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Synopsis
Lyme disease, caused by spirochete Borrelia burgdorferi, is the most common vector-borne
disease in the United States. The clinical presentation varies depending on the stage of the illness:
early disease includes erthyma migrans, early disseminated disease includes multiple erythema
migrans, meningitis, cranial nerve palsies and carditis; late disease is primarily arthritis. The
symptoms and signs of infection resolve in the vast majority of patients after appropriate treatment
with antimicrobials for from 2-4 weeks. Serologic testing should be used judiciously as it often
results in misdiagnosis when performed on blood from patients with a low prior probability of
disease and those with non-specific symptoms such as fatigue or arthralgia without signs of
infection.
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Overview
Lyme disease, caused by spirochete Borrelia burgdorferi, is the most common vector-borne
disease in the United States. The clinical presentation varies depending on the stage of the
illness and includes erthyma migrans, carditis, central nervous system disease, and arthritis.
Regardless of the clinical presentation, most patients with Lyme disease have resolution of
their clinical symptoms when treated with appropriate antimicrobials. Persistent symptoms
after therapy are most often due to misdiagnosis rather than treatment failure. Although
Lyme disease is a public health concern, extensive publicity has resulted in a degree of
anxiety about Lyme disease that is out of proportion to the actual morbidity that it causes.
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Microbiology
Lyme disease is caused by the spirochete, Borrelia burgdorferi sensu lato, a fastidious,
microaerophilic bacterium that replicates slowly and requires special media to grow in the
laboratory (Figure 1) [1]. The organism has been subclassified into several genomospecies,
including B. burgdorferi sensu stricto, B. garinii, B. afzelii and others. Different
genomospecies seem to be associated with an increased likelihood of certain specific
manifestations of Lyme disease—for example, B. burgdorferi sensu stricto seems to have a
prediction to cause arthritis (if not treated early), while B. garinii seems to be associated
with an increased risk of neurologic manifestations of Lyme disease. In the United States
only B. burgdorferi sensu stricto has been isolated from humans. In contrast, there is
substantial variation in the genomospecies of B. burgdorferi sensu lato isolated from humans
in Europe.

Epidemiology
Most cases of Lyme disease in the United States occur in southern New England,
southeastern New York, New Jersey, eastern Pennsylvania, eastern Maryland, Delaware,
and parts of Minnesota, Wisconsin and Michigan. More than three-quarters of these cases
occur in fewer than 70 counties, an indication of the geographic limitation of the disease
(Figure 2) [2]. Information about the true incidence of the disease is complicated by reliance
on passive reporting of cases as well as by the high frequency of misdiagnosis [3,4]. In the
most highly endemic areas of the United States, such as Connecticut, the incidence is about
0.5 cases/1000, but can be substantially higher in local areas. The incidence is highest in
children 5-10 years of age, nearly twice as high as the incidence among adults.

In Europe, most cases occur in the Scandinavian countries and in central Europe (especially
in Germany, Austria and Switzerland), although cases have been reported from throughout
the region, including the United Kingdom (where many cases occur in the South Downs or
New Forest areas).

B. burgdorferi is transmitted by Ixodid ticks-in the United States, primarily by Ixodes
scapularis, the deer tick (Figure 3) [1]. Ixodid ticks must be distinguished from other
common endemic ticks such as the dog tick (Figure 4). Other vectors include Ixodes ricinus
(the sheep tick), Ixodes persulcatus and Ixodes pacificus in Europe, Asia, and the Pacific
coast of the United States, respectively. Ixodid ticks have a 2-year, three-stage life cycle
(Figure 5). The larvae hatch in the early summer and are usually not infected with B.
burgdorferi. The tick may become infected at any stage of its life cycle by feeding on a host
that is a natural reservoir for B. burgdorferi, usually a small mammal such as the white-
footed mouse (Peromyscus leucopus) (Figure 6). The larvae overwinter and emerge the
following spring in the nymphal stage, which is the stage of the tick that is most likely to
transmit the infection [5]. Nymphs molt to become adults in the fall. Adult females, which
often spend the winter attached to large animals such as deer or sheep (hence the names-deer
or sheep tick), lay their eggs the following spring before they die, and the 2-year life cycle
begins again.

