of patients from the study by Logigian et al. (23).

“Subrests of information, vocabulary, similarities, digit span, block design, object assembly, and digit symbol.

antibody tests (52)—but these are not yet well stand-
ardized across laboratories.

Several B. burgdorferi antigens are shared by other
spirochetes. For example, both B. burgdorferi and the
etiologic agent of syphilis, Treponema pallidum, may
cause a positive finding on the fluorescent treponemal
antibody absorption test; results of nontreponemal
tests, such as the rapid plasma reagin and Venereal Dis-
ease Research Laboratory tests, are usually negative in
Lyme disease (18). Patients with syphilis or periodontal
disease (oral spirochetes) may have falsely posirtive
Lyme ELISA serologies and a common 41 kD antibody
to flagellar antigen evident on Western blot.

Falsely negative test results may occur for a variety of
reasons. If tested too soon after initial infection, the patient
may not yet have mounted an antibody response (353). In
addition, antibiotic treatment early in the infection may
abrogate the humoral immune response (54). In some
cases, free antibodies may not be detected because the
borrelia antibodies are bound within circulating immune
complexes (55). Finally, interlaboratory variability in an-
tigenic standardization of Lyme assays may result in false
negative as well as false positive results (46 )

CNS LABORATORY TESTS FOR LYME DISEASE

The results of laboratory testing among patients with
neurologic Lyme disease vary depending on the stage of
the illness. In very early CNS involvement (meningis-
mus) or late-stage infection (encephalopathy), the CSF
may appear normal (18). When clinical signs of menin-
gitis or encephalitis are present, a spinal tap may reveal
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a mononuclear pleocytosis, mildly increased protein,
and, in some cases, an elevared IgG index or oligoclonal
immunoglobulins. Intrathecal anti-B. burgdorferi anti-
body production is present in 70%-90% of patients
with Lyme meningitis (18). Magnetic resonance imag-
ing (MRI) studies may demonstrate punctate whirte
matter lesions on T, weighted images, similar to those
seen in demyelinating disorders, such as multiple scle-
rosis. EEG studies may show diffuse slowing or epilep-
tic discharges, but this is uncommon.

In patients with late Lyme encephalopathy, results
of brain MRI and EEG studies are generally normal.
Functional brain imaging using quantitative brain per-
fusion single photon emission computed tomography
(SPECT), however, may reveal hypoperfusion, particu-
larly in the cerebral white matter, even in patients with
no CSF or MRI abnormalities (E.L. Logigian et al., un-
published data, 1994). Objective deficits may be seen
on neuropsychological testing (23, 27, 56, 57) (table 1).
In about half of these patients, typical markers of CSF
infection (pleocytosis, elevated protein, intrathecal an-
tibody production) cannot be found (18). Current ex-
perimental research using sensitive ELISA and Western

blot techniques has demonstrated the continued pres-

ence of spirochetal antigens among many patients with
encephalopathy whose CSF otherwise tests normal
(21). In some of these patients, results of standard anti-
body testing of both the serum and the CSF have been
negative, but the immune complex dissociation assay
revealed bound B. burgdorferi-specific antibody (58).
Given the limitations of diagnostic tests, clinicians
need to consider clinical factors that would aid in the
diagnosis of Lyme disease. These include a history of an
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erythema migrans rash or Ixodes tick bite, exposure to
a Lyme endemic area, and the combination of neuro-
psychiatric and extraneural symptoms. Because Lyme
disease is a multisystemic illness, patients whose neuro-
psychiatric symptoms start after a flu-like illness should
be asked about a history of other symptoms of Lyme
disease, including rashes, joint pains, arthritis, cardiac
problems, changes in vision, and radicular pains or cra-
nial nerve palsies.

