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Abstract: Lyme disease, infection with the tick-borne spirochete Borrelia burgdorferi, causes
both specific and nonspecific symptoms. In untreated chronic infection, specific manifestations
such as a relapsing large-joint oligoarthritis can persist for years, yet subside with appropriate
antimicrobial therapy. Nervous system involvement occurs in 10%–15% of untreated patients
and typically involves lymphocytic meningitis, cranial neuritis, and/or mononeuritis multiplex;
in some rare cases, patients have parenchymal inflammation in the brain or spinal cord.
Nervous system infection is similarly highly responsive to antimicrobial therapy, including oral
doxycycline. Nonspecific symptoms such as fatigue, perceived cognitive slowing, headache,
and others occur in patients with Lyme disease and are indistinguishable from comparable
symptoms occurring in innumerable other inflammatory states. There is no evidence that
these nonspecific symptoms reflect nervous system infection or damage, or that they are in
any way specific to or diagnostic of this or other tick-borne infections. When these symptoms
occur in patients with Lyme disease, they typically also subside after antimicrobial treatment,
although this may take time. Chronic fatigue states have been reported to occur following any
number of infections, including Lyme disease. The mechanism underlying this association is
unclear, although there is no evidence in any of these infections that these chronic posttreatment symptoms are attributable to ongoing infection with B. burgdorferi or any other identified organism. Available appropriately controlled studies indicate that additional or prolonged
courses of antimicrobial therapy do not benefit patients with a chronic fatigue-like state after
appropriately treated Lyme disease.
Keywords: Lyme disease, Borrelia burgdorferi, chronic, diagnosis, treatment, chronic fatigue,
neuroborreliosis
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The debate about “chronic Lyme disease” provides a remarkable example of how heated
a conversation can become when people use words differently. Contested issues largely
stem from very different understandings of what terms mean. The broad medical and
scientific communities use the term “Lyme disease” to refer specifically to infections
with Borrelia burgdorferi and closely related European Borrelia spp. Proponents of
the concept of chronic Lyme disease, who typically refer to themselves as “Lyme
literate”, use the term to refer to a constellation of disabling symptoms that may or
may not be related to this or other infections they believe to be tick transmitted. This
clinical syndrome largely overlaps with the disorder commonly known as “myalgic
encephalomyelitis/chronic fatigue syndrome”, or as an Institute of Medicine committee
recently recommended, “systemic exertion intolerance disease” or SEID1 – a disorder
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that is real, disabling, and may appear to develop following
an infectious illness.
The medical/scientific community uses the term “nervous
system Lyme disease” to refer to disorders in which there is
objective evidence that this organism has physically invaded
the nervous system and the infection, or the host response
to it, is having a specific impact on neurologic function.
The “Lyme literate” use the term to include a broad array
of neurobehavioral phenomena, with no requirement of
objective evidence of actual nervous system infection. The
medical/scientific community uses the term “chronic Lyme
disease” to describe individuals with objective evidence of
longstanding ongoing infection, while the “Lyme literate” use
this term to describe individuals with chronic, life-altering
symptomatology without necessarily having biologic evidence of persisting infection. This might be considered little
more than a semantic debate (as Humpty Dumpty famously
said,2 “A word shall mean exactly what I choose it to mean,
neither more nor less, it’s merely a question of who’s to be
the master”). However, since the “Lyme literate” construct
is used to justify prolonged courses of antimicrobial therapy
with significant potential for complications, impact on community antimicrobial resistance, and consumption of health
care resources, it is essential that the terms be defined with
clarity.

