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The author discusses the clinical manifestations of Lyme disease, a multi-

system inflammatory illness with protean symptomatology. The author also
presents a brief historical review of the disease.

L yme disease is a multisystem inflammatory
disease caused by the spirochete, Borrelia

burgdorferi, and spread by Ixodes ticks. In

1975, Steere described Lyme arthritis, an outbreak
of juvenile rheumatoid arthritis, in three small

towns on the east bank of the Connecticut River.

Some of these patients recalled an expanding red

rash, identified as erythema chronicum migrans
(ECM). 1 The first report of ECM in the United
States was in 1970, by Scrimenti, in Wisconsin,

although the lesion had first been described in

Europe in 1909. 2 The outbreak of juvenile

rheumatoid arthritis in Connecticut also was linked

Dr. Sigal is assistant professor, Departments of Medicine
and Molecular Genetics and Microbiology, UMDNJ-Rob-
ert Wood Johnson Medical School. Requests for reprints

may be addressed to Dr. Sigal, UMDNJ-Robert Wood
Johnson Medical School, 1 Robert Wood Johnson Place,

MEB 484, New Brunswick, NJ 08903-0019.

to preceding ECM and tick bites, and over the next

few years, Lyme arthritis, as it was first named,
became known as Lyme disease. This occurred, in

part, because of the association with cardiac disease,

but also because approximately 10 percent of the

patients had a neurologic syndrome essentially

identical to a tick-borne neurologic syndrome in

Europe, known as Bannwarth’s syndrome. The
multisystem, inflammatory nature of Lyme disease,

a multifocal epidemic, was established.

Today in the United States, Lyme disease is iden-

tified as a multifocal epidemic disease in the North-

east (from Massachusetts through Pennsylvania,

with cases described as far south as the Carolinas

and Georgia); the northern Midwest (primarily

Minnesota and Wisconsin, as well as Michigan), and
in northern California and Oregon. Ninety percent

of the cases reported in the United States are from

these three regions, and the total number has in-
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creased steadily each year. This increase in cases is

especially notable in New Jersey, second to New
York in newly reported cases of Lyme disease.

After B. burgdorferi was identified as the etiologic

agent of Lyme disease in the United States, studies

in Europe established that the same organism was
the cause of ECM in Germany, Austria, and Scan-

dinavia. In addition, two other skin lesions reported

in Europe from the late 19th century, acrodermatitis

chronica atrophicans (ACA) and lymphadenosis
benigna cutis (LABC), and tick-borne meningo-
polyneuritis, or Bannwarth’s syndrome, were estab-

lished as being caused by infection with the same
organism.

Lyme disease now is known to have a worldwide
distribution, with cases described in Africa, Asia,

and Australia. The primary vector in each area has

been identified as an Ixodes tick: I. dammini in the

Northeast and Midwest, I. scapularis in the

Southeast, I. pacificus in California, I. ricinus in

Europe, I. persulcatus in Asia, and, possibly,

I. hyocyclus in Australia. 3'5

Lyme disease is an infectious disease capable of

causing damage to a number of organ systems. 6,7

Stage one of the disease occurs within a month of

inoculation with B. burgdorferi, the causative agent

of Lyme disease.8' 10 The clinical syndrome at this

stage includes ECM, the skin rash, and associated

symptoms. Stage two of Lyme disease, which in-

cludes cardiac and/or neurologic disease, usually oc-

curs two to three months after the initial infection,

occasionally in the absence of any preceding

evidence of illness suggestive of stage one. Stage
three includes arthritis and/or chronic neurologic

manifestations that recently have been described;

these stage three manifestations may occur years

after ECM, but may appear in the absence of any
preceding history suggestive of earlier Lyme disease.