NEUROPSYCHOLOGICAL FINDINGS

Most studies have found that patients with Lyme
encephalopathy have subtle impairments in memory,
concentration, learning, and conceptual ability. Typi-
cally, the deficits suggest frontal lobe involvement, af-
fecting short-term memory, verbal fluency, or executive
cognitive functions (table 1). Logigian et al. (23), in a
study of 27 parients with chronic neurologic Lyme dis-
ease, found that 15 of the 27 had quantifiable memory
deficits. In order to determine whether psychological
factors might account for the memory impairment
among Lyme disease patients, Kaplan et al. (56) com-
pared 20 patients with Lyme encephalopathy with 11
fibromyalgia patients and 11 nonpsychotic depressed
patients on a neuropsychological test battery. They
found that the Lyme disease patients showed greater
impairment on standardized memory tests than either
of the comparison groups and that the impairment was
independent of the number of somatic complaints and
the presence of depression.

Cognitive impairments among patients with late
Lyme encephalopathy often improve with antibiotic
treatment (23, 27), suggesting that active spirochetal in-
fection causes the encephalopathy. In Halperin et al.’s
study (27) of patients with late Lyme borreliosis, serial
neuropsychological testing before and after a course of
intravenous antibiotics revealed marked improvement
on tests of memory, attention and concentration, con-
ceptual ability, and psychomotor and perceptual motor
function. Noteworthy is that many patients with cogni-
tive deficits did not have clinical evidence of focal CNS
disease. Results of EEGs, CSF studies, and other labo-
ratory investigations were often normal. MRI scans
were abnormal in some of the patients with severe
memory impairment, revealing hyperintense T> white
matter lesions suggestive of edema or inflammartion.
Some parients with late Lyme encephalopathy continue
to have residual neuropsychological deficits after anti-
biotic treatment.

Krupp et al. (57) compared 15 patients with Lyme
disease who had complaints of persistent cognitive dif-
ficulty 6 months after antibiotic treatment to 10 healthy
comparison subjects matched in age and education.
Compared to the healthy subjects, the Lyme disease pa-
tients exhibited marked impairment on MEemory tests.
In that study, the memory impairment was not corre-
lated with serum or CSF anti-B. burgdorferi antibody
titers and was not explained by MRI findings or depres-
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sion. Fatigue, however, a nonspecific marker of chronic
Lyme disease, was correlated with memory impair-
ment; this suggested to the authors that the persistent
encephalopathy could be an indirect effect of systemic
infection elsewhere in the body. The authors noted that
persistent neuropsychological deficits were somewhat
more common among patients who had received only
oral rather than intravenous therapy. In addition, of the
six Lyme patients with no objective neuropsychological
test deficits but subjective complaints of memory im-
pairment, five had the highest depression scores of the
entire group of 13, suggesting that depression in some
Lyme patients may account for the subjective experi-
ence of cognitive dysfunction.

PSYCHIATRIC MANIFESTATIONS OF LYME DISEASE

A limited but ever increasing literature is beginning to
suggest that psychiatric disorders may be part of the
clinical profile of Lyme disease. Before reviewing this
literature, we present the following case.

Ms. A, a previously healthy 18-vear-old college freshman.
suddenly developed severe and sustained anxiety, depersonal-
ization, and panic atracks associated with insomnia and ap-
petite loss. She consulted the university health services. After
evaluation by both a psychologist and an internist, rest was
recommended, under the assumption that these symptoms
represented an adjustment reaction to being away from home.
As her symproms worsened, Ms. A began to fear that she was
going crazy.

Two weeks later, Ms. A returned home on a medical leave
of absence. An extensive medical workup revealed no abnor-
malities except for a positive Lyme ELISA titer. A Western
blot for B. burgdorferi also came back positive. Ms. A insisted
on gerting a spinal rap. Although the cell count and total pro-
tein were normal, the CSF revealed IgG antibodies to B.
burgdorferi. The diagnosis of CNS Lvme disease was made.
The patient was treated with a 6-week course of intravenously
administered antibiotics, and over the course of the following
3 months she felt 80% betrer.

