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Lyme disease (LD) is the most common vector-
borne disease in the United States. Generally
presenting with a characteristic rash, myalgia,
and fatigue, LD can progress to chronic arthrit is,
central nervous system manifestations, and car-
diac abnormalities, if left untreated. The number
of cases continues to rise each year. Early diag-
nosis and proper therapy are required to halt
disease progression to late chronic stages. By
adhering to simple guidelines, many potential
cases of LD can be prevented. In this article, the
second in a 2-part series on LD, we discuss clin-
ical features and treatment.

The number of reported cases of Lyme disease
(LD)—defined as the presence of an ery-
thema migrans (EM) rash greater than 5 cm

in diameter or evidence of at least one muscu-
loskeletal, neurologic, or cardiac manifestation, as
well as laboratory confirmation—has been rising
over the past 20 years. Prevention and early diag-
nosis of LD are key to preventing long-term multi-
system complications.

Clinical Features
The Centers for Disease Control (CDC) describes
LD in 3 stages: 1) early, 2) early disseminated, and
3) late. If left untreated, LD will advance to more
chronic stages. Early localized disease occurs
within 3 to 30 days of an infected tick bite and
manifests with EM, as well as constitutional symp-
toms such as myalgia, fatigue, headache, fever, lym-
phadenopathy, photophobia, sore throat, nausea,
vomiting, anorexia, and monoarticular arthralgia.1
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Although early studies found that EM was noted in
50% to 70% of patients, more recent studies have
demonstrated that up to 90% of people with LD
have identified lesions of EM.2,3 On average, the
rash appears 9 days after the arthropod bite. The
lesion typically enlarges at a rate of 1 to 2 cm in
diameter per day to approximately 30 cm in diam-
eter4 and is rarely pruritic. It may be mildly tender,
and a burning sensation is not uncommon. The
rash fades spontaneously within 4 weeks. 

In untreated patients, early disseminated disease
manifests from 30 to 120 days after inoculation of
Borrelia burgdorferi. Symptoms include multiple
lesions of EM, lymphadenopathy, and conjunctivi-
tis.5 Central and peripheral nervous manifestations
include meningitis, meningoencephalitis, cranial
neuritis, motor neuropathies, Guillain Barré–like
syndromes, radiculoneuritis (the most common
presentation of neuroborreliosis in Europe), and
facial palsy (the most common neurologic manifes-
tation of LD in North America).1,5 Patients pre-
senting with bilateral facial palsy in endemic areas
should be suspected to have LD.6 Three percent of
children with LD develop seventh-nerve palsy, which
lasts from 2 to 8 weeks, with or without treatment.6

In Europe, there is a greater frequency of neuritis
and Bannwarth syndrome (meningopolyneuritis)
among people with LD.2 Less than 10% of patients
manifest cardiac abnormalities, including rhythm
disturbances (specifically varying degrees of arteri-
ovenous block) and myocarditis.1 Patients with
arteriovenous block present with dizziness, palpita-
tions, syncope, and dyspnea.5 Lyme arthritis ini-
tially presents with a sudden onset of large joint
pain (especially in the knee) and swelling.7 With
or without treatment, symptoms last a few days to a
few weeks.7

Late LD occurs from 4 months to 1 year after
inoculation in the untreated patient. Chronic
arthritis, chronic synovitis, encephalopathy, and
fatigue are common symptoms. Other organ sys-
tems rarely become involved and may manifest as
conjunctivitis, keratitis, hepatitis, myositis, and
osteomyelitis.1,2,8 Lyme lymphocytoma, character-
ized by red-blue nodules in the dermis or subcuta-
neous tissue of the nipples of adults and earlobes of
children, is a rare presentation.5 This manifestation
resolves without treatment. Acrodermatitis chron-
ica atrophicans (ACA), a chronic, atrophic scle-
rotic lesion of the skin rarely seen in the United
States, affects 10% of LD patients in Europe.1

Other dermatologic atrophic lesions, such as mor-
phea, lichen sclerosus et atrophicus, anetoderma,
and atrophoderma of Pasini and Pierini, also have
been noted in late LD.1