Stage one occurs between 1 day and 1 month after

tick bite (median 7 days) and consists of ECM and
associated symptoms: fever, fatigue, malaise, head-
ache, stiff neck, arthralgia, and myalgia. About 50
to 70 percent of patients will experience ECM and,
of these, 50 percent of patients will have more than
one skin lesion. Regional (and occasionally systemic)

lymphadenopathy may occur. Patients may develop
pain on neck flexion, conjunctivitis, erythematous
throat, temporomandibular joint pain, and
hepatosplenomegaly and/or right upper quadrant
tenderness. 11

Nonspecific laboratory studies, like erythrocyte

sedimentation rate, complete blood count, and liver

function tests, are abnormal in between 20 and 50
percent of cases, but are not helpful in diagnosing
Lyme disease. 11 Early in the disease, specific

serologic tests may be negative and seropositivity

may not occur until six to eight weeks into the ill-

ness. 12,13 B. burgdorferi has been cultured from biopsy

specimens taken at the expanding red border of the

ECM lesion. 8

Two to three months following the onset of ECM,
about 10 to 15 percent of untreated patients with

stage one Lyme disease will experience neurologic

disease. Meningoencephalitis, meningitis, cranial

nerve palsies, and peripheral neuropathies may
occur, often in combination, and often accompanied
by extreme fatigue, malaise, headache, and photo-

phobia. 14 ' 16 Fever usually is absent. Mild encepha-

lopathy, including difficulty with concentration and
memory, and irritability and emotional liability may
occur. These neurologic findings are essentially

identical to those described in Europe, in the early

part of this century and now known as Bannwarth’s
syndrome 17 or tick-borne meningopolyneuritis. 18

A lymphocytic pleocytosis is found in the

cerebrospinal fluid, with elevated protein, but nor-

mal glucose levels. 14,16 The spinal fluid is normal in

stage one Lyme disease, even in the presence of

headache; a few cases have had serial lumbar punc-
tures, demonstrating that meningoencephalitis of

stage two disease evolves. The meningitis of Lyme
disease is indistinguishable from that of enterovirus,

virtually epidemic in the state in the early fall. Bor-

relia burgdorferi has been grown from the

cerebrospinal fluid of patients with Lyme men-
ingitis. 8

Neuropathic changes have been found on nerve

conduction testing; 14 axonopathy was documented in

one third of patients with peripheral neuropathy. 19

Peripheral nerve biopsies have shown heavy
epineural vessel infiltration with mononuclear
cells,

19' 23 but the organism has not been found at the

site of inflammation. Vasculitis was seen in one

case; 20 luminal obliteration of perineural vessels

without vasculitis was found in another case. 21 Im-
mune complexes, immunoglobulin, and complement
have not been seen in biopsy specimens. 19,20

Vascular disease caused by B. burgdorferi may be

the underlying mechanism for one report of

cerebrovascular disease 24 and vasculitis has been
seen on angiographic study of one patient with Lyme
disease central nervous system (CNS) disease. 25

Most patients with encephalitic symptoms have
abnormalities on electroencephalography 14 and re-

versible neuropsychiatric testing abnormalities have
been documented; 19 in some patients, small plaques

have been found on magnetic resonance imaging
(MRI), occasionally resolving after antibiotic ther-

apy. 19 An insufficient number of normal individuals

have had MRI to know if these plaques represent B.

burgdorferi- induced cerebral damage or if normal
individuals may have such plaques. In collaboration

with Dr. Jonathan Willard-Mack, a neuropsy-

chologist at UMDNJ-Robert Wood Johnson Medical
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School, and Dr. Robert Chabot, a clinical elec-

troneurophysiologist at New York University School
of Medicine, the staff of the Lyme Disease Center
at UMDNJ-Robert Wood Johnson Medical School

is studying this population; we have found there to

be widespread, often severe, abnormalities on both
neuropsychologic testing and quantitative elec-

troencephalography, some of which may resolve

after therapy.