Noteworthy in this case is that a diagnosis of Lyme
disease was never considered by the college’s counselor
and internist. The private community physician also did
not suspect Lyme disease, but because the patient lived
in an endemic area and because Lyme disease is well-
known as the “new great imitator” (59), this doctor
included a Lyme test in the battery of blood tests. After
the ELISA results came back positive, the patient re-
called a large annular rash several months earlier that
had been followed by a brief period of moderate head-
aches and uncharacteristic fatigue. Ms. A did not have
any joint pain, radiculopathy, cranial nerve palsies, or
cardiac symptoms. Her primary manifestation of Lyme
disease was psychiatric. Because Ms. A’s CSF studies
demonstrated borrelial antibodies and because her psy-
chiatric symptoms resolved so rapidly after intravenous
antibiotic treatment, active CNS infection was pre-
sumed to have been the cause of the severe anxiery and
depersonalization. Had Ms. A’s serologic Lyme test re-
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sults come back falsely_negative, the diagnosis of Lyme
disease would have been missed. It should be empha-
sized, however, that careful history taking by a clinician
well-versed in the clinical spectrum of Lyme disease
would have suggested the diagnosis even in the absence
of positive serologic test results.

The psychiatrist’s evaluation becomes complicated
when psychiatric symptoms emerge after the patient
has already received a standard course of antibiortic
treatment. Such a situation developed with Ms. A.

One year later, Ms. A developed a return of anxiety with
panic attacks and agoraphobia. In addition, she developed
rare déja vu episodes, repetitive musical hallucinations, and
intrusive obsessional thoughts and images. Results of a repeat
spinal tap were normal on routine testing with a nonreactive
CSF ELISA for B. burgdorferi antibodies. An EEG after sleep
deprivation revealed intermittent slowing in the right and left
temporal areas with rare sharp waves. Ms. A was treated for
6 months with imipramine, with complete resolution of her
panic attacks and agoraphobia. With time, the obsessional
thoughts, déja vu experiences, and musical hallucinations also
resolved.

Although the panic disorder and obsessive-compul-
sive disorder may have been mere epiphenomena with
the Lyme disease, the lack of a family history of these
disorders and the normal premorbid history suggest
that Lyme disease may have triggered these symptoms.
Severe anxiety and panic attacks have been previously
described in Lyme disease (60). Obsessive-compulsive
disorder has been associated with CNS infections, such
as the encephalitis epidemic of 1916-1922 (61), and
has also been associated with Lyme disease (62); anti-
neuronal antibodies triggered by systemic infection may
induce certain subtypes of obsessive-compulsive disor-
der (63). Persistent infection could not be completely
ruled out in Ms. A’s case, given the fact thar patients
with late CNS Lyme disease may have no demonstrable
CSF abnormalities on currently available testing. How-
ever, because of the absence of other systemic Lyme
symptoms and the improvement with psychiatric medi-
cations, this parient has continued to be treated symp-
tomatically and observed for the possible reemergence
of signs of CNS infection.

Reviews

In 1990 two review articles appeared in Germany
which suggested that psychiatric symptoms may be part
of the picture of Lyme disease (64, 65). After an exten-
sive review of the neurologic literature, Omasits et al.
(64) concluded: “psychiatric manifestations can at
times be predominant, ranging from agitated depressive
states to the clinical picture of dementia.” Kohler (65)
described a staging of psychiatric symptoms, with de-
pression occurring in early CNS disease and organic
mood and psychotic disorders occurring in late-stage
disease. Although Kohler’s report was suggestive, there
was no mention of prospectively collected data to sup-
port the staging description.
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The sparse world literature on the psychiatric manifes-
tations of Lyme borreliosis is methodologically limited.
Most of the literature consists of case reports and uncon-
trolled small series. When standardized measures were
used, they were generally self-report depression items
that examined one point in time without a comparison
group. Despite these marked methodological problems,
the case reports and small series are provocative.

