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Abstract
Purpose of Review Since recognition in 1975, Lyme disease has become themost common vector-borne illness in North America
and Europe. The clinical features are well-characterized and treatment is usually curative, but misperceptions about morbidity
persist. The purpose of this review is to examine advances in the diagnosis and treatment of Lyme disease, as well as ongoing
management challenges.
Recent Findings It is useful to recognize that Lyme disease occurs in stages, with early- and late-stage disease. Clinical expres-
sion is in part determined by Borrelial variability. For example, some strains of Borrelia burgdorferi, the causative organism in
North America, are particularly arthritogenic. Most patients with early Lyme disease can be cured with a single course of oral
antibiotic therapy, in contrast to some patients with Lyme arthritis, a late-stage manifestation, who are more antibiotic refractory
and require other treatment strategies.
Summary Successful treatment of Lyme disease begins with successful diagnosis and with an understanding of the emergence,
clinical features, and impact of Lyme disease over the past half century.

Keywords Lyme disease . Lyme arthritis . Lyme disease treatment

Introduction

Lyme disease (Lyme borreliosis) (LD) was recognized in
the USA in 1976 in Lyme, Connecticut, in children with
inflammatory oligo-articular arthritis [1]. In these patients,
Lyme arthritis (LA) was usually preceded by a character-
istic rash, erythema migrans (EM) [2]. Some patients had
systemic symptoms, including peripheral neuropathy as-
sociated with meningitis [3]. Also reported were cardiac
disease and mild hepatitis [4]. LD was found to be a
transmitted by Ixodes ticks and the primary causative or-
ganism, Borrelia burgdorferi, was isolated from the tick
vector in 1983 [5] and from patients with early LD the
following year [6, 7].

It became clear that LD is an emerging infection found
throughout the world-wide distribution of Ixodes ticks [8•].

In the USA, LD is caused by B. burgdorferi sensu stricto [6,
7]. In Europe and elsewhere, two other Borrelial genospecies,
Borrelia afzelii and Borrelia garinii, cause somewhat different
clinical syndromes [9]. B. burgdorferi is associated with more
frequent arthritis in the USA than in Europe [10•, 11], but in
Europe, B. afzelii causes a characteristic late-stage rash,
acrodermatitis chronica atrophicans [12], not seen in the
USA, and B. garinii causes more neurological disease than
other genospecies [10•].

LD is now the most common vector-borne illness in
Europe and North America [13]. In the USA, most cases occur
in the mid-Atlantic and southern New England (Maine to
Virginia), upper Midwest (Wisconsin and Minnesota), and
western states (northern California, Oregon, Nevada [8•, 13].
Over the 40 years since LD was first reported, changes in
habitat favorable to the vector have resulted in geographic
expansion of Ixodes ticks (Fig. 1) [14] and an increase in cases
of LD (Fig. 2) [15].

LD has also been over-diagnosed, over-treated, and often
sensationalized [16]. At the same time, surveillance has been
hampered by under-reporting to health authorities [17, 18] and
actual cases (350,000/annually in the USA) may exceed re-
ported cases (35,000) by 10-fold [19, 20]. All of these factors:
(a) the rapid emergence of a new vector-borne infection, (b)
inaccurate perceptions by the media and some health

This article is part of the Topical Collection on Infection and Arthritis

* Robert T. Schoen
robert.schoen@yale.ed

1 Section of Rheumatology, Allergy and Clinical Immunology, Yale
University School of Medicine, 60 Temple Street, Suite 6A, New
Haven, CT 06510, USA

Current Rheumatology Reports (2020) 22: 3
https://doi.org/10.1007/s11926-019-0857-2

INFECTION AND ARTHRITIS (K WINTHROP, SECTION EDITOR)

http://crossmark.crossref.org/dialog/?doi=10.1007/s11926-019-0857-2&domain=pdf
mailto:robert.schoen@yale.ed


providers, and (c) incomplete surveillance have made LD a
misunderstood and controversial illness.

