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Abbreviations
CDC US Centers for Disease Control and
Prevention

ELISA Enzyme-linked immunosorbent assay

EM Erythema migrans

HLA  Human leukocyte antigen
JIA Juvenile idiopathic arthritis
LA Lyme arthritis

LD Lyme disease

LN Lyme neuroborreliosis
PCR Polymerase chain reaction
RA Rheumatoid arthritis
History

In the mid-1970s, there was a peculiar cluster of
what appeared to be cases of juvenile idiopathic
arthritis (JIA) occurring in the city of Lyme,
Connecticut, as well as in two nearby
communities. What set off alarm bells was the
large number of cases occurring in a limited geo-
graphic distribution in a town with a population
at the time of 5000, with several cases occurring
on the same city block and even the same house-
hold [1]. These cases were brought to the atten-
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tion of a postdoctoral fellow in rheumatology
named Allen Steere, who suspected an infectious
etiology, although the causative organism was
not identified in this original report. Since 25% of
the cases also presented with a preceding rash
consistent with erythema migrans (EM), already
known to be associated with the Ixodes tick, an
association between these two entities was postu-
lated. Thus, the term Lyme disease (LD) was
introduced in 1977 [1]. Four years later, Willy
Burgdorfer analyzed the midguts of several
Ixodes dammini ticks, finding spirochetes in sev-
eral of them; he also reported that patients with
LD had antibodies against them. Thus, the bacte-
ria were given the name Borrelia burgdorferi,
and it was correctly identified as the causative
agent of LD [2]. Since then, substantial progress
has been made toward the recognition, diagnosis,
and management of this disorder.

Epidemiology

LD is the most common tick-borne infection in
the United States. The numbers reported to the
Centers for Disease Control and Prevention
(CDC) have remained fairly constant over the
past few years at about 25-30,000 per annum
(CDC. Reported cases of Lyme disease by year,
United States, 2003-2012. 2013. www.cdc.gov/
lyme/stats/chartstables/casesbyyear.html,
accessed 12/18/2017). However, a CDC analysis
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of medical claim information from a large insur-
ance database suggests that physician diagnosed
LD yearly may be up to ten times that reported to
the CDC [3]. In the United States, the prevalence
remains highest in the Northeast, in the mid-
Atlantic region, in the upper Midwest around the
Great Lakes, and in the Pacific Northwest, with a
small number of states—Connecticut,
Massachusetts, Rhode Island, New York, New
Jersey, Pennsylvania, Delaware, Maryland,
Virginia, Wisconsin, and Minnesota—account-
ing for about 90% of reported cases. As in the
United States, certain areas in Europe such as
Sweden [4], Austria, Estonia, Lithuania, the
Netherlands, and Slovenia are at higher risk than
others [5], although the European literature also
postulates under-reporting [6]. There appears to
be a bimodal age distribution, with peaks around
5-10 years of age and another from 35-55 years,
likely reflecting ages in which humans are most
likely to be outdoors [7]. There is a fairly even
sex distribution of cases.

Borrelia burgdorferi spp. and Its
Transmission

Ixodes ticks transmit Borrelia spp. wherever in
the world Lyme disease is found. This includes I.
scapularis in the Northeast, mid-Atlantic, and
upper Midwest and 1. pacificus in the Western
United States. Animal reservoir species include
small mammals, particularly the white-footed
mouse Peromyscus leucopus [8].

The Borrelia genus are spirochetal bacteria
(phylum:  Spirochaetales) that  comprises
approximately 20 different species, three of
which are most responsible for clinical
manifestations of infection: B. burgdorferi, B.
afzelii, and B. garinii; the former is mostly
responsible for the disease in the United States,
while the latter two are largely responsible for the
disease in Europe [9]. These bacteria do not
directly infect humans but rather can only do so
following the bite of the Ixodes tick. Despite
generally being referred to as a “deer tick,” Ixodes
does not actually feed on deer until its adult life;

