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MEDICAL PROGRESS

LYME DISEASE
ALLEN C. STEERE, M.D.

YME disease was described as a separate entity in
1977 because of a geographic clustering of chil-
dren in Lyme, Conn., who were thought to have juve-
nile rheumatoid arthritis.! The rural setting of the
case clusters and the identification of erythema mi-
grans (Fig. 1) as a feature of the illness suggested that
the disorder was transmitted by an arthropod. It soon
became apparent that Lyme disease was a multisys-
tem illness that affected primarily the skin, nervous
system, heart, and joints.? Epidemiologic studies of
patients with erythema migrans implicated certain
ixodes ticks as vectors of the disease.*®> An important
clue to the cause of the illness came with the observa-
tion that patients with erythema migrans who were
treated with penicillin had a better outcome than un-
treated patients.®

In addition to providing clues about the cause of the
illness, erythema migrans linked Lyme disease in the
United States with certain syndromes in Europe. Ear-
ly in this century, Afzelius in Sweden’ and Lipschiitz
in Austria® described a characteristic expanding skin
lesion, called erythema migrans or erythema chroni-
cum migrans, which they attributed to 1. ricinus tick
bites. Many years later, it was recognized that erythe-
ma migrans could be followed by a chronic skin dis-
ease, acrodermatitis chronica atrophicans, which had
already been described as a separate entity.® In the
1940s, Bannwarth defined a syndrome, preceded in a
few cases by an erythema, that consisted of radicu-
lar pain followed by chronic lymphocytic meningitis
and sometimes cranial or peripheral neuritis.'® The
syndrome has been called tick-borne meningopoly-
neuritis, lymphocytic meningoradiculitis, and chronic
lymphocytic meningitis, as well as Bannwarth’s syn-
drome. In 1948, Lennhoff described spirochete-like
structures in skin specimens in several dermatologic
entities, including erythema migrans.!! The report
led to the use of penicillin to treat this skin lesion
in Europe.'?

These various syndromes were brought together
conclusively in 1982, when Burgdorfer and Barbour
isolated a previously unrecognized spirochete, now
called Borrelia burgdorferi,'® from I. dammini ticks."* The
spirochete was then recovered from patients with
Lyme disease in the United States'>'® and from those
with erythema migrans, Bannwarth’s syndrome, or
acrodermatitis in Europe'’’%; the patients’ immune
responses were linked conclusively with this organism.
Although there are regional variations, the basic out-
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lines of this disorder are similar worldwide, and its
most common name is Lyme disease or Lyme borrelio-
sis. Clinically, this borrelial infection is most like
syphilis in its multisystem involvement, occurrence in
stages, and mimicry of other diseases. Although many
of its facets remain to be elucidated, reports about this
borreliosis have increased dramatically in the past
several years. This report reviews current studies of
the causation, vector, epidemiology, clinical manifes-
tations, pathogenesis, diagnosis, and treatment of this
protean infection.

CAUSATION

Borrelia species, along with the leptospira and trep-
onema, belong to the eubacterial phylum of spiro-
chetes.? Like all spirochetes, the borrelia species have
a protoplasmic cylinder that is surrounded first by a
cell membrane, then by flagella, and finally by an out-
er membrane, that is only loosely associated with the
underlying structures.?’ The borrelia are longer and
more loosely coiled than the other spirochetes, and
their outer membrane is unique in that the genes en-
coding it are located on plasmids, an arrangement that
may be advantageous to the organism in making anti-
genic changes in these proteins.”’ The entire outer
membrane can move to one end of the cylinder, a
phenomenon called capping or patching that may be
important in cell adherence.?!

The borrelia species are fastidious, microaerophil-
ic bacteria that grow best at 33°C in a complex, liquid
medium called Barbour-Stoenner—Kelly medium.?
In one study, B. burgdorferi was also shown to grow
in colonies on this medium that had been solidified
with 1.3 percent agarose.” It is relatively easy to
obtain a primary isolate of this spirochete from
ticks, but it is difficult to do so from patients.'>'® As
compared with most bacteria, borrelia grow quite
slowly; each spirochete elongates for 12 to 24 hours
and then divides into two cells.?? B. burgdorferi loses
pathogenicity in culture, usually after 10 to 15 pas-
sages, and after that time the organisms are no longer
infectious.?*

Of the borrelia species, B. burgdorferi is the longest
(20 to 30 um) and narrowest (0.2 to 0.3 um), and it
has fewer flagella (7 to 11).% Its ratio of guanine to
cytosine is between 28 and 30.5 percent, and it is 31 to
59 percent DNA homologous with other borrelia.?®
B. burgdorferi contains at least 30 different proteins,?’?
but the functions of only a few of them are currently
known. These include the two major outer-surface
proteins, a highly charged basic protein called outer-
surface protein A (30 to 32 kd)?"* and another called
outer-surface protein B (34 to 36 kd).** The 66-kd
polypeptide is also thought to be located on the outer
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Figure 1. Patient with Erythema Migrans.
The characteristic lesion begins as a red macule or papule that
expands to form a large annular erythema with a bright red outer
border and partial central clearing. However, not all lesions have
this characteristic appearance, and they may be lacking
altogether.

membrane.’' The 41-kd antigen is located on the fla-
gellum, and it 1s similar to the flagellar antigens of
other spirochetes.” The 58- or 60-kd antigen appears
to be a heat-shock protein that is cross-reactive with
an equivalent antigen (58 to 65 kd) in a wide range of
bacteria.*® In one study, the cell wall of B. burgdorferi
was found to contain a lipopolysaccharide with endo-
toxin-like properties, similar to gram-negative, rough-
form polysaccharide®; in another study, the organism
lacked a lipopolysaccharide with the properties of en-
dotoxin.*

