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Neuro-ophthalmic Manifestations of Lyme Disease

Laura J. Balcer, M.D., Jacqueline M. S. Winterkorn, Ph.D., M.D., and Steven L. Galetta, M.D.

Lyme disease is a multisystem disorder caused by infection
with the Borrelia burgdorferi spirochete. The diagnosis of
Lyme disease usually is based on several clinical criteria, with
supportive data from laboratory testing. The presence of the
bullseye skin lesion, erythema migrans, is the single pathogno-
monic criterion. In the 20 years since the initial description of
Lyme disease in the United States, B. burgdorferi has been
implicated as an etiologic agent in numerous ophthalmic and
neuro-ophthalmic syndromes, involving most structures from
the cornea to the cranial nerves. Neuro-ophthalmic and ocular
manifestations of Lyme disease include meningitis with papil-
ledema, cranial neuropathies, follicular conjunctivitis, nummu-
lar keratitis, and intraocular inflammation. Although an asso-
ciation with Lyme disease has been purported for numerous
other syndromes, a definite causal relationship has not been
proved in many cases. During a period of rapidly increasing
awareness of Lyme disease, a high index of suspicion and
poorly defined criteria for its presence have resulted in over-
diagnosis of Lyme disease. In the authors’ experience, the in-
correct diagnosis of Lyme disease initially has been made in
patients with allergic conjunctivitis, keratoconus, morning
glory syndrome, craniopharyngioma, meningioma, CNS lym-
phoma, paraneoplastic syndrome, multiple sclerosis, sarcoid,
syphilis, and functional illness. Nevertheless, this treatable in-
fection must be an important consideration in the differential
diagnosis of certain ocular or neurologic diseases.

Key Words: Lyme disease—Erythema migrans—
Meningitis—Cranial neuropathy—Optic neuropathy—Ocular
inflammation.

Lyme disease was first described in the United States
in 1977, when Steere et al. (1) reported an epidemic form
of arthritis occurring in 51 residents of three contiguous
communities in Connecticut. The investigation was
prompted in part by a report to the state health depart-
ment by mothers from Old Lyme, Connecticut, who
voiced concern that 12 children in that small community
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of 5,000 residents had been diagnosed with juvenile
rheumatoid arthritis. Epidemiologic evaluations as well
as the observation that the pathognomonic skin lesion,
erythema migrans (EM), had preceded the illness sug-
gested transmission by an arthropod vector (1).

The infectious agent in Lyme disease was identified as
the spirochete Borrelia burgdorferi (2-4), and its trans-
mission was traced to two important species of Ixodes
tick in the United States, Ixodes scapularis (formerly
called Ixodes dammini) in the east and Ixodes pacificus
in the west (5,6). The principal hosts for Ixodes ticks
include white-footed mice (for larval and nymph stages)
and white-tailed deer (for adult ticks) (4-8). Although
studies have shown that deer have a definite role in the
maintenance of I. scapularis populations (6,9,10), deer
appear to be incapable of infecting ticks with B. burg-
dorferi (6,11).

Infection of the tick population with B. burgdorferi
seems increasingly prevalent in endemic areas. In the
northeastern United States, as many as 35 to 65% of
field-collected I. scapularis nymphs and adults may be
infected with B. burgdorferi (4,6). For example, in a
study of Ixodes ticks in the Philadelphia area (12), 88%
of 42 ticks sampled in Montgomery County carried the
spirochete. In contrast, because I. pacificus ticks in the
west feed primarily on lizards, which are incompetent as
reservoirs for B. burgdorferi, the prevalence of infection
in these tick populations is only 1 to 3% (4-6). Although
the infectivity rate of I. scapularis nymphs is only half
that of adult ticks, human infection with Lyme disease is
attributed to the nymph stage in nearly 90% of disease
cases transmitted by this Ixodes species (13), reflecting
in part the smaller size and greater abundance of nymphs
compared with adults (6). Furthermore, the peak feeding
activity of the nymph stage is during the months from
May to July, corresponding to the season of increased
human outdoor activity in the northeast (6). The infection
is most commonly acquired between May and July and
less often is transmitted by adult ticks during autumn.

Lyme disease has a worldwide distribution. According
to a recent report from the Centers for Disease Control
(CDC) (14), 11,603 cases of Lyme disease were reported
in the United States in 1995, with an overall incidence of
4.4 per 100,000 population. Cases were reported in 43
states and the District of Columbia (14); however, 92%
of cases occurred in the highly endemic areas of Con-
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necticut, Rhode Island, New York, New Jersey, Pennsyl-
vania, Maryland, Wisconsin, and Minnesota (14). The
number of reported cases of Lyme disease in the United
States has steadily increased between 1982 and 1995
(14). Nevertheless, Lyme disease remains uncommon in
most regions of the United States (6,14,15).

Men, women, and children of all ages have been in-
%cteﬂ/b)yN the B. burgdorferi spirochete (4,14). In the

nited States in 1995, nearly 50% of reported cases in-
cluded children aged less than 14 years and adults aged
35 to 49 years (14). Contributing to the difficulty of
diagnosis, most patients with Lyme disease may not re-
call the bite of the tick, and particularly infection by the
tiny nymph stage may have gone unnoticed (16,17).
Lyme disease is now recognized as a multisystem infec-
tion that is characterized by prominent dermatologic,
neurologic, cardiac, and rheumatologic manifestations
(16,17). Although minor ocular symptoms have been
recognized since the earliest reports of Lyme disease,
serious ocular manifestations of Lyme disease are un-
common (17). In the early enthusiasm for making the
diagnosis of Lyme disease, a high index of suspicion and
poorly defined criteria for its presence resulted in over-
diagnosis of Lyme disease, as stressed by Winterkorn for
neurc-ophthalmic and ocular diagnoses (16-19) and by
Steere and colleagues for systemic manifestations (20).
In the authors’ experience, the incorrect diagnosis of
Lyme disease initially is made in patients with allergic
conjunctivitis, keratoconus, morning glory syndrome,
craniopharyngioma, meningioma, CNS lymphoma, para-
neoplastic syndrome, multiple sclerosis, sarcoid syphilis
and other bacterial infections, and functional illness.