however, the deer is essential for its life cycle, as
this is where mating takes place [10]. As reviewed
[10], there are three stages to the Ixodes life
cycle, with one meal per stage. Adult ticks mate
while attached to the deer and then drop to the
ground to release their eggs. The eggs themselves
are not infected with Borrelia, so they hatch into
uninfected larvae (first part of life cycle). The
larvae feed upon a variety of small animals,
including mice, squirrels, and birds. If the host
animal happens to be infected with Borrelia, the
larva will then acquire these bacteria as well.
After its meal, regardless of whether it has
acquired Borrelia, the larva drops to the ground
and molts into a nymph (second part of life
cycle). The nymph will retain any Borrelia
acquired as a larva. Like its larva predecessor, the
nymph will feed on small animals, the same type
of animals infected by the larva. In this manner,
the nymph can transmit the bacteria to these
animals, thus ensuring reservoirs of infection for
the next generation of larva. Nymphs can also
feed on humans (and dogs), thus transmitting the
infection. The nymph part of the life cycle
generally takes place from May through early
July, which therefore represents the most likely
time for humans to be infected with Borrelia [11,
12]. Following their blood meal, nymphs molt
into adults (third part of life cycle), which
generally feed on large animals such as deer.
Adult ticks are generally not considered to be
infectious, as deer do not maintain Borrelia as
efficiently as do the smaller animals. However, as
noted above, they are essential for the life cycle,
as this is where mating takes place.

Genospecies and Virulence

There are numerous borrelial genospecies, but
the most important for the transmission of clinical
disease to humans are the under the B. burgdorferi
sensu lato complex. This includes B. burgdorferi
sensu stricto, the important genospecies in the
United States and Europe, as well as two other
species which also cause disease in Europe—B.
afzelii and B. garinii—commonly associated
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with rashes and neurologic involvement,
respectively. In addition, a provisionally named
species that causes Lyme borreliosis, candidatus
B. mayonii, has been recently described from
Minnesota in the United States [13]. Borrelia
spp. are spirochetes with a complex genomic
structure consisting of linear chromosomes and
linear and circular plasmids [14]. This genetic
heterogeneity ~ contributes  to  antigenic
heterogeneity that changes with initial infection
and subsequent dissemination. It also likely
accounts for virulence factors which lead to dif-
fering genospecific invasive potentials and thus
differences in disease expression [15, 16].

Mechanism of Transmission

Borrelia spirochetes are resident in the tick mid-
gut. With tick attachment to the host skin and
ingestion of a blood meal, the bacteria replicate
and migrate through the tick wall and disseminate
into the hemocoele and eventually to the salivary
glands from which site they are injected into the
skin. This process is consequential since it takes
48-72 h for its completion [17, 18]. This is also
the time frame for tick engorgement with blood.
Therefore, early removal of unengorged ticks is
much less likely to result in clinical disease
although infection has been occasionally
described with shorter duration of attachment.

Potential Role of the Tick Microbiome

Researchers at Yale University have investi-
gated the role of gut microbiota of 1. scapularis
ticks in the efficiency of B. burgdorferi to colo-
nize the tick gut epithelium. Perturbation of the
larval tick microbiome resulted in decreased B.
burgdorferi colonization possibly through
modulation and decrease of tick transcription
factor signal transducer and activator of tran-
scription (STAT) levels and alteration of the gut
barrier integrity [19, 20]. The potential clinical
or therapeutic implications of these observa-
tions are uncertain.

Infectious Features of Early Lyme
Disease

Because nymphal ticks are the most common
transmission vector, the early features of LD
occur most frequently in late spring through the
summer and early fall when nymphs are most
actively seeking a blood meal. In most cases,
borrelial organisms have been detected by culture
or borrelial DNA/RNA by polymerase chain
reaction (PCR) in blood or affected tissue/fluid,
supporting the infectious nature of these manifes-
tations [21-23]. However, clinical diagnosis is
generally made without microbiological support
as described in section “Lyme Disease
Diagnosis™.

