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Infectious causes of nervous system disease are surpris-
ingly common. Worldwide, leprosy is one of the most fre-
quent causes of peripheral neuropathy. Human immuno-
deficiency virus infection obviously is a widespread
disorder with frequent and prominent nervous system
involvement. In the past two decades, a relatively novel
“but far less common infection, Lyme disease, has gained
tremendous notoriety as a potential cause of nervous sys-
tem dysfunction. Although now the most common vec-
torborne disease in the United States, this tickborne
spirochetosis only affects about 16,000 patents in the
United States, the most recent year for which final data
are available (1). The nervous system is thought to be
involved in about 15% of untreated infected individuals
(2), resulting in an annual incidence of nervous system
Lyme disease, or neuroborreliosis, of about 0.6 per
100,000, slightly less than that of amyotrophic lateral
sclerosis. In most patients, the involvement consists of a
self-limited and readily treatable lymphocytic meningitis.
One might well ask then why this disease has been the
subject of so much concern and debate. To some extent,
these numbers are misleading in that this disease is very
focally prevalent, that is, in regions of high prevalence, as
many as 0.1% of the population may be infected annually.
In these areas, this obviously is a legitimate source of
concern. In other areas, however, the likelihood of acquir-
ing the disease is extremely improbable, although it is
always worth inquiring if affected patients have traveled
to endemic areas.

EPIDEMIOLOGY

Because the epidemiology is such an important com-
ponent of diagnosis, it is worthwhile to start by reviewing
the unusual zoonosis that puts patients at risk for infec-
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tion. The responsible spirochete, Borrelia burgdorferi, is
transmitted essentially exclusively by the bite of infected
hard-shelled /xodes ticks. These ticks occur only in spe-
cific locales in which appropriate hosts are available. Lar-
val ticks hatch uninfected, insomuch as transovarial trans-
mission of B. burgdorferi rarely if ever occurs. The larva
then typically feeds on a small mammal such as a field
mouse and matures into a nymph. If this initial host is
infected, the tick will generally become infected as well.
When the nymphal tick partakes of its blood meal, it can
transmit infection or it can become infected if it was not
previously and its second host was. Infecting this second
host requires a complex process and prolonged attach-
ment. Ingestion of blood triggers spirochete proliferation
in the tick gut and subsequent dissemination to its sali-
vary glands. From there the tick can inject spirochetes
into the new host, typically a deer or bear but sometimes
inadvertently humans. Because this proliferation and dis-
semination of spirochetes within the tick takes some
time, the tick must typically be attached for at least 48 to
72 hours before the host is at significant risk of becom-
ing infected.

Endemic cycles have become established in discrete
arcas of North America, Europe, and Asia. Along the
castern coast of the United States, from Maryland to
Massachusetts, infected Ixodes scapularis ticks, known
colloquially as “deer ticks™ for the preferred host of the
adult forms, are widely prevalent. The same ticks are also
found in Minnesota and Wisconsin, where they are
known as “bear ticks.” Related ticks, /. ricinus, known as
the “sheep tick,” are found in Europe, whereas I. persul-
catus predominates in Asia. In general, the tick lives
where its animal hosts are widespread, usually in rela-
tively undeveloped areas. People are at greatest risk of
infection when their habitat infringes on these regions,
for example, in rural and exurban environments.

Although the spirochete and the specifics of its life
cycle have only been characterized within the last two
decades (3), many of the clinical disorders it causes have
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been well known for many years. After infection, most
patients develop the characteristic erythema migrans or
erythema chronica migrans rash (4). This slowly enlarg-
ing erythroderm, which may reach many inches in diam-
eter, is often asymptomatic. It typically develops over
days to weeks at the site of the tick bite; in some patients
the spirochetes disseminate early and cause multifocal
erythema migrans. Either at this stage or subsequently,
patients may develop fever, arthralgias, and malaise and a
flulike syndrome, but not flulike in the sense of having
upper respiratory or gastrointestinal symptoms. Because
the tick bite and rash are often both asymptomatic and
because both may occur on parts of the body that are not
easily seen, many patients are unaware of either. How-
ever, prospective studies in children suggest that the rash
occurs in as many as 90% of infected individuals (5).

