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Executive Summary

Tick bites and prophylaxis. The best currently available
method for preventing infection with Borrelia burgdorferi is to
avoid vector tick exposure. If exposure to Ixodes scapularis or
Ixodes pacificus ticks is unavoidable, measures recommended
to reduce the risk of infection include using both protective
clothing and tick repellents, checking the entire body for ticks
daily, and promptly removing attached ticks, before transmis-
sion of B. burgdorferi can occur (A-III [see tables 1 and 2 for
recommendation categories, indicated in parentheses through-
out this text]).

Routine use of either antimicrobial prophylaxis (E-I) or se-
rological tests (D-III) after a tick bite is not recommended.
Some experts recommend antibiotic therapy for patients bitten
by I. scapularis ticks that are estimated to have been attached
for 148 h (on the basis of the degree of engorgement of the
tick with blood), in conjunction with epidemiological infor-
mation regarding the prevalence of tick-transmitted infection
(C-III). However, accurate determinations of species of tick and
degree of engorgement are not routinely possible, and data are
insufficient to demonstrate efficacy of antimicrobial therapy in
this setting.

Persons who remove attached ticks should be monitored
closely for signs and symptoms of tick-borne diseases for up
to 30 days and specifically for the occurrence of a skin lesion
at the site of the tick bite (which may suggest Lyme disease)
or a temperature 1387C (which may suggest human granulo-
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cytic ehrlichiosis [HGE] or babesiosis). Persons who develop a
skin lesion or other illness within 1 month after removing an
attached tick should promptly seek medical attention for as-
sessment of the possibility of having acquired a tick-borne dis-
ease (A-II).

Health care practitioners, particularly those in areas where
Lyme disease is endemic, should become familiar with its clin-
ical manifestations, recommended practices for testing for it,
and therapy for the disease, as well as for HGE and babesiosis
(A-III).

Testing of ticks for tick-borne infectious organisms is not
recommended, except in research studies (D-III).

Prior vaccination with the recently licensed recombinant
outer-surface protein A (OspA) vaccine preparation reduces the
risk of developing Lyme disease associated with tick bites but
should not alter the above recommendations (A-I).

Early Lyme disease. Administration of doxycycline (100
mg twice daily) or amoxicillin (500 mg 3 times daily) for 14–21
days is recommended for treatment of early localized or early
disseminated Lyme disease associated with erythema migrans,
in the absence of neurological involvement or third-degree
atrioventricular heart block (A-I). In prospective studies, these
agents have been shown to be effective in treating erythema
migrans and associated symptoms. Doxycycline has the ad-
vantage of being efficacious for treatment of HGE, which may
occur simultaneously with early Lyme disease. Doxycycline is
relatively contraindicated during pregnancy or lactation and
for children aged !8 years.

Because of its higher cost, cefuroxime axetil (500 mg orally
twice daily), which is as effective as doxycycline in the treatment
of erythema migrans (A-I), should be reserved as an alternative
agent for those patients who can take neither doxycycline nor
amoxicillin. For children, we recommend amoxicillin at a dos-
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Table 1. Categories indicating the strength of each recommendation
for or against use.

Category Definition

A Good evidence to support a recommendation for use
B Moderate evidence to support a recommendation for use
C Poor evidence to support a recommendation for or against use
D Moderate evidence to support a recommendation against use
E Good evidence to support a recommendation against use

NOTE. Table is adapted from [1].

Table 2. Grades indicating the quality of evidence on which rec-
ommendations are based.

Grade Definition

I Evidence from at least 1 properly randomized, controlled trial
II Evidence from at least 1 well-designed clinical trial without ran-

domization, from cohort or case-controlled analytic studies
(preferably from 11 center), from multiple time-series studies, or
from dramatic results of uncontrolled experiments

III Evidence from opinions of respected authorities that is based on
clinical experience, descriptive studies, or reports of expert
committees

age of 50 mg/kg/d, divided into 3 doses per day (maximum,
500 mg/dose), or doxycycline (for those aged >8 years) at a
dosage of 1–2 mg/kg twice per day (maximum, 100 mg/dose)
(B-II). Cefuroxime axetil, at a dosage of 30 mg/kg/d, divided
into 2 doses daily (maximum, 500 mg/dose), is an acceptable
alternative agent (B-III).