Cardiac disease occurs in 8 to 10 percent of

previously untreated patients, two to three months
after ECM, occasionally in coincident with stage two
neurologic disease. Atrioventricular conduction de-

fects, mild congestive heart failure, and ST and T
wave changes compatible with myopericarditis have
been reported. 26 Reversible27 ' 29 and rarely fatal 30

myocarditis has been described. The multifocal

damage documented in electrophysiologic studies of

individual cases is likely the explanation for the

multiple levels of heart block occasionally described,

in rapid succession, in individuals with Lyme dis-

ease carditis. 2629 Focal myonecrosis and a sparse in-

terstitial infiltrate of polymorphonuclear cells and
lymphocytes was described in one series of

myocardial biopsies, 21 while B. burgdorferi,

myonecrosis, and perivascular mononuclear cell in-

filtration was found in another. 29 The finding of an
organism within the myocardium suggests that

direct invasion occurs in Lyme myocarditis.30

Arthritis is the classic feature of stage three Lyme
disease, 31 and the reason the first epidemic of Lyme
disease was described 15 years ago. Steere sum-
marized experience with 55 patients with Lyme dis-

ease who did not receive antibiotic therapy. These
patients had been infected before the efficacy of

antibiotics had been appreciated, so they represent

the only collection of patients where the natural

evolution of Lyme arthritis has been studied. 32 A
prospective study of these patients revealed that 44

patients (80 percent) experienced articular problems
over the course of a six-year period. This included:

10 patients (18 percent) who experienced arthralgias

with or following ECM, one day to eight weeks
(mean, two weeks) after the onset of the lesion; 28

patients (51 percent) with polyarthritis, often mi-

gratory, present four days to two years after the

onset of ECM (mean, 6 months); 14 patients with
preceding migratory arthralgias; and 6 patients (11

percent) with chronic Lyme arthritis, usually affect-

ing a single joint (most often the knee), with onset

4 months to four years after ECM (mean, 12

months). Five of these 6 patients had experienced
either arthralgia or intermittent arthritis prior to

developing chronic synovitis. The migratory poly-

arthritis group is reminiscent of the original cohort

of patients described by Steere. 1

The synovium in Lyme arthritis resembles

rheumatoid synovium, 21
' 31,33 although there are dis-

tinct differences between rheumatoid and Lyme syn-

ovitis. 21 In Lyme disease, there is hypertrophy and
hyperplastic changes, with focal necrosis, vascular

proliferation, and chronic inflammatory cell infiltra-

tion. Mononuclear cell aggregates and lymphoid
follicles may be present, suggesting that there is an
ongoing local immunologic reaction within the

joint. 34 As in syphilis, endarteritis obliterans may be
seen, with capillary arborization, dilatation, and
congestion. 33 B. burgdorferi has been seen rarely in

or near synovial vessels33 or in synovial fluid, 35 and
has been grown from synovial fluid. 36

Tertiary neuroborreliosis is a term that purposely

draws upon the clinical analogy with tertiary neu-

rosyphilis. This late form of Lyme disease includes

chronic encephalomyelopathy and neuropathy,37'39

and, like tertiary neurosyphilis, stage three neu-

rologic Lyme disease may develop insidiously

months to years after the onset of infection, even in

the absence of clinically apparent preceding infec-

tion. Subclinical infection thus may occur for long

periods prior to the emergence of overt neurologic

damage; this raises serious concerns over the finding

of asymptomatic seropositivity in a significant per-
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cent of people in areas endemic for Lyme disease.

Clinical experience with this population is limited,

and the true clinical spectrum of this stage of Lyme
disease currently is being defined. Claims that

amyotrophic lateral sclerosis, 40 multiple sclerosis, 41

and Alzheimer’s disease42 are due to infection with

B. burgdorferi have been laid to rest. Many individ-

ual cases of neurologic damage have been stated as

due to B. burgdorferi infection merely because the

patient has a positive serologic test, a circumstance

that does not guarantee causality.

One of the major controversies in the study of

Lyme disease is the question of what clinical con-

ditions can be ascribed to B. burgdorferi infection.