A number of factors are associated with the risk of transmission of B. burgdorferi from ticks
to humans. First, the tick must be infected. The proportion of infected ticks varies greatly
both by geographic area and by the stage of the tick in its life cycle. Lyme disease is
uncommon in the Pacific states since few Ixodes pacificus ticks are infected with B.
burgdorferi, in part because the serum of lizards, one of its major hosts, kills B. burgdorferi
[6]. By contrast, in highly endemic areas of southern New England rates of infection of I.
scapularis are, approximately, 2% for larvae, 15-30% for nymphs and 30-50% for adult ticks
[1].
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There has been substantial variation in rates of infection of Ixodes ricinus in reports from
various European countries, but approximate averages are 10% for nymphs and 20% for
adult ticks [7].

Based on studies with experimental animals, to transmit B. burgdorferi, an infected tick
generally must feed for 48-72 hours or longer [8]. These experimental findings were
confirmed in a study in humans in which the risk of transmission from ticks (for which the
duration of feeding could be assessed) to humans was 25% for nymphal ticks that had fed
for at least 72 hours and 0% for nymphal ticks that had fed for <72 hours [5]. The bacteria
live in the mid-gut of the tick, which needs to become engorged with blood (Figure 7) before
the bacteria migrate to the salivary glands and the saliva, through which the organism is
injected into the host. Persons with occupational, recreational or residential exposure to tick-
infested fields, yards or woodlands in endemic areas are at increased risk of developing
Lyme disease.

Clinical Presentation
The clinical manifestations of Lyme disease are classified into stages-early localized
disease, early disseminated disease, and late disease (Table 1) [9,10]. Erythema migrans, the
manifestation of early localized disease, appears at the site of the tick bite, 3 to 30 days
(typically within 7 to 14 days) after the bite. In the United States, erythema migrans (single
or multiple) is found in about 90% of patients with objective evidence of infection with B.
burgdorferi [11-13].

The lesion begins as a red macule or papule and expands for days to weeks to form a large,
annular, erythematous lesion that is at least 5 cm and as much as 70 cm in diameter (median
of 15 cm) (Figure 8). Most often, the rash is uniformly erythematous or it may appear as a
target lesion with variable degrees of central clearing (Figure 8). It can vary greatly in shape,
and, occasionally, may have vesicular or necrotic areas in the center. Erythema migrans is
usually asymptomatic but may be pruritic or painful, and it may be accompanied by
systemic findings such as fever, malaise, headache, regional lymphadenopathy, stiff neck,
myalgia, or arthralgia.

The most common manifestation of early disseminated Lyme disease in the United States is
multiple erythema migrans. The secondary skin lesions, which usually appear from 3 to 5
weeks after the tick bite, consist of multiple annular erythematous lesions similar to, but
usually smaller than, the primary lesion. Other common manifestations of early
disseminated Lyme disease are cranial nerve palsies, especially facial nerve palsy, and
meningitis (sometimes accompanied by papilledema and increased intracranial pressure).
Systemic symptoms such as fever, myalgia, arthralgia, headache, and fatigue are also
common in this stage of Lyme disease. Carditis, which usually is manifest as a prolonged
PR interval or, sometimes, complete heart block, is a rare manifestation of early,
disseminated disease (Figure 9). Patients may present with fatigue, dizziness or syncopal
episodes. Although it occurs only rarely in the United States, borrelial lymphocytoma, an
inflammatory infiltrate that typically occurs in the ear lobe or the breast, is seen with some
frequency in patients with Lyme disease in Europe. Likewise, meningoradiculoneuritis
(Bannwarth’s syndrome), a sometimes painful radiculopathy due to Lyme disease, is far
more common in Europe than in the U.S.