Psychiatric Case Reports

Case reports have linked Lyme disease to a vast array
of neuropsychiatric symptoms, including paranoia (37,
62, 66-68), thought disorder (66), delusions (62, 66),
audirory hallucinations (62, 67), olfactory hallucina-
tions (34), visual hallucinations (69), stereotypies (67),
anorexia nervosa (70), obsessions or compulsions (62,
70), major depression (37, 58, 64), disorientation (37,
69, 70), confusion (34, 37, 70), violent outbursts (62,
70), mood lability (60, 62, 67, 70), panic atracks (60,
62), mania (60, 62), personality changes (34, 37), cata-
tonia (67), and dementia (36, 37). In three of these cases
(66, 67, 69), it was not until the onset of a psychoric
disorder that the patient was brought to medical atten-
tion. In two of these cases, no other symptoms of sys-
temic Lyme disease were evident at initial presentation,
although a careful history revealed neck and radicular
pains 4-6 months earlier. Four patients were hospiral-
ized for a psychiatric illness (62, 66, 67, 70) before it
was recognized that the psychiatric symptoms might be
caused by CNS Lyme disease. One patient’s mania and
movement disorder led to hospitalization for a neuro-
psychiatric evaluation, but Lyme disease was not con-
sidered and therefore not diagnosed until several
months after discharge (60). Two patients had such ex-
tensive multisystemic symptoms that somatization dis-
order would have been hard to rule our had these two
patients not had positive results on serologic tests and
a normal premorbid history (60). Many of the patients
had abnormalities noted on EEG, CSF, or structural
brain imaging (34, 50, 62, 66-68, 70). In one patient
(68), B. burgdorferi was successfully cultured from the
CSF. In two other patients (37, 70), pathological studies
of brain tissue revealed B. burgdorferi-like spirochetes.

Among the 11 well-described cases, nine patients
were treated with intravenous antibiotics for presumed
CNS infection (34, 60, 62, 66-68, 70). Duration of
intravenous antibiotics ranged from 10 days (one
course) to 29 weeks (three courses). Although all pa-
tients responded well to antibiotic treatment, relapses
occurred in several patients (37, 60, 62, 68). One 47-
year-old man with seropositive Lyme disease mani-
fested primarily by depression and memory deficits
had an initial excellent response to intravenously ad-
ministered antibiotics; he relapsed 5 months later, was
not re-treated, was institutionalized in a state psychi-
atric hospital with an organic mood syndrome and
progressive frontal-type dementia, and died at age 52.
The neuropathological examination revealed degen-
eration of the substantia nigra and thalamus, with spi-
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TABLE 2. Psychiatric Disorders in Larger Series of Patients With Lyme Disease

BRIAN A. FALLON AND JENIFER A. NIELDS

Results

Comments

Comparison
Study N Diagnosis Measures Group
Logigian et 27 Late neuro- MMPI (score >70 None
al. (23) logic Lyme signified de-
disease pression)
Barr eral. 88 Lyme disease Beck Depression Seronegative
(71) ’ Inventory, Spiel- patients
berger anxiety
scale
Belman et al. 96 Neurologic Neurologic exami- ~ None
(72) children  Lyme disease nation
Krupp et al. 15 Late Lyme Center for Epi- 10 healthy age-
(57) disease and demiologic and sex-
cognitive Studies Depres- matched
symptoms sion Scale neuro- subjects
psvchological
bartery
Fallon et al. 51 Chronic, sero-  Survey using DSM- 30 non-Lyme
(73) positive III-R criteria disease patients
Lyme disease with arthritis
Halperin et 1.7 Neurologic Beck Depression None
al. (27) Lyme disease Inventory
Kaplan et al. 207 Lyme encepha- Beck Depression 11 fibromyalgia
(56) lopathy Inventory, MMPI and 11 non-
psychotic de-
pressed patients
Reik eral. 18 Neurologic Clinical interview None
(74) Lyme disease
Ackermann 44 Borrelia Clinical interview None
eral. (32) encepha-
lomyelitis

26% had extreme
irritability; 33% were
depressed

Significantly more de-
pression among sero-
positive patients

38% had behavioral
changes (irritability,
lability, poor atten-
tion)

Lyme disease patients
were significantly
more depressed

Lyme disease patients
were significantly
more likely to have
DSM-III-R depression
(66% versus 23%)

Mean Beck scores did
not show depression

Mean Beck scores were
not significantly
different berween
groups

39% had mood lability
and irritability; 22%
had marked de-
pression

12 patients had mild
memory and mood
problems; 2 patients
had dementia-like
deficits

89% had encephalopathy

Most common symptom
was headaches

The most depressed
patients did not have
abnormal neuropsycho-
logical findings

32% of Lyme disease pa-
tents reported panic
attacks (versus 19% of
comparison patients;
n.s.)