Introduction – can Lyme disease
cause chronic infection?
In 1977, Steere et al3 described a syndrome including tick
bites, a rash termed at that time erythema chronicum migrans
(now erythema migrans, EM), nonspecific symptoms including headache, malaise, fatigue, myalgias, and fever, and recurrent episodes of frank arthritis, with disease duration of up to
22 weeks. In these authors’ subsequent description of effective
treatment of Lyme meningitis,4 meningeal symptoms developed on an average of 5 weeks (but up to 12 weeks) after initial
evidence of the infection; patients were initially evaluated by
the authors at a mean of 6 weeks (up to 12) after initial neurological abnormalities, and then were treated successfully.
In a longitudinal assessment of individuals frequenting a
Massachusetts island highly endemic for Lyme disease,5
untreated patients were identified with relapsing arthritis and
fatigue lasting up to 15 years. Importantly, as many as half
the individuals identified in that study as infected, based on
seroconversion, remained asymptomatic. Subsequent work6
described untreated patients, symptomatic for an average of
2 years, and emphasized the cognitive difficulties experienced
by patients otherwise symptomatic with this chronic infection.
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This work – and more – illustrates three undisputed facts.
First, B. burgdorferi, the tick-borne spirochete responsible
for Lyme disease, is quite capable of establishing a chronic
(ie, many months in duration) infection. Second, this chronic
infection, as in many other ongoing inflammatory states, can
cause nonspecific symptoms such as malaise, fatigue, and
perceived cognitive slowing in addition to more specific clinical manifestations. Third, individuals can be seropositive but
asymptomatic following infection.
These observations, combined with misunderstandings
about laboratory testing for the diagnosis of this infection,
provide the underpinnings of the “debate” about “chronic
Lyme disease”. Understanding the evolution of this “debate”
requires an understanding of the biology of this infection,
of the nature of nervous system infection, and of the ways
in which nervous system function can be altered by nonneurologic disease.

History and ecology
EM, recognized as a common manifestation of Lyme disease,
was first described over a century ago by the Swedish dermatologist, Afzelius,7,8 who postulated that this was related
to the bites of hard-shelled Ixodes ticks. Two years after
the publication of his observations, two French clinicians9
published a description of a 58-year-old man who, 3 weeks
after a tick bite on the left buttock, developed an enlarging
erythroderm at the site of the bite, accompanied by severe
sciatic pain. Neuropathic pain subsequently affected both
lower and the right upper extremities. Pain persisted for
months, and he developed right shoulder weakness. Based
on a cerebrospinal fluid (CSF) pleocytosis with elevated
protein, and a slightly positive Wasserman test, the authors
concluded that he had a non-syphilis spirochetal infection
and treated him with neoarsphenamine (preferred treatment
at that time for syphilis), and he recovered. This disorder,
recognized as including painful radiculitis, lymphocytic meningitis, and subsequently cranial neuritis, came to be known
as Garin–Bujadoux–Bannwarth syndrome. 10 European
clinicians have been well aware of this tick-bite-associated
syndrome for many years, and by the 1950s, were treating
it with penicillin.11
In the early 1980s, groups in the US12,13 and Europe14
established that North American Lyme disease and European
EM/Garin–Bujadoux–Bannwarth syndrome were caused by
closely related tick-borne spirochetes – B. burgdorferi in
the US and Borrelia afzelii and Borrelia garinii in Europe.
B. burgdorferi is responsible for all Lyme disease acquired
in the US. All three strains, as well as several lesser ones
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such as Borrelia spielmanii, occur in Europe. Most European
infections are attributable to B. garinii, responsible for the
majority of neuroborreliosis, and B. afzelii, commonly associated with primarily cutaneous involvement. European and
North American borreliosis share many clinical similarities
(EM, radiculoneuritis) but have some differences. Once the
causative organism was identified, North American Lyme
disease became defined as infection with B. burgdorferi.
Europeans have preferred the terms neuroborreliosis or Lyme