The most common manifestation of late Lyme disease, which occurs weeks to months after
the initial infection, is arthritis. The arthritis is usually monoarticular but may also be
oligoarticular and primarily affects the large joints, particularly the knee. Although the
affected joint is typically swollen and somewhat tender, the intense pain associated with a
septic arthritis usually is not present. However, Lyme arthritis can be difficult to distinguish
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from septic arthritis [14]. Encephalitis, encephalopathy, and polyneuropathy are also
manifestations of late Lyme disease, but they are very rare in children. Acrodematitis
chronica atrophicans, a chronic sclerosing dermatitis, is an uncommon manifestation of
Lyme disease in Europe but is virtually unknown in the United States.

Small numbers of case reports, most of which involved women with unrecognized and
untreated Lyme disease during their pregnancies, suggested B. burgdorferi may be
transmitted across the placenta and that congenital Lyme disease was associated with poor
outcomes [15]. Although spirochetes compatible with B. burgdorferi were seen in pathologic
specimens, B. burgdorferi was never isolated in culture from any of these cases. Several
subsequent studies, designed to assess the potential link between Lyme disease during
pregnancy and congenital infection with B. burgdorferi, found no documented B.
burgdorferi infections of either the fetus or the infant [16]. Additional studies found no
difference in birth outcomes comparing seropositive and seronegative pregnant women
[17,18]. Likewise, a survey of neurologists in endemic areas found no evidence of any
credible cases of congenital Lyme disease [19]. Transmission of Lyme disease via breast-
feeding has also not been documented.

Pathogenesis
Information about the pathogenesis of Lyme disease comes from both human studies and
animal models. B. burgdorferi express outer surface proteins (Osps) that are important for
both survival in the tick and for infection in humans. OspA is required for B. burgdorferi
adherence to the tick midgut [20,21]. Its expression decreases during engorgement as the
spirochete leaves the midgut for the salivary glands and subsequent injection into the
mammalian host. During this period, the expression of OspC increases; it has been
postulated that OspC plays a role in migration of and infection by the spirochete [20]. The
spirochete’s ability to spread through skin and other tissues may be facilitated by the binding
of OspC to human plasminogen [22]. This dissemination from the site of the tick bite, via
the bloodstream, produces the systemic systems that may be associated with early Lyme
disease as well as the clinical manifestations of early disseminated and, ultimately, of late
Lyme disease.

In humans with erythema migrans, infiltrates of macrophages and of T cells produce both
inflammatory and anti-inflammatory cytokines [23]. There is also evidence that in
disseminated infections, adaptive T-cell and B-cell responses in lymph nodes produce
antibodies against many components of the spirochete [24,25]. During dissemination within
humans, B. burgdorferi attaches to certain host integrins [26,27] eliciting a pro-
inflammatory response [28], that includes production of both matrix glycosaminoglycans,
and extracellular-matrix proteins [29,30] which may explain the organism’s tropisms for
particular tissues (e.g., collagen fibrils in the extracellular matrix in the heart, nervous
system, and joints) [29].

Animal models have provided information about the clinical manifestations and immune
response during early, disseminated disease including neuroborreliosis and carditis. Studies
in mice have clearly demonstrated the importance of inflammatory innate immune responses
in controlling early, disseminated Lyme disease [31,32]. After infection with B.burgdorferi,
mice that lack either toll-like receptor 2, a part of the innate immune system, or the toll-like
receptor adaptor, MyD88, have higher bacterial loads and more severe arthritis than isogenic
wild type mice [33,34]. The role of complement in controlling infection has also been well
described. Mice that lack C3 have increased numbers of spirochetes when infected;
moreover, B.burgdoferi produces specific proteins that inhibit complement activity which
facilitates infection [20]. A C3H mouse model of Lyme carditis has been developed in
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which cardiac infiltrates of both macrophages and T cells produce inflammatory cytokines
[35]. In these mice, the killing of spirochetes through cellular immune mechanisms appears
to be the dominant factor in the resolution of cardiac disease [36].