Physicians are now beginning to place this disorder in
perspective, giving Lyme disease less emphasis as a pos-
sible cause for many neurologic and ophthalmic signs
and symptoms. Although the potential for overdiagnosis
exists, this treatable infection is an appropriate consid-
eration in the differential diagnosis of many ophthalmic
and neuro-ophthalmic syndromes, especially in regions
where the infection is endemic.

DIAGNOSIS OF LYME DISEASE

The most important historical feature indicating the
diagnosis of Lyme disease is the rash, EM (Fig. 1), an
expanding erythematous lesion that occurs at the site of
a tick bite an average of 8 to 9 days (range, 2-28 days)
after infection (21-23). It begins as a small macule and
expands over several days to form a large erythematous
plaque, typically of annular configuration, with a char-
acteristic central area of clearing or hypopigmentation.
Although EM has been considered the only pathogno-
monic criterion for the diagnosis of Lyme disease, only
60 to 80% of patients notice the skin lesion (4,21), which
is usually asymptomatic and only occasionally pruritic,
tender, or painful; so it may be ignored by the patient if
it is on the back or hidden by clothing. The EM rash itself
may persist or recur for weeks or months, but typically it
resolves in days with appropriate antibiotic therapy (24).
Erythema migrans is often accompanied by flu-like
symptoms, including fatigue (54%), myalgias (44%), ar-
thralgias (44%), headache (42%), fever and chills (39%),
and regional lymphadenopathy (23%) (4,22,23). Al-
though such symptoms also can occur in the absence of
EM, their incidence in Lyme disease is unknown (23).

FIG. 1. Color photograph of erythema migrans (EM) rash demonstrating annular erythema with central area of hyperpigmentation.

(Photograph courtesy of William James, M.D.)
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The diagnosis of Lyme disease is made difficult by the
infrequency with which the spirochete can be directly
demonstrated. The Lyme spirochete has been cultured
successfully from spinal fluid, blood, and synovial fluid
(4,25,26). Culture of B. burgdorferi, although 100% spe-
cific, has a sensitivity of only 10% under ideal conditions
(26,27). B. burgdorferi has been identified by silver
staining in the retina, vitreous, brain, and skin (28,29),
but even carefully done, silver stains are notoriously sub-
ject to misinterpretation (4,16,17,26).

Laboratory diagnosis of Lyme disease is usually at-
tempted through blood testing. An enzyme-linked immu-
nosorbent assay (ELISA) for IgM and IgG antibodies
against B. burgdorferi has been the most common sero-
logic test (4,21,26,30-32). The more direct and sensitive
ELISA capture assay is now the preferred technique (33).
Despite the superior sensitivity and specificity (21,32) of
ELISA compared with indirect fluorescent antibody
staining, interpretation of ELISA results is nonetheless
confounded by the absence of consistency among differ-
ent laboratories and the presence of false-positive reac-
tions in patients with syphilis and other infections (16,
21,22,31,32). Because of cross reactivity with syphilis,
some authors have recommended that the Venereal Dis-
ease Research Laboratory test (VDRL) and microhemag-
glutination-Treponema (MHATP) or fluorescent trepo-
nemal antibody absorption test (FTA-ABS) be measured
concomitantly with Lyme ELISA in patients with sus-
pected Lyme disease (16,17,34); and in endemic areas,
serologic tests for Lyme disease should be obtained in
patients with suspected syphilis (17,35,36).

To confirm or to clarify the results of an ELISA, West-
ern blot analysis is used. This technique, which identifies
antibody responses to key immunodominant proteins on
B. burgdorferi, is particularly helpful in differentiating
false-positive from true-positive ELISA serologies, es-
pecially when the ELISA results are in the low-positive
or borderline range (14,26,30-32); however, the use of
Western blot analysis is neither informative nor recom-
mended when a reliable ELISA has proved negative
(21,26). Criteria for defining a positive IgG or IgM
Western blot for B. burgdorferi antigens have been rec-
ommended recently by a working group of the CDC, as
outlined by Halperin and colleagues (26,30).

The latest laboratory techniques for the diagnosis of
Lyme disease emphasize the detection of the B. burg-
dorferi spirochete itself or its components rather than the
detection of antibodies. Polymerase chain reaction (PCR)
is one such method that is being evaluated to determine
whether B. burgdorferi DNA from a small number of
spirochetes can be amplified to improve detection in
blood, spinal fluid, skin, and other tissues (31). Because
PCR can amplify DNA from dead organisms, a positive
result does not necessarily indicate active B. burgdorferi
infection (26,31). Despite the potential utility of this
technique, PCR is not routinely available at most centers,
and additional work is needed to reduce the potential for
false-negative and false-positive reactions (26,31).

The early diagnosis and immediate treatment of Lyme
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disease may prevent its dissemination and subsequent
development of significant clinical sequelae. Unfortu-
nately, antibodies to B. burgdorferi usually are not de-
tectable until 4 to 6 weeks after the initial infection (22),
and initial serum samples from nearly 50% of patients
who have EM or early constitutional symptoms may be
negative (21-23,31,32). Furthermore, in locales where
Lyme disease is highly endemic, the rate of seropositiv-
ity in currently uninfected persons may be as high as
10% (26). When neurologic signs are present, assay of
intrathecal antibody synthesis may be helpful in deter-
mining whether a positive serum titer is related to present
neurologic signs or merely reflect previous infection (17,
26,31,37,38). Serologic testing alone (ELISA or Western
blot analysis) is useful in confirming the presence of
Lyme antibodies, but results often do not correlate with
the degree of disease activity or with the success of prior
treatment. Therefore, the diagnosis of Lyme disease is
based on clinical criteria, with laboratory tests used to
provide supportive data (21,26,30,32).