borreliosis, referring to the cutaneous manifestations as EM
and acrodermatitis chronica atrophicans, or ACA.
Zoonoses such as Lyme disease require specific conditions both to infect humans and to persist in an ecosystem.15–17
The first requirement is a competent reservoir host, a species
that can sustain prolonged, preferably nonlethal, infection.
For these Borrelia spp., this host consists primarily of field
mice (although numerous other small mammals and occasionally birds or even reptiles can serve this purpose). These
hosts can maintain a prolonged infection while apparently
asymptomatic. While any blood-sucking arthropod could,
in theory, ingest spirochete-containing blood, and if it feeds
again while spirochetes are still viable, inject spirochetes
into another host, the specific interactions of Borrelia with
Ixodes ticks make this the primary, if not sole, competent
vector – Ixodes scapularis and to a lesser extent Ixodes
pacificus in the US, Ixodes ricinus in Europe, and Ixodes
persulcatus elsewhere.
Ixodes ticks are born uninfected; there is no transovarial
transmission to the egg or larva. Over the course of its typically 2-year life cycle, the tick will ingest a total of three
blood meals, one at each life stage. Over the months that
follow the larva’s ingestion of blood, the tick matures into a
nymph, and will then have its second blood meal. The tick
will then overwinter, often on a large furry mammal such as
a sheep, deer, or bear. Following its final meal on this animal,
the adult female tick lays its eggs and dies. Although deer
(and corresponding large hosts elsewhere) are often blamed
for the transmission of Lyme disease, they are actually only
marginally relevant. Without them, the population of ticks
will decline. However, if the tick feeds on a deer, this will be
its final meal – even if the deer were infected, the tick will
never bite another host, so from a Lyme disease perspective,
this is a biologic “dead end”.
If any of the blood meals contains viable Borrelia, these
can survive in the tick gut until the tick’s next meal. The
presence of newly ingested blood at the next meal triggers proliferation of these spirochetes, which then migrate
throughout the tick, including reaching its salivary glands.
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Tick feeding involves days of attachment, during which time
tick saliva is injected into the host – injecting anticoagulants,
local anesthetics, and other substances required for sustained
attachment and feeding. Once the spirochetes migrate to the
salivary glands, they can similarly be injected into the host
as well. Since the multiplication and migration of Borrelia in
the tick requires at least 24–48 hours following the initiation
of feeding, attachment for periods shorter than this carries
very little risk of transmitting infection.18–20
Nymphal ticks are the most common cause of human
infection. Larvae are uninfected, so even if they were to
bite a person, there could be no transmission. Nymphs can
be infected and are quite small – about the size of a period
on a printed page – so they can be difficult to see. They also
substantially outnumber adults – every adult had to be a
nymph, but only some nymphs survive to adulthood.
The bite provides the first and best opportunity to interrupt the transmission of Lyme disease. Since the tick must be
attached for days to transmit infection, a daily tick check following potential exposure – careful inspection of the skin for
attached ticks – with timely removal of any that are found –
markedly reduces the risk of infection. Tick removal is best
accomplished by insertion of a fine pair of tweezers between
the tick mouthparts and the skin, applying slow backward
traction. Notably, as the tick feeds, it becomes bloated and
engorged. If still tiny and black, it is highly unlikely to have
fed sufficiently to have transmitted infection.
Transmission of this infection occurs in many temperate parts of the world where the requisite vectors, infected
permissive reservoir hosts, and humans coexist. In the US,
it occurs primarily along the east coast, from Maine to
Virginia, with small foci of infection in the upper Midwest
(Wisconsin, MN) and northern California.21 The endemic
areas have gradually enlarged over the years, but this has been
a slow process. In the US, the Centers for Disease Control
and Prevention reports about 30,000 cases per year meeting
the strict epidemiologic case definition.21 The number of
actual cases probably exceeds that, though by how much is
difficult to ascertain.22