On the basis of sero-epidemiologic and biopsy

evidence, it has been suggested that a number of

cutaneous lesions, including morphea, lichen

sclerosus et atrophicus, eosinophilic fascitis, and
other cutaneous fibrotic disorders, are due to B.

burgdorferi, although these claims are by no means
definitive. 43 Subclinical or asymptomatic infection

may be quite prevalent in endemic areas, so that

seropositivity may represent no more than a coin-

cidence.

Another area of major concern relates to B.

burgdorferi infection occurring during pregnancy.

Shortly after the Lyme disease epidemic in the

Northeast was appreciated, reports of adverse out-

comes of pregnancy began to appear. In a review of

19 pregnancies between 1976 and 1984 complicated
by Lyme disease, 14 normal births and 5 adverse

outcomes were noted.46 49

Also, there is no evidence that Lyme disease can
be passed by sexual or other intimate contact. There
is evidence, however, that B. burgdorferi can survive

in blood50 and various blood products51 for as long

as six to eight weeks. Whether Lyme disease can be
spread by transfusion is unclear. 52

Lyme disease diagnosis can be aided by the use

of serologic and cellular testing. However, Lyme dis-

ease remains a clinical diagnosis. In the absence of

a set of well-substantiated criteria for the diagnosis

of Lyme disease, i.e. Jones’ criteria for rheumatic
fever, there is no substitute for a careful history and
physical done by a well-prepared health care

provider, and confirmed by serologic evidence of

preceding infection.

Antibiotic therapy in stage one disease usually

results in resolution of disease and prevents pro-

gression to later stages. Oral therapy is recommend-
ed for early disease. Even for severe stage one dis-

ease, there is no evidence that intravenous drugs are

necessary. The only comparative study of antibiotic

therapy in early disease suggested that either peni-

cillin or tetracycline was more effective than
erythromycin (1,000 mg in four divided doses for 10

days) in preventing progression to later disease; 20

days of tetracycline was no better than 10 days of

treatment. 53 There are many proposed antibiotic

regimens for early disease, and there is no evidence
that one drug is superior to another. Tetracycline,

amoxicillin, ampicillin, and penicillin have been
used with good success, at doses of between 1,000

and 2,000 mg per day, in four divided doses; dox-

ycycline at 100 mg two or three times a day also is

effective. There is no evidence that the addition of

probenecid to therapy with the penicillins is neces-

sary to increase efficacy of penicillin therapy. Other
agents, including cefuroxime axetil, cefixime, and 1

minocycline have been used; initial studies of

azithromycin, a new macrolide antibiotic with

greater anti-B. burgdorferi activity than erythromy-
cin, are encouraging.

The optimum duration of therapy has not been
determined, although current practice generally is to

treat for three to four weeks.

There may be a remarkable worsening of signs and
symptoms of disease, 53 often accompanied by fever,

chills, malaise, headache, and myalgia, in approx-

imately 15 percent of patients, within a few hours

to days of the onset of therapy. This may be accom-
panied by a rise in the peripheral blood white cell

count, and occasionally by increases in liver function

tests. All of these abnormalities are relatively mild
and usually resolve within a day or so. This
phenomenon was first described in syphilis, and is

known as the Jarisch-Herxheimer reaction. Such re-

actions also may be experienced early in the therapy

of other borrelial infections, and of brucellosis, where
the reaction may be life threatening. It appears that

antibiotic therapy causes the disruption of many of

the organisms and causes the liberation of many
borrelial components. When these circulating pro-

teins, polysaccharides, and lipids are identified by
the immune system, there is a sudden, systemic

response, with exacerbation of symptoms—the

Jarisch-Herxheimer reaction.