A nonhuman, primate animal model of neuroborreliosis has been developed to try to better
understand the spread of B. burgdorferi within the nervous system [37]. In
immunosuppressed monkeys with an exceptionally large inoculum of bacteria, B.
burgdorferi infiltrated the leptomeninges, the motor and sensory nerve roots, and the dorsal-
root ganglia, but not the brain parenchyma [38]. B. burgdorferi also infiltrated the
perineurium (the connective tissue sheath surrounding each bundle of peripheral-nerve
fibers) in the peripheral nervous system of these monkeys.

Studies of patients with clinical manifestations of late disease, specifically Lyme arthritis,
have confirmed observations in animals that the host immune response is important for the
pathogenesis of disease. Synovial tissue from patients with Lyme arthritis typically shows
synovial hypertrophy, vascular proliferation, and a marked mononuclear cell infiltrate.
Sometimes pseudolymphoid follicles are present that resemble peripheral lymph nodes [39].
During acute Lyme arthritis, innate immune responses to B. burgdorferi lipoprotein, as well
as marked adaptive immune responses to many spirochetal proteins, are found [40-42]. Both
Th-1 and Th-2 dependent cytokines are found in the joint fluid [43,44]. In addition, patients
with Lyme arthritis typically have higher Borrelia-specific antibody titers than do patients
with other manifestation of Lyme disease [40,45]. Some adult patients with Lyme arthritis,
particularly those with HLA-DRB1 alleles, will develop a chronic, antibiotic treatment-
resistant, autoimmune arthritis [46,47].

Diagnosis
The diagnosis of Lyme disease, especially in the absence of the characteristic rash, may be
difficult, since the other clinical manifestations of Lyme disease are not specific. Even the
diagnosis of erythema migrans sometimes may be difficult, since the rash initially may be
confused with nummular eczema, granuloma annulare, an insect bite, ringworm, or
cellulitis. The relatively rapid and prolonged (untreated, it lasts for weeks) expansion of
erythema migrans helps to distinguish it from these other conditions.

The sensitivity of culture for B. burgdorferi is only fair and special media are required;
moreover, it is necessary for patients to undergo an invasive procedure to obtain appropriate
tissue or fluid for culture. Consequently, such tests are indicated only in rare circumstances.
Likewise, diagnostic tests that are based on the identification of antigens of B. burgdorferi,
including the polymerase chain reaction (PCR), have not been shown to be sufficiently
accurate to be clinically useful under non-experimental conditions. Although studies in
research laboratories suggest that the PCR test is promising, contamination is a potential
problem in commercial laboratories and an invasive procedure is still necessary to obtain
appropriate material to test. Consequently, the confirmation of Lyme disease by the
laboratory usually rests on the demonstration of antibodies to B. burgdorferi in the patient’s
serum.

It is well documented that the sensitivity and specificity of antibody tests for Lyme disease
vary substantially [48]. The accuracy and reproducibility of pre-packaged commercial kits is
much poorer than that of tests performed by “reference” laboratories that maintain tight
quality control and regularly prepare the materials that are used in the test. Official
recommendations from the Second National Conference on Serologic Diagnosis of Lyme
Disease and from the CDC are that clinicians use a two-step procedure when ordering
antibody tests for Lyme disease-first, a sensitive screening test, such as an enzyme-linked
immunosorbent assay (ELISA) and, if that result is positive or equivocal, a Western
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immunoblot (a more specific test than the ELISA) to confirm the result [10,49]. If the
ELISA result is negative, an immunoblot is not indicated. Immunoblots should not be
ordered without a simultaneously ordered ELISA. The ELISA provides a quantitative
estimate of the concentration of antibodies against B. burgdorferi. The immunoblot provides
information about the specificity of the antibodies; positive “bands” mean that antibodies
against specific protein antigens of B. burgdorferi are present. Most authorities require the
presence of antibodies against at least either 2 (for IgM) or 5 (for IgG) specific proteins of
B. burgdorferi for the immunoblot to be considered positive (Figure 10) [10,49]. Antibody
test results are not useful for the diagnosis of early localized Lyme disease, since only a
minority of patients with single erythema migrans will have a positive test result because the
rash usually develops before the antibodies are detectable. A diagnosis of Lyme disease
should not be based on a positive IgM result alone in patients who have had symptoms for
≥4 weeks [9].