But over the half century since LD was recognized,
progress in diagnosis and treatment has been substantial.
The diagnosis of LD is facilitated by dividing the illness
into early- and late-stage disease [21]. Both early LD,
which can be localized or disseminated, and late LD (pri-
marily LA in the USA) have well-described clinical man-
ifestations and confirmatory diagnostic testing. For the
rheumatologist, LA can be diagnosed by the pattern of
joint involvement in the same way that gout or rheuma-
toid arthritis is recognized.

But uncertainties persist. Overlap can occur between
stages. In addition, more prompt diagnosis and treatment,
which are almost always curative, are changing the presenta-
tion in many patients. Fewer patients move through different
stages of the illness, since early treatment is curative and pre-
vents progression. As a result, most LA patients now report no
antecedent history of EM [22].

Successful treatment of LD begins with successful diagno-
sis. For early-stage disease, it is important to have a high index
of suspicion and recognize that the sentinel rash, EM, does not
always present in a typical pattern [23]. On the other hand,
late-stage, “chronic” LD is often over-diagnosed in patients

1998

2015

Red-Ixodes scapularis-established.

Blue-Ixodes scapularis- reported.

Green-Ixodes pacificus- established.

Yellow-Ixodes pacificus- reported. 

a

b

Fig. 1 Ixodes Ticks, United
States, 1998 and 2015(14). The
red-colored areas are where
Ixodes scapularis are established.
The blue-colored areas are where
Ixodes scapularis are reported.
The green-colored areas are
where Ixodes pacificus are
established. The yellow-colored
areas are where Ixodes pacificus
are reported
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Fig. 2 Lyme disease cases reported to the Centers for Disease Control, United States [15]

with depression and other disorders [16]. A well-grounded
understanding of the clinical manifestations of LD is critical
for both diagnosis and a favorable treatment. This review con-
siders the epidemiology, clinical manifestations, diagnosis,
both clinical and laboratory, and treatment of LD. Areas of
incomplete understanding and controversy are also
considered.

The Emergence of Lyme Disease

LD is an emerging infection, but it is probably also a much
older disease. There is evidence of B. garinii infection in nine-
teenth century museum specimen Ixodes ticks, and a European
patient with probable LD was reported in 1884 [24]. More
remarkably, complete genome sequencing of a 5300-year-old
Tyrolean “iceman” demonstrated 60% homology between this
individual and the B. burgdorferi genome, consistent with an
ancient infection [25] and spirochetes resembling modern
Borrelia have been observed in 15-million-year-old amber-
fossilized ticks, suggesting the antiquity of the tick-spirochete
parasitic relationship [26]. The re-emergence of LD in the mod-
ern era is probably the result of habitat modification, especially
in Europe and the northeastern USA, that facilitated the enzo-
otic spread of B. burgdorferi infection [27]. Re-forestation of
farm land and the rise of suburbs have created open spaces that
exponentially increase host species populations [27].

LD occurs throughout the distribution of Ixodes ticks in
North America, Europe, and Asia [28]. In North America,
90% of cases occur in New England, mid-Atlantic states,

and the upper mid-West [8•], but LD is spreading from high-
incidence states to neighboring, low-incidence states and to
Canada [29–31]. Within endemic regions, smaller geographic
areas of very high-incidence B. burgdorferi infection are also
found [8•]. The age distribution of LD is bimodal, with peaks
at ages 5–15 and 45–55, consistent with risk of tick exposure
[8•]. Similarly, activities such as forestry work, hiking, and
camping increase risk of infection [14].

Ixodes ticks that transmit LD have a three-stage life cycle;
larvae, nymph, and adult, feeding once to progress to the next
stage [21]. Rodents, including white-footed mice and chip-
munks, are the preferred hosts for both larvae and nymphs
andmaintain the life cycle of infection [10•].White-tailed deer
are not directly involved in the tick life cycle, but as the pri-
mary host for adult I. scapularismating maintain tick popula-
tions [32]. Humans and domestic animals are dead-end hosts
[21]. In North America and Europe, the tick life cycle defines
the onset of LD in the late spring and early summer, because
this is when nymphs actively feed (Fig. 3) [33].