All the isolates of B. burgdorferi examined to date
have had four to nine pieces of extrachromosomal
plasmid DNA.*** These include the typical super-
coiled variety, but also an unusual type of linear plas-
mid that has not been found in other prokaryotic or-
ganisms.”” Currently, the function of only one of these
plasmids has been clearly delineated. It is a 49-kb
linear plasmid, parts of which have been cloned and
shown to produce from a common promoter the two
chief outer-surface proteins of the spirochete, A and
B.**% From different isolates or from different pas-
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sages of the same isolate, the two proteins may vary in
their molecular weights and reactivity with monoclon-
al antibodies.?** In addition, outer-surface protein B
may not be produced in culture.?** These in vitro
observations suggest that the outer membrane of the
organism undergoes antigenic variation during the
course of the infection, but this variation seems to be
minor as compared with that in relapsing-fever borre-
lia. Plasmids may also code for proteins that are im-
portant in pathogenicity, since the loss of infectivity of
isolates after passage has been correlated with the loss
of particular plasmids in culture.?**

Certain differences have been noted between Ameri-
can and European isolates of B. burgdorferi in morphol-
ogy,” outer surface proteins,*? plasmids,* and DNA
homology.*® In general, European isolates have been
more diverse than American isolates.?***! In a ham-
ster model, inoculation with one strain of the spiro-
chete from the East Coast of the United States pro-
tected against infection with another strain from the
East Coast, but not against strains from the West
Coast and Europe.** This diversity may account for
clinical variations in the disease in different geograph-
ic regions. Although different immunotypes or sub-
types of B. burgdorferi — or even closely related species
— surely exist, there is no currently accepted system
of subclassification.

VEecTOR AND AN1MAL HosTs

The Lyme disease spirochete is transmitted by cer-
tain ixodes ticks that are part of the I. ricinus complex.
These include /. dammini in the northeastern and mid-
western United States,>* I. pacificus in the western
United States,*® /. ricinus in Europe,*” and I. persulcatus
in Asia.*® Although a number of ixodid ticks are found
in Australia, the vector there has not yet been identi-
fied. Ixodid ticks are also indigenous to Africa and
South America, but it is not clear whether Lyme bor-
reliosis occurs on those continents. B. burgdorferi has
been demonstrated in other species of ticks* and in
mosquitoes and deer flies,”® but only ticks of the
1. ricinus complex seem to be important in the trans-
mission of the spirochete to humans.

Ticks of the I. ricinus complex feed once during each
of the three stages of their usual two-year life cycle.
Typically, larval ticks take one blood meal in late sum-
mer, nymphs feed during the following spring and ear-
ly summer, and adults during that autumn.® In the
United States, the preferred host for both the larval
and nymphal stages of I. dammini is the white-footed
mouse, Peromyscus leucopus.* 1t is critical that both of
the tick’s immature stages feed on the same host, be-
cause the life cycle of the spirochete depends on hori-
zontal transmission: from infected nymphs to the
mice in early summer, and in late summer from the
infected mice to larvae, which then molt to become
infected nymphs that begin the cycle again in the fol-
lowing year.*? The fact that white-footed mice are tol-
erant to infection with B. burgdorferi is also crucial. The
mice are capable of remaining spirochetemic through-

The New England Journal of Medicine
Downloaded from nejm.org at MICHIGAN STATE UNIV LIB on January 15, 2014. For personal use only. No other uses without permission.
From the NEJM Archive. Copyright © 2010 Massachusetts Medical Society. All rights reserved.



588 THE NEW ENGLAND JOURNAL OF MEDICINE

out the summer, and they have no inflammatory re-
sponse associated with the infection.®® After a larval
tick feeds on an infected mouse, the spirochetes remain
confined to the midgut of the tick until the following
year, when as a nymph it attaches itself to another
host. The organisms then migrate to the tick’s salivary
glands and are injected with its saliva as it feeds.**** In
experimental studies, the ticks must often remain
attached for 24 hours or more before transmission
occurs.”® Infection rates among I. dammini may be
amazingly high. In Connecticut, the Lyme disease spi-
rochete has been found in 10 to 35 percent of these
ticks,'>%%¢ and on Shelter Island, N.Y., the infection
rate exceeds 50 percent.”’

White-tailed deer, which are not involved in the life
cycle of the spirochete, are the preferred host for
1. dammini’s adult stage,*® and they seem to be critical
to the survival of the ticks.>® However, the ticks have
been found on at least 30 types of wild animals and 49
species of birds.>>6062 If deer are removed from an
established focus, the tick may be able to adapt and
survive on other animal hosts.>® Although zoonotic in-
fection with B. burgdorferi is widespread within endem-
ic focuses, illness is not known to develop in wild ani-
mals.%%%2 In contrast, clinical Lyme disease does
occur in domestic animals, including dogs, horses, and
cattle.®*%

EPIDEMIOLOGY

According to the Centers for Disease Control, Lyme
disease is now the most common vector-borne infec-
tion in the United States.®® From 1980 through 1988,
13,795 cases were reported, primarily from three areas
of the country: from Massachusetts to Maryland in
the northeast, Wisconsin and Minnesota in the mid-
west, and California and Oregon in the west.*” How-
ever, sporadic cases were identified in 43 states. In
Europe, ‘it is also estimated that thousands of new
cases of Lyme borreliosis occur each summer, particu-
larly in Germany, Austria, Switzerland, France, and
Sweden, although cases have now been reported in
most European countries.® In the Soviet Union, cases
have been recognized from the Baltic republics to the
Pacific Ocean.®® Patients with the disease have also
been found in China, Japan, and Australia.®®”' The
infection is usually acquired when nymphal ticks feed
between May and July, but only a minority of the
patients remember the bite because of the small size of
the ticks.”? Adult ticks occasionally transmit the dis-
ease when they feed in the autumn. People of all ages
and both sexes are affected.