Depressed patients may
have been excluded
from study

Only 13 of the 20
patients completed the
Beck inventorv

Lyme disease diagnosed
by history of erythema
migrans or Lyme
disease arthritis

Diagnosis based on
intrathecal production
of Bb antibodies and
clinical features

?A subgroup of patients from the study by Logigian et al. (23).

rochetes evident in the substantia nigra (37). A flare-up
of symptoms shortly after the initiation of antibiotics
was reported in four of these patients (60, 62); in one
case (62), the antibiotic treatment may have precipi-
tated a manic episode. This treatment-initiated flare-
up may reflect an inflammatory response to spirochetal
lysis and antigen release, similar to the Jarisch Herx-
heimer reaction that occurs in the treatment of syphilis.
In addition to worsening systemic symptoms (e.g.;
arthralgias, weakness, shooting pains), this reaction
may include worsening neuropsychiatric symptoms,
such as depression, anxiety, or photophobia (33).

Psychiatric Series

Nine reports (23, 27, 32, 56, 57, 71-74) of larger
series of Lyme patients are summarized in table 2. Irri-
tability, mood lability, or depression were reported in
seven of the nine studies, with a frequency ranging from
26% 10 66 % of the sample. Of the four controlled stud-
les, three (57, 71, 73) reported that depression was
greater or more frequently reported by the Lyme disease
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group. Noteworthy is that all of these studies were com-
posed of patients with disseminated Lyme disease, pri-
marily with late neurologic symptoms consistent with
encephalopathy. The patients with Lyme encephalo-
myelitis (32) showed the most extreme illness, with two
patients suffering from dementia-like syndromes. The
one study of children with neurologic Lyme disease (72)
indicated that behavioral or mood disturbances were
the second most common symptom, resulting in mood
lability, decreased interest in play, or poor school per-
formance. Six of the 96 children in this series were
thought to have psychiatric disturbances unrelated to
Lyme disease.

Three of the studies relied on a clinical interview for
psychiatric assessment (32, 72, 74). One used a survey
based on DSM-III-R (73). Five used standardized self-
report instruments (23, 27, 56, 57, 71). In one survey
of 51 seropositive patients (73), the cumulative fre-
quency of DSM-III-R major depression since the onset
of illness was three times higher among the Lyme pa-
tients than among a medically ill comparison group,
even though the comparison group was both older and
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ill far longer. In additionamong the Lyme patients who
reported major depression, most (90%) denied a prior
history of depression. It should be noted that none of
the nine published series used structured psychiatric di-
agnostic interviews, and six of the nine studies relied
solely on self-report measures. Although all of the stud-
ies in table 2 have methodological flaws (small sample
size, unclear inclusion/exclusion criteria, biased sam-
ples, use of nonstandardized instruments, retrospective
or cross-sectional data rather than a prospective design,
reliance on patient self-report rather than a structured
clinical interview conducted by an individual who was
blind to the patient’s diagnosis), the preponderance of
evidence supports the notion that Lyme disease may be
associated with marked mood changes.

In order to investigate the extent to which CNS in-
fection with B. burgdorferi may contribute to the asso-
ciation berween depression and Lyme disease, biologi-
cal studies of depressed patients with Lyme disease,
examining the CSF for evidence of direct infection or
immune modulators, should be conducted. As in the
investigation of depression in other medical illnesses,
the multifactorial etiology of depression in Lyme dis-
ease needs to be addressed through examination of
such factors as severity of illness, extent of pain, degree
of disability, concomitant central neurologic symp-
toms or signs, psychodynamic factors, socioeconomic
stressors, and family and personal history of psychiat-
ric illness. Brain imaging studies (regional cerebral
blood flow, SPECT, positron emission tomography)
looking for evidence of metabolic dysfunction would
also be of considerable interest.