Diagnosis

The Spectrum of Early Lyme Disease

Tick Bites

All cases of LD are acquired from the bite of an infected tick
[10•], but most patients are unaware of the bite which is usu-
ally not painful [23, 34]. Even in LD-endemic regions, most



Ixodes ticks are not infected and most bites from infected ticks
do not transmit LD [35]. Among 247 individuals in a highly
endemic area of Westchester County, New York, with untreat-
ed, engorged I. scapularis bites, only 3.2% developed LD
when followed prospectively [35]. In addition, in this cohort,
the risk of acquiring LD was reduced to 0.4% by the prophy-
lactic administration of doxycycline 200 mg orally, if given
within 72 h after exposure [35].

Early Lyme Disease

Once LD develops, the clinical manifestations are well-de-
fined. It is useful to recognize stages of illness: (1) Early lo-
calized infection, (2) early disseminated infection, and (3) late
infection [21]. LD begins in most patients (80%) with EM that
only occurs at disease onset [36].

Early Localized Infection

EM develops within a few days (sometimes up to 30 days)
after the bite. In early localized infection, the disease is con-
fined to the skin and other manifestations, except mild fever
and constitutional symptoms are absent [37]. EM is an
expanding erythematous rash, often with a well-demarcated
outer border. The primary lesion develops as a centrifugally
expanding erythema. The rash is large (typically greater than
5 cm) and may expand over several days (Fig. 4) [23]. The
lesion is usually raised, slightly itchy, but not extremely pain-
ful. Even in the absence of treatment, EM resolves in less than
30 days [23, 38].

EM should not be confused with local irritation from an
insect bite, but not all EM rashes have a classical appearance
[23]. In addition, a minority of patients do not report EM. In

these patients, the rash may be faint, evanescent, or hidden on
the scalp. If EM occurs on a toe or on the ear, it will cause only
non-specific erythematous swelling. In the past, many EM
rashes had a “bulls-eye” appearance, but central clearing takes
time to develop and with prompt treatment, this pattern is less
common [23]. Sometimes EM causes necrosis and vesicle
formation or mimics cellulitis, all of which can be confusing.
So in addition to evaluating the appearance of the rash, it is
important to diagnose early LD based on a variety of factors:
geographic location, seasonality, tick exposure, and extra-
cutaneous features [23, 38].

Early Disseminated Infection

In early disseminated infection, there is hematogenous dis-
semination of the organism, so patients can develop promi-
nent, sometimes severe, constitutional symptoms, including
fever, headache, stiff neck, and migratory arthralgias [39].
Secondary skin lesions can develop anywhere on the body.
They tend to be smaller than the primary lesion and more
transient, with resolution independent of EM [39]. In early
disseminated infection, the liver and spleen are affected in
15% of patients, with mild to moderate transaminitis (aspar-
tate transaminase less than 400) that resolves over several
weeks [39]. Also seen is dissemination to the heart
(myocarditis) and the peripheral nervous system and menin-
ges (cranial and peripheral neuropathies, meningitis and, less
commonly, encephalitis) [10•]. Arthralgias occur early, but
frank arthritis is considered a late-stage disease manifestation
[39]. LD does not cause sino-pulmonary infection or involve
the kidney or gastrointestinal tract. Whether early disseminat-
ed LD impacts the fetus is unclear, but prompt treatment of
pregnant women is recommended [40].

Fig. 3 CDC: seasonal incidence
of onset of early LD [33]
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Lyme Carditis

Lyme carditis is a well-characterized manifestation of early
disseminated LD [41]. Most patients develop mild myocardi-
tis and AV nodal dysfunction. Fluctuating heart block from 1st
degree, to Wenckebach, to complete heart block can occur
with Lyme carditis [41]. Although complete heart block de-
velops in 50% of carditis patients, it is usually well tolerated,
although fatalities have been reported [42•]. Heart block is
always reversible and permanent pacemaker insertion is not
recommended [41].