The earliest known American cases occurred only
25 years ago in residents of Cape Cod and Connecti-
cut.” Since then, the infection has spread, particularly
in the coastal areas of the northeastern United States.
The best documented example of this spread is the
recent outbreak in Ipswich, Mass.”* In 1980, 1. dam-
mini became established in a nature preserve that had
many deer. During the next seven years, clinical
symptoms of Lyme disease developed in 35 percent of
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the 190 residents of the area adjacent to the preserve.
In other outbreaks, 16 percent of the 162 permanent
residents of Great Island, Mass., had the illness, in
most instances between 1972 and 19797%; and 7.5 per-
cent of the 200 people who participated in a study on
Fire Island, N.Y., had the disorder during a five-year
period.” In these two places, 6 to 8 percent of the
residents had evidence of subclinical infection.”"*

How does one explain the rapid spread and focal
epidemics of Lyme disease in the northeastern United
States in recent years? Although the infection may
have been present in North America for centuries,
Matuschka and Spielman have postulated that during
the development of the United States, deer and prob-
ably this disease survived in only a few isolated areas,
such as Naushon Island near Cape Cod.>? In the 20th
century, as farmland reverted to woodland in the
northeast, the habitat for deer improved, their num-
bers increased, they migrated to new areas, and feder-
al programs protected them. At the same time, rural
areas where deer and the deer tick lived became heav-
ily populated with susceptible suburbanites who had
never been exposed to the spirochete. The situation
seems to be different on the West Coast and in Europe.
On the West Coast, Lyme disease occurs sporadically,
and only 1 to 3 percent of I. pacificus ticks are infect-
ed.*s® This has been attributed to the fact that the
nymphal stage feeds predominantly on lizards rather
than mice, and lizards are not susceptible to infection
with the spirochete.” In Europe, Lyme borreliosis is
already widely established in the remaining forested
areas, and there is little room for spread.

CLINICAL MANIFESTATIONS AND PATHOGENESIS

Lyme disease generally occurs in stages, with differ-
ent clinical manifestations at each stage. Before the
use of antibiotic therapy for this infection, the typical
patient in Connecticut first had erythema migrans
(stage 1), sometimes followed several weeks or months
later by meningitis or Bell’s palsy (stage 2), and often
followed months or years later by arthritis (stage 3).”
The problem with this classification is that each sys-
tem — skin, neurologic system, and joints — may be
affected either early or late in the illness.

Asbrink has proposed a modified plan,’” analogous
to that used in classifying syphilis, in which Lyme
borreliosis is essentially divided into early and late
infection. Early infection consists of stage 1 (localized
erythema migrans), followed within days or weeks by
stage 2 (disseminated infection) and within weeks or
months by intermittent symptoms. Late infection, or
stage 3 (persistent infection), usually begins a year
or more after the onset of the disease. A patient may
have one or all of the stages, and the infection may not
become symptomatic until stage 2 or 3.

Early Infection: Stage 1 (Localized Erythema Migrans)

After it is injected by the tick, B. burgdorferi spreads
locally in the skin in 60 to 80 percent of patients
and results in erythema migrans (Fig. 1), which
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is sometimes accompanied by fever, minor constitu-
tional symptoms, or regional lymphadenopathy.’>7
The spirochete has been seen at this stage and cul-
tured from the skin lesion more readily than at
any other time in the illness.”® At this time, the
patient’s mononuclear cells respond minimally to
B. burgdorferi antigens,” and specific antibody to the
spirochete is often lacking.®* Even in untreated pa-
tients, erythema migrans lesions usually fade within
3 to 4 weeks (range, 1 day to 14 months), but they
may recur.”

Early Infection: Stage 2 (Disseminated Infection)

Within days or weeks after inoculation, the Lyme
disease spirochete may spread in the patient’s blood
or lymph to many sites (Table 1). The spirochete has
been recovered several times from blood during this
stage,'>'® and it has also been seen in small numbers in
specimens of myocardium, retina, muscle, bone, syno-
vium, spleen, liver, meninges, and brain.?! In the rat
model of the disease, B. burgdorferi can be cultured
from all organs five days after inoculation, but positiv-
ity gradually disappears from most sites.®? It seems
likely that this also occurs in patients.

Although the list of the disease’s possible manifesta-
tions is long (Table 1), disseminated infection is often
associated with characteristic symptoms in the skin,
nervous system, or musculoskeletal sites.”? Secondary
annular skin lesions, which occur in about half the
patients, resemble the primary erythema migrans le-
sion, but they are generally smaller and migrate less.
Excruciating headache and mild stiffness of the neck
are common, but they typically occur in short attacks
lasting only hours. Cerebrospinal fluid is usually nor-
mal during the first days of these symptoms. The mus-
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culoskeletal pain of Lyme disease is generally migra-
tory in joints, bursae, tendons, muscle, and bone,
lasting only hours or days in a given location. At this
stage, patients often appear quite ill, and they fre-
quently have debilitating malaise and fatigue, which
may be the predominant symptoms. Except for fa-
tigue, the symptoms are typically intermittent and
changing. Widely disseminated hematogenous infec-
tion seems to be more common in the United States
than in Europe.