Erythema Migrans (EM) and Other
Rashes

EM is the commonest clinical feature of LD
affecting about 70% of reported cases [8, 24].
The true incidence of EM may be significantly
higher based on cohort and epidemiological
studies. One reason for this is that tick attachment
and EM are usually asymptomatic, except for
mild pruritus in some cases, and bites may occur
at sites not easily visible such as the back or back
of the leg. It begins as an erythematous macule or
papule within 2 weeks at the site of tick
attachment. A cardinal feature of EM is
erythematous expansion within days to weeks
with or without central clearing. Rarely a
vesicular center or ulceration may be seen. The
rash generally fades without sequelae. Secondary
lesions (disseminated EM) are found in about
20% of patients and are due to hematogenous
dissemination of the spirochete. Skin culture
positivity and detection of B. burgdorferi DNA
by PCR at the margin of EM lesions support the
infectious nature of this clinical presentation
[21]. EM-like lesions not caused by Borrelia
have been described in the United States.
Specifically, in the Southern United States, where
LD is rare, the Amblyomma americanum tick can
spread unknown bacteria that results in a rash
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clinically indistinguishable from EM called
Southern Tick-Associated Rash Illness (STARI),
which does not appear to respond well to anti-
borrelial therapy [25], but which does not neces-
sarily require specific therapy. Other cutaneous
lesions including borrelial lymphocytoma (early)
and acrodermatitis chronica atrophicans (late) are
seen in Europe [26, 27]. The latter is usually
caused by B. afzelii and is thus more commonly
seen in Europe than in the United States; it is
characterized by a slowly progressive rash on the
extensor surfaces of the extremities frequently
occurring at a site of a previous EM rash [9]. At
its onset, it typically manifests as bluish-red dis-
coloration with swelling and can enlarge over
months to years, eventually resolving with atro-
phy [6, 8]. In some cases, morphea-like lesions
can also occur; this as well appears to be more
common in Europe than in the United States [28].

Lyme Neuroborreliosis (LN)

Neurologic features occur with disseminated LD
and are seen within weeks to months after a tick
bite, especially in patients who were not treated
at an earlier stage because EM was not present or
not noted or because of misdiagnosis. LN occurs
in about 15% of patients with LD and is even
commoner in Europe because of the neurotro-
pism of B. garinii [8, 24, 29]. The commonest
manifestation is cranial neuritis, especially 7th
nerve palsy, mimicking Bell’s palsy of viral
origin. Bilateral facial involvement may occur
and is a hallmark of LN. Other neurological
features, which may occur simultaneously or
separately, include lymphocytic meningitis and
painful radiculoneuropathies, motor or sensory.
The triad of these three features was described by
Bannwarth in the 1940s long before the etiology
became known [30].

Other Clinical Features

Lyme carditis is another well-recognized feature
of early bacterial dissemination but is now an
unusual clinical feature, accounting for only 1%

of reported cases. High-grade atrioventricular
nodal block (second and third degree) may be
seen with accompanying symptoms, even fatal-
ity. Acute myopericarditis may rarely occur [8].

Acutely, flu-like constitutional symptoms with
predominate headache, myalgias, and arthralgias
may occur especially with dissemination. This
may be the only early feature of borrelial
infection, seen in about 15% of patients, and the
presence of these symptoms in a Lyme endemic
area in the summertime should raise the suspi-
cion of LD [31].

While LA is considered a late feature of LD
when presenting as a monoarthritis, it often
begins as an early feature of disseminated
infection with intermittent and migratory joint
pains, with or without signs of inflammation.
During this phase, unusual musculoskeletal
features may be seen, including bursitis,
tendinitis, temporomandibular joint involvement,
and carpal tunnel syndrome. Left untreated, this
will eventually evolve to classical LA [32, 33].

Numerous other clinical features have been
attributed to LD for which there is incomplete or
unconvincing microbiological support. However,
ocular complications, including uveitis and
keratitis, may rarely occur with borrelial
infection.

Infectious Features of Late Lyme
Disease

These complications generally occur in borrelial
infected individuals who have never received
appropriate antibiotic therapy for early LD, often
because the early features were unrecognized or
misdiagnosed. Appropriate treatment of early LD
almost invariably prevents these later features.
Microbiological support for many of the later
features is often wanting, and even positive PCR
results for borrelial DNA in synovial fluid of
patients with LA may represent nonviable organ-
isms [34]. Despite this, the diagnosis can be made
with a good degree of accuracy by clinical fea-
tures and laboratory testing for antibodies to bor-
relial antigens as described below.
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Lyme Arthritis