Lyme carditis causing chronic cardiomyopathy in a
European patient has been reported [43], but no cases of
chronic cardiomyopathy in North America have been validat-
ed and a recent French study failed to detect evidence of
Borrelial exposure in a large cohort of cardiomyopathy pa-
tients in an endemic region [44]. Conceivably, species vari-
ability could explain differences in disease expression.

Neurological Disease

In early disseminated LD, there may be neurological involve-
ment [45]. This includes disease of the peripheral nervous
system [45]. Cranial neuropathies can occur, particularly fa-
cial nerve palsies. This manifestation usually resolves

completely, but persistent fascial nerve damage is a distressing
morbidity of Lyme disease [46]. Facial nerve palsy may rarely
be bilateral [47, 48]. Sixth nerve involvement may present as
diplopia [45]. Patients may also have peripheral neuropathy,
typically in a mononeuritis pattern, presenting with features
such as foot drop or radiculoneuropathy presenting as back
pain [3, 45, 49, 50].

Lyme meningitis or, rarely in North America, encephalitis
can also occur. Meningitis patients have headache, stiff neck,
and fever. Cerebrospinal fluid (CSF) demonstrates a mild to
moderate lymphocytic pleocytosis (less than 400 lympho-
cytes), elevated CSF protein, and an increased CSF antibody
index (ratio of CSF to serum B. burgdorferi antibody titers >
1) [10•]. Patients with meningoencephalitis can have acute
cognitive impairment, emotional lability, or other alterations
in higher cortical function [10•].

A distinction is made between early- and late-stage neuro-
logical disease. In North America, late-stage neurological dis-
ease is uncommon, but can affect the central nervous system
[10•, 50, 51]. There may be cognitive dysfunction, memory
loss, and fatigue. Usually, there is evidence of antecedent clin-
ical manifestations, including EM, constitutional symptoms,
meningitis, and peripheral neuropathy [49, 52]. Guillian-Barre
syndrome [53] and cerebrovascular accidents [54] have been
rarely associated with LD. Upper motor neuron disease and

a  Homogeneous b  Central clearing

Fig. 4 Patterns of erythema
migrans [23]. a. Homogeneous.
b. Central clearing
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demyelinating syndromes have been reported, but causation
has not been established [55, 56].

Clinical Features of Lyme Arthritis

LD was recognized in the USA as LA, because of a charac-
teristic pattern of oligo-arthritis [1]. In the past, most patients
with LA reported antecedent EM, but this is now less likely,
since recognition of early-stage disease leads to curative treat-
ment [22]. Sixty percent of untreated patients with early LD
will progress to LA [57] and among LA patients reported to
the US Centers for Disease Control and Prevention (CDC)
between 1992 and 2006, 32% had LA [58].

LA can cause frank arthritis within weeks of disease onset.
More typically, there is an asymptomatic period of several
months after early disease, followed by arthritis. This may
begin as migratory arthralgias, lasting for months, followed
by frank arthritis, or frank arthritis may begin acutely. Most
patients have monoarthritis, usually affecting the knee, but an
oligo-articular pattern is also seen. LA almost always affects
fewer than 5 joints, typically large joints, especially the knee
[57].

In a distinct pattern, most LA patients have intermittent
attacks of arthritis lasting for days to weeks with resolution
between episodes. In about 10%, arthritis is chronic (lasting >
1 year). Large, relatively non-painful, joint effusions, which
reaccumulate when aspirated, are typical. In the knee, popli-
teal cyst rupture is common [57]. In most patients, LA does
not cause permanent joint damage, although this can occur in
patients with chronic unremitting arthritis [10•].