Laboratory-based diagnosis
In deciding the extent to which a clinical diagnosis of
Lyme disease should rely on laboratory confirmation, it is
essential first to understand the accuracy of the laboratory
techniques, to permit appropriate balancing of clinical vs
laboratory data.
Historically, diagnosis of most bacterial infections
has relied on in vitro culture and identification of the
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r esponsible organism. This is challenging for some organisms, which are either impossible (Treponema pallidum)
or difficult (B. burgdorferi) to grow in culture. Culture of
B. burgdorferi requires special medium not generally available in clinical microbiology laboratories. More importantly,
other than in EM, the number of organisms present in readily
sampled fluids (blood, CSF) appears to be quite low. As a
result, even in ideal laboratory circumstances, cultures of
CSF obtained from individuals known to have Lyme meningitis are only positive about 10% of the time.23 Even using
the remarkable technical sensitivity of polymerase chain
reaction-based techniques does not substantially increase
the rate of true positives.
As a result, laboratory support for the diagnosis relies on
testing the host immune response to the infecting organism.
In most infections, serodiagnosis relies on assessment of
acute and convalescent specimens, reflecting the fact that
early in any infection, there is little or no measurable antibody, but as infection persists, the host response reflected
in the antibody concentration will substantially increase.
For reasons probably related to the unfortunate historic
comparison to syphilis (where any amount of measurable
nonspecific reaginic antibody measured in screening tests
is considered to be relevant), Lyme serodiagnosis has often
relied on assessment of a single sample. We know that,
very early in the course of the illness, such as during the
acute rash, as many as 50% of patients will be seronegative.24 Even during early disseminated infection, occasional
patients with Lyme disease-associated facial nerve palsy
will only seroconvert weeks after initial clinical presentation.25 On the other hand, in individuals with symptoms of
more than 1- to 2-months duration, essentially every patient
is seropositive.20
Some studies performed in the 1980s suggested that early
but incomplete treatment with antibiotics might permanently
abrogate the antibody response.26 These studies relied in
large part on diagnosing patients based on measures of the
T-cell response to B. burgdorferi. Subsequent work showed
this T-cell assay to be quite nonspecific,20,27 rendering this
conclusion incorrect – only if very early treatment eradicates
the infection, eliminating any ongoing immune stimulation,
would treatment blunt the antibody response. Some have
interpreted these early studies as indicating that simply
ingesting antibiotics would render a patient seronegative,
while the antibiotics were present in the patient’s system.
There has never been any evidence to support this conclusion, nor is there any biologically plausible basis for making
such an assertion.
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Consequently, if the data indicate that immunocompetent
patients with B. burgdorferi infection of more than a few
months duration are virtually always seropositive, and if
the definition of “chronic Lyme disease” requires symptoms of more than several months duration to be deemed
chronic, all patients with “chronic Lyme disease” should be
seropositive.
As these conclusions have become more and more firmly
rooted in clinical experience, it has become commonplace for
the “Lyme literate” to ascribe the symptomatology formerly
attributed to “chronic Lyme disease” to chronic infections
due to other organisms known to be found occasionally in
the same ticks, broadening the definition of “chronic Lyme
disease” to include these co-infections.28 Although laboratory
tests confirming the presence of these infections are available,
proponents appear either to not rely on the results of the most
specific tests or to apply lax interpretive criteria for others,
rendering conclusions suspect, or to rely on other tests that
have not been subject to rigorous validation. Importantly,
there is little if any evidence that these other organisms
cause chronic infection, or any of the symptoms attributed
to “chronic Lyme disease”.
Serologic testing has evolved over the years with most
efforts aiming to improve specificity. Initial work used
enzyme-linked immunosorbent assays (ELISAs) using sonicated whole organisms as the target antigens; a number of
interpretive criteria were chosen to try to balance sensitivity
and specificity. In the early 1990s, extensive studies in large
populations of patients with and without Lyme disease led
to the currently recommended two-tier approach,29,30 using
a highly sensitive ELISA as a screening test, and then a
Western blot to provide specificity. It is important to understand that Western blot criteria (Table 1) were not selected
based on the uniqueness of any Borrelia epitopes but rather
on statistical analyses of findings to identify those combinations with the greatest positive and negative predictive values.
Table 1 Western blot interpretation criteria
IgM (two required)