If early borrelial infection is left untreated, about
60% of patients in the United States will develop
LA [33]. This late feature usually presents many
months after the initial infection and thus may
occur in the winter, when early Lyme disease
diagnosis is distinctly unusual. Most patients
have an inflammatory arthritis affecting one or
both knees. The synovial fluid is inflammatory. If
the features of early Lyme disease were not
present and if a prior history of migrating joint
pains was not elicited, then the diagnosis of Lyme
arthritis might be missed and other causes of
infectious arthritis, idiopathic inflammatory
arthritis (including JIA in children), and even
crystal arthropathy in the elderly will be
considered. Although the pathogenesis is clearly
infectious with most patients responding to oral
or parenteral antibiotics, it is of interest that
viable borrelial organisms are not cultivable from
the synovial fluid. Rarely spirochetes may be
found in the synovium or enmeshed in a fibrinous
synovial exudate. There is evidence that borrelial-
triggered inflammations, involving both the
innate and adaptive immune systems, are key
elements in the pathogenesis of the inflammatory
arthritis [33]. Clinically, the onset is often acute,
with a marked knee effusion and elevated acute
phase reactants. Symptomatic response to
antibiotic therapy is seen to occur slowly over
weeks to months since the large effusion has
resulted in a mechanically disadvantaged knee
joint. Physical therapy with quadriceps muscle
strengthening can help with rehabilitation.

Late Lyme Neuroborreliosis

True late LN is unusual in the United States, and
in fact there is considerable skepticism regarding
the diagnosis without adherence to diagnostic
guidelines, which include the appropriate clinical
picture, often encephalomyelitis with cognitive
dysfunction, sleep disturbances, and mood
changes, and demonstration of positive intrathecal
anti-Bb antibody index, often with cerebrospinal
fluid (CSF) pleocytosis and/or increased CSF

protein [35, 36]. Of course, most patients also
have high titers of serum antibodies to B.
burgdorferi. A chronic distal axonal neuropathy
has also been described leading mainly to sensory
paresthesias. A much broader variety of more
severe neurological complications has been
described in Europe, including cranial nerve
palsies and paraparesis because of the
neurotropism of B. garinii. Parenteral antibiotics
are recommended for LN, early and late [37].

Noninfectious Features of Lyme
Disease

These clinical conditions are associated with
prior Lyme disease infection. The causes are not
confirmed although it is highly likely that
immunological mechanisms play a role in
antibiotic-refractory Lyme arthritis.

Recurrent Arthritis: Antibiotic-
Refractory Lyme Arthritis

While LA may take many months to resolve after
antibiotic therapy, it resolves completely in about
90% of patients. However, in about 10% of
patients, joint swelling and pain will recur or per-
sist for months to years. This usually involves the
same joint(s) as the original LA, that is, one or
both knees [32]. Viable organisms are not found
in the synovium or synovial fluid from these
joints, and PCR for borrelial DNA is generally
negative. Patients with this syndrome have an
increased carriage of certain rheumatoid arthritis-
associated human leukocyte antigen (HLA)
alleles, including HLA-DRB1*0401 and *0101,
as well as others, supporting an immunological
predisposition [38]. Furthermore, these HLA
alleles demonstrated greater capacity to present
Borrelia-associated peptides, as compared to
HLA alleles not associated with chronic LA,
thereby suggesting a mechanism by which infec-
tion may progress to chronic arthritis [38].
Autoreactive B and T cell responses can be
detected in both antibiotic-responsive and antibi-
otic-refractory Lyme arthritis, but in antibiotic-
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refractory Lyme arthritis, there are a number of
other immunological features including Thl
inflammatory responses, altered regulatory T cell
numbers, and possibly autoimmunity to endothe-
lial cell growth factor [39, 40]. This condition
does not respond to repeated or prolonged courses
of oral or parenteral antibiotics. Patients can
respond to local treatment, including intra-articu-
lar corticosteroid injections or synovectomy, or to
systemic antirheumatic drugs such as hydroxy-
chloroquine, sulfasalazine, and methotrexate.
Eventual resolution is the rule after many months
or years [41].

Other Systemic Rheumatic
Syndromes Following Lyme Disease

Some patients have been characterized as devel-
oping rheumatoid arthritis (RA), psoriatic arthri-
tis, or peripheral spondyloarthropathy months
after antibiotic-treated Lyme disease infection
[42]. These patients, while clinically resembling
autoimmune arthritis, had some serological fea-
tures that were atypical, including a lack of rheu-
matoid factor and antibodies to citrullinated
proteins in most of the RA patients. Furthermore,
four subjects have obtained a drug-free remission.
This raises the possibility that at least some of
these patients may have an illness in the spectrum
of antibiotic-refractory Lyme arthritis.

Posttreatment Lyme Disease
Symptoms and Syndrome

A significant minority of patients, from 10%
to 15% in clinical trials, have reported residual
subjective symptoms following treatment for
Lyme disease [43, 44]. In many, these symptoms
eventually resolve spontaneously, although some
patients have persistent complaints (>6 months).
These symptoms are some combination of
fatigue, musculoskeletal pain (myalgia and
arthralgia), headache, difficulty with concentra-
tion and memory, and paresthesias. Although
subjective and without physical findings or test-
ing that support structural abnormalities, these
complaints can result in significant disability.