By this time, patients’ mononuclear cells begin to
have heightened responsiveness to B. burgdorferi anti-
gens and mitogens,’ less suppressor-cell activity than
normal,®® and decreased natural-killer-cell activity.*
The specific IgM response, which is often directed first
against the 41-kd flagellar antigen of the spirochete,
peaks between the third and the sixth week!® but may
persist.” The specific IgM response is frequently asso-
ciated with evidence of the polyclonal activation of B
cells, including elevated total serum IgM levels® and
the presence of cryoprecipitates,® circulating immune
complexes,® and occasionally, rheumatoid factor,?’
antinuclear antibodies, or anticardiolipin antibodies.
Gradually, specific IgG antibody develops, primarily
of the IgG1 and IgG3 subclasses,® to an increasing
array of spirochetal polypeptides, particularly the 31-,
34-, and 66-kd outer-surface proteins, the 41-kd flagel-
lar antigen, and the 55/58-kd antigen.?® Immune anti-
bodies are required for the serum-mediated killing of
the spirochete by the classical complement pathway.%
Both polymorphonuclear leukocytes and monocytes
readily phagocytose and kill the spirochete.®! Histo-
logically, all affected tissues show an infiltration of
lymphocytes with plentiful plasma cells.®! Plasma-cell
precursors are large and can resemble immunoblasts

Table 1. Manifestations of Lyme Disease by Stage.*

Systemt EARLY INFECTION

LATE INFECTION

Skin

Musculoskeletal system

Neurologic system

Lymphatic system
Heart
Eyes

Liver
Respiratory system

Kidney
Genitourinary system
Constitutional symptoms

LOCALIZED (STAGE 1)

Erythema migrans

Regional lymphadenopathy

Minor

DISSEMINATED (STAGE 2)

Secondary annular lesions, malar rash, diffuse
erythema or urticaria, evanescent lesions,
lymphocytoma

Migratory pain in joints, tendons, bursae, muscle,
bone; brief arthritis attacks; myositis¥; osteo-
myelitist; panniculitis$

Meningitis, cranial neuritis, Bell’s palsy, motor or
sensory radiculoneuritis, subtle encephalitis,
mononeuritis multiplex, myelitisf, chorea¥,
cerebellar ataxiat

Regional or generalized lymphadenopathy,
splenomegaly

Atrioventricular nodal block, myopericarditis,
pancarditis

Conjunctivitis, iritisf, choroiditis}, retinal hemor-
rhage or detachment,} panophthalmitis}

Mild or recurrent hepatitis

Nonexudative sore throat, nonproductive cough,
adult respiratory distress syndrome}

Microscopic hematuria or proteinuria

Orchitis}

Severe malaise and fatigue

PERSISTENT (STAGE 3)

Acrodermatitis chronica atrophicans, localized
scleroderma-like lesions

Prolonged arthritis attacks, chronic arthritis,
peripheral enthesopathy, periostitis or
joint subluxations below lesions of acroder-
matitis

Chronic encephalomyelitis, spastic parapareses,
ataxic gait, subtle mental disorders, chronic
axonal polyradiculopathy, dementiat

Keratitis

Fatigue

*The classification by stages provides a guideline for the expected timing of the illness’s manifestations, but this may vary from case to case.

+Systems are listed from the most to the least commonly affected.
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or Reed-Sternberg cells.®! Some degree of vascular
damage, including mild vasculitis or hypercellular
vascular occlusion, may be seen in multiple sites,®
suggesting that the spirochete or immune complexes
may have been present in and around blood vessels.

After hematogenous spread, B. burgdorferi seems to
be able to sequester itself in certain niches. How the
organism does this remains a mystery. Perhaps it can
coat itself with a “slime” layer that includes host pro-
teins, or perhaps it is able to survive in certain intra-
cellular sites, but there is no proof for either hypothe-
sis. After several weeks or months, as the infection
begins to localize, about 15 to 20 percent of the pa-
tients in the United States develop frank neurologic
involvement.®>% Although there are many possible
abnormalities, meningitis with superimposed cranial
or peripheral neuropathy is common.” Encephalitic
signs are subtle if present; they include somnolence,
poor memory, and mood change. In Europe, the first
neurologic sign is characteristically radicular pain,
which is followed by the development of a pleocytosis
in the cerebrespinal fluid, but meningeal or encepha-
litic signs are frequently absent.®*%°

In patients with meningitis, cerebrospinal fluid
typically has a lymphocytic pleocytosis of about 100
cells per cubic millimeter, often with elevated protein
but normal glucose levels.®>* The Lyme disease spiro-
chete has been cultured from spinal fluid several
times.'*'® Mononuclear cells responsive to B. burgdor-
Jeri are concentrated there®; specific IgG, IgM, or IgA
antibody to the spirochete is produced intrathecally,
and oligoclonal bands may be present.*”%® In addition
to their reactivity to B. burgdorferi, T-cell clones from
cerebrospinal fluid may react with a host of autoanti-
gens, including myelin basic protein, peripheral my-
elin, cardiolipin, and galactocerebrosides.® Although
myelin basic protein itself has not been found in cere-
brospinal fluid, antibody to it has been demonstrated
in a few patients.'® It is not known whether autoreac-
tivity causes tissue damage or is a secondary epiphe-
nomenon.