Misdiagnosis
It is critically important to understand that the predictive value of antibody test results, even
of very accurate tests, is highly dependent on the prevalence of the infection among patients
who are tested (Table 2) [50]. Antibody tests for Lyme disease should not be used as
screening tests [50,51]. Unfortunately, because many lay persons (as well as physicians)
have the erroneous belief that chronic, nonspecific symptoms alone (e.g., fatigue or
arthralgia) may be manifestations of Lyme disease, patients with only nonspecific symptoms
are frequently tested for Lyme disease. Lyme disease will be the cause of the nonspecific
symptoms in very few such patients, if any. However, because the specificity of even the
best antibody tests for Lyme disease is nowhere near 100%, some of the test results in
patients without specific signs or symptoms of Lyme disease will be falsely positive (Table
2) [50,51]. Nevertheless, an erroneous diagnosis of Lyme disease frequently is made and
such patients often are treated unnecessarily with antimicrobials [52].

Clinicians should realize that even though a symptomatic patient has a positive serologic test
result for antibodies to B. burgdorferi, it is possible that Lyme disease may not be the cause
of that patient’s symptoms. In addition to the possibility that it is a false-positive result, the
patient may have been infected with B. burgdorferi previously, and the patient’s current
symptoms may be unrelated to that previous infection. Once serum antibodies to B.
burgdorferi do develop, both IgG and IgM may persist for many years despite adequate
treatment and clinical cure of the illness [53,54]. There is no indication to recheck serology
after therapy to determine the effectiveness of treatment. In addition, because some people
who become infected with B. burgdorferi never develop symptoms, in endemic areas there
will be a background rate of seropositivity among patients who have never had clinically
apparent Lyme disease. Physicians should not routinely order antibody tests for Lyme
disease either for patients who have not been in endemic areas or for patients with only
nonspecific symptoms.

Differential Diagnosis
The differential diagnosis of Lyme disease varies depending on the stage of disease.
Erythema migrans, the rash of early Lyme disease, must be differentiated from inflammation
associated with insect bites, nummular eczema, granuloma annulare, ringworm, and
cellulitis. Other causes of carditis include viral agents, specifically Coxsackie enteroviruses.
The differential diagnosis for arthritis is long and includes bacterial septic arthritis,
rheumatologic, and oncologic processes.

Ixodes ticks may transmit other pathogens in addition to B. burgdorferi, including Babesia,
Anaplasma, other Borrelia species, and viruses [1,10]. These agents may be transmitted
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either separately from or simultaneously with B. burgdorferi. Patients should be evaluated
for these organisms if they have physical or laboratory findings suggestive of these diseases.

Treatment
Guidelines for antimicrobial therapy for specific stages of Lyme disease have been
published by the Infectious Disease Society of America (Tables 1,3) [10]. Early disease
characterized by erythema migrans is best treated orally with doxycycline or amoxicillin for
14 days, although there is some evidence that 10 days of therapy may be adequate. Early
disseminated disease diagnosed as either a localized cranial nerve palsy, multiple erythema
migrans, or carditis in outpatients without complete heart block can also be treated with oral
agents. Late disease, manifesting as arthritis, typically responds well to oral therapy with
either doxycycline or amoxicillin. Additional treatment with non-steroidal anti-
inflammatories may also provide symptomatic benefit to the patient.

Intravenous therapy with ceftriaxone is often used for Lyme meningitis. However, data from
Europe shows that oral doxycycline is as effective as ceftriaxone for Lyme meningitis [55].
Another indication for ceftriaxone is myocarditis and heart block in symptomatic patients
requiring hospitalization [10]. As symptoms improve, these patients can complete therapy
with an oral agent.