MICROBIOLOGY OF B. BURGDORFERI

The microbiology of B. burgdorferi sheds light on -

why Lyme disease is an illness that ar times can be
relapsing and remitting and that can be refractory to
normal immune surveillance and standard antibiotic
regimens. The causative agent of Lyme disease—the
spirochete B. burgdorferi—has a long replication time,
comparable in this respect to Mycobacterium tubercu-
losis. Rapidly transmitted throughout the body, B.
burgdorferi is known to invade the CNS within the first
few weeks after initial infection (20-22). B. burgdorferi
is known to be neurotropic, leaving the CSF to adhere
to glial cells or other brain tissue (75). Once in the CNS,
B. burgdorferi, like T. pallidum, may remain latent,
only to cause illness months to years later (23).

Much of the genetic material in B. burgdorferi is
contained in plasmids (76), resulting in the possibility
of significant antigenic variability. This includes marked
variability in the expression of surface antigens, with
consequent alterations in immunogenicity. Such changes
could lead to resistance to normal immunologic func-
tions—for example, through a failure of the B. burg-
dorferi-specific antibody to induce phagocytosis—as
well as to evasion of routine laboratory dertection. Re-
cent animal research (77) has found that the spirochete
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may undergo genetic alteration once it is sequestered in
the CNS, thus resulting in a new strain of spirochete
thart is different from the infecting peripheral spiro-
chete. The remarkable strain variation of B. burgdorferi
may account for the differences between the presen-
tation of Lyme disease in Europe and in the United
States (78-80). For example, in Continental Europe, ar-
thritic involvement is less common, and most cases
of neurologic Lyme disease have prominent CSF ab-
normalities. Late-stage neurologic Lyme disease in the
United States, on the other hand, is less likely to show
CSF abnormalities on routine testing (81).

During growth, B. burgdorferi appears to shed mem-
branous material (blebs) from its surface. These blebs
coat the spirochete and have been found free in the
CSF, serum, and urine (21, 82, 83). The blebs appear
to interact specifically with IgM molecules. It is hy-
pothesized thart in some cases, the blebs may bind all
of the free circulating B. burgdorferi-specific IgM anti-
bodies, thereby enabling the organism itself to escape
immune surveillance. In addition, the blebs possess po-
tent, nonspecific mitogenic activity that may cause an
inappropriate and ineffective stimulation of the im-
mune system. This could initiate autoimmune disease
processes (84).

B. burgdorferi has been shown to be capable of per-
sisting in human hosts despite extensive antibiotic
treatment (17, 85-88). Because in vitro studies demon-
strate that B. burgdorferi can be recovered from anti-
biotic-treated fibroblast monolayers (89) and because
B. burgdorferi has been shown to lodge inside human
fibroblasts (89), mouse macrophages (90), and human
endothelial cells (91), researchers conclude thart the in-
tracellular location may enable the spirochete to remain
inaccessible to antibiotics and normal immune surveil-
lance. Sequestration in other antibiotic- and immuno-
logically privileged sites (e.g., CNS, joints, anterior
chamber of the eye) may also account for persistent ill-
ness despite antibiotic treatment (20).

Several features are known to contribute to an or-
ganism’s resistance to standard lengths of antibiotic
treatment. These features include an intracellular loca-
tion (92), long replication time, genetic variability, and
the ability to become sequestered in difficult-to-pene-
trate sites. B. burgdorferi appears to possess all of
these characteristics.

PATHOGENESIS OF CNS LYME DISEASE

A consistent finding in pathological studies is that the
spirochete B. burgdorferi is rarely recovered from the
affected organ, such as the CNS. Features consistent
with a focal vasculitis, however, have been found in
both the central and the peripheral nervous systems of
patients with neurologic Lyme disease (93, 94). Scien-
tists now believe that a small number of organisms can
cause significant neurologic dysfunction either through
a B. burgdorferi-initiated immune response directed
specifically against neural tissue or through the trigger-
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ing of a nonspecific inflammatory response (93). The
immune response may remain active when spirochetal
antigens are still present, as in an ongoing infection, or
when a postinfectious autoimmune process has been
triggered against host tissue.