Unilateral or bilateral facial palsy is the most com-
mon cranial neuropathy, and it may be the only neu-
rologic abnormality.'” The peripheral neuritis is
usually an asymmetric motor, sensory, or mixed ra-
diculoneuropathy of the limbs or trunk.®*® Electro-
physiologic studies of affected extremities suggest
primarily axonal nerve involvement with some demye-
lination of both the proximal and distal nerve seg-
ments.®!% Histologically, the lesions show predomi-
nantly axonal injury with perivascular infiltration
of lymphocytes and plasmacytes around epineural
blood vessels.?"'®? Spirochetes have not been seen
in these lesions. However, IgM antibodies to B. burg-
dorferi have been shown to bind to normal human
axons, suggesting that molecular mimicry between
spirochetal and host proteins may have a role in
peripheral nerve lesions.'”® Stage 2 neurologic ab-
normalities usually last for weeks or months, but
they may recur or become chronic.

Aug. 31, 1989

Within several weeks after the onset of the disease,
4 to 8 percent of the patients have cardiac involve-
ment.'” The most common abnormality is fluctuating
degrees of atrioventricular block (first-degree, Wenck-
ebach, or complete heart block), but some patients
have acute myopericarditis, mild left ventricular dys-
function, or rarely, cardiomegaly or fatal pancardi-
tis.!% The duration of cardiac abnormalities is usually
brief (between three days and six weeks)'™; complete
heart block rarely persists for more than a week, and
the permanent insertion of a pacemaker is not neces-
sary.!% According to case reports, patients during this
period of the illness have had fatal adult respiratory
distress syndrome,'®’ recurrent hepatitis,'® myosi-
tis,'® osteomyelitis,'!® panniculitis,'"! and serious in-
volvement of the deeper tissues of the eye, including
iritis followed by panophthalmitis''? or choroiditis
with exudative retinal detachments.!'® In Europe, pa-
tients may have an unusual skin lesion called a lym-
phocytoma; intensely red and violet nodular lesions
appear most commonly on the ear lobe or nipple of the
breast.”’

A mean of six months after the onset of the disease
(range, two weeks to two years), commonly after inter-
mittent episodes of arthralgia or migratory musculo-
skeletal pain, about 60 percent of the patients in the
United States begin to have brief attacks of asymmet-
ric, oligoarticular arthritis, primarily in the large
joints, especially the knee.!'* Some attacks may affect
the periarticular structures, including the peripheral
entheses.!!*!15 The reasons for the activity or latency
of B. burgdorferi are not clear, but this pattern is char-
acteristic of the involvement of the joints in this infec-
tion. White-cell counts in the joint fluid range from
500 to 110,000 per cubic millimeter and consist of
predominantly polymorphonuclear leukocytes. Im-
mune complexes, which correlate with the total granu-
locyte count, are uniformly present.%®

Late Infection: Stage 3 (Persistent Infection)

Although the pattern varies, episodes of arthritis
often become longer during the second and third years
of the illness, lasting months rather than weeks, and
chronic arthritis — defined as a year or more of con-
tinual joint inflammation — characteristically begins
during this period.''*!'® Typically, only one or a few
large joints are affected, most commonly the knee.
Synovial lesions show villous hypertrophy, the deposi-
tion of fibrin, a heavy infiltrate of mononuclear cells,
the intense expression of HLA-DR on many cell types,
and sometimes a few spirochetes in and around blood
vessels along with a form of endarteritis obliter-
ans.!'”!!® In two instances, the Lyme disease spiro-
chete has been cultured from joint fluid,''*'?® and
mononuclear cells responsive to B. burgdorferi are con-
centrated there.” In severe cases, chronic Lyme ar-
thritis may lead to the erosion of cartilage and
bone!'*116:!12! and, rarely, to permanent joint disabil-
ity.!"* The production of interleukin-1, which can be
stimulated directly by B. burgdorferi, is found in joint
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fluid,'? as are elevated levels of collagenase and pros-
taglandin E,'?; this lymphokine is likely to be one of
the mediators that cause synovial proliferation and
activate collagenase. The number of patients who
have recurrences decreases by 10 to 20 percent each
year, and even patients with chronic arthritis rarely
have continual joint inflammation for more than sev-
eral years.'"* The involvement of the joints is similar
in the United States and Europe, but it seems to be a
less frequent manifestation of the illness in Europe.'?!

As with a number of rheumatic diseases, chronic
Lyme arthritis appears to have an immunogenetic ba-
sis involving D-locus alleles of the major histocompat-
ibility complex. These class IT histocompatibility mol-
ecules, which are located primarily on B cells and
macrophages, present peptide fragments of foreign
antigens to T helper cells that initiate the immune
response against the antigens. In an initial study of 10
patients with chronic Lyme arthritis, 7 had HLA-DR2
and 4 had HLA-DR4."¢ In a recent study of 80 pa-
tients with Lyme arthritis, those with chronic joint
involvement had a significantly increased frequency of
HLA-DR4, often combined with HLA-DR3 or DR2,
and these patients often did not respond to multiple
courses of antibiotic therapy.'?* Thus, in genetically
susceptible people, B. burgdorferi may trigger an im-
mune response with autoreactive features that contin-
ues for some time after the organism has been killed.

It has been recognized only recently that B. burgdor-
Jeri may cause syndromes of both the central and pe-
ripheral nervous systems more than a year after the
initial infection. However, the spectrum of these ab-
normalities and suitable diagnostic tests are still being
investigated. Of the several late syndromes of the
central nervous system that have been described, the
most clearly defined is progressive encephalomyelitis,
reported by Ackermann in 48 patients in West Ger-
many.'?® These patients had spastic paraparesis, blad-
der dysfunction, ataxia, seventh- or eighth-cranial-
nerve deficits, or cognitive impairment, including
dementia. The diagnosis was proved by the demon-
stration of intrathecal production of antibody to
B. burgdorferi. In the United States, a few patients
have been reported with possible late neurologic ab-
normalities due to Lyme disease, including subacute
encephalitis,'?'?” dementia,'”® and syndromes sug-
gestive of demyelination (in some instances, accom-
panied by hypodense areas compatible with demye-
lination on magnetic-resonance-imaging scans).!228
Although these patients had serologic evidence of
Lyme disease, they did not have intrathecal produc-
tion of antibody to B. burgdorferi or were not tested
for it.