Plaquelike morphea seen in late LD presents as
a well-demarcated, indurated, round, or oval
lesion. Initially, it manifests as an erythematous
lesion with a violaceous hue.1 As the lesion pro-
gresses, it becomes a smooth, shiny, sclerotic
plaque with a yellow center.1 Typically painless,
morphea can be accompanied by dysesthesia,
hypoesthesia, and hyperesthesia.1 Histologically,
early lesions have superficial and deep perivascular
lymphohistiocytic infiltrate with plasma cells and,
on occasion, eosinophils.1,9 The dermis demonstrates
sclerosis and hyalinization of collagen bundles.1 As
the lesion ages, the dermis becomes more sclerotic,
and the infiltrate dissipates. Morphea may last
months to years, resolving spontaneously and 
leaving pigmented and/or atrophic changes.1 The
etiology of morphea in LD is still unknown. In
1985, Aberer et al10 reported an inability to histo-
logically distinguish morphea from ACA and sug-
gested B burgdorferi as a causative agent. Reports 
of B burgdorferi detection by polymerase chain
reaction (PCR) in both morphea and ACA lesions
seemed to provide evidence for this theory.11-13

However, in a more recent and comprehensive
study using patient questionnaires, serologic evalu-
ation, and PCR, Weide et al14 were unable to find
significant evidence to prove an association.8

Diagnosis
The CDC recommends that the diagnosis of LD be
based on the possibility of tick exposure, clinical
manifestations, and laboratory confirmation.15

Patients with classic early symptoms of EM do not
necessarily require diagnostic testing, and treat-
ment can be initiated based on clinical findings
alone.5 Laboratory diagnosis is most relevant for
patients presenting with borderline or no symp-
toms. Culture, PCR, visualization of spirochetes in
tissue section, and serology all have been used in
the diagnosis of LD.

The gold standard for the diagnosis of LD is the
detection of causative organisms in culture.5 Tissue
from punch biopsies of EM lesions, and, in rare
cases, cerebrospinal fluid can be cultured for
B burgdorferi.5 Anecdotally, B burgdorferi also has
been cultured from blood, the heart, and synovial
fluid.16 Unfortunately, the protracted incubation
times and requirements for special media make
culturing impractical in most office settings.4,5,16

Although positive cultures are diagnostic, growth
is not always demonstrated in infected individu-
als. In one study, cultures on modified Barbour-
Stoennar-Kelly medium at 33°C to 37°C for 1 to 
4 weeks were shown to be only 72% positive in
patients confirmed to have LD by other criteria.4,16
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Moreover, positive results decrease as the duration
of EM lesions increases and in patients who have
initiated antibiotic treatment.4

Serology is the most practical laboratory 
technique to confirm LD where there is clinical
suspicion. The CDC recommends indirect immu-
nofluorescence assays or enzyme–linked immuno-
sorbent assay (ELISA) confirmed with Western
blot.17 However, these tests have not been stan-
dardized; there are variations of sensitivities and
specificities among laboratories.16,18 False-positive
results are possible, and clinical correlation is
important. Patients with borderline symptoms and
positive serology may not have LD, and further
investigation is recommended to determine the
appropriate diagnosis.4

Nevertheless, testing for humoral immunity is
diagnostically useful. Using whole cell lysates or
partially purified B burgdorferi as antigens, ELISA
captures anti-B burgdorferi antibody from human
serum.5 ELISA is preferred over indirect fluores-
cent antibody assay because of its suitability for
processing a large number of samples.5 ELISA may
be used to detect IgG or IgM responses. However,
false-positive IgM testing may occur in patients
with autoimmune disease, Epstein-Barr virus infec-
tion, bacterial endocarditis, and other tick-born
diseases such as ehrlichiosis and babesiosis.3,5 False-
positive IgG serologic testing has been demonstrated
in patients with syphilis, Helicobacter pylori infec-
tion, and systemic lupus erythematosus.3,5 Because
of the unreliability of ELISA testing, a positive test
should be corroborated with a Western blot. 
Western blots separate borrelial antigens by gel elec-
trophoresis that are then transferred to membranes
and exposed to patient serum.5 This technique is
more specific for LD than ELISA.5 As with ELISA,
immunoblots can be used to detect both IgM and
IgG anti-Lyme titers; the IgG response is more spe-
cific.5 It should be noted that IgM remains negative
for the first 30 days of infection; thus, serologic
testing cannot be used to confirm early disease.5