Recognizing that a significant proportion of patients
may be unaware of the tick bite, EM may be absent, and
serologies may be negative or falsely positive, formal
diagnostic criteria have been established to aid clinicians
and epidemiologists in the consistent and rational diag-
nosis and study of Lyme disease (16,21,26,32,39,40). In
1982, the CDC established a surveillance case definition
for Lyme disease, which emphasized the importance of
exposure in an endemic area (32). Although patients with
EM and negative serologies in nonendemic areas may be
excluded by these criteria, patients with positive Lyme
titers but unrelated symptoms and signs may be inappro-
priately assigned this diagnosis. A uniform definition is
essential for epidemiologic studies and clinical trials, but
its strict application does not eliminate diagnostic errors
in the clinical setting (16,32). Clinical judgment, rather
than strict adherence to case definitions or rigid reliance
on serologic testing, must direct decisions regarding the
diagnosis of Lyme disease.

Guidelines have been proposed for the diagnosis of
peuroborreliosis in patients with CNS dysfunction (26).
According to these guidelines, the following criteria
must be met to make the diagnosis of Lyme disease as
the cause of the neurologic findings: (a) possible expo-
sure in an endemic area; (b) EM rash, positive serologic
test, or positive culture/PCR; and (c) presence of neuro-
logic disease that has been shown to be causally related.
These authors have also emphasized that intrathecal an-
tibody almost always is present in cases in which Lyme
disease is the cause of a chronic neurologic syndrome.

Lesser (40) recently suggested criteria that may be
helpful in establishing that ocular findings can be attrib-
uted to Lyme disease: (&) lack of evidence of other dis-
eases to explain ocular findings, (b) other clinical find-
ings consistent with Lyme disease, (c) occurrence in pa-
tients living in an endemic area or with history of travel
to an endemic area, (d) positive Lyme serology, and ()
response to treatment (in most cases). These criteria are
not designed as an all-inclusive or strict case definition
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but may be useful to keep in mind when evaluating pa-
tients or when critically reviewing the neuro-ophthalmic
literature. Although many neurologic and ophthalmic
signs and symptoms have been associated with Lyme
disease, conservative diagnostic criteria such as these
rarely have been fulfilled, and in most cases a definite
causal relationship has not been proved (16,17,26).

REVIEW OF OPHTHALMIC AND
NEURO-OPHTHALMIC MANIFESTATIONS

The clinical manifestations of Lyme disease have been
divided into three chronologic stages, analogous to
syphilis (4,16); however, not all patients with Lyme dis-
ease pass through each stage, and the symptoms and
signs attributed to each stage are extremely varied. It
may be more useful, therefore, to refer to the clinical
signs and symptoms of Lyme disease simply in terms of
early and late manifestations, as suggested in recent re-
views by Winterkorn (17), Lesser (40), and Bergloff et
al. (41). EBarly Lyme disease includes stage I with the
appearance of EM, the pathognomonic skin rash that
indicates infection and often is accompanied by flu-like
symptoms (see Diagnosis). Stage II of early Lyme dis-
ease is characterized by signs of dissemination of the
infection to various systems. Prominent manifestations
include neurologic (especially meningitis, cranial neu-
ropathies, radiculoneuropathy), cardiac, rheumatologic,
and occasionally ocular signs. Late Lyme disease or
stage III appears months to years after initial infection
and most frequently is characterized by chronic arthritis,
acrodermatitis chronica atrophicans, and encephalomy-
elitis. This classification will be used in the following
descriptions of the major ophthalmic and neuro-ophthal-
mic features of Lyme disease.

Follicular Conjunctivitis

Follicular conjunctivitis has been reported in 10 to
11% of patients with EM and flu-like symptoms of early
Lyme disease, and it may occur even more frequently
(1,25,42-47). Patients complain of photophobia, and ex-
amination has demonstrated periorbital edema and epi-
scleritis. Subconjunctival hemorrhages also have been
reported both in isolation and in association with con-
junctivitis (40,42). Conjunctivitis and episcleritis in early
Lyme disease are most often mild, self-limited, and do
not require topical antibiotic treatment.

Keratitis

In contrast to conjunctivitis, which occurs as a feature
of early Lyme disease, keratitis has been reported to
occur months or years after the onset of infection and is
a manifestation of late Lyme disease (16,17,19,20,40,41,
48,49-55). Although keratitis is perhaps the best docu-
mented ocular finding, and indeed the only ocular se-
quela reported in untreated Lyme disease, it remains a
relatively rare manifestation of Lyme disease.

The keratitis associated with Lyme disease is charac-
terized by bilateral scattered hazy infiltrates in the deep
and superficial stroma without involvement of Desce-
met’s membrane (19,20,47-53,56-58). Unlike the kerati-

tis typically associated with syphilis, the Lyme keratitis
is mild and corneal neovascularization is infrequent (41,
48,52,59). Although the entire cornea may be involved,
the visual axis is usually spared (52). Cases of keratitis
attributed to Lyme disease do not seem to involve active
infection with the spirochete and are treated successfully
with steroids alone, suggesting an immune pathogenesis
for this late manifestation (19,48-51,53-55,60,61).

Other forms of keratitis have been described for which
a causal relationship with Lyme disease is less certain
(17). Bilateral interstitial keratitis in association with
hearing loss, vertigo, and tinnitus (Cogan’s syndrome)
has been reported in one seropositive patient (54). Pe-
ripheral ulcerative keratitis, commonly seen in autoim-
mune diatheses, was described in a woman who later
developed vasculitis requiring treatment with azathio-
prine (41,60). In addition, unilateral or bilateral VIIth
nerve palsy (discussed below) can lead to an exposure
keratitis (40).