If untreated, ECM spontaneously will resolve in

a median of 28 days, although it may persist for as

long as 14 months. Progression to later disease is

most frequent in patients with more serious early

manifestations, 32,54 but progression may follow mild
or inapparent stage one Lyme disease. 55

Oral or parenteral antibiotics are effective in

treatment of stage two Lyme disease; the suggested

route, dose, and duration of therapy varies with the

type of manifestations. 14
'
30' 42 '

53
'
56

The arthritis of Lyme disease generally is treated

with intravenous antibiotics, including penicillin (20

million units per day in six divided doses), cefotax-

ime (3 g twice a day), and ceftriaxone (1 g twice a

day). Chloramphenicol, at doses appropriate to body
mass, also is effective in the treatment of Lyme
disease. In 55 percent of the cases reported by
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Steere, 57 Lyme arthritis was treated successfully

with intravenous penicillin. B. burgdorferi is

sensitive to ceftriaxone and this agent has been used
successfully. 58 One study suggests that subsequent
treatment with ceftriaxone is effective in patients

who have failed to respond to penicillin. 58 There is

preliminary evidence to suggest that prolonged oral

therapy (one month) may be effective in treatment
of late disease but these studies must be confirmed. 59

The most appropriate regimen for the treatment
of stage three neurologic disease probably is in-

travenous antibiotics, as used for the other late

manifestations of Lyme disease. There is not enough
clinical experience to be definitive about this, how-
ever, or to know if late neurologic damage is totally

reversible. There are anecdotes that claim slow, but
impressive, resolution.

Based on the premise that B. burgdorferi is a slow-

growing organism, some groups have suggested that

therapy for late Lyme disease should include in-

travenous courses for six weeks or longer and
prolonged oral maintenance therapy, up to 18 to 24

months. At this time, there is no proof that these

regimens are any more effective than the more tra-

ditional approaches; there is every reason to believe

that the longer regimens are associated with more
side effects and more expense to the patient.

One argument in favor of more prolonged therapy

is the persistence of symptoms and the occasional

apparent “progression” to later manifestations,

often in the presence of persisting elevated levels of

anti-B. burgdorferi antibody. The general ex-

perience has been that it may take six months or

longer for arthritis to fully resolve after antibiotic

therapy; 57 persisting nonspecific symptoms may
occur after therapy of other manifestations of Lyme
disease. This may be due to the persistence of B.

burgdorferi-derived antigens at the site of disease,

serving as a focus for prolonged inflammation. 34 Our
experience suggests that some patients develop

symptoms after Lyme disease (including
fibromyalgia) that are not due to ongoing infection

and are not amenable to further antibiotic therapy. 60

Many patients referred to the Lyme Disease Center
at Robert Wood Johnson Medical School have been
subjected to many, unnecessary courses of oral and
intravenous therapy for complaints clearly not due
to persisting or new B. burgdorferi infection, but
which have been mistakenly attributed to Lyme dis-

ease. 60
It is crucial to recall that not every complaint

in a patient who has had Lyme disease (or, for that

matter, in an individual with serum antibodies to B.

burgdorferi) is necessarily due to B. burgdorferi in-

fection.

The one indisputable fact is that the earlier a

patient is treated, the less likely that person is to

progress to later manifestations of Lyme disease.

The overwhelming majority of patients with treated

stage one Lyme disease will experience a cure. Fatal-

ities due to B. burgdorferi infection are very rare.

The only Lyme disease fatalities reported in the

English language literature were due to carditis

[although in one, coexisting babesiosis complicated
the clinical picture30

] and possibly due to adult res-

piratory distress syndrome related to Lyme disease. 61

There also is a brief French report of a fatal case of

Lyme meningoradiculitis, complicated by enceph-
alitis and phrenic paralysis. 62 Nonfatal permanent
heart block due to Lyme disease was reported from
the Netherlands, 63 but all other cases of conduction
defect have been reversible. Lyme meningitis re-