IgG (five required)

24 (OspC)
39
41 (Fla)

18
21
28
30
39
41
45
58
66
93
For patients with established disease

For use in acute disease only
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As a result of these studies, a set of three IgM and ten IgG
bands were selected such that individuals with early disease typically have at least two of the three IgM bands, while
patients with longstanding disease typically have at least five
of the ten IgG bands.29 Two important facts must be borne in
mind. First, the Western blot criteria were developed in individuals with positive or borderline ELISAs. Interpretation
in patients with negative ELISAs is quite problematic and
should only be attempted with great caution. Second, IgM
tests are inherently quite cross-reactive, so false positives are
commonplace. Patients with disease of more than 1-month
or 2-month duration should be IgG seropositive, so only IgG
blots provide reliable information. Any IgM findings in this
setting should be considered, at best, uninterpretable, and
more correctly as spurious.

Laboratory findings in central
nervous system infection
In a significant number of patients with B. burgdorferi infection, the spirochete invades the central nervous system (CNS)
quite early in the course of the disease.31 As with any CNS
infection, this triggers a local inflammatory response, which
can be used to support or refute the conclusion that the CNS
is infected. Invasion appears to trigger local production of
CXCL13,32,33 a chemokine that serves to attract circulating
B-cells to the site of infection. B-cells that then enter the
CNS remain there, producing specific antibody targeting
B. burgdorferi. Since a small amount of circulating immunoglobulin normally crosses the blood–brain barrier, determining the relative concentrations of B. burgdorferi-specific
IgG, after normalizing for the relative concentrations of
nonspecific IgG, allows for the determination of intrathecal
production of specific antibody.6,34–36 This measure turns out
to be highly specific for CNS neuroborreliosis. The major
drawback is that the derived index may remain elevated for
a decade or more after effective treatment.37 However, since
active infection elicits an inflammatory response, combining
CSF serologic information with CSF cell counts and protein
concentration provides invaluable diagnostic information.
Just as in neurosyphilis, the best measure of resolution of
the infection is the normalization of the CSF pleocytosis
and elevated protein that are invariably found in active CNS
infection.

Clinical phenomenology
Since EM, Garin–Bujadoux–Bannwarth syndrome, and
Lyme disease were all clinically defined long before the
causative organisms were identified, these disorders were
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originally described syndromically. Not surprisingly, the
replacement of the syndromic definition with diagnosis
based on a defined pathophysiology can result in confusion
when lab tests and clinical phenomenology do not align.
Many assert that the diagnosis of Lyme disease is a “clinical
diagnosis” – a statement that is as true for Lyme disease as it
is for anything else in medicine. A clinical diagnosis is one
made by an informed clinician incorporating all available
data. It makes no more sense to ignore relevant laboratory
data in a patient clinically suspected to have Lyme disease
than it would be to diagnose a lethal brain tumor in a patient
with normal brain magnetic resonance imaging (MRI). In any
patient, the diagnosis must be deduced based on the balance
of the sensitivities and specificities of each of the clinical
elements under consideration. In the appropriate context,
EM is highly sensitive and specific. In the setting of very
early infection, sensitivity of serologic testing is only about
50%, so clinical diagnosis should be based on the rash, not
the serology. In patients with Lyme arthritis, sensitivity of
serologic testing is for all intents and purposes 100%, so
diagnosis requires a positive serology. In patients whose
only symptoms are both commonplace and nonspecific –
headache, fatigue, and perceived cognitive slowing – it is
highly unlikely that even in a highly endemic area would
more than 5% of patients with these symptoms have them
attributable to this infection. Hence, the specificity of these
symptoms is probably no more than 5%. In contrast, in
individuals with Lyme disease of more than a month or two
duration, sensitivity of serologic testing is over 95%. In
this setting, attributing these symptoms to Lyme disease in
seronegative patients would be inappropriate.38

Cutaneous manifestations
EM, as described by Afzelius, Garin and Bujadoux, and
Scrimenti,39 is almost pathognomonic. Beginning as a small
erythroderm at the site of the bite, this gradually expands
as spirochetes migrate centrifugally from the initial focus
of inoculation. For case definition purposes, it must be at
least 5 cm in diameter. Obviously, it will start smaller than
this, and if treated rapidly, may not attain this threshold. The
erythroderm expands day by day and can become huge – the
one described by Garin and Bujadoux involved both buttocks, the abdomen, and thigh of an adult male. The rash can
be homogeneous and round but often takes on a target-like
appearance as the leading edge becomes erythematous, while
more central areas return to their more normal hue. The
rash need not be round, its shape dictated by the anatomic
areas involved. It is usually surprisingly asymptomatic – not
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n ecessarily pruritic or painful, despite its inflamed appearance.
Biopsies generally reveal large numbers of spirochetes, much
like in the painless chancre of syphilis. However, the clinical
appearance and evolution are so typical that biopsy is rarely
needed. The frequency with which EM occurs has been
debated. In children, who presumably have parents attentively
inspecting them at bath time, about 90% of infected children
develop EM.40 In adults, where the rash might occur in areas
not easily or routinely inspected, estimates are generally in
the range of a half to two-thirds.
Spirochetes can disseminate hematogenously from this
original nidus. In the US, about 25% or more of patients
will develop multifocal EM as a result of this,41 each of the
secondary EMs evolving in a manner similar to the original
one. This only occurs in about 5% of European patients.
In contrast, European patients may develop a Borrelia
lymphocytoma – a dense lymphocytic infiltrate of the earlobe
or areola of the breast, something seen very rarely in the US.
Europeans with chronic untreated infection can also develop
acrodermatitis atrophicans – a tissue paper-like thinning with
purplish discoloration of the skin of a leg. This has never
been reported in a US patient.