Intraocular Inflammation

Patients with a variety of ocular inflammatory syn-
dromes have been shown to- have positive Lyme serol-
ogy, and ocular inflammation involving almost every
part of the eye has been attributed to Lyme disease
(16,17,35,40,41,62-64). Manifestations of uveitis re-
ported in patients with positive Lyme serologies include
iridocyclitis, iritis, and granulomatous iritis (28,34—
36,41,43,56,59,62,65-71); pars planitis or intermediate
uveitis (35,36,46,56); vitritis (35,36,41,46,65,72,73); and
panophthalmitis (28,59,69,71).

Studies of animals infected with B. burgdorferi have
shown that early in the course of disease, when the spi-
rochete disseminates throughout the body, it invades the
eye, where it may remain dormant, and possibly immu-
nologically sequestered (74,75). The possibility of a spe-
cial immune status for intraocular borrelia is worrisome
but perhaps supported by the identification of spirochetes
in the vitreous of two patients with vitritis, one of whom
was seronegative (28,59,76). The severe unilateral pan-
endophthalmitis described by Kauffmann et al. (28,59)
developed in a woman with a history of insect bite and
EM, for which the patient had received antibiotic treat-
ment; B. burgdorferi were not found in a vitrectomy
specimen in this case but were identified in vitreous de-
bris after enucleation. Recent isolation of B. burgdorferi
from an iridectomy specimen of a patient with anterior
uveitis is strong proof that Lyme disease can cause iritis
amn.

The cause of any particular case of uveitis frequently
remains unknown despite thorough evaluation for infec-
tious, inflammatory, and neoplastic processes. Although
Lyme disease may be responsible for some cases, it re-
mains an extremely rare cause of uveitis. False-positive
serologies have been found in patients with intraocular
inflammatory syndromes caused by sarcoid, Behget’s
disease, Vogt-Koyanagi-Harada syndrome, Reiter’s syn-
drome, and Propionibacterium acnes (17,19). It has
therefore been recommended that Lyme serologies not
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be obtained routinely for patients with uveitic syndromes
in nonendemic areas (17,19,68,78).

Neuroretinitis. The etiology of neuroretinitis, like uve-
itis, often remains elusive despite extensive testing. Pa-
tients with neuroretinitis and Lyme disease have also
been described (16,17,40,57,79-83) as demonstrating
rapid improvement after treatment with i.v. Ceftriaxone
(83). Because neuroretinitis usually resolves without
therapy, a causal relationship is difficult to prove on the
basis of response to antibiotic treatment (16,17).

Choroiditis. Chorioditis with exudative retinal detach-
ment has been reported in association with Lyme men-
ingitis in two cases, both of which improved dramatically
after doxycycline therapy (43,56,64). Because choroi-
ditis may represent a nonspecific immunologic reaction
to one of many infectious agents, it is difficult to inter-
pret the etiologic basis in any specific case. Examples of
choroidal inflammation, including multifocal choroiditis,
birdshot chorioretinopathy, serpiginous choroiditis, pig-
ment epitheliopathy, and acute multifocal placoid pig-
ment epitheliopathy have been described in patients with
positive Lyme serologies (63,79,80,84-87), but a causal
relationship often has not been established (17). On the
other hand, the microscopic evidence of B. burgdorferi
found by Schubert et al. (76) is additional proof that the
eye is a potentially immunologically sequestered site,
where a local immunologic response may occur in late
Lyme disease. A retinal vasculitis, similar to that seen in
the later stages of syphilis (35), has been described in
several cases of Lyme disease associated with vitritis and
pars planitis (35,41,43,56). One of these patients with a
positive B. burgdorferi serology improved markedly
with tetracycline treatment. In their review of retinal vas-
culitis in Lyme borreliosis, Smith and colleagues (35)
refer to a case described by Brogan et al. (88) of cerebral
vasculitis in a postpartum woman with a positive cere-
brospinal fluid (CSF) Lyme titer; however, the possibil-
ity of peripartum eclampsia cannot be excluded in this
case (89).

Orbital Inflammation

One case of orbital inflammation was described by
Seidenberg and Leib (55) and attributed to Lyme disease.
A 5-year-old child presented with orbital pain, proptosis,
and diplopia 6 months after an EM-like rash. A com-

puted tomography (CT) scan of the orbits demonstrated
enlargement of the medial and inferior rectus muscles,
consistent with orbital myositis. The signs and symptoms
resolved completely following corticosteroid therapy
(41,55); however, as noted in previous reviews (16,17),
the patient was examined and treated before the devel-
opment of serologic testing for B. burgdorferi infection,
and Lyme disease was a retrospective diagnosis in this
case. The pathogenetic mechanism suggested by Atlas et
al. in a description of Lyme myositis in the skeletal
muscle is borrelial invasion of muscle and subsequent
immune reaction (90).

Pupillary Abnormalities

Three cases of pupillary abnormalities in patients with
early disseminated Lyme disease have been reported (38,
41,57,91). Argyll-Robertson pupils were briefly men-
tioned in a report by Reik et al. (38) on neurologic ab-
normalities in Lyme disease; the occurrence of a tonic
pupil has been described in a report of other neuro-
ophthalmologic manifestations (57). Glauser et al. (91)
reported a 30-year-old man with a history of tick bite,
EM, and flu-like symptoms beginning 4 days before pre-
sentation with a left Horner’s syndrome. Although Lyme
serologies were negative at the time of initial evaluation,
titers were markedly positive 2 weeks later. The aniso-
coria resolved following a 10-day course of i.v. Ceftri-
axone. Chest radiographs and magnetic resonance imag-
ing (MRI) studies of the brain and spine did not reveal
any other probable cause for the Horner’s syndrome. The
authors have encountered two other patients with Hor-
ner’s syndrome as an early manifestation of Lyme dis-
ease. One patient developed EM 1 week after the ocu-
losympathetic paresis was noted; the other patient had a
concomitant EM rash (Fig. 2).