Macrolide antibiotics are not recommended as first-line ther-
apy for early Lyme disease (E-I). When used, they should be
reserved for patients who are intolerant of amoxicillin, doxy-
cycline, and cefuroxime axetil. Possible regimens for adults are
as follows: azithromycin, 500 mg orally daily for 7–10 days;
erythromycin, 500 mg orally 4 times daily for 14–21 days; and
clarithromycin, 500 mg orally twice daily for 14–21 days. Pos-
sible dosages for children are the following: azithromycin, 10
mg/kg/d (maximum, 500 mg/d); erythromycin, 12.5 mg/kg 4
times daily (maximum, 500 mg/dose); and clarithromycin, 7.5
mg/kg twice daily (maximum, 500 mg/dose). Patients treated
with macrolides should be closely followed.

Ceftriaxone (2 g iv daily), although effective, is not superior
to oral agents and is not recommended as a first-line agent for
treatment of Lyme disease in the absence of neurological in-
volvement or third-degree atrioventricular heart block (E-I).

The use of ceftriaxone (2 g once daily iv for 14–28 days) in
early Lyme disease is recommended for acute neurological dis-
ease manifested by meningitis or radiculopathy (B-II). Intra-
venous penicillin G at a dosage of 18–24 million units daily,
divided into doses given every 4 h (for patients with normal
renal function), may be a satisfactory alternative (B-II). Ce-
fotaxime (2 g iv every 8 h) may also be a satisfactory alternative
(B-II). For adult patients who are intolerant of both penicillin
and cephalosporins, doxycycline (200–400 mg/d) in 2 divided
doses given orally (or iv if the patient is unable to take oral
medications) for 14–28 days may be adequate (B-II).

For children, we recommend ceftriaxone (75–100 mg/kg/d)
in a single daily iv dose (maximum, 2 g) (B-II) or cefotaxime
(150–200 mg/kg/d) divided into 3 or 4 iv doses (maximum, 6
g/d) (B-III) for 14–28 days. An alternative is iv penicillin G
(200,000–400,000 units/kg/d; maximum, 18–24 million units/d)
divided into doses given every 4 h for those with normal renal
function (B-II).

Patients with first- or second-degree atrioventricular heart
block associated with early Lyme disease should be treated with
the same antimicrobial regimens as patients with erythema mig-
rans without carditis (see paragraphs 1 and 2 of the recom-

mendations in this section, above) (B-III). We recommend that
patients with third-degree atrioventricular heart block be
treated with parenteral antibiotics such as ceftriaxone (see par-
agraphs 5 and 6 of the recommendations in this section, above)
in the hospital, although there are no clinical trials to support
this recommendation (B-III). A temporary pacemaker may also
be required.

Although antibiotic treatment does not hasten the resolution
of seventh-cranial-nerve palsy associated with B. burgdorferi
infection, antibiotics should be given to prevent further sequelae
(B-II). There was disagreement among panel members on the
neurological evaluation of patients with seventh-cranial-nerve
palsy. Some members perform a CSF examination on all pa-
tients with seventh-cranial-nerve palsy, whereas others reserve
lumbar puncture for patients for whom there is strong clinical
suspicion of CNS involvement (e.g., severe headache or nuchal
rigidity). Patients whose CSF examinations yield normal find-
ings may be treated with the same regimens used for patients
with erythema migrans (B-III), whereas patients for whom there
is clinical and laboratory evidence of CNS involvement should
be treated with regimens effective against meningitis (see par-
agraphs 5 and 6 of the recommendations in this section, above)
(B-II).

Treatment for pregnant patients can be identical to that for
nonpregnant patients with the same disease manifestation, ex-
cept that tetracyclines should be avoided (B-III).