LA is an infection, but B. burgdorferi has rarely been cul-
tured from synovial fluid [10•]. In a research setting, it is
possible, however, to detect B. burgdorferi DNA by polymer-
ase chain reaction (PCR) in synovial fluid in most untreated
LA patients. After antibiotic treatment, synovial fluid PCR
testing is usually negative [59]. Antibiotic therapy is effective
in the majority of cases of Lyme arthritis, but not all patients
respond immediately. In some patients, arthritis resolution af-
ter treatment may take months [59].

Since not all patients with LA respond to antibiotic treat-
ment, it is useful to divide patients into two groups: antibiotic
responsive (successful response to antibiotic treatment
<3 months) and antibiotic refractory (treatment response re-
quires > 3 months) [60, 61•]. It is unclear why LA responds
differently in the two groups. Emerging evidence suggests that
certain North American B. burgdorferi genotypes have excep-
tional arthritogenic virulence [62]. There may also be host
differences in immunogenetic susceptibility to infection [63]
and in some patients, persistent LA may result from a post-
infectious immune process rather than persistent infection
[64]. MicroRNA expression in synovial fluid in LA patients
prior to treatment shows a response consistent with bacterial

killing, while microRNA expression from antibiotic-treated
patients with persistent synovial effusions demonstrates a
chronic inflammatory pattern, similar to the signature seen in
rheumatoid arthritis (RA) [65••]. It is not possible to prospec-
tively anticipate which patients who will not respond to anti-
biotic therapy, but the management of antibiotic refractory LA
may require non-antibiotic strategies to achieve arthritis reso-
lution [61•].

Several conditions may be considered in the differential
diagnosis of LA. Because it often presents as an acute
monoarticular knee effusion in an active individual, LA may
be confused with an internal derangement, but LA usually
does not cause structural damage or exacerbate osteoarthritis.
Compared with other forms of bacterial arthritis, LA is usually
less painful and less likely to be associated with fever or other
constitutional symptoms. Because it is asymmetrical and
oligo-articular, LA can mimic juvenile idiopathic arthritis
and spondyloarthropathy. Since it usually does not involve
small joints in the hands and feet and is neither poly-
articular nor symmetrical, LA should not be confused with
RA. Occasional patients with RA in LD-endemic areas devel-
op LD. In these patients, the clinical features of LA are the
same as in individuals without RA. Some patients with LA
subsequently develop RA or other auto-immune inflammato-
ry arthritis, but there is no evidence of causation [66].

Diagnostic Testing

Direct Methods

It is possible to culture B. burgdorferi from EM skin lesions,
but such testing is not routinely available or necessary [10•].
In a research setting, B. burgdorferi has been cultured from
blood samples in patients with early disseminated LD. As
would be expected, in these patients, clinical severity predicts
the likelihood of hematogenous disease [67]. In contrast, re-
ports of positive culture results as the sole means to diagnose
LD in patients tested after extensive antibiotic treatment have
not been substantiated [68]. There are only rare reports of
culture of B. burgdorferi from synovial fluid, but
B. burgdorferi DNA detected by PCR has been demonstrated
in synovial fluid and less reliably in CSF [10•]. Because of
lack of standardization, LD PCR testing is not recommended
for routine clinical practice [59]. There is ongoing interest in
new direct diagnostic techniques, including detection of
Borrelial antigens, nucleic acid amplification, and genomic
sequencing [69].

Indirect Methods

In spite of inherent limitations, assessment of antibody
response against B. burgdorferi is currently the only val-
idated diagnostic testing available for LD [69–72].
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Criteria have been established by the CDC/Association of
State and Territorial Public Health Laboratory Directors to
determine positive tests for B. burgdorferi by enzyme-
linked immunosorbent assay (ELISA) against whole cell
sonicate preparations and by Western blot (WB) for both
early (IgM)- and late (IgG)-stage disease [73]. These
criteria were devised to maximize the sensitivity and spec-
ificity of all stages of LD. Testing relies on a two-step
algorithm in which WB is used to confirm a positive
ELISA, not as a separate test [74]. Simpler, more sensi-
tive, next generation, serologic assays based on recombi-
nant peptides are in development [69]. Two FDA-
approved tests that target the immune response against
cell surface variable-major-protein-like sequenced
expressed (VlsE) and its sixth invariable region, the C6
peptide, have been found to be effective in the diagnosis
of early LD [75, 76]. In the future, these assays, alone or
in combination, may supplant currently used serological
testing [69, 75].