Since these symptoms are common in the general
population, it remains uncertain whether they are
truly reflective of prior Lyme disease with some
studies supporting that hypothesis [45] and oth-
ers not [43, 46]. There is no convincing evidence
in controlled trials that patients with post-Lyme
disease syndrome have ongoing borrelial infec-
tion, and they do not respond to aggressive and
prolonged antibiotic therapy [47-49]. The cause
remains unknown, the symptoms tend to wax
and wane chronically, and treatment has been
symptomatic.

Controversies Surrounding Chronic
Lyme Disease

This widely used term is poorly defined [50, 51].
It should be distinguished from late Lyme disease
manifestations. While sometimes referring to
posttreatment Lyme disease syndrome as
described above, many patients with these
clinical symptoms have no clear-cut evidence of
prior borrelial infection. The belief that LD is the
cause of these symptoms despite evidence to the
contrary has been perpetuated by scientific mis-
conceptions and distortions including the pro-
pensity of LD to cause disability in the absence
of objective clinical signs, the insensitivity of
currently accepted diagnostic tests for even late
features of Lyme disease, the persistence of B.
burgdorferi within cells or in hidden sites, and
the effectiveness of prolonged (months to years)
treatments with combinations of antibiotics or
alternative and sometimes harmful therapies
[52]. Patient advocacy groups, physician propo-
nents, the media (both traditional and social), and
even well-intentioned but misled politicians have
contributed to these unfortunate pseudoscientific
beliefs [53].

Lyme Disease Diagnosis
Principles of Diagnosis
In early LD, positive bacterial cultures can be

obtained from the skin, the cerebrospinal spinal
fluid, and the blood. However, the yield is low, and
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cultivation takes many weeks making it an imprac-
tical method of diagnosis. The use of PCR to
detect the DNA or RNA of viable organisms has
proven disappointing because of low yield (blood,
spinal fluid) or positivity in the presence of nonvi-
able Borrelia (synovial fluid) [21-23, 34].
Therefore, the laboratory methods to support
the clinical diagnosis of Lyme disease are indirect
and employ serological testing of the immune
response to the Borrelia. Since antibody
responses to an infecting organism may take days
to weeks to develop, may not develop at all if
early effective treatment is instituted, and may
persist for many years after the infection is
eradicated, this must be kept in mind when
interpreting the “Lyme test” results. Another
important feature of the antibody response to
Borrelia, similar to other infections, is that IgM
responses are seen first acutely and IgG antibodies
appear weeks to months later with persisting,
untreated infection and most commonly with
simultaneous diminution of the I[gM antibodies.
The standard way to screen for antibodies to
by a sensitive enzyme-linked
immunosorbent assay (ELISA), which detects
both IgM and IgG antibodies. Because of the
poor specificity of this test, any positive or
equivocal result should be followed by the more
specific Western blot assay according to the
guidelines of the Centers for Disease Control and
Prevention [54]. Specifically, false-positive
results can result from a variety of causes,
including infections with other members of the
Spirochaete phyla, the Borrelia genus, and even
unrelated infections and normal host microbiota
[55, 56], as well as from patients with autoim-
mune diseases such as lupus and rheumatoid
arthritis [57]. This two-tiered testing approach
has been studied and used for over two decades,
for the most part with good success. In these
guidelines, an IgM Western blot is positive when
any two of the 23 kD, 39 kD, or 41 kD bands are
present. An IgG Western blot is positive when
any five of the 18 kD, 23 kD, 28 kD, 30 kD,
39 kD, 41 kD, 45 kD, 60 kD, 66 kD, or 93 kD
bands are present. Since the criteria for a positive
IgG Western blot are much more stringent than
for a positive IgM Western blot, it is a much more
specific result indicating prior or current expo-

Borrelia is

sure to the borrelial organism. Patients with late
Lyme arthritis almost always exhibit strongly
positive IgG Western blots [58].

Single-tiered testing using the C6 peptide
antigen of the VISE borrelial protein has proven
to be sensitive and specific for the diagnosis of
Lyme disease, reduces the problem of
misinterpretation of IgM Western blot results
(see below), and is commercially available [59,
60]. It may be particularly advantageous in
Europe, as the two-tiered approach appears to be
somewhat less sensitive for the detection of the
European strains B. garinii and B. afzelii as com-
pared to B. burgdorferi [61].