Non-neurologic extracutaneous
symptoms
Early descriptions of Lyme disease included the occurrence of otherwise unexplained heart block in about 5% of
patients. For unclear reasons, this has been less evident in
more recent series. It has been described occasionally in
European patients, but the incidence is certainly no more
than a single-digit percent of infected individuals.
The original defining phenomenology in the US patients
was Lyme arthritis.3 This is a relapsing remitting large-joint
oligoarthritis – affecting a knee, elbow, shoulder, or hip.
Typically, one joint is involved at a time, spontaneously
becoming red, painful, and swollen, and then resolving
after a few weeks. At different times, different joints can be
involved. Small joints such as fingers, toes, or spine facets
are involved infrequently. Arthritis too seems to be becoming
less frequent with increased early recognition and treatment
of Lyme disease.

Neuroborreliosis
The range of different disorders considered to be manifestations of nervous system involvement with B. burgdorferi,
B. afzelii, and B. garinii can be considered to fall into three
distinct groups.42 The “classic triad” occurs in early acute
infection, presenting as acute inflammation in one or a few
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nerves or of the meninges.4,9,43 Occasional patients will have
infection and inflammation involving the spinal cord or brain.
Patients with more indolent, longstanding infection may
have subacute-to-chronic infection of the peripheral nervous
system (PNS)44 or CNS.6 Other patients – with evidence of
active infection outside the nervous system – may have what
has been termed “Lyme encephalopathy”45,46 – symptoms of
cognitive and memory difficulty, fatigue, and malaise, identical to those seen in patients with other active infectious or
inflammatory states.