Determination of IgG titers is the preferred testing
for long-standing disease.5 Typically, IgG titers are
elevated at 6 to 8 weeks after infection.3 IgM and
IgG levels remain elevated even subsequent to
therapy; therefore, titers may not be used to assess
treatment efficacy.5

On histologic examination, lesions of EM are
characterized by a superficial and deep perivascular
and interstitial infiltrate composed of lymphocytes
with plasma cells and eosinophils.9 Plasma cells
usually are demonstrated in the periphery of the
lesion, and eosinophils are seen in the area of inoc-
ulation. Definitive diagnosis of LD is not con-

firmed unless spirochetes, typically found in the
upper dermis, epidermis, and follicular epithelium,
are demonstrated. However, the demonstration of
spirochetes in tissue using silver stains or poly-
clonal or monoclonal antibodies to Borrelia anti-
gens is not straightforward, and there is the risk for
overdiagnosis and underdiagnosis.16

Recently, molecular techniques became available
for diagnostic purposes. PCR technology can be used
to detect B burgdorferi in skin, cerebrospinal fluid,
synovial fluid, urine, and blood.5 Despite exquisite
sensitivity, host variation and nonstandardized pro-
cedures (primers and protocols) can produce a wide
variability in results. More important, PCR is not
approved for diagnostics purposes, because it cannot
distinguish viable from nonviable spirochetes.5,18

Treatment
Systemic therapy is required to ensure the preven-
tion of disease progression from early and early dis-
seminated to late disease.5 Although children have
an excellent prognosis even if intervention occurs
in late disease, it is imperative that adults be diag-
nosed and receive proper treatment during the early
stages.3 First-line treatment of early disease is doxy-
cycline or amoxicillin (Table). Doxycycline has the
added advantages of good central nervous system
absorption, good oral absorption, and high activity
against human granulocytic ehrlichiosis (coinfec-
tion rates are 10% in endemic areas).7 Azithromycin
also is effective in early disease; 250 mg of azithro-
mycin twice a day for 2 days, followed by 250 mg
once a day for 8 days, has been shown to be as 
effective as doxycycline.19 Minocycline is an accept-
able alternative to doxycycline and is prescribed at
the same dose as doxycycline.

Intravenous (IV) therapy is reserved for patients
with neurologic symptoms, carditis, and/or arthritis.
First-choice IV therapy is ceftriaxone 2 g/day, which
has the advantage of once-a-day dosing.20 Poor
response of Lyme arthritis to IV antibiotic treatment
has been associated with histocompatibility antigen
HLA DR4 in 10% of cases.18 Arthritis that contin-
ues after antibiotic treatment may be treated with
nonsteroidal anti-inflammatory drugs, intra-articular
steroid injections, or arthroscopic synovectomy.7

Cardiac abnormalities generally resolve with oral
antibiotic treatment. However, patients with P-R
interval greater than 0.3 seconds should be treated
with IV antibiotics and considered for telemetry
admission and temporary pacemaker insertion.21

Oral antibiotics can be restarted when there are no
further indications for pacemaker usage.21 IV ther-
apy also is recommended for the subset of patients
that continue to have symptoms consistent with
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neuroborreliosis, despite oral treatment of early dis-
ease.7 The subset of patients who do not respond to
treatment also should be tested for coinfection with
Ehrlichia or Babesia.3 A recent study demonstrated
that long-term (90 days) IV antibiotic use following
previous antibiotic treatment of acute LD was inef-
fective in alleviating long-term LD symptoms,

including musculoskeletal pain, neurocognitive
symptoms, and fatigue.22

Prevention and Vaccination
By adhering to simple guidelines, a significant number
of potential LD cases can be prevented. When out-
doors in rural areas with a known tick population or in