More commonly, patients in the United States have
subtle syndromes of the central or peripheral nervous
systems late in the illness. Halperin et al. described
patients with intermittent distal paresthesia or radicu-
lar pain more than a year after the onset of the dis-
ease.'? Although their physical examinations were
usually normal, they had electromyographic evidence
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of axonal neuropathy. The greatest diagnostic prob-
lem has been in patients who have subtle symptoms of
the central nervous system, such as memory loss, som-
nolence, or behavioral changes, after the more classic
symptoms of Lyme disease have disappeared.'*® The
intrathecal production of antibody to B. burgdorferi has
been an inconsistent finding in these patients, and it
may be difficult to tell whether their symptoms are due
to active central nervous system infection with the spi-
rochete. Several patients have now been described
with a keratitis similar to syphilitic keratitis that be-
gan years after their initial infection.'3!:!32

The best example of prolonged latency followed by
persistent infection in Lyme borreliosis is acroderma-
titis chronica atrophicans, the late skin manifestation
of the disorder, which has been observed primarily in
Europe.” This skin lesion usually begins insidiously
with bluish-red discoloration and swollen skin on an
extremity. Erythema migrans may have been present
at the same site years earlier. The lesion’s inflamma-
tory phase may persist for many years or decades, and
it gradually leads to atrophy of the skin. B. burgdorferi
has been cultured from such lesions as long as 10 years
after their onset.'® In acrodermatitis the rete ridges of
the epidermis are typically lost, and a mononuclear-
cell infiltrate and telangiectasia are present through-
out the underlying dermis.'® In some patients, sclero-
derma-like skin lesions can occur concomitantly.'®”’
In longstanding cases, chronic joint and bone involve-
ment, including periostitis and subluxations of the
small joints, may be seen underlying the cutaneous
lesions, suggesting the spread of the spirochete by di-
rect extension.

Congenital Infection

The transplacental transmission of B. burgdorferi has
now been reported in two infants whose mothers had
Lyme borreliosis during the first trimester of pregnan-
cy.'3313¢ Both infants died during the first week of life,
one because of congenital cardiac malformations'33
and the other of encephalitis.'** In both, spirochetes
were seen in various fetal tissues stained with Die-
terle’s silver stain, but cultures and serologic testing
were not done. In a retrospective review of 19 cases of
Lyme disease during pregnancy, 5 were associated
with adverse fetal outcomes.'* Since all of the out-
comes differed, they could not be linked conclusively
to maternal Lyme disease. In a recent study of 463
infants from endemic or nonendemic areas, no associ-
ation could be established between congenital malfor-
mations and the presence of detectable antibody to
B. burgdorferi in cord blood, and no infant had IgM
antibody to the spirochete.'*® Although it is likely that
the Lyme disease spirochete can probably cause an
adverse fetal outcome, it seems to be unusual.

Di1AGNOsIs

Because the culture or direct visualization of
B. burgdorferi from patient specimens is difficult, serol-
ogy is currently the only practical laboratory aid in
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diagnosis. Although indirect immunofluorescence was
first used to evaluate the antibody response in Lyme
disease, most investigators now prefer the more sensi-
tive and specific enzyme-linked immunosorbent assay
(ELISA).!%7-13% After the first several weeks of infec-
tion, almost all patients with Lyme disease have ele-
vated antibody titers to B. burgdorferi.'*”-'* However,
serologic testing for the disorder is not yet standard-
ized, and the results obtained from different laborato-
ries or commercial kits may vary.'* It cannot be em-
phasized too strongly that serologic results must be
interpreted with caution; the physician must beware
of false negative and, more commonly, false positive
results.

False negative results occur primarily during the
first several weeks of infection. At that time, serum
samples taken during the infection’s acute phase are
negative in most patients by standard indirect
ELISA ¥ However, by capture IgM ELISA, about 90
percent of such patients can be shown to have an IgM
response to B. burgdorferi when serum samples from
both the acute and convalescent phases are tested.'*!
Recently, 17 patients were reported who had fatigue,
arthralgia, mild arthritis, headache, and in some in-
stances, peripheral neuropathy, despite earlier antibi-
otic therapy for erythema migrans.'*? All the patients
were seronegative, but their mononuclear cells showed
proliferative responses to B. burgdorferi. However,
healthy control subjects may also have this laboratory
finding.'*®

False positive serologic results, particularly with
IgM, may occur both in healthy subjects and in pa-
tients with a variety of other diseases, including syphi-
lis (although the Venereal Disease Research Labora-
tory test is negative), Rocky Mountain spotted fever,
autoimmune diseases, and neurologic disorders.'*!46
Most current ELISAs use sonicated whole spirochetes
as the antigen in the test. Several groups have reported
improved sensitivity, specificity, or both using a prep-
aration of the 41-kd flagellar antigen alone,'*” a flagel-
lin-enriched preparation,® or preparations of outer
surface proteins,®!*® but these assays are not yet wide-
ly available. Immunoblotting has been advocated as a
method of identifying false positive results, since pa-
tients with Lyme disease who have positive results by
ELISA will also have them on immunoblotting,
whereas control subjects usually will not.!*® In addi-
tion to the problem of false positive laboratory results,
5 to 10 percent of the patients in the United States’™”
and more in Europe'*® have asymptomatic B. burgdor-
feri infections. If these patients have symptoms caused
by another disease, they may be attributed wrongly to
Lyme borreliosis.