“Classic triad”
Acute nervous system involvement occurs in 10%–15% of
infected individuals – in both Europe and the US47 – and
takes quite similar forms in both regions. The classic triad
includes lymphocytic meningitis and painful radiculoneuritis,
as described years ago by Garin and Bujadoux, as well as
cranial neuritis.
Radiculitis, a term used generally to describe inflammation of spinal nerve roots, causes sciatica-like neuropathic
pain, typically involving one or a few dermatomes, most
commonly in a limb but occasionally the trunk. Patients often
will have weakness or diminished deep tendon reflexes in
muscles innervated by the affected dermatome. Non-Lyme
disease radiculopathy is almost always caused by mechanical compression; patients with neuroborreliosis can develop
remarkably similar symptoms, attributed to inflammation of
the symptomatic nerve root or roots. Precisely the syndrome
described by Garin and Bujadoux in 1922, it is now clear that
this is just one clinical presentation of PNS involvement in
Lyme disease.44 It appears likely that these clinically varied
manifestations are all various forms of what is known as a
mononeuropathy multiplex, a common type of peripheral
nerve involvement in inflammatory diseases (vasculitides,
infections such as leprosy) or other vasculopathic disorders,
such as diabetes mellitus.
Although all rooted in the same pathophysiologic process, clinical manifestations of PNS Lyme will vary with
the nerve(s) involved. If a single nerve is involved, the
patient may develop a mononeuropathy. A single nerve root
can produce signs and symptoms indistinguishable from a
mechanical radiculopathy associated with disk herniation –
with severe radicular neuropathic pain and segmental muscle
denervation and reflex loss. Other patients may develop a
plexopathy, involving either the brachial or lumbosacral
plexus.
Cranial nerve involvement is also quite common, with
the facial nerve, either unilaterally or occasionally bilaterally,
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involved in the majority of patients with Lyme diseaseassociated cranial neuropathies. It is important to emphasize
that facial palsy is not a subtle finding – patients have severe
drooping of the side of the face, and are typically unable to
seal the lips, close the eye, or wrinkle the forehead on one
side. Recovery is to be expected in this disorder, but the
initial presentation is typically quite dramatic – and distressing to the patient. Other cranial nerves can be involved – the
trigeminal nerve causing numbness and pain, the nerves to
the extraocular muscles causing paralysis of innervated eye
muscles and diplopia, or the acousticovestibular nerve affecting hearing and balance. These are all distinctly uncommon;
involvement of the optic or olfactory nerves occurs rarely if
ever.48 Similarly involvement of cranial nerves 9–12 occurs
very infrequently.49 As with peripheral nerve involvement,
facial palsy and these other cranial neuropathies appear to
be differing manifestations of the same process – a mononeuropathy multiplex.
Each of these disorders – cranial neuritis, radiculoneuritis, and lymphocytic meningitis – can be considered
typical of nervous system Lyme disease. It is therefore
worth considering the specificity of these disorders for the
diagnosis. In an observational study from an area highly
endemic for Lyme disease, approximately 25% of adult
cases of facial nerve palsy were attributable to Lyme
disease.25 Cross-sectional studies of patients with “aseptic
meningitis”50–53 suggest that in summer months, in areas
highly endemic for Lyme disease, between one in two and
one in five patients with lymphocytic meningitis might have
this infection. Lumbar radiculopathy is estimated to affect
3%–5% of the adult population;54 cervical radiculopathy is
slightly less prevalent. Since radiculopathy affects no more
than 5% of the 30,000 patients with Lyme disease reported
to the Centers for Disease Control and Prevention annually,
this would translate to 1,500 cases per year, a very small
fraction of the number of mechanically caused cases. From
this, it should be clear that the specificity of even these very
specific neurologic manifestations of Lyme disease is quite
low – no more than 25% for facial nerve palsy, perhaps
one in three for lymphocytic meningitis, and much less
than 1% for radiculopathy – in areas highly endemic for
Lyme disease. In areas where the incidence of Lyme disease is much lower, the potential positive predictive value
for one of these presentations for the diagnosis of Lyme
disease would drop precipitously. Even in endemic areas,
a finding with no better than a 50:50 chance of predicting
the diagnosis would never be considered a useful basis for
making a clinical diagnosis.
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Patients with more longstanding and indolent infection
may have less acute forms of nervous system involvement.
Originally described in European patients with acrodermatitis,55 there may be more diffuse, widespread involvement
of peripheral nerves, clinically mimicking the much more
common stocking–glove type of peripheral neuropathy.
A very similar disorder was described in patients with
chronic, untreated Lyme arthritis.56,57 In both, more detailed
analysis suggests that this too is pathophysiologically a form
of mononeuropathy – in this case, what is referred to as a
confluent mononeuropathy multiplex – with mild diffuse
involvement of multiple small nerves.

Lyme encephalitis vs Lyme
encephalopathy
The issue that has caused the greatest confusion about nervous
system Lyme disease relates to possible CNS involvement.
Other than lymphocytic meningitis – a disorder that may
cause severe headache but does not damage the brain itself –
parenchymal CNS infection is remarkably rare. In European
patients with Lyme radiculitis, the nerve root inflammation
may extend proximally into the adjacent spinal cord, causing
myelopathic changes – a disorder reported only anecdotally
in the US (unpublished observations). Brain involvement
was described primarily in the European literature in the
1980s.58,59 More recent reports are extraordinarily difficult
to find, perhaps reflecting more aggressive early recognition
and treatment of this infection. Similarly, in some rare cases,
patients with apparent parenchymal brain involvement have
been reported from the US,6,57 but this too is now remarkably
infrequent. What little evidence exists about these patients
indicates that it is due to active brain infection. Imaging studies appear inflammatory, PET scans appear hypermetabolic,60
CSF is inflammatory, and most patients have evidence of
localized production of specific anti-Borrelia antibody within
the CNS.6,61,62
In contrast to these rare occurrences in patients, in the days
when patients with longstanding Lyme arthritis were frequently
seen, it was almost the norm for them to describe cognitive
slowing, fatigue, and memory problems. With extensive testing, including brain MRI, CSF examinations, neurophysio
logic testing, and more, virtually none had evidence of CNS
inflammation or infection.6 Some work suggested that this
might be related to elevated concentrations of cytokines or
other potential neuromodulators63,64 produced in the periphery
and then entering the brain, but the mechanism remains
unclear. What is clear is that the clinical phenomenology is
indistinguishable from the “toxic metabolic” encephalopathy
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seen in active rheumatoid arthritis, sepsis, other serious
infections, or even in patients receiving therapeutic interferon.
It is equally clear that in virtually none of these individuals
is there any evidence of CNS infection with B. burgdorferi,
or of any potentially related inflammatory state. Rather, this
seems to be the ubiquitous encephalopathy or delirium seen
in innumerable medical patients with active systemic infection
or inflammation. Just like that state, this alteration of cognitive function is reversible when the infection or inflammation
resolves (although often not immediately) and does not require
any specific alteration of treatment. Specifically, this does not
require the selection of antimicrobial regimens based on their
ability to penetrate the blood–brain barrier.