Optic Nerve Dysfunction

Papilledema, which occurs in association with Lyme
meningitis and meningoencephalitis, is a frequent neuro-
ophthalmic manifestation of Lyme disease (38,41,57,85~
87,92-98), especially in children (41,99). Increased in-.
tracranial pressure (99-101) and transient visual obscu-
rations (96) have been misinterpreted as ‘‘pseudotumor
cerebri’’; however, diagnosis of pseudotumor cerebri re-
quires normal CSF and neuroimaging; review of CSF

FIG. 2. Patient with left Horner's syndrome and early Lyme disease. Two erythema migrans lesions were present on the leg. (Photograph

courtesy of David Roby, M.D.)
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profiles in these three children with optic disc swelling
and increased intracranial pressure revealed elevated
protein and lymphocytosis consistent with meningitis
(16,17,93,94). Belman et al. (99) reviewed the neuro-
logic manifestations of Lyme disease in 96 children; of
six patients with papilledema and documented increased
intracranial pressure, all demonstrated a CSF pleocyto-
sis, elevated CSF protein, or both.

Optic atrophy also has been reported as a possible
sequela of B. burgdorferi infection (36,38,49,58,59,102,
103); this manifestation occurs most likely as a conse-
quence of papilledema and meningitis rather than an
end-result of ischemic or inflammatory optic neuropathy
(16,17).

In patients with early disseminated Lyme disease, disc
swelling has been observed and interpreted as ‘‘optic
neuritis’’ (25,40,41,45,57,104-109), or ‘‘anterior isch-
emic optic neuropathy’ (41,102,110,111) and even
“‘temporal arteritis,”” depending on the age of the patient.
Although optic neuritis has been reported in the United
States and Europe (25,40,45,57,96,106,108,112) in pa-
tients with other neurologic findings or with positive
Lyme serologies, definitive evidence has not been dem-
onstrated of a causal relationship with B. burgdorferi
infection or of dramatic or rapid improvement of visual
acuity or resolution of afferent pupillary defect with an-
tibiotic treatment in these cases (16,17,19,57,100,111).
For example, Farris and Webb (32) described a patient
with ““Lyme optic neuritis,”” who was from a nonen-
demic area and had a serum positive for MHATP and
FTA-ABS as well as a positive Lyme IgM ELISA, con-
sistent with either coexisting syphilis and Lyme disease
or a false-positive Lyme serology in the setting of syphi-
lis alone (21,22,31,32).

The tendency to overdiagnose Lyme disease is typi-
fied by a study in which serum antibodies to B. burg-
dorferi were measured by ELISA in patients with newly
diagnosed optic neuritis in the highly endemic areas of
northern and central Wisconsin (109). The seropositivity
rates of the asymptomatic population in this geographic
area is between 10 and 20% (113,114). Nevertheless, the
authors reported that four of 20 consecutive patients had
positive Lyme serologies, three of them demonstrated
rising convalescent IgM titers, and two had CSF lym-
phocytosis. All four seropositive patients exhibited im-
provement of visual acuity after antibiotic treatment. In-
deed, the significance of this result must at least be tem-
pered with the knowledge of the natural history of optic
neuritis, from which spontaneous improvement is the
rule. Studies comparing Lyme antibody titers in patients
with multiple sclerosis with those of controls revealed
similarly low frequencies of seropositivity in both
groups, discounting previous hypotheses that B. burg-
dorferi infection could be an etiologic factor in multiple
sclerosis (26,45,104,105).

A more convincing case of optic neuritis has been
described by Strominger et al. (115) in a patient with
other well-described manifestations of Lyme disease and
positive lymphoproliferative response to B. burgdorferi

(95% specific) and CSF PCR analysis. This patient ex-
hibited a transient worsening of her optic neuropathy in
the setting of a Jarisch-Herxheimer reaction (see Treat-
ment) and also demonstrated improvement with Ceftri-
axone therapy. Although no evidence of demyelineating
disease or other inflammatory disorder has been found in
this patient after 4 years of follow-up, most cases of optic
neuritis that occur in patients with Lyme seropositivity
remain idiopathic or are associated with underlying de-
myelinating disease, which may not achieve diagnosis
for 10 to 15 years after initial presentation of optic neu-
ritis (116). Long-term follow-up is necessary to deter-
mine whether patients with optic neuritis and positive
Lyme serologies will eventually develop demyelinating
disease consistent with multiple sclerosis (16,17). Lesser
(40) has recommended that routine screening for Lyme
disease not be performed in cases of optic neuritis in the
absence of suggestive clinical history. The presence of
antibodies to B. burgdorferi in spinal fluid may be useful
in distinguishing Lyme-associated optic neuritis or en-
cephalomyelitis from that of postviral demyelination or
multiple sclerosis (38,95).

Definite causation also remains unproven in cases of
anterior ischemic optic neuropathy (AION) (16,17,34,35,
38,70,99,110,111). In 1986, Schechter (110) described a
53-year-old patient with sequential anterior ischemic op-
tic neuropathies 4 months after an EM-like rash and flu-
like symptoms. He also had developed fever, myalgias,
and a sensorimotor polyradiculopathy 3 months before
the first episode of AION. The sedimentation rate was
elevated at 70 mm/h, but a temporal artery biopsy was
negative, and visual loss in the fellow eye subsequently
developed despite treatment with high-dose steroids;
however, other vasculitides could not be excluded based
on available data in the case report, and whether or not
the patient was treated for hypertension also was not
indicated. Another case of AION after a tick bite and EM
was reported by Pizzarello et al. (111). This 71-year-old
patient had biopsy-proven giant cell arteritis, with char-
acteristic multinucleated giant cells in the temporal ar-
tery specimens. Although a silver stain was interpreted as
showing spirochetes within the multinucleated giant
cells, the patient had negative Lyme serologies (16,111).