The CSF is the only body fluid in addition to
serum where antibody testing is of proven value.
The finding of a high Lyme antibody index, based
on the ratio of antibodies in the CSF to serum, can
support the diagnosis of neuroborreliosis [35].

Diagnostic Pitfalls

Because antibodies may not be detected in the
blood for days to weeks after initial borrelial
infection, a negative Lyme ELISA in patients
with very early symptoms does not rule out Lyme
disease as a cause. Therefore, a patient who
presents with classical symptoms beginning with
EM in a Lyme disease endemic area in the spring
and summer months should be treated for Lyme
disease, even without serological testing. On the
other hand, since antibodies will eventually
appear in untreated patients and even in many
patients who have received antibiotics, it may be
worthwhile to repeat the test 3—4 weeks later in
patients with atypical symptoms such as summer
flu or facial palsy without EM to determine if
seroconversion has occurred.

A major diagnostic problem is the misuse and
misinterpretation of the IgM Western blot result.
The criteria were devised for sensitivity for early
Lyme disease when the IgG antibodies may not
have yet appeared, but not for specificity. Thus, a
positive IgM result may indicate early Lyme dis-
ease when used in the first 4-6 weeks of symp-
tom onset. In patients with prolonged symptoms,
a positive IgM Western blot in the absence of a
positive IgG Western blot is more likely to be a
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false positive and does not indicate Lyme disease
infection [62]. Many patients with chronic non-
specific symptoms or symptoms of an alternative
diagnosis have been labeled as chronic Lyme dis-
ease because of a false-positive IgM Western blot
result.

Treatment and Prevention
of Lyme Disease

Since the first treatment trials of Lyme borreliosis,
the organism has not developed resistance to dox-
ycycline or amoxicillin, which remain the main-
stays of treatment in adults and young children,
respectively. Extensive treatment guidelines have
been published by the Infectious Disease Society
of North America [63]. In general, one course
of oral antibiotics from 2 to 4 weeks is usually
sufficient to cure early Lyme disease and prevent
later complications [64]. Neuroborreliosis may
require intravenous ceftriaxone therapy. Late LA
usually responds to one 4-week course of antibi-
otics, but a second course is sometimes required,
e.g., parenteral ceftriaxone. Non-responsiveness
to more than two courses of antibiotics sug-
gests alternative diagnoses such as antibiotic-
refractory LA or post-Lyme disease syndrome.
Rarely, a confounding factor in treatment may be
related to coinfection with other organisms such
as Anaplasma phagocytophilum (which responds
to doxycycline), Babesia microti, and Borrelia
miyamotoi or a Powassan virus, all carried by the
Ixodes tick [63, 65].

Prevention of LD has many approaches,
including wearing protective clothing as well as
the use of tick repellants. However, most effective
is undergoing inspection for ticks and removal
when found after being in grassy areas in a Lyme
disease endemic region. Removal of ticks prior to
their engorgement markedly reduces the likeli-
hood of transmission of B. burgdorferi to the skin
[66]. Attempted removal of the tick should be
done with caution, since the application of torque
to the offending tick may result in its decapitation,
while nevertheless enabling its mouth to remain
embedded in the skin and transmit the disease
[67]; crushing the tick may also allow infective

agents in its body to enter the bloodstream [67].
Furthermore, one dose of doxycycline 200 mg
within 72 h of tick attachment greatly reduces
the chance of developing Lyme disease [68].
Although vaccines were developed for Lyme dis-
ease and were shown to be relatively effective and
safe, none is currently on the market [69, 70].

Conclusions

LD is a tick-borne bacterial infection largely
limited to endemic areas in the Northeastern
United States and in parts of Europe. The
manifestations are protean, and in the absence
of the distinctive rash, the diagnosis can be
missed. The causative bacteria are highly sen-
sitive to several antibiotics, resulting in gener-
ally good outcomes in patients treated during
the early localized or early disseminated phase
[12]. LD has the potential to develop into an
arthritic process, which appears to begin as an
infected joint but can evolve into a chronic
reactive process. Lessons learned from this ill-
ness may help us better understand the patho-
physiology of postinfectious and possibly
other forms of idiopathic arthritis.
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