Di1FreRENTIAL D1acNosis

Lyme disease’s great range of presentations can
make recognition difficult. However, with its recent
attention from the media, Lyme disease has probably
become an overdiagnosed infection. Several examples
deserve comment. The late neurologic abnormalities
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of Lyme disease are currently the greatest diagnostic
problem because the spectrum of abnormalities has
not yet been defined. However, we do not think that
B. burgdorferi causes classic clinical pictures of multiple
sclerosis, amyotrophic lateral sclerosis, or Alzheimer’s
disease.'* A more common problem is the patient
with vague, subjective symptoms. Headache, muscu-
loskeletal pain, and fatigue are frequent symptoms of
Lyme disease, and they may occur between episodes
marked by objective abnormalities or after apparently
adequate courses of antibiotic therapy. Patients with
those symptoms, however, have also had objective
signs of Lyme disease. Patients who have fibromyalgia
or the chronic fatigue syndrome alone do not have
Lyme disease.

TREATMENT

Before the cause of Lyme disease was known, clues
emerged suggesting that it might be caused by a spiro-
chete, and treatment studies based on the experience
with syphilis were undertaken. It was first learned
that patients with erythema migrans who were treated
with penicillin had a better outcome than untreated
patients.® Then tetracycline was found in a random-
ized study to be superior to penicillin V or erythro-
mycin in the treatment of early Lyme disease.'®
At the same time, it became clear that patients with
stage 2 neurologic abnormalities could be treated
effectively with high-dose intravenous penicillin,'®!
but the results were not as good in patients with
arthritis.'*?

Antibiotic sensitivities to B. burgdorferi have now
been determined in vitro and in experimental ani-
mals.!>3155 Although the methodology for such studies
is not standardized, there is general agreement that B.
burgdorferi is highly sensitive to tetracycline, but unlike
Treponema pallidum, it is only moderately sensitive to
penicillin. 1% Ampicillin, ceftriaxone, and imipenem
are also highly active against B. burgdorferi; but oxacil-
lin and chloramphenicol are only moderately active;
and the aminoglycosides, ciprofloxacin, and rifampin
have no activity. Erythromycin is very active against
the spirochete in vitro, but not as effective in vivo.

Although recommendations for treatment are likely
to be modified as further patient studies are complet-
ed, the current guidelines are given in Table 2. For
early Lyme disease — localized stage 1 or disseminat-
ed stage 2 infection — oral tetracycline is generally an
effective antibiotic.'® However, doxycycline (a long-
acting tetracycline) may be preferable, since it
achieves better tissue levels, is taken only twice a day,
and is associated with minimal gastrointestinal dis-
tress.!® Penicillin V is less active against B. burgdorferi
than amoxicillin or penicillin G, but penicillin G is
unsuitable because oral doses are absorbed erratical-
ly.’* Amoxicillin therefore appears to be the best
choice in children and an acceptable alternative to
doxycycline in adults. Studies comparing the efficacy
of these drugs in the treatment of early Lyme disease
are currently in progress. With each regimen, the du-
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Table 2. Treatment Regimens for Lyme Disease.
MANIFESTATION REGIMEN*

Early infection*
Adults

Children (<8 yr)

Tetracycline, 250 mg orally 4x daily, 10-30 dayst

Doxycycline, 100 mg orally 2X daily, 10-30 dayst$

Amoxicillin, 500 mg orally 4X daily, 10-30 dayst}

Amoxicillin or penicillin V, 250 mg orally 3 X daily or 20 mg/kilo-
gram of body weight/day in divided doses, 10-30 days

In case of penicillin allergy:

Erythromycin, 250 mg orally 3X daily or 30 mg/kilogram/day in
divided doses, 10-30 dayst

Neurologic abnormalities (early or late)*

General

Facial palsy alone
Cardiac abnormalities
First-degree atrioventricular block
(PR interval <0.3 sec)
High-degree atrioventricular block

Arthritis (intermittent or chronic)t

Acrodermatitis

Ceftriaxone, 2 g intravenously 1X daily, 14 days§

Penicillin G, 20 million U intravenously, 6 divided doses daily,
14 days$§

In case of ceftriaxone or penicillin allergy:

Doxycycline, 100 mg orally 2% daily, 30 dayst

Chloramphenicol, 250 mg intravenously 4X daily, 14 days}

Oral regimens may be adequate

Oral regimens, as for early infection

Ceftriaxone, 2 g intravenously 1x daily, 14 dayst

Penicillin, 20 million U intravenously, 6 divided doses daily,
14 dayst

Doxycycline, 100 mg orally 2X daily, 30 days

Amoxicillin and probenecid, 500 mg each orally 4 X daily, 30 days

Ceftriaxone, 2 g intravenously 1X daily, 14 days

Penicillin, 20 million U intravenously, 6 divided doses daily,
14 days

Oral regimens for 1 month usually adequate

*Treatment failures have occurred with all these regi and

may be y.
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or chloramphenicol may be accept-
able alternatives.'*®'®® Intravenous
penicillin or ceftriaxone therapy has
become standard in patients with
high-degree atrioventricular block
or cardiomegaly.