Few clinical trials of treatment for Lyme disease have been conducted in children [56]. Most
recommendations for the treatment of children are extrapolated from studies of adults.
Children younger than 8 yrs of age should not be treated with doxycycline because it may
cause permanent discoloration of their teeth. Patients who are treated with doxycycline
should be alerted to the risk of developing dermatitis in sun-exposed areas while taking the
medication. Cefuroxime is also approved for the treatment of Lyme disease and is an
alternative for persons who cannot take doxycycline and who are allergic to penicillin.
Azithromycin is less efficacious than other oral agents and should only be used when there
is a clear contraindication to the preferred antimicrobials. There is little need to use newer
agents because the results of treatment with either amoxicillin or doxycycline have been
excellent.

Some patients may develop a Jarisch-Herxheimer reaction soon after treatment is initiated.
The manifestations of this reaction are increased temperature, sweats, and myalgia. These
symptoms resolve spontaneously within 24–48 hr, although administration of nonsteroidal
anti-inflammatory drugs often is beneficial. Antimicrobial treatment during a Jarisch-
Herxheimer reaction should not be discontinued.

Prognosis
The long-term prognosis for individuals who are treated with appropriate antimicrobial
therapy for Lyme disease, regardless of the stage of the disease, is excellent. The most
common reason for a lack of response to appropriate antimicrobial therapy for Lyme disease
is misdiagnosis (i.e., the patient actually does not have Lyme disease). Nonspecific
symptoms (such as fatigue, arthralgia or myalgia) may persist for several weeks even in
successfully treated patients with early Lyme disease; their presence should not be regarded
as an indication for additional treatment with antimicrobials. These symptoms usually
respond to non-steroidal anti-inflammatory agents. Within a few months of completing the
initial course of antimicrobial therapy, these vague, nonspecific symptoms will usually
resolve without additional antimicrobial therapy. For those unusual patients who have
persistent symptoms more than six months after the completion of antimicrobial therapy, an
attempt should be made to determine if these symptoms are the result of a post-infectious
phenomena or of another illness.
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Klempner and coworkers recently reported the results of two controlled trials of antibiotic
treatment for adult patients with chronic musculoskeletal pain, neurocognitive symptoms, or
both that persisted after antibiotic treatment for Lyme disease [57]. One study included
patients who were seropositive for IgG antibodies to B. burgdorferi at the time of
enrollment; the other study included patients who were seronegative. In both studies,
patients were randomly assigned to receive either ceftriaxone administered intravenously for
30 days followed by doxycycline orally for 60 days or matching regimens with intravenous
and oral placebos. There were no significant differences in the outcomes of patients treated
with antibiotics compared with those treated with placebo among either the seropositive or
the seronegative patients. Of note, nearly 40% of subjects treated with placebo improved.
These findings support earlier recommendations that such patients are best treated
symptomatically rather than with prolonged courses of antibiotic therapy, which have been
associated with serious adverse side effects [58]. Additional clinical studies of these patients
confirm that the risks of long term treatment far outweigh any possible benefits [59].

Prevention of Lyme Disease
Reducing the risk of tick bites is one obvious strategy to prevent Lyme disease [60]. In
endemic areas, clearing brush and trees, removing leaf litter and woodpiles, and keeping
grass mowed may reduce exposure to ticks. Recent data demonstrates the application of
acaricide to white tailed deer prevent feeding by ticks, reducing the risk for tick-borne
disease [61]. Application of pesticides to residential properties is effective in suppressing
populations of ticks, but may be harmful both to other wildlife and to people.

Tick and insect repellents that contain n,n-diethylmetatoluamide (DEET) applied to the skin
provide additional protection, but require reapplication every 1 to 2 hours for maximum
effectiveness. Serious neurologic complications in children from either frequent or excessive
application of DEET-containing repellents have been reported, but they are rare and the risk
is low when these products are used according to instructions on their labels. Use of
products with concentrations of DEET greater than 30% is not necessary and increases the
risk of adverse effects. DEET should be applied sparingly only to exposed skin, but not to
the face, hands, or skin that is either irritated or abraded. After one returns indoors, skin that
was treated should be washed with soap and water. Permethrin (a synthetic pyrethroid) is
available in a spray for application to clothing only and is particularly effective because it
kills ticks on contact.