Evidence exists to support the role of both specific
and nonspecific immune processes in the production of
CNS Lyme-disease. Evidence of specific processes in-
cludes the production of B. burgdorferi-specific im-
mune complexes and T cell responses within the CSF
(95, 96), autoantibodies to neural tissue (97), and
cross-reactivity of B. burgdorferi antibodies with neu-
ral tissue (98). Evidence of nonspecific processes in-
cludes an elevation of neurotoxins, such as quinolinic
acid, in the CSF of Lyme patients but not normal com-
parison subjects (99). Of particular interest is that non-
specific products of immune activation, such as
kynurenines or quinolinic acid, can be excitotoxic to
neurons and have been linked to memory loss (100),
anxiety and depression (101), seizures (101), and the
chronic fatigue syndrome (102). In HIV-infected pa-
tients, elevations of quinolinic acid in the CSF tend to
be correlated with the degree of neuropsychological
deficits (100). Further investigation in this area is
needed.

LYME DISEASE AND SYPHILIS

Several authors have noted similarities berween Lyme
disease and syphilis (3, 59, 103). Both are caused by a
spirochete: syphilis by T. pallidum and Lyme disease by
B. burgdorferi. Both start with skin inoculation and a
localized skin reaction, followed by a disseminated
multisystemic infection. Both may progress in stages.
Both can cause meningitis, encephalitis, cognitive defi-
cits, cranial neuropathy, and vasculitis. Both diseases
can, in rare cases, lead to the Tullio phenomenon (40),
characterized by nausea and nystagmus in response to
sound stimulation. (This syndrome was previously con-
sidered pathognomonic for syphilis.) Antibiotic treat-
ment of both diseases may lead to an initial worsening
of symptoms, including neuropsychiatric ones (33,
104). The mechanism of injury in both infections is
thought to be primarily indirect: one of immunopatho-
genesis, not a direct effect of the spirochete itself.

Both T. pallidum and B. burgdorferi can rapidly in-
vade the CNS, within the first few weeks after infection.
Both spirochetes can remain latent for long periods of
time before the onset of disease. Both spirochetes can
pass through or berween endothelial cells (105, 106),
thereby enabling dissemination and extensive tissue in-
volvement. Both may persist in the host to cause a
chronic infection.

Unlike T. pallidum, which is generally transmitted
from host to host, the Lyme spirochete is carried by a
vector. Furthermore, radiculopathy and peripheral
neuropathy are features of Lyme disease that syphilis
does not share.

Neurosyphilis is known to be associated with mem-
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ory problems, depression, mania, psvchosis, and per-
sonality changes, such as irritability, emotional lability,
and apathy (107). Recent evidence suggests that Lyme
borreliosis, the “new great imitator” (59), may be asso-
ciated with a similarly wide spectrum of psvchiatric dis-
orders. What Hollos and Ferenczi (108) wrote about
syphilis in 1925 bears analogy to the present state of
knowledge about Lyme disease:

The psychical symptomatology of paresis is by no means
only an intellectual deterioration. On the contrary, it con-
tains almost all the mental symptoms that occur in other
psychoses, very frequently the most characreristic symp-
toms of mania, of melancholia, of paranoia. and of demen-
tia praecoX. In many cases the diagnosis for a long time
oscillates berween a “functional psychosis” and paresis. and
only the beginning of pupillary stiffness, a facial palsy, or
the finding of a “positive Wasserman,” is the determining
tactor.

FUTURE DIRECTIONS IN RESEARCH

There are two areas of major clinical significance in
which current knowledge about Lyme disease remains
incomplete: diagnosis and the optimal treatment for pa-
tients with persistent symptoms.

Because currently available serologic tests are nort al-
ways reliable, Lyme disease remains a clinical diagnosis
that is based on a constellation of typical patterns. Di-
agnostic difficulty arises when patients present with
symptoms that are nonspecific or atypical for Lyme dis-
ease. If these patients test positive for B. burgdorferi,
they may be told that they have falsely positive test re-
sults. If they test negative, they may be told that they
clearly do not have Lyme disease. Although the latter
conclusions may be accurare in many cases, the absence
of reliable laboratory tests makes such conclusions im-
possible to draw definitively. Although the prevalence
of parients with seronegative Lyme disease is not
known, such patients clearly do exist (48, 55, 109).
Faced with diagnostic uncertainty, some clinicians may
choose not to treat in order to avoid the risks of antibi-
otic therapy (110). Other clinicians who work in en-
demic areas may recommend an empirical trial of anti-
biotics because of what they judge to be a greater risk
that a potentially multisystemic chronic infection may
progress if untreated (17).

Definitive treatment guidelines for Lyme disease
have not been established because knowledge about
this illness continues to evolve. However, because of
the rapid CNS invasion, aggressive treatment is recom-
mended as early as possible (18). General guidelines
consist of 3—4 weeks of oral antibiotics for patients
without evidence of central neurologic involvement or
4-6 weeks of intravenous antibiotics for patients with
central neurologic involvement. In many cases, follow-
ing these guidelines results in a remission of symptoms.
However, in some cases, relapse occurs after antibiot-
ics are stopped (23).

Because intravenous antibiotic treatment is expensive
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and the need for long-term treatment is not yet proven,
some insurance companies are now denying reimburse-
ment for repeated courses of intravenously adminis-
tered treatment; denial of reimbursement is based on
the argument that the efficacy of long-term or repeated
antibiotic treatment has not been established (111). Yet
clinical experience suggests that some patients with cen-
tral neurologic involvement may require repeated intra-
venously administered treatment. Several lines of evi-
dence support this clinical observation. First, some
patients with Lyme encephalopathy respond well to ad-
ditional courses of antibiotics (23, 27). Second, several
case reports document the persistence of the spirochete
or symptoms in patients who have already had the rec-
ommended 4-6-week course of antibiotics (17, 85-88).
Third, newer diagnostic techniques are able to detect
the presence of B. burgdorferi antigens in some pre-
viously treated, persistently symptomatic patients (21).
Fourth, as noted earlier, the microbiology of B. burg-
dorferi makes it clear why standard courses of antibiot-
ics might be ineffective in some cases.

Some patients do not get better with repeated treat-
ment. Persistent symptoms in these patients may result
from permanent damage or from a postinfectious
autoimmune process (112). Prospective microbiologi-
cal and clinical studies are needed to identify risk fac-
tors that may predispose certain patients to develop
chronic Lyme disease and to distinguish those patients
who will respond to prolonged or repeated anribioric
treatment from those who will not.

CONCLUSIONS

The neuropsychiatric effects of many infectious ill-
nesses, bacterial (neurosyphilis, tuberculosis), parasitic
(neurocysticercosis, toxoplasmosis), fungal (coccidio-
mycoses, cryptococcosis), and viral (herpes simplex,
HIV), are well known. Also well known are the promi-
nent neuropsychiatric manifestations of illnesses, such
as systemic lupus erythematosus and multiple sclerosis,
that cause CNS inflammation. Early in the history of
many of these illnesses, the psychiatric symproms were
thought to be functional in nature. Women suffering
from multiple sclerosis were thought to be hysterical.
Early depression and cognitive decline in patienrs with
AIDS were thought to represent purely an emotional
reaction to a serious illness. Later research provided ob-
jective evidence that CNS pathology caused by infection
or inflammation was associated with each of these psy-
chiatric syndromes.

The spectrum of neuropsychiatric syndromes associ-
ated with Lyme disease is only beginning to be eluci-
dated by clinical studies and case reports. At the same
time, biological studies and brain imaging techniques
suggest a physiological basis for such syndromes
through one or more of the following mechanisms: di-
rect infection in the CNS; specific, localized autoim-
mune reactions; or secondary but centrally active im-
munologic responses to systemic infection.
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This article emphasizes the biological substrate of
the neuropsychiatric symptoms associated with Lyme
disease. The complicated secondary emotional reac-
tions to this illness that relate to particular aspects ot
its symptoms, including fluctuating course, bizarreness
of symptoms, cognitive disability, chronic pain, and
the uncertainties surrounding its diagnosis and man-
agement, have been discussed in greater derail else-
where (33).

In addition to the dermarologic and arthritic manifes-
tations, the breadth of neuropsychiatric svmptoms in
Lyme disease should be recognized. The lessons pain-
fully learned in syphilis apply here: delays in diagnosis
and treatment can result in a treatable, acute illness be-
coming a chronic one with, in some cases, devastaring
consequences.
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