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To maintain its complex enzootic cycle, B. burgdorferi must adapt to
two markedly different environments: the tick and the mammalian
host. The spirochete expresses outer-surface protein A (OspA) in the
midgut of the tick, whereas OspC is upregulated as the organism travels to the tick’s salivary gland. There, OspC binds a tick salivary-gland
protein (Salp15), which is required for infection of the mammalian
host. The tick usually must be attached for at least 24 h for transmission of B. burgdorferi.
After injection into the human skin, the spirochete downregulates
OspC and upregulates the VlsE lipoprotein. This protein undergoes
extensive antigenic variation, which is necessary for spirochetal survival. After several days to weeks, B. burgdorferi may migrate outward
in the skin, producing EM, and may spread hematogenously or in
the lymph to other organs. The only known virulence factors of B.
burgdorferi are surface proteins that allow the spirochete to attach to
mammalian proteins, integrins, glycosaminoglycans, or glycoproteins.
For example, spread through the skin and other tissue matrices may be
facilitated by the binding of human plasminogen and its activators to
the surface of the spirochete. Some Borrelia strains bind complement
regulator–acquiring surface proteins (FHL-1/reconectin, or factor H),
which help to protect spirochetes from complement-mediated lysis.
Dissemination of the organism in the blood is facilitated by binding
to the fibrinogen receptor on activated platelets (αIIbβ3) and the vitronectin receptor (αvβ3) on endothelial cells. As the name indicates,
spirochetal decorin-binding proteins A and B bind decorin, a glycosaminoglycan on collagen fibrils; this binding may explain why the
organism is commonly aligned with collagen fibrils in the extracellular
matrix in the heart, nervous system, or joints.
To control and eradicate B. burgdorferi, the host mounts both
innate and adaptive immune responses, resulting in macrophage- and
antibody-mediated killing of the spirochete. As part of the innate
immune response, complement may lyse the spirochete in the skin.
Cells at affected sites release potent proinflammatory cytokines,
including interleukin 6, tumor necrosis factor α, interleukin 1β, and
interferon γ. Patients who are homozygous for a Toll-like receptor
1 polymorphism (1805GG), particularly when infected with highly
inflammatory B. burgdorferi RST1 strains, have exceptionally high
levels of proinflammatory cytokines. The purpose of the adaptive
immune response appears to be the production of specific antibodies,
which opsonize the organism—a step necessary for optimal spirochetal
killing. Studies with protein arrays expressing ~1200 B. burgdorferi
proteins detected antibody responses to a total of 120 spirochetal
proteins (particularly outer-surface lipoproteins) in a population of
patients with Lyme arthritis. Histologic examination of all affected tissues reveals an infiltration of lymphocytes, macrophages, and plasma
cells with some degree of vascular damage, including mild vasculitis
or hypervascular occlusion. These findings suggest that the spirochete
may have been present in or around blood vessels.
In enzootic infection, B. burgdorferi spirochetes must survive this
immune assault only during the summer months before returning
to larval ticks to begin the cycle again the following year. In contrast,
infection of humans is a dead-end event for the spirochete. Within
several weeks or months, innate and adaptive immune mechanisms—
even without antibiotic treatment—control widely disseminated infection, and generalized systemic symptoms wane. However, without
antibiotic therapy, spirochetes may survive in localized niches for
several more years. For example, B. burgdorferi infection in the United
States may cause persistent arthritis or, in rare cases, subtle encephalopathy or polyneuropathy. Thus, immune mechanisms seem to succeed eventually in the near or total eradication of B. burgdorferi from
selected niches, including the joints or nervous system, and symptoms
resolve in most patients.
CLINICAL MANIFESTATIONS
Early Infection: Stage 1 (Localized Infection) Because of the small size of
nymphal ixodid ticks, most patients do not remember the preceding
tick bite. After an incubation period of 3–32 days, EM usually begins as
a red macule or papule at the site of the tick bite that expands slowly to
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Figure 210-1 A classic erythema migrans lesion (9 cm in diameter)
is shown near the right axilla. The lesion has partial central clearing, a
bright red outer border, and a target center. (Courtesy of Vijay K. Sikand,
MD; with permission.)
form a large annular lesion (Fig. 210-1). As the lesion increases in size,
it often develops a bright red outer border and partial central clearing.
The center of the lesion sometimes becomes intensely erythematous
and indurated, vesicular, or necrotic. In other instances, the expanding
lesion remains an even, intense red; several red rings are found within
an outside ring; or the central area turns blue before the lesion clears.
Although EM can be located anywhere, the thigh, groin, and axilla are
particularly common sites. The lesion is warm but not often painful.
Approximately 20% of patients do not exhibit this characteristic skin
manifestation.
Early Infection: Stage 2 (Disseminated Infection) In cases in the United
States, B. burgdorferi often spreads hematogenously to many sites
within days or weeks after the onset of EM. In these cases, patients
may develop secondary annular skin lesions similar in appearance
to the initial lesion. Skin involvement is commonly accompanied by
severe headache, mild stiffness of the neck, fever, chills, migratory
musculoskeletal pain, arthralgias, and profound malaise and fatigue.
Less common manifestations include generalized lymphadenopathy or
splenomegaly, hepatitis, sore throat, nonproductive cough, conjunctivitis, iritis, or testicular swelling. Except for fatigue and lethargy, which
are often constant, the early signs and symptoms of Lyme disease are
typically intermittent and changing. Even in untreated patients, the
early symptoms usually become less severe or disappear within several
weeks. In ~15% of patients, the infection presents with these nonspecific systemic symptoms.
Symptoms suggestive of meningeal irritation may develop early in
Lyme disease when EM is present but usually are not associated with
cerebrospinal fluid (CSF) pleocytosis or an objective neurologic deficit.
After several weeks or months, ~15% of untreated patients develop
frank neurologic abnormalities, including meningitis, subtle encephalitic signs, cranial neuritis (including bilateral facial palsy), motor or
sensory radiculoneuropathy, peripheral neuropathy, mononeuritis
multiplex, cerebellar ataxia, or myelitis—alone or in various combinations. In children, the optic nerve may be affected because of inflammation or increased intracranial pressure, and these effects may lead to
blindness. In the United States, the usual pattern consists of fluctuating
symptoms of meningitis accompanied by facial palsy and peripheral
radiculoneuropathy. Lymphocytic pleocytosis (~100 cells/μL) is found
in CSF, often along with elevated protein levels and normal or slightly
low glucose concentrations. In Europe and Asia, the first neurologic
sign is characteristically radicular pain, which is followed by the
development of CSF pleocytosis (meningopolyneuritis or Bannwarth’s
syndrome); meningeal or encephalitic signs are frequently absent.
These early neurologic abnormalities usually resolve completely within
months, but in rare cases chronic neurologic disease may occur later.
Within several weeks after the onset of illness, ~8% of patients
develop cardiac involvement. The most common abnormality is a
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