Because most persons (approximately 75%) who recognize that they were bitten by a tick
remove the tick within 48 hours, the risk of Lyme disease from recognized deer tick bites is
low-approximately 1-3% in areas with a high incidence of Lyme disease. Indeed, the risk of
Lyme disease is higher for unrecognized bites (since such ticks will feed for a longer time).
Persons should be taught to inspect themselves and their children’s bodies and clothing daily
after possible exposure to Ixodid ticks. An attached tick should be grasped with fine-tipped
tweezers as close to the skin as possible and removed by gently pulling the tick straight out.
If some of the mouth parts remain embedded in the skin, they should be left alone, since
they usually are extruded eventually; additional attempts to remove them often result in
unnecessary damage to tissue and may increase the risk of local bacterial infection. Analysis
of ticks to determine whether they are infected is not indicated because it is unclear how
these test results correlate with the probability of human disease. No vaccine for Lyme
disease is currently available.

A study of antimicrobial prophylaxis for ticks bites among adults found that a single, 200
mg dose of doxycycline was 87% effective in preventing Lyme disease, although the 95%
confidence interval around this estimate of efficacy was wide (the lower bound was 25% or

Murray and Shapiro Page 8

Clin Lab Med. Author manuscript; available in PMC 2013 May 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



less, depending on the method used) [5]. In that study, the only persons who developed
Lyme disease had been bitten by nymphal stage ticks that were at least partially engorged;
the risk of Lyme disease in this group was 9.9% (among recipients of placebo), while it was
0% for bites by all larval and adult deer ticks. Unfortunately, the expertise to identify the
species, stage and degree of engorgement of a tick, and thereby to assess the degree of risk,
is rarely available to persons who are bitten. Consequently, routine use of antimicrobial
agents to prevent Lyme disease in persons who are bitten by a deer tick, even in highly
endemic areas, is not generally recommended because the overall risk of Lyme disease is
low (1-3%), only doxycycline (which is not recommended for children < 8 years of age) has
been shown to be effective and treatment for Lyme disease, if it does develop, is very
effective [62].

Summary
Lyme disease is caused by the spirochete Borrelia burgdorferi, injected into the blood stream
after an infected tick has been attached 48-72 hrs. It can manifest as early localized disease
(erythema migrans), early disseminated disease (e.g meningitis or multiple erythema
migrans), or late disease (large joint arthritis). Both the innate and adaptive immune systems
contribute to the inflammatory response which results in clinical symptoms. Regardless of
the clinical presentation, the vast majority of patients who are treated for Lyme disease with
short courses of appropriate antibiotics do extremely well. Serologic testing for Lyme
disease is imperfect and should be reserved for patients from endemic areas with a clinical
syndrome and physical findings consistent with Lyme disease. Preventive measures such as,
checking for and removing ticks after extensive time outdoors, wearing of pants and long-
sleeved shirts, and the application of tick repellant potentially can reduce the risk of Lyme
disease for individuals with increased exposure to ticks.
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Figure 1.
Borrellia burgdorferi, infective bacterium of Lyme disease. The spirochete is stained with
Syto 9 and visualized with fluorescent microscopy. Courtesy of Sarojini Adusumilli.