Treatment Options for Lyme Disease*

Stage Drug Dose Treatment Duration

Early localized

Adult Doxycycline 100 mg po bid 14–21 days

Amoxicillin 250–500 mg po tid 14–21 days

Cefuroxime axetil 500 mg po bid 14–21 days

Children Doxycycline (>9 y) 100 mg po bid 14–21 days

Amoxicillin 30–50 mg/kg/d 14–21 days

Erythromycin 30 mg/kg/d 14–21 days

Phenoxymethylpenicillin 25–50 mg/kg/d 14–21 days

Early disseminated 
and late disease

Adults

Neurologic Ceftriaxone sodium 2 g/d IV 14–28 days

Cefotaxime sodium 2 g q8hr IV 14–28 days

Penicillin G 3.5–4 million U IV 14–28 days

Cardiac Doxycycline 100 mg po bid 21 days

Minocycline 100 mg po bid 21 days

Amoxicillin 500 mg po q8h 21 days

Arthritis Ceftriaxone 2 g/d IV 21 days

Amoxicillin 500 mg po tid 30–60 days

Doxycycline 100 mg po bid 30–60 days

Ceftriaxone 2 g/d IV* 14 days

Children

Neurologic Ceftriaxone sodium 50–100 mg/kg/d IV 14–28 days

Neurologic/cardiac Cefotaxime sodium 90–180 mg/kg/d IV 14–28 days

Arthritis Penicillin G 20 million U in divided doses IV 14–28 days

Amoxicillin 50 mg/kg/d po tid 30–60 days

*po indicates periorally; bid, twice a day; tid, 3 times a day; IV, intravenous.
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endemic areas, one should wear protective clothing,
including long-sleeved shirts and pants tucked into
socks.1 Application of N,N-diethyl-m-toluamide
(DEET) to skin surfaces and permethrin to clothing
also reduces the risk for transmission.1,5 A full inspec-
tion for ticks is recommended after excursions in high-
risk geographic areas. If an attached tick is found, it
should be grasped with tweezers as close to the skin as
possible and gently pulled off.16 Previously, there were
no recommendations for antibiotic prophylaxis in any
scenario. Studies suggested that prophylaxis was not
cost-effective unless the risk for infection was greater
than 3.6% in a given area.23 A recent study by
Nadelman et al24 reexamined the usefulness of anti-
biotic prophylaxis, using a more cost-effective single-
dose of doxycycline (200 mg). In this study, only 1 of
235 (0.4%) individuals in the treatment group devel-
oped EM compared with 8 of 247 (3.2%) individuals
in the placebo group.24 None of the subjects developed
other manifestations of LD nor asymptomatically 
seroconverted.24 Although this study concluded that
single-dose doxycycline within 72 hours of a tick 
bite was effective in preventing the development of
LD, few individuals in the placebo group actually
developed LD. These findings are cause to rethink
whether or when prophylaxis is needed, to reassess if
single-dose treatment is a possibility, and to reassure
patients with “Lyme disease anxiety” about the risks
for disease and response to treatment.

Recombinant OspA has been approved by the
US Food and Drug Administration as a vaccine for
LD since 1998. In trials of more than 10,000 people,
the efficacy rate of the 3-dose vaccine was 76%.25

Indeed, Recombinant OspA appears to decrease or
eliminate B burgdorferi populations in the gut of the
Ixodes tick even before inoculation into the host.
Currently, the CDC and Committee on Infectious
Diseases recommend that only people between the
ages of 15 to 70 years who live, work, recreate, or
travel to high-risk areas should be considered for
vaccination.26 The vaccine is not recommended for
pregnant women or immunocompromised people.26

To date, a 3-dose schedule at 0, 1, and 12 months
has been approved. However, recent studies have
shown similar efficacy rates for both a 0-, 1-, and 
2-month schedule and a 0-, 1-, and 6-month sched-
ule.27 Systemic side effects noted in the clinical tri-
als were rare and included fatigue, headache, rash,
and arthralgia. The most commonly noted reaction
was local tenderness at the injection site.28
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