solves with antibiotic therapy. 56

Lyme arthritis has proved somewhat less respon-

sive to antibiotic therapy. In the initial report, 55

percent of patients treated with intravenous peni-

cillin resolved; later studies suggest a better

response rate to therapy with third-generation

cephalosporins, including cefotaxime and ceftriax-

one. Nonetheless, some patients have required other

forms of treatment, including hydroxychloroquine

(as a remittive agent) and synovectomy. 6 An under-

standing of the immunopathogenesis of this disease

is helpful in appreciating the persistence of inflam-

mation and symptoms in some patients; a full review

of this topic is beyond the scope of this paper, but

can be found elsewhere. 34

A controversial issue in the therapy of Lyme dis-

ease is the status of asymptomatic people who hap-

pen to test positive for antibodies to B. burgdorferi.

It is not known how many, if any, of these people

ever will experience tissue damage due to this infec-

tion. The policy at the Lyme Disease Center is that

if a true seropositive result is obtained on an individ-

ual without any preceding history of Lyme disease,

oral therapy for one month, as for stage one disease,

is given.

Should a tick be found on your patient it should

be removed with thin tweezers or forceps, using anti-

septic precautions. Old wives’ tales suggest that

kerosene, petroleum jelly, or a lit match or cigarette

are effective in tick removal; these methods should

be eschewed, as they may cause the tick to act as

a syringe and regurgitate into the wound, causing

transfer of B. burgdorferi.

Even if an engorged tick is found, it is estimated

that in an endemic area only 10 percent of tick bites

actually transmit the disease. 64 This suggests proph-

ylactic antibiotic therapy of all tick bites is not

necessary; in one study, the risk of adverse reactions

from the antibiotic therapy was as great as the risk

of seroconversion if no prophylaxis was given. If this

experience is extrapolated to repeated prophylaxis of

large numbers of residents in endemic areas, the cost

and potential morbidity of therapy would be tremen-
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dous; in some endemic areas, individuals would be

on constant antibiotic prophylaxis from April to Oc-

tober for their repeated tick exposures. In addition,

prophylactic therapy may give a false sense of secur-

ity and lead individuals to abandon preventive tech-

niques. Our suggestion is that if no skin rash de-

velops and no signs or symptoms suggestive of Lyme
disease develop, the bitten individual should return

for blood testing at six to eight weeks after the bite;

if seropositive, the patient then can be treated with

an oral regimen. Some suggest that a blood test done
at the time of the bite is indicated. True seropositivi-

ty would suggest prior exposure to B. burgdorferi,

and, if treatment of asymptomatic seropositivity is

considered advisable, therapy could be started at

that time.

CONCLUSIONS

Lyme disease has been described by the press and
broadcast media as being the scourge of the 1980s

and 1990s; reporters speak of Lyme disease as being

second to AIDS as a public health problem in the

United States. Well-meaning physicians have stated

that prolonged and repeated therapy is necessary to

suppress Lyme disease, and that rarely, if ever, is

it cured. Reports of medical problems thought due

to B. burgdorferi infection appear in the medical

literature, supported by only a positive serologic

test. The tests practitioners use to document ex-

posure to B. burgdorferi have been unfairly derided

as being nearly useless, because of cross-reactivity,

inaccuracy, and lack of standardization. The end
result has been that patients in endemic areas often

feel their physicians do a poor job of diagnosing and
treating Lyme disease, that the tests and thera-

peutic agents are profoundly flawed, and that Lyme
disease should represent a real cause for alarm. 65

Given the perception by many patients of Lyme
disease as a mysterious, difficult-to-diagnose dis-

ease, with an ever-expanding and poorly defined,

clinical spectrum, it is not surprising that many
patients have seized upon Lyme disease as the ul-

timate explanation for all of their ills. It is no wonder
that many patients view Lyme disease with alarm,

bordering on hysteria.

Lyme disease has become a major health concern

in a growing number of communities. Much has

been learned about the disease, although much
study is needed. The problem is manageable, if we
can convince all of our patients that Lyme disease

is a cause for concern, not panic; vigilance, not hys-

teria.
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