For patients with early disease, it may take up to 4 weeks
for a detectable ELISA antibody response to occur. In these
patients, early LD should be diagnosed and treated based on
clinical suspicion, including geographic location, seasonality,
tick exposure, and features of illness whether or not the patient
is seropositive. With prompt treatment, some patients, partic-
ularly those with early local infection, will remain seronega-
tive [77].

After 4 weeks, virtually, all patients with early-
disseminated and late-stage disease seroconvert [10•]. Most
patients with LA demonstrate markedly positive ELISA and
WB reactions and remain seropositive for years, even after
curative antibiotic treatment [10•]. Persistently, positive LD
tests, in the absence of other evidence for infection, are not
an indication for retreatment. In fact, these patients probably
have some degree of protective immunity.

LD testing should be an adjunct to a well-formulated clin-
ical suspicion and not used indiscriminately [78]. At the pres-
ent time, the predictive value of LD testing is greatly degraded
by testing in patients in whom the prevalence of LD is low
[79–81]. In 2008, the 7 largest US diagnostic laboratories
conducted almost 3 million tests for tick-borne diseases [82].
Over-testing and misinterpretation of test results, including
positive IgM immunoblots, frequently results in over-
treatment [83]. False negative results are possible at disease
onset, but the bigger problem is testing individuals with a low
likelihood of LD, generating false positive results [81].

Treatment of Lyme Disease

Early Disease Treatment

For early LD (local or disseminated), the goal of antibiotic
therapy is to shorten the duration of EM and associated

symptoms and to prevent the development of late-stage dis-
ease. Most patients with uncomplicated early disease can be
cured with oral antibiotic therapy. For EM, the drugs of choice
for adults (except pregnant women) are doxycycline, 100 mg
orally twice daily for 10 to 21 days or amoxicillin, 250 to
500 mg orally three times daily for 10 to 21 days. The drugs
of choice for children with permanent dentition are doxycy-
cline 1 to 2 mg/kg twice daily or amoxicillin 25 to 50 mg/kg
three times daily. Amoxicillin is recommended for children
lacking permanent dentition [10•, 84].

The range of treatment duration recommended reflects the
variability of disease severity in patients with early LD. We
treat most patients with mild illness for 10 to 14 days. Because
the severity of disease at onset predicts the risk for late-stage
manifestations in inadequately treated patients, we recom-
mend two to 3 weeks of therapy for individuals with more-
than-mild illness. Some studies suggest that a shorter duration
is adequate [85•].

Both doxycycline and amoxicillin are effective.
Doxycycline may have better CNS penetration, but is not
superior in preventing early neurologic LD [86]. Also, doxy-
cycline is effective against Anaplasma phagocytophilum, the
causative organism of human granulocytic anaplasmosis, a
possible co-infection [85•]. For patients who cannot be treated
with doxycycline or amoxicillin, cefuroxime axetil is an alter-
native. Azithromycin, clarithromycin, or erythromycin is less
effective. First-generation cephalosporins, quinolone antibi-
otics, and sulfa drugs are ineffective [21].

Neurological Disease

There are limited comparative efficacy studies in Lyme
neuroborreliosis [87]. For patients with mild neurological dis-
ease, such as isolated facial palsy, oral doxycycline may be an
adequate therapy. For most patients with neurological disease,
ceftriaxone 2 g intravenously daily for 14 to 28 days is rec-
ommended [10•]. Cefotaxime, penicillin G, and doxycycline
are alternatives [88]. It should be noted that corticosteroid
usage has been associated with adverse long-term outcomes
in patients with LD facial palsies [89, 90].