The treatment of stage 3 joint or
neurologic abnormalities has gener-
ally been more problematic than
that of Lyme disease’s other mani-
festations, and the response, par-
ticularly in patients with arthritis,
may be slow. In a double-blind,
placebo-controlled trial of patients
with established Lyme arthritis, 7
of 20 who received intramuscular
penicillin G benzathine responded,
as compared with 0 of 20 who re-
ceived placebo.'”? Similarly, only 11
of 20 patients who received intrave-
nous penicillin were cured.’™ In a
subsequent study of 23 patients
with late neurologic and arthritic
manifestations of the disorder,
Dattwyler et al. reported that 5 of
10 who received intravenous peni-

tThe duration of therapy is based on clinical response.
+The antibiotic has not yet been tested sy ically for this i

I,

ion in Lyme disease.

§The appropriate duration of therapy is not yet clear for patients with late neurologic abnormalities, and it may be longer

than two weeks.

ration of therapy (10 to 30 days) is guided by the
clinical response, and some patients then require re-
treatment with oral or intravenous therapy. Among
patients treated early in the disease, the specific anti-
body response will usually disappear within months,?
and they may become reinfected in subsequent sum-
mers."”” However, we have not observed reinfection
after the treatment of arthritis.

In the initial randomized study of antibiotic ther-
apy for early Lyme disease, about half the patients
continued to experience minor symptoms after antibi-
otic treatment, such as headache, musculoskeletal
pain, and fatigue.'*’” The occurrence of these later
symptoms correlated with the severity of the initial
illness and not with the choice of antibiotic (tetracy-
cline, penicillin, or erythromycin) or the duration of
therapy (10 or 20 days). It is unclear whether such
symptoms result from a depleted number of live spiro-
chetes, parainfectious phenomena, or both.

Are there circumstances that make oral therapy in-
appropriate for disseminated stage 2 infection? We use
intravenous therapy in all patients with objective neu-
rologic abnormalities except those with facial palsy
alone and no abnormalities of the cerebrospinal fluid.
Although intravenous penicillin is generally effective
in the treatment of neurologic abnormalities,'"'%®
ceftriaxone is now commonly used, because it crosses
the blood—brain barrier more readily and requires
only once-a-day administration.'®® In patients who
are allergic to ceftriaxone or penicillin, doxycycline

cillin did not respond, as compared
with 1 of 13 who received ceftriax-
one.”” However, in a recent study
of patients with Lyme arthritis, the
frequency of treatment failure was similar in all
groups, including those who received oral doxycy-
cline, amoxicillin-probenecid, intravenous penicillin,
and ceftriaxone.'®' Antibody titers to B. burgdorferi de-
clined fourfold to sixfold within a year after successful
treatment, but all the patients remained seropositive.

Do corticosteroids have a role in the treatment
of Lyme borreliosis? In one study, their use before
antibiotic therapy was associated with the failure
of antibiotic treatment,'>® but in another it was not.'®!
In a retrospective review of 124 patients with facial
palsy due to Lyme disease, the duration of the palsy
was similar in those who received antibiotics alone,
antibiotics and steroids, and no treatment.'°! Before
antibiotics were used to treat Lyme disease, predni-
sone (40 to 60 mg per day) was used with dramatic
success in the treatment of Lyme carditis.'®* Thus, if
patients with severe cardiac involvement do not re-
spond quickly to antibiotic therapy, steroids may be
indicated. In patients with arthritis who do not re-
spond to antibiotic therapy, we occasionally use intra-
articular steroids.

Several other treatment questions remain unre-
solved. One concerns prophylactic antibiotic therapy
for tick bites. In a small study comparing penicillin V
and placebo, the risk of acquiring Lyme disease was
less than one would expect, given the infection rate in
ticks, and it was similar to the risk of an adverse reac-
tion to penicillin.'®? It is unclear whether and how
asymptomatic infection should be treated. Acroder-
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matitis is known to have developed in one patient after
five years of seropositivity.”> The appropriate treat-
ment for Lyme disease during pregnancy is also un-
clear. A pregnant woman in Europe whose erythema
migrans was treated with oral antibiotics had an in-
fant who died of possible Lyme encephalitis,'** and
some physicians therefore give high-dose intravenous
penicillin to all women with Lyme disease during
pregnancy. Whether this is necessary remains ques-
tionable. No vaccine is yet available.

SuMMARY

Within the last decade, Lyme borreliosis has
emerged as a complex new infection whose distribu-
tion is worldwide. The disorder is caused by a recently
recognized spirochete, B. burgdorferi, transmitted by
ticks of the I. ricinus complex. Certain species of mice
are critical in the life cycle of the spirochete, and deer
appear to be crucial to the tick. Although the dis-
order’s basic outlines are similar everywhere, there are
regional variations in the causative spirochete, animal
hosts, and clinical manifestations of the iliness. In the
United States, Lyme disease commonly begins in
summer with a characteristic skin lesion, erythema
migrans, accompanied by flu-like or meningitis-like
symptoms. Weeks or months later, the patients may
have neurologic or cardiac abnormalities, migratory
musculoskeletal pain, or arthritis, and more than a
year after onset, some patients have chronic joint,
skin, or neurologic abnormalities. After the first sever-
al weeks of infection, almost all patients have a posi-
tive antibody response to the spirochete, and serologic
determinations are currently the most practical labo-
ratory aid in diagnosis. Treatment with appropriate
antibiotics is usually curative, but longer courses of
therapy are often needed later in the illness, and some
patients may not respond.

I am indebted to Drs. Eva Asbrink, Alan Barbour, Jorge Benach,
Willy Burgdorfer, Paul Duray, Russell Johnson, Louis Magnarelli,
Harold Neu, and Andrew Spielman and to Ms. Elise Taylor for
review of the manuscript.
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