Meningitis and Cranial Neuropathies

Neurologic manifestations of Lyme disease during the
early disseminated phase comprise a characteristic clini-
cal triad of meningitis, cranial neuritis, and radiculoneu-
ritis, which has been well-described and studied (4,26,
37,96,107,117-119). Four weeks after the initial infec-
tion with B. burgdorferi, indicated by tick bite and EM,
about 15% of patients with Lyme disease develop an
aseptic meningitis with symptoms including severe head-
ache, nausea, vomiting, photophobia, stiff neck, fever,
and fatigue (4,26,100,118). Papilledema may also occur
as described above. Characteristic features of the CSF
include normal glucose but mildly elevated protein, and
a lymphocytic or plasma cell pleocytosis of about 100
cells per cubic millimeter (4,100,103,118,120-122). This
CSF profile of aseptic meningitis is not specific for
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Lyme disease, however, and its differential diagnosis in-
cludes syphilis, leptospirosis, sarcoid, tuberculosis, vas-
culitis, collagen vascular disease, and demyelinating dis-
ease, all of which must be considered, even in areas
endemic for Lyme disease (16,17,100).

B. burgdorferi has been successfully cultured from
spinal fluid, confirming direct invasion of the CSF by
spirochetes (4,123,124); however, culture of the spiro-
chete from patients is extremely difficult (26,125) and is
not routinely attempted for diagnostic purposes. Specific
IgG or IgM antibodies to B. burgdorferi are produced
intrathecally (4,126), and their assay is considered to be
diagnostic and highly specific for neurologic involve-
ment in Lyme disease (26,37,127). The sensitivity of
intrathecal antibody production in the setting of menin-
gitis is about 90% (26,128-130); however, the absence
of high antibody titers in the CSF does not entirely ex-
clude B. burgdorferi infection (38,131,132); and PCR
analysis of CSF for B. burgdorferi antigens also is often
positive in patients with Lyme meningitis (26,133). Oli-
goclonal bands can be present in the spinal fluid of pa-
tients with Lyme disease (4,134), adding to diagnos-
tic uncertainty between multiple sclerosis and Lyme
disease, but myelin basic protein has not been found
(4,135).

Cranial neuropathies usually accompany Lyme men-
ingitis (26,37,96,118,119,127). Of particular neuro-
ophthalmic importance, cranial nerves III, IV, VI, and
VII may be involved individually or in combination dur-
ing the course of disseminated B. burgdorferi infection
(98,108,117,128-130,136).

Unilateral or bilateral peripheral facial (VIIth) nerve
palsy (Fig. 3) is the most common cranial neuropathy
associated with Lyme disease (4,100,103,108,118,137).
Facial nerve palsy may accompany meningitis, it may be
the initial presenting sign of Lyme disease preceding
meningitis, or it may even occur in the absence of men-
ingitis as the only neurologic manifestation (4,100,137).
Facial palsy develops in as many as 50% of cases of
Lyme meningitis, according to a report of 38 patients by
Pachner and Steere (118); one third of these patients had
bilateral involvement. In a prospective study by Halperin
et al. (138), eight of 32 patients who presented with
isolated ‘‘Bell’s palsy’’ in Suffolk County on Long Is-
land, a New York area highly endemic for Lyme disease,
had a positive Lyme ELISA, suggesting that Lyme dis-
ease may be associated with as many as 25% of cases of
newly diagnosed VIIth nerve palsy in a highly endemic
area. The authors urged caution in the routine prescrip-
tion of corticosteroids for idiopathic Bell’s palsy, as stud-
ies of a small number of patients by Dattwyler et al.
(139,140) suggested that steroids may adversely affect
the outcome of antibiotic treatment for B. burgdorferi
infection. Nonetheless, Lyme disease is an infrequent
cause of isolated facial nerve palsy; other infectious, in-
flammatory, neoplastic, and ischemic causes must be
considered in the differential diagnosis (17,141).

Ocular motility disorders are uncommon in Lyme dis-
ease but occasionally manifest as abducens (VIth) nerve
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palsies (40,57,118), and rare oculomotor (Illrd) and
trochlear (IVth) nerve involvement (Fig. 4) have been
documented in the neurologic and ophthalmologic litera-
ture (25,36,38,47,57,100,103,108,117,118,127,142).
Purported mechanisms for cranial neuropathies associ-
ated with Lyme disease include local inflammation in the
subarachnoid space, as in meningitis; mononeuritis mul-
tiplex with vasculitis or direct invasion of the nerve by
spirochetes; or, in the case of VIth nerve palsy, increased
intracranial pressure (40,57,118).

In addition to the above mechanisms, an immunologic
pathogenesis has been proposed in the case of a 40-year-
old man who developed an isolated fascicular abducens
palsy 3 months after a tick bite, EM, and flu-like symp-
toms (143). Serum Lyme capture ELISA antibody titers
were markedly positive, and there was evidence of in-
trathecal IgG antibody production (CSF/serum IgG ratio
11:3;normal <1) without a lymphocytic pleocytosis. An
MRI of the brain demonstrated an isolated area of hy-
perintensity on T2-weighted images at the left pon-
tomedullary junction. The VIth nerve palsy, which had
developed after a 1-month course of oral doxycycline,
did not respond to i.v. Ceftriaxone therapy but improved
markedly after a 4-week prednisone taper. One of us
(J.M.S.W.) has seen two cases of recurrent painful cra-
nial neuropathy involving III, IV, V, and VI, with non-
diagnostic MRI, and in the absence of etiologic diagno-
sis, labeled Tolosa-Hunt syndrome. In each case, CSF
showed pleocytosis with benign lymphocytes and posi-
tive Lyme ELISA. In one case, the symptoms resolved
after antibiotic and steroid therapy. The second patient
was a 60-year-old diabetic woman in whom an equivocal
serum Lyme titer was disregarded initially and the symp-
toms diminished untreated. A year later, the patient re-
turned with involvement of cranial nerves IX, X, XII on
the other side, negative neuroimaging, and CSF positive
for Lyme disease. After antibiotic treatment consisting of
6 weeks of i.v. Ceftriaxone, slow resolution was seen,
but a year later she returned with bilateral VIth and VIIth
nerve pareses, which improved on steroids. In an en-
demic area for Lyme disease, such cases are assumed to
represent some chronic complex immunologic reaction
to B. burgdorferi, but the final diagnosis is awaited with
skepticism. Although the precise role of immunologic
factors in the development of CNS Lyme disease re-
mains uncertain (144), B. burgdorferi proteins do share
antigenic properties with human nerve cells and axons
(145), and immune mechanisms are thought to play an
important role in the pathogenesis of late Lyme disease
manifestations (4).