Murray and Shapiro Page 13

Clin Lab Med. Author manuscript; available in PMC 2013 May 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Epidemiology of Lyme Disease. The distribution of disease corresponds to the distribution
of the Ixodes ticks that transmit B. burgdorferi.
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Figure 3.
Various stages of the life cycle of the deer tick Ixodes scapularis, the vector for Lyme
disease in the northern United States. The larval stage is shown on the left, followed by the
nymphal stage, the adult female, and the adult male on the right. Most infections are
transmitted from ticks at the nymphal stage.
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Figure 4.
A comparison of the deer tick Ixodes scapularis, on the left, with the dog tick Dermacentor
variabilis, on the right. Typically, dog ticks are much larger than deer ticks.
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Figure 5.
Two-year lifecycle of Ixodid ticks. Larvae hatch in the summer when they may feed on a
small mammal infected with B. burgdorferi. The larvae survive the winter and emerge the
following spring as nymphs, when they are most likely to transmit infection. The nymphs
molt to become adults in the fall, attach to large animals during the winter, and the females
lay eggs the following spring. (CDC Open access photo)
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Figure 6.
The white footed mouse (Peromyscus leucopus) is a reservoir for Ixodes scapularis. Note the
large numbers of ticks attached to this mouse.
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Figure 7.
An engorged Ixodid scapularis tick. Ticks become engorged after 48-72 hours. Ticks
removed prior to this time, before they become engorged, rarely transmit Lyme disease.
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Figure 8.
Erythema migrans. This rash is the characteristic lesion of early Lyme disease. It may be
appear as a target-like lesion with central clearing or may be erythematous throughout.
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Figure 9.
Prolonged PR interval from Lyme carditis. This EKG is was performed on a 9 yr old child
from a Lyme endemic area with known tick exposures who presented with a history of
fever, flu-like symptoms, and syncope. His PR interval (shown by the arrow) was 0.548 (nl
0.12-0.2) consistent with first degree heart block. He was admitted to the hospital and placed
on ceftriaxone therapy. His symptoms improved after three days and he was discharged
home on doxycycline to complete 21 days of antimicrobial therapy.

Murray and Shapiro Page 21

Clin Lab Med. Author manuscript; available in PMC 2013 May 13.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 10.
IgG immunoblot used to aid in the diagnosis of Lyme disease. Immunoblots are indicated
after a positive ELISA from a patient with a clinical syndrome consistent with Lyme
disease. The criteria for a positive IgG immunoblot are the presence of 5 bands. In patients
with erythema migrans, the immunoblot can initially be negative prior to the development of
antibodies against B.burgdorferi.
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Table 1
Clinical Presentations and Therapy for Lyme disease

Disease
Stage

Clinical
Manifestations

Treatment Duration

Early
localized

Erythema migrans Oral 14-21 days

Early
disseminated

Multiple erythema
migrans

Oral 14-21 days

Isolated cranial nerve
palsy

Oral 14-21 days

Meningoradiculoneuritis
Meningitis

Intravenous
or Oral

10-28 days
14-21 days

Carditis
Ambulatory
Hospitalized

Oral

Intravenous*
followed by
oral

14-21 days
14-21 days

Borrelial lymphocytoma Oral 14-21 days

Late Arthritis Oral 28 days

Recurrent arthritis after
oral therapy

Oral or
Intravenous

28 days
14-28 days

Encephalitis Intravenous 14-28 days

Acrodematitis chronica
atrophicans

Oral 14-28 days

*
At the time of discharge, the patient may receive oral medication to complete therapy
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Table 2
Predictive value of serologic tests vary by disease prevalence

Disease
Prevalence

Test Result Disease
present

Disease
Absent

Total

1% Positive 95 990 1085

Negative 5 8910 8915

Total 100 9900 10,000

Predictive
value 8.8% 

# 99.9% *

10% Positive 950 900 1850

Negative 50 8100 8150

Total 1000 9000 10,000

Predictive
value 51.4% 

# 99.4% *

In each case the test is 95% sensitive and 90% specific.

#
Predictive value of a positive test

*
Predictive value of a negative test
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Table 3
Antibiotic regimens for Lyme disease

Treatment* Adult Dose Pediatric Dose

Oral therapy Doxycycline
(Patients ≥8yrs)

100 mg
2× day

4 mg/kg
(up to 100mg)
2× day

Amoxicillin 500 mg
3× day

50mg/kg
(up to 500mg)
3× day

Cefuroxime axetil 500 mg
2× day

30 mg/kg
(up to 500mg)
2× day

Intravenous
therapy

Ceftriaxone 2g
1× day

50-75 mg/kg
(up to 2g)
1× day

Cefotaxime 2g
every 8 hrs

150-200 mg/kg
(up to 2g)
every 8 hrs

Penicillin G 18-24 million U/day
divided every 4 hrs

200,000-400,000 U/kg daily
divided every 4 hrs
(up to 18-24 million U/day)

*
Most commonly used antibiotics are in bold.
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