Treatment
The Borrelia spp. responsible for Lyme disease remain highly
sensitive to readily available antibiotics, both in vivo and
in vitro.20 Early studies in patients infected for extended periods
of time demonstrated microbiologic cures in the vast majority of such individuals.20,65 Patients with significant end organ
damage – those with severe arthritis or with longstanding brain
or spinal cord inflammation – might have some residua from
already established damage, but progressive or recurrent disease
is distinctly uncommon. Although meningeal dose penicillin
and ceftriaxone were both introduced to assure adequate treatment of CNS infection, there are now multiple studies demonstrating that oral doxycycline attains sufficient concentrations
in the CSF to be as effective as intravenously administered
ceftriaxone, at least in European patients66,67 (Table 2).
Table 2 Commonly used antimicrobial regimens
Disorder

Regimen

Non-neurologic
disease

Amoxicillin 500 mg po tid or doxycycline
100 mg po bid or cefuroxime axetil 500 mg
po bid, all for 14–28 days
Ceftriaxone 2 g/day for 14–21 days or
cefotaxime 2 g tid for 14–21 days, or penicillin
24 MU/day ×14–21 days or probably po
doxycycline 200–400 mg/day for 21–42 days
Ceftriaxone 2 g/day for 14–28 days or
cefotaxime 2 g tid for 14–28 days, or
penicillin 24 MU/day ×14–28 days
Ceftriaxone 2 g/day for 28 days or
cefotaxime 2 g tid for 28 days

Acute neuroborreliosis
(meningitis, radiculitis,
cranial neuritis)
Encephalomyelitis

Chronic or recurrent
neuroborreliosis
(eg, treatment failure
after first course)
Disease resistant to
oral treatment

Ceftriaxone 2 g/day for 14–28 days or
cefotaxime 2 g tid for 14–28 days, or
penicillin 24 MU/day ×14–28 days

Note: Tetracyclines such as doxycycline should not be used in pregnant women or
in children aged 8 years or under.
Abbreviations: po, oral; tid, thrice daily; bid, twice daily.
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In contrast to the overwhelming evidence that Borrelia
infections are readily cured with antimicrobial therapy,
there is abundant evidence that antibiotic treatment is ineffective in patients with persistent fatigue and cognitive
symptoms following appropriately diagnosed and treated
Lyme disease.68–71

Conclusion
Lyme disease, defined as infection with B. burgdorferi or the
two closely related European spirochete pathogens B. afzelii
and B. garinii, infects the nervous system in up to 15% of
patients. Untreated infection, particularly with joint involvement, can be chronic, lasting years. That said, it is essential
to understand that the fatigue and cognitive difficulty seen in
many individuals with Lyme disease are neither caused by or
evidence of nervous system infection nor in any way specific
to this disease.72 Patients without Lyme disease may develop
the same disabling symptoms including severe fatigue and
cognitive difficulty, a disorder formerly referred to as chronic
fatigue syndrome, and for which the label “systemic exertion
intolerance disease” has recently been suggested.1 Although
the latter is both real and disabling, and appears to occur following any number of infections – including possibly Lyme
disease – there is no evidence that it is caused by persisting
infection with B. burgdorferi, other tick-borne pathogens, or
any other as yet identified pathogen. As such, treatment of this
symptom complex with antibiotics is unlikely to be helpful to
patients but does incur substantial risk. This, combined with
the impact of excessive antibiotic usage on the development
of widespread antibiotic resistance among more potentially
lethal pathogens, and the significant health care resource utilization and cost associated with prolonged administration of
parenteral antibiotics, makes such treatment ill advised.
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