Lyme arthritis. Lyme arthritis usually can be treated suc-
cessfully with antimicrobial agents administered orally or in-
travenously. Administration of doxycycline (100 mg twice daily
orally) or amoxicillin (500 mg 3 times daily), in each instance
for 28 days, is recommended for patients without clinically
evident neurological disease (B-II). For children, we recom-
mend administration of doxycycline (1–2 mg/kg twice per day;
maximum, 100 mg/dose), which can be given to patients aged
>8 years, or amoxicillin (50 mg/kg/d, divided into 3 doses per
day; maximum, 500 mg/dose) for 28 days (B-II).

Oral therapy is easier to administer than iv antibiotics, is
associated with fewer serious complications, and is considerably
less expensive. Its disadvantage is that some patients treated
with oral agents have subsequently manifested overt neuro-
borreliosis, which may require iv therapy for successful treat-
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ment. Further controlled trials are needed to compare oral with
iv therapy.

Neurological evaluation, including lumbar puncture, should
be done for patients if there is a strong clinical suspicion of
neurological involvement. Patients with both arthritis and ob-
jective evidence of neurological disease should receive iv cef-
triaxone (2 g once daily for 14–28 days) (A-II). Alternative
therapies include iv cefotaxime (2 g iv every 8 h) (B-III) or iv
penicillin G (18–24 million units daily, divided into doses given
every 4 h for patients with normal renal function) (B-II). Be-
cause of low blood levels, the long-acting benzathine prepa-
ration of penicillin is not recommended (D-III). For children,
we recommend administration of ceftriaxone (75–100 mg/kg/d
in a single daily iv dose; maximum, 2 g) (B-III) or cefotaxime
(150–200 mg/kg/d divided into 3 or 4 iv doses; maximum, 6 g/
d) (B-III) for 14–28 days. An alternative is iv penicillin G
(200,000–400,000 units/kg/d; maximum, 18–24 million units/d),
divided into doses given every 4 h for those with normal renal
function (B-III).

For patients who have persistent or recurrent joint swelling
after recommended courses of antibiotic therapy, we recom-
mend repeat treatment with another 4-week course of oral an-
tibiotics or with a 2- to 4-week course of iv ceftriaxone (B-III).
Clinicians should consider waiting several months before ini-
tiating repeat treatment with antimicrobial agents because of
the anticipated slow resolution of inflammation after treatment.
If patients have persistent arthritis despite 2 courses of oral
therapy or one course of iv therapy, symptomatic treatment
with nonsteroidal anti-inflammatory agents is recommended;
intra-articular steroids may also be of benefit (B-III). If per-
sistent synovitis is associated with significant pain or if it limits
function, arthroscopic synovectomy can reduce the period of
joint inflammation (B-II).

Late neuroborreliosis affecting the CNS or peripheral nervous
system. For patients with late neurological disease affecting
the CNS or peripheral nervous system, treatment with ceftriax-
one (2 g once a day iv for 2–4 weeks) is recommended (B-II).
Alternative parenteral therapy may include administration of
cefotaxime (2 g iv every 8 h) (B-II) or iv penicillin G (18–24
million units daily, divided into doses given every 4 h for pa-
tients with normal renal function) (B-II). Response to treatment
is usually slow and may be incomplete. However, unless relapse
is shown by reliable objective measures, repeat treatment is not
recommended. For children, a 14–28-day course of treatment
with ceftriaxone (75–100 mg/kg/d in a single daily iv dose; max-
imum, 2 g) is recommended (B-II). An alternative is cefotaxime
(150–200 mg/kg/d iv, divided into 3 or 4 doses; maximum, 6 g/
d) (B-II). Another alternative is iv penicillin G (200,000–400,000
units/kg/d, divided into doses given every 4 h for those with
normal renal function; maximum, 18–24 million units/d) (B-II).

Chronic Lyme disease or post–Lyme disease syndrome. After
an episode of Lyme disease that is treated appropriately, some
persons have a variety of subjective complaints (such as myalgia,

arthralgia, or fatigue). Some of these patients have been classified
as having “chronic Lyme disease” or “post–Lyme disease syn-
drome,” which are poorly defined entities. These patients appear
to be a heterogeneous group. Although European patients rarely
have been reported to have residual infection with B. burgdorferi,
this has yet to be convincingly demonstrated either in a large
series of appropriately treated European patients or in a study
of North American patients.

Randomized controlled studies of treatment of patients who
remain unwell after standard courses of antibiotic therapy for
Lyme disease are in progress. To date, there are no convincing
published data that repeated or prolonged courses of either oral
or iv antimicrobial therapy are effective for such patients. The
consensus of the Infectious Diseases Society of America (IDSA)
expert-panel members is that there is insufficient evidence to
regard “chronic Lyme disease” as a separate diagnostic entity.

Objective

The objective of these practice guidelines is to provide cli-
nicians and other health care practitioners with recommenda-
tions for management of cases in which either Lyme disease
has been diagnosed or the patient was bitten by an Ixodes tick
in North America (tables 1 and 2) [1]. Lyme disease is endemic
in several regions of the United States, particularly areas of the
Northeast, Upper Midwest, and Northwest [2]. It is the most
frequent vector-borne disease in the United States. Adults and
children of both sexes can be affected. These patients are eval-
uated and treated by general practitioners, pediatricians, and
internists, as well as by infectious disease specialists, derma-
tologists, rheumatologists, neurologists, orthopedists, obstetri-
cians, and ophthalmologists. Because the genospecies of B.
burgdorferi that cause Lyme disease in North America are dif-
ferent from those that cause Lyme borreliosis in Eurasia, rec-
ommendations were based, whenever possible, on studies con-
ducted in the United States.

In the treatment of this disease, as in all infectious diseases,
basic medical and scientific principles should be considered. In
selecting an antibiotic, there should be evidence of activity in
vitro, evidence of penetration into the infected sites, and clinical
studies to support the treatment regimen. The reader is referred
to other sources for information on diagnostic aspects of Lyme
disease [3–9].

Prevention of Tick Bites

The best currently available method for preventing infection
with B. burgdorferi and other Ixodes-transmitted infections is
to avoid tick-infested areas [10]. If exposure to I. scapularis or
I. pacificus ticks is unavoidable, a number of measures may
help to decrease the risk that ticks will attach and subsequently
transmit infection. The use of protective clothing (shirt tucked
into pants and pants tucked into socks) may interfere with
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attachment by ticks by increasing the time required for ticks
to find exposed skin, thus facilitating their recognition and re-
moval. By wearing light-colored clothing (to provide a back-
ground with which the tick contrasts), persons in areas of en-
demicity may also be more likely to see (and remove) ticks
before they have attached.

Daily inspections of the entire body to locate (and remove)
ticks also provide an opportunity to prevent transmission of
tick-borne infections [11, 12]. Attached ticks should be removed
promptly with fine-toothed forceps, if possible [13]. Tick and
insect repellents applied to the skin and clothing provide ad-
ditional protection [10, 14, 15].

Tick Bites and Prophylaxis

Primary Management Options

For patients who remove attached ticks, we considered the
following management options: (1) treating all such persons;
(2) treating only persons believed to be at high risk (e.g., those
removing a nymphal or adult vector tick [I. scapularis or I.
pacificus] after 48 h of attachment); (3) treating only persons
who develop erythema migrans or other clinical signs and
symptoms of tick-borne infection; and (4) treating all persons
who seroconvert from negativity to positivity (optimally with
a 4-fold increase in titer) for serum antibodies to B. burgdorferi
(acute and follow-up blood specimens from all persons who
are bitten would need to be collected and tested for antibodies
in paired specimens).

Outcome

The panel weighed both the risks and the consequences of
developing Lyme disease (including the risk of late complica-
tions) for persons bitten by vector ticks (I. scapularis or I.
pacificus) against the cost and adverse effects of prophylactic
antimicrobials. The effect of the different strategies on quality
of life was considered. In addition, we considered the effect of
the recent licensing of a recombinant OspA vaccine for pre-
vention of Lyme disease [16]. The principal desired outcome is
prevention of Lyme disease. Another desired outcome is the
prevention of other Ixodes-borne illnesses, including babesiosis
and HGE. Concurrent infection and disease with these organ-
isms have been described [17–19].

Evidence

Option 1: treating with antimicrobials all persons who remove
vector ticks (I. scapularis or I. pacificus) that have become at-
tached. Although some practitioners routinely treat patients
that have been bitten by I. scapularis [20], several prospective,
randomized double-blind clinical trials involving persons who
were bitten by I. scapularis ticks and then were treated with
placebo, penicillin, tetracycline, or amoxicillin each led to con-

clusions that routine antimicrobial prophylaxis is not warranted
[21–23]. A meta-analysis of these studies (in which 1600 persons
were enrolled) did not indicate that antimicrobial prophylaxis
is effective (pooled OR, 0.0; 95% CI, 0.0–1.5; ) [24].P p .12
The authors of the meta-analysis estimated that if amoxicillin
rather than doxycycline were used (to enable small children and
pregnant or lactating women to receive prophylaxis), 8 cases
of drug-associated rash, including 1 severe life-threatening re-
action, would occur for every 10 cases of early Lyme disease
that were prevented [24].

In addition, 3 cases of minor amoxicillin-related adverse ef-
fects (e.g., diarrhea) would occur for every case of Lyme disease
that was prevented. In 2 studies of prophylaxis for tick bites
in which adverse effects of the antimicrobials used for prophy-
laxis were reported, the risk of acquiring Lyme disease after a
tick bite was no different than the risk of developing adverse
effects from the prophylactic antibiotics [21, 22].

One cost-effectiveness analysis concluded that a 2-week
course of doxycycline is indicated when the probability of in-
fection with B. burgdorferi after a tick bite is >.036 and should
be considered when the theoretical probability ranges from .01
to .035 [25]. Many experts, however, disagree with key as-
sumptions in the model. Furthermore, doxycycline is relatively
contraindicated for women who are either pregnant or breast-
feeding, as well as for children aged !8 years.

Some practitioners prescribe a 10-to-14-day course of amox-
icillin for pregnant women who have been bitten by I. scapu-
laris, because case reports have suggested that adverse out-
comes for the fetus may be associated with pregnancies
complicated by Lyme borreliosis [26]. Increasing data from clin-
ical and epidemiological studies, however, suggest that favor-
able outcomes can be expected when pregnant women with
Lyme borreliosis are treated with standard antibiotic regimens
[27–29].

In addition to B. burgdorferi, other potential pathogens may
be present in I. scapularis ticks [30, 31]. Babesiosis and HGE
can occur independently or together with Lyme disease [17, 18,
32]. Administration of doxycycline is effective in the treatment
of patients with HGE [33] but is not recommended as therapy
for babesiosis. There are no published clinical data regarding
the efficacy of prophylaxis with doxycycline against either of
these infections.

Option 2: treating with antimicrobials only persons believed to
be at high risk (e.g., those who have removed a nymphal or adult
vector tick [I. scapularis or I. pacificus] after 48 h of attachment).
Entomological studies have shown that B. burgdorferi is rarely
transmitted by I. scapularis within the first 48 h of attachment
to laboratory animals [11, 12]. This “grace period” is required
for spirochetes to migrate from the gut into the salivary glands
of infected ticks once feeding commences [34]. Thus, ticks that
have been attached for !48 h theoretically cannot transmit B.
burgdorferi infection. However, this is not true for HGE or
babesiosis, since the organisms that cause these diseases are
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already present in the salivary glands before feeding (D. Fish,
unpublished data, and [35]).

The option of treating selectively persons with “high-risk”
tick bites to prevent Lyme disease assumes that the species,
stage, degree of engorgement, and infection status of the tick,
as well as the probability of transmission of infection, can be
readily ascertained. This is rarely true. Many different tick spe-
cies bite humans, and some “ticks” removed from humans are
actually spiders, scabs, lice, or dirt and thus pose no risk of
Lyme disease [36, 37]. Methods for determining the infection
status of ticks removed from patients are experimental and are
not standardized. One study found that patients who removed
partially engorged ticks that were calculated to have been at-
tached for >72 h were significantly more likely to develop B.
burgdorferi infection than were patients who removed ticks that
had been attached for an estimated duration of !72 h (P p

) [37]. However, even if the risk of Lyme disease is increased.008
with partially engorged ticks, no study has demonstrated that
antimicrobials are effective in reducing the risk of infection after
a tick bite.

Option 3: treating with antimicrobials only persons who de-
velop erythema migrans or other clinical manifestations of Lyme
disease or other tick-transmitted diseases. The great majority
of persons with B. burgdorferi infection present with erythema
migrans [16, 38–40]. Since primary erythema migrans lesions
occur at the site of a tick bite [41–44], a person who removes
a tick would be likely to detect and to seek care for a rash that
subsequently develops at that location. Patients who develop
fever in the absence of erythema migrans after an Ixodes tick
bite should be evaluated for HGE and/or babesiosis in areas
where these infections are endemic [33, 45, 46].

In a placebo-treated population observed prospectively in a
large, multicenter vaccine trial, some volunteers developed se-
rological evidence of asymptomatic B. burgdorferi infection [16].
Whether antibiotic therapy is beneficial for such patients is
unknown, a question in need of further study. (See next par-
agraph [option 4] for caveats concerning serological diagnosis.)

Option 4: treating with antimicrobials all persons who sero-
convert from negativity to positivity for serum antibodies to B.
burgdorferi when acute and follow-up serum samples are tested
simultaneously. Although assessment of acute- and convales-
cent-phase serologies is a standard means of identifying indi-
viduals with a variety of infectious diseases, the utility of this
approach for identifying infection with B. burgdorferi following
a tick bite is unknown. Present serological assays for Lyme
disease have substantial limitations [3–7], and their use is not
recommended for screening of persons lacking objective mani-
festations of Lyme disease [3, 4, 6, 7].

Recommendations

The best currently available method for preventing infection
with B. burgdorferi and other Ixodes-transmitted infections is

to avoid vector tick exposure. If exposure to I. scapularis or I.
pacificus ticks is unavoidable, measures recommended to reduce
the risk of infection include using both protective clothing and
tick repellents, checking the entire body for ticks daily, and
promptly removing attached ticks before transmission of B.
burgdorferi can occur (A-III).

Routine use of either antimicrobial prophylaxis (E-I) or se-
rological tests (D-III) after a tick bite is not recommended.
Some experts recommend antibiotic therapy for patients bitten
by I. scapularis ticks that are estimated to have been attached
for 148 h (on the basis of the degree of engorgement of the
tick with blood), in conjunction with epidemiological infor-
mation regarding the prevalence of tick-transmitted diseases (C-
III). However, accurate determinations of tick species and de-
gree of engorgement are not routinely possible, and data are
insufficient to demonstrate efficacy of antimicrobials in this
setting.

Persons who remove attached ticks should be monitored
closely for signs and symptoms of tick-borne diseases for up
to 30 days and specifically for the occurrence of a skin lesion
at the site of the tick bite (which may suggest Lyme disease)
or a temperature 1387C (which may suggest HGE or babesi-
osis). Persons who develop a skin lesion or other illness within
1 month after removing an attached tick should promptly seek
medical attention for assessment of the possibility of having
acquired a tick-borne disease (A-II).

Health care practitioners, particularly those in areas where
Lyme disease is endemic, should become familiar with the clin-
ical manifestations of and recommended practices for testing
and therapy for Lyme disease, as well as for HGE and babe-
siosis (A-III).

Testing of ticks for tick-borne infectious organisms is not
recommended, except in research studies (D-III).

Prior vaccination with the recently licensed recombinant
OspA vaccine preparation reduces the risk of developing Lyme
disease associated with tick bites but should not alter the above
recommendations (A-I).

Early Lyme Disease

Primary Management Options

We considered the following management options for early
Lyme disease: oral antimicrobial therapy for early localized
infection (i.e., solitary erythema migrans) and oral versus iv
therapy for cases of early disseminated infection (i.e., patients
presenting with multiple erythema migrans lesions, carditis, cra-
nial-nerve palsy, meningitis, or acute radiculopathy). Borrelial
lymphocytoma was not addressed because of its rarity in North
America (its primary causative organism, Borrelia afzelii, is an
exclusively Eurasian genospecies).
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Outcome

The panel weighed both the risks and the consequences of
developing late complications of Lyme disease and the possible
adverse effects of antimicrobial therapy. The desired outcome
is to resolve the symptoms and signs of early Lyme disease and
to prevent late complications.

Evidence

At least 7 randomized prospective trials have addressed the
treatment of early Lyme disease in the United States [47–53].
All studies used erythema migrans as the disease-defining cri-
terion. Six studies recruited patients with either localized or
disseminated early Lyme disease [47–52], whereas 1 study re-
quired disseminated early disease for enrollment [53]. Differing
criteria were used to define treatment success and failure in the
various studies. Most studies defined “failure” by the occur-
rence of objective clinical manifestations, but subjective symp-
toms were considered evidence of treatment failure in some
studies.

The etiology of residual patient complaints after treatment
may include an inflammatory response, unrelated to active in-
fection, or alternative disease processes. Failure rates were not
considered in the context of background complaints in an oth-
erwise “healthy” population. For example, in a recent random
telephone survey collecting self-reported health information,
the prevalence of chronic joint symptoms in adults ranged from
12.3% to 22.7% [54]. In a study of adult members in a health
maintenance organization in Seattle, ∼20% reported fatigue of
at least 6 months’ duration that interfered with normal activities
[55]. Twelve percent of a control group of children without
Lyme disease in another study mentioned fatigue as a symptom
[56]. In rheumatology practice, a prevalence of 15%–20% for
fibromyalgia is common [57]. Nearly 85% of the general pop-
ulation may experience at least 1 somatic symptom in a 6-week
period, and 81% of healthy university students and hospital
staff members described at least 1 such symptom over a 3-day
interval [58, 59]. Thus, the occurrence of arthralgia, myalgia,
and fatigue after treatment for early Lyme disease must be
evaluated in the context of background complaints for a sig-
nificant proportion of patients.

In addition, the possibility of coinfection with other patho-
gens such as Babesia microti and the Ehrlichia species that
causes HGE was not considered in any of the treatment studies
of early Lyme disease. In a separate study in an area in which
babesiosis is endemic, most patients who had residual com-
plaints after treatment for early Lyme disease had evidence of
coinfection with B. microti [17]. Specific treatment with anti-
parasitic agents directed against this microorganism was effec-
tive in diminishing symptoms in 1 study [60].

The first randomized clinical trial of treatment of erythema
migrans compared erythromycin, tetracycline, and penicillin at
dosages of 250 mg 4 times daily for 10 days and included 112

adult patients [47]. Signs and symptoms after treatment were
considered to be either “minor” (headache, fatigue, supra-
ventricular tachycardia, arthralgias, brief arthritis of !2 weeks’
duration, or isolated facial palsy) or “major” (meningitis, me-
ningoencephalitis, carditis, or recurrent attacks of arthritis).
Approximately 15% of patients had transient intensification of
symptoms during the first 24 h of therapy, consistent with a
Jarisch-Herxheimer reaction. Erythema migrans and its asso-
ciated symptoms resolved significantly faster in patients treated
with penicillin or tetracycline than in patients treated with
erythromycin ( ). In addition, treatment with tetracyclineP ! .05
or penicillin was associated with a lower rate of occurrence of
“major” manifestations by these criteria, compared with the
occurrence rate associated with erythromycin.

Overall, “minor” posttreatment signs and symptoms oc-
curred in ∼45% of patients. Extending therapy to 20 days with
tetracycline in a subsequent study by the same investigators
had no effect on the frequency of posttreatment symptoms [47].
The results of these studies supported the findings of an earlier
open trial of oral penicillin therapy [61]. It could be concluded
that erythema migrans was responsive to antibiotic treatment
but optimal therapy was not defined.

Subsequent small studies found that doxycycline and amox-
icillin (plus probenecid), which are the tetracycline and b-lactam
preparations most commonly prescribed in current clinical
practice for patients with erythema migrans, were effective ther-
apies, and that the efficacies of each drug regimen were similar
[48, 49].

A multicenter study that compared cefuroxime axetil (500
mg twice daily for 20 days) with doxycycline (100 mg 3 times
daily for 20 days) in 123 patients with erythema migrans dem-
onstrated satisfactory outcomes for ∼90% of patients followed
for 1 year after treatment [50]. Seventy-one percent of patients
in the cefuroxime group and 76% in the doxycycline group were