The rash was first described early in this century (4).
Shortly thereafter, the neurologic consequences were well
described (6). The first clearly identifiable patient with
neuroborreliosis in the literature developed a painful
polyradiculopathy with prominent segmental weakness
and a lymphocytic meningitis. The authors postulated
that the illness was caused by a tickborne spirochete,
treated the patient with arsenicals, and he recovered. By
the 1950s, European physicians were quite familiar with
this disorder and routinely treated it with penicillin. In the
United States, the disease was first recognized as a form
of childhood arthritis, occurring in near-epidemic pro-
portions in the towns surrounding Lyme, Connecticut (7).
Detailed epidemiologic studies demonstrated that this
disorder occurred in children with histories of Ixodes tick
bites and erythema migrans. Additional studies demon-
strated that these same individuals frequently developed a
constellation of neurologic disorders (8) quite similar to
those described in Europe years before, that is, lympho-
cytic meningitis, painful radiculitis, and cranial neuritis.
These studies ultimately led to the isolation and identifi-
cation of a novel spirochete, named B. burgdorferi, as the
causative organism (9,10). The following year, an appar-
ently identical organism was isolated in Europe (11).

Clinical manifestations of this infection appear to dif-
fer in different parts of the world. In Europe, most stud-
ies have emphasized neurologic and cutaneous abnormal-
ities, including several rather unusual dermatologic
abnormalities, known as acrodermatitis chronica atrophi-
cans and lymphocytoma cutis, which have rarely been
recognized in the United States. Cardiac and rheumato-
logic abnormalities were not emphasized in early Euro-
pean patients, but a clue to this may be found in a sentinel
paper describing the neurologic manifestations, which
referred to rheumatism in the title (12). In fact, they
appear to be far less prominent in European patients, in
contrast to the United States where rheumatologic
involvement has received a great deal of emphasis,
whereas neurologic complications were, at least initially,
believed to be less important (7).

Several factors have contributed to these apparent dif-
ferences. In part, it undoubtedly represents a bias of
ascertainment, because rheumatologists have been in the
forefront of dealing with this disease in the United States,
whereas in Europe this disease has historically been
treated primarily by neurologists. At least equally impor-
tant, though, it is now known that there are important dif-
ferences in the prevalent strains of infecting organisms in
different parts of the world; the broad group of organisms
is now known as B. burgdorferi sensu lato. In Europe two
strains are most prevalent; B. garinii is responsible for
most neurologic disease and B. afzelii causes the unusual
dermatologic manifestations. In North America one
strain predominates, known as B. burgdorferi sensu
stricto. Presumably different strains have tropisms for
different organ systems, leading to the observed clinical
differences.

DIAGNOSIS

The spectrum of neurologic and behavioral disorders
ascribed to Lyme neuroborreliosis has been the subject of
much debate. For some, clear epidemiologic associations
have been established, whereas the causal nature in others
has been the subject of anecdotal case reports or small
series. Determining a true cause and effect relationship in
a given disorder has been difficult because of the limita-
tions of currently available diagnostic techniques. They
have led to attribution of all manner of symptoms to this
infection, often despite a lack of definitive data.

In general, the laboratory diagnosis of Lyme disease
has relied on the demonstration of peripheral blood
immunoreactivity against the causative organism. Micro-
biologic culture has not been useful for several reasons.
The spirochete, B. burgdorferi, is fastidious, requiring
specific media, known as BSK II, which is not commonly
stocked by most microbiology laboratories. The bacterial
load is probably rather small except in skin lesions, for
which microbiologic diagnosis is usually superfluous,
giving rise to problems of sampling and limiting sensitiv-
ity (13). The organism grows slowly in vitro, requiring
that cultures be maintained for several weeks before
being considered clearly positive or negative. This
approach is impractical in all but research laboratories
devoted to this effort.

Other organism-based techniques have similarly
proven to be disappointing. Polymerase chain reaction,
which detects genetic material from one or a small num-
ber of organisms, has typically been positive in 50 to 75%
of patients (14-18), depending on the primer set chosen,
the laboratory performing the assay, and the sample size.
Antigen-based assays have been quite variable, and none
to date has stood the test of time. As a result, most labo-
ratory-based support for the diagnosis has been based on
serologic testing, using primarily an enzyme-linked
immunosorbent assay (ELISA) and Western blots.