Lyme Carditis

Patients with first-degree heart block and PR interval < 0.3 s
are treated orally like other individuals with early LD. For
patients with higher grade AV nodal block and PR interval
> 0.3 s, parenteral antibiotic therapy (similar to neurological
patients) and cardiac monitoring is recommended. Because
Lyme carditis resolves without conduction system abnormal-
ity, even in patients with complete heart block, permanent
pacemaker insertion is not recommended [10•].
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Lyme Arthritis

The majority of LA patients (75%) can be treated successfully
with oral antibiotic therapy, including doxycycline 100 mg
orally twice daily for 30 to 60 days or amoxicillin 500 mg
orally three times daily for 30 to 60 days. In patients who do
not respond to oral antibiotic therapy, intravenous ceftriaxone,
as described for neurological disease, may be effective.
Despite oral and intravenous therapy, approximately 10% of
patients will be antibiotic refractory. These patients may ben-
efi t from anti- inflammatory agents, arthroscopic
synovectomy, and disease-modifying drugs, such as metho-
trexate [58].

Post-treatment Lyme Disease, Chronic Lyme
Disease, and Fibromyalgia

Early LD is by far the most common manifestation of LD.
Early LD patients are almost always cured, but occasionally,
they incur permanent neurological morbidity, such as residual
facial palsy or foot drop. Because it is usually a benign disor-
der, early LD is under-reported to public health authorities
[18].

Most cases of late LD in North America involve the joints
only [58]. Late CNS LD is rare, over-diagnosed and over-
treated [91]. Some patients are diagnosed with “chronic
Lyme disease”who do not have LD and some providers make
this diagnosis in the absence of well-defined clinical criteria or
validated laboratory studies [91–94]. Not uncommonly, these
patients have other medical conditions, including depression
and fibromyalgia [16, 95]. They are often given long-term
antibiotic therapy or unsubstantiated alternative therapies
[91]. There is no evidence that such treatment is beneficial
[96, 97•]. In fact, long-term antibiotic treatment and uncon-
ventional treatment for “chronic Lyme disease” have been
repeatedly associated with adverse events [91]. For this group
of patients, supportive care, reassurance, and in some cases,
treatment of the underlying condition, including depression,
are more likely to be helpful.

Another issue is the problem of “post-Lyme disease treat-
ment syndrome” [98]. In most, but not all studies, patients
with early LD disease, including neuroborreliosis, have symp-
tom resolution after treatment with standard regimens and
their quality of life is similar to the general population [93,
99, 100]. In one study of 100 culture-confirmed EM patients,
fibromyalgia was seen in long-term follow-up in only 1% after
antibiotic treatment and fatigue due to LD in 3% [100, 101]. A
minority of patients, however, continue to experience com-
mon subjective symptoms, such as fatigue, widespread pain,
and neurocognitive symptoms after treatment [94]. These pa-
tients are likely to continue to seek medical attention [16,
102]. Some investigators differentiate between LD patients

with “post-Lyme disease treatment syndrome” who remain
symptomatic after 6 months and those whose symptoms re-
solve more promptly [101]. Is depression a factor? Is Lyme
disease any different from other infections (such as pneumo-
nia) where there may be a gradient among patients for the time
necessary for symptom resolution?

Conclusion

Over the past half century, LD has emerged in North America,
Europe, and throughout the distribution of Ixodes ticks, caus-
ing a complex, vector-borne illness. In most patients, LD can
be successfully managed, but is important to understand the
illness in context; its emergence, geographic spread, clinical
features, and treatment. In endemic areas, early LD is a com-
mon illness, often requiring a high index of suspicion, partic-
ularly in patients with atypical EM. LA presents in a pattern
which should be familiar to the rheumatologist and serological
confirmation is virtually always present. In some patients, LD
is over-diagnosed and over-treated. For these patients, under-
standing of the spectrum of disease allows more accurate di-
agnosis and appropriate treatment. As a result of world-wide
habitat modification, favorable to the tick vector, LD is here to
stay. Progress in diagnosis and treatment should lead to satis-
factory outcomes in most patients.
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