NEUROLOGIC MANIFESTATIONS

Similar to cranial neuropathies, painful radiculoneuri-
tis may occur in the setting of meningitis and is a well-
recognized manifestation of early disseminated B. burg-
dorferi infection (16,17,26,37,96,118,119,128,146-150).
Intrathecal antibody production may be present in up to
90% of such patients when meningitis is present (26,119,
128-130), and PCR is often positive (26,133). Lyme-

K
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FIG. 3. Patient with Lyme disease and multiple cranial neuropathies, including right 1Vth, Vih, and Vlith nerve palsies. A: Photograph
demonstrating right facial palsy. B: Note aberrant regeneration of the right Vlith nerve with contraction of the orbicularis oculi on attempted
smile. C: Gadolinium-enhanced T,-weighted magnetic resonance image of the same patient demonstrating enlargement and enhance-
ment of the right Vth nerve (arrow).

associated radiculoneuritis may manifest as thoracic sen-
sory radiculitis, motor radiculoneuritis in the extremities,
mononeuritis, mononeuritis multiplex, or brachial plexi-
tis (118,119,150). Lancinating radicular pain is often lo-
calized to the dermatome where the tick bite occurred
(119,148,149). These peripheral nervous system mani-
festations of early infection should be distinguished from
the chronic sensorimotor polyneuropathy associated with
late Lyme disease (see below).

A mild encephalitis has also been described during the
early disseminated phase of Lyme disease, often in as-
sociation with meningitis (16,17,26,38,95,102,103,107,
118,120,128). In most cases, the encephalopathy is self-
limited and characterized by lethargy, memory loss, and
emotional lability (17,38,128). Rarely, patients with fo-
cal encephalitis in this setting have been reported with
seizures, ataxia, hemiparesis, and chorea (16,17,100,
106).
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FIG. 4. A: Photograph of a young boy with Lyme meningitis and
right IVth and VIth nerve palsies. Prominent head tilt and face
turn were present in primary gaze. B: Note the right abduction
deficit in attempted right gaze. (Photographs courtesy of Grant

Liu, M.D.)

Late Lyme disease is also characterized by neurologic
manifestations that have been well documented (16,17,
26,98,127,128,151). Peripheral polyneuropathy, enceph-
alopathy, and, rarely, leukoencephalomyelitis (17,26)
may occur months to years after the initial infection (98).
Unlike the radiculoneuritis of early disseminated infec-
tion, chronic polyneuropathy of late Lyme disease typi-
cally is not associated with meningitis or intrathecal
antibody production (26). The underlying pattern of pe-
ripheral nerve involvement is consistent with a mono-
neuropathy multiplex, and electrodiagnostic features are
similar to those of early radiculoneuritis (26,37,147,152).
In a 1996 review of practice parameters, Halperin et al.
(26) urged caution in the diagnosis of Lyme disease-
associated peripheral neuropathy, as vasculitic processes
presenting as mononeuropathy multiplex may cause false
elevations in B. burgdorferi antibody titers.

The encephalopathy of late Lyme disease is charac-
terized by mild confusion, memory impairment, attention
deficits, headache, fatigue, and depression (17,26,37,98,
153,154,155). These signs and symptoms have been
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demonstrated in patients with a history of typical B.
burgdorferi infection, suggesting a causal relationship
(26). Spinal fluid, electroencephalography, and MRI ex-
aminations are usually unrevealing at this stage (26).
Consequently, some authors have suggested that sys-
temic infection outside the CNS may be an indirect cause
of the encephalopathy (20,26,156). Nonetheless, some
patients may respond to antibiotic treatment (26).

A rare syndrome of progressive or monophasic leu-
koencephalomyelitis has also been described as a late
manifestation of Lyme disease (16,17,26,38,95,102,127,
157). The combination of focal signs and symptoms
(ataxia, sensory loss, hemiparesis) and unifocal or mul-
tifocal white matter lesions on MRI may produce a clini-
cal picture that mimics multiple sclerosis (17,26). As
outlined by Halperin et al. (26), however, there is con-
vincing evidence against a causal relationship between B.
burgdorferi infection and multiple sclerosis (102,104,
105,128). Winterkorn (17) recently outlined criteria that
may be helpful for distinguishing Lyme encephalomy-
elitis from MS in a seropositive patient. Based on recent
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studies (20,98,128,155), these criteria include a history
indicative of acute Lyme disease, intrathecal antibody
production, and dramatic response to i.v. Ceftriaxone
(17). The possibility of misdiagnosis is greatly increased
when one relies solely on the presence of a positive
serum Lyme titer. In the authors’ collective experience,
multiple sclerosis is the most common neuro-ophthalmic
disorder mistaken for Lyme disease. These patients have
demonstrated more favorable responses to corticoste-
roids than to antibiotics.

PREVENTION AND TREATMENT

The issues of prevention of and personal protection
against Lyme disease have been emphasized in the recent
literature (6,14,22). In high-risk areas, Stanford (158)
suggested such personal protection strategies as wearing
light-colored clothing to make ticks visible, tucking pant
cuffs into socks and using tick or insect repellents such as
those containing permethrin (applied to clothing) or
DEET (N,N-diethyl-m-toluamide) (applied to exposed
skin). In addition, Fish (6) emphasizes the importance of
daily inspections for attached ticks following outdoor
activities and the immediate removal of ticks with
sharply pointed forceps. Data from animal studies by
Piesman et al. (159) suggest that transmission of B. burg-
dorferi increases with the length of time the tick remains
attached and that the maximum efficiency of transmis-
sion does not occur until after 48 h. Some pediatricians
recommend daily immersion in water for 5 to 10 min by

bathing or swimming to interrupt the extended blood
meal, but controlled studies in this regard are not avail-
able.

Oral antibiotic therapy shortens the duration of the EM
rash and prevents the development of late sequelae of
Lyme disease in most patients (22). Despite the recog-
nition that inadequate early treatment of Lyme disease
may increase the likelihood of late manifestations and
lead to relapses, the duration of treatment has not been
well established for any manifestation or clinical stage of
Lyme disease (4,17,22,23,26).

Whereas oral antibiotics are indicated for EM or early
Lyme disease, treatment for ocular and neurologic mani-
festations should include, in most cases, i.v. antibiotic
therapy (4,16,17,22,23,26,32); however, oral therapy
may be appropriate in patients with isolated unilateral
peripheral VIIth nerve palsy without cerebrospinal fluid
abnormalities (4,22,23,26,32). Table 1 has been con-
structed based on recent literature outlining current treat-
ment recommendations (4,22,23,26,32).

For all antibiotic regimens, treatment failures and re-
lapses have been reported (22,23); however, most cases
should be effectively treated by a single course of anti-
biotics (17). Additional or prolonged courses of therapy
are not recommended, and treatment failure should
prompt a reconsideration of the underlying diagnosis
(20).

About 14% of patients with Lyme disease experience
a worsening of symptoms within the first 24 h of treat-
ment, which can be attributed to the Jarisch-Herxheimer
reaction, a recognized complication of the treatment of

TABLE 1. Treatment of Lyme disease

Drug

Dosages”

Erythema migrans/flu-like symptoms®

First line Doxycycline®
Amoxicillin
Alternatives Phenoxymethyl penicillin

Tetracycline®
Cefuroxime axetil
Second line? Erythromycin

Azithromycin

Neurologic or ophthalmic disease®

First line Ceftriaxone
Penicillin G

Alternatives Doxycycline®
Chloramphenicol

Adult: 100 mg p.o. b.i.d.

Pediatric: 24 mg p.o./kg/day divided b.i.d.€
Adult: 500 mg p.o. t.i.d.

Pediatric: 40~50 mg p.o./kg/day divided t.i.d.
Adult: 500 mg p.o. q.i.d.

Pediatric: 50 mg p.o/kg/day divided t.i.d.—q.i.d,
Adult: 500 mg p.o. q.i.d.

Pediatric: 25-50 mg p.o./kg/day divided q.i.d.
Adult: 500 mg p.o. b.i.d.

Pediatric: 30 mg p.o./kg/day divided b.i.d.
Adult: 500 mg p.o. q.i.d.

Pediatric: 30-40 mg p.o./kg/day divided q.i.d.
Adult: 500 mg p.o. daily for 5-10 days
Pediatric: not recommended for children <16 yr

Adult: 2 g iv. daily

Pediatric: 75-100 mg i.v./kg/day

Adult: 20-24 million units i.v./day divided q 4 h
Pediatric: 300,000 U i.v./kg/day divided q 4 h
Aduit: 100 mg p.o. or i.v. b.i.d.

Pediatric: 2-4 mg p.o. or i.v./kg/day divided b.i.d.c
Adult: 50 mg i.v./kg/day divided q 6 h

Pediatric: 50 mg i.v./kg/day divided q 6 h

“ Recommended duration of therapy, 10 to 30 days (22).
® Pediatric dosages should not exceed adult dosages.

¢ Not recommended for children aged <9 years or during pregnancy or lactation.

4 May not be as effective as other agents.
¢ Recommended duration of therapy, 14 to 30 days (22).
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spirochetal infections that is characterized by hypoten-
sion, chills, fever, arthralgias, and myalgias (115). Symp-
toms of the Jarisch-Herxheimer reaction usually resolve
within 72 h and may be treated with anti-inflammatory
agents, such as aspirin or corticosteroids. The use of
systemic corticosteroids otherwise during the course of
Lyme disease is controversial (4,26,32). In a small num-
ber of patients previously treated with corticosteroids,
Dattwyler et al. (139,140) reported a high incidence of
antibiotic treatment failure, suggesting that systemic cor-
ticosteroids should be avoided in the setting of early
infection.

Antimicrobial prophylaxis for tick bites in an endemic
area before the appearance of EM or other signs or symp-
toms also has not been supported convincingly by data
from clinical trials (4,22,32,160). Because the treatment
of early Lyme disease is effective and generally prevents
the occurrence of late manifestations, routine adminis-
tration of antibiotics after Ixodes tick bites is not recom-
mended (22,32). Such treatment decisions must also
weigh the duration of tick attachment, the species of tick,
and the tick infectivity rate for that region. The issue of
whether and how asymptomatic B. burgdorferi infection
should be treated remains unresolved (4).

CONCLUSION

Lyme disease is a multisystem infection caused by the
tick-borne spirochete, Borrelia burgdorferi. The North
American form of Lyme disease was first described in
the United States 20 years ago. Since then, numerous
neuro-ophthalmic signs and symptoms have been attrib-
uted to B. burgdorferi infection, but few have been defi-
nitely proved. In endemic regions, a causal relationship
with Lyme disease has been most convincingly demon-
strated in patients with neurologic manifestations and a
positive CSF serology and in patients with certain types
of intraocular inflammation, including keratitis. Clinical
judgment must be used in deciding whether or not to
treat individual patients. In cases where neurologic
symptoms are accompanied by convincing clinical or
laboratory evidence of Lyme disease, treatment of rea-
sonable duration may be warranted despite difficulty in
establishing a definite causal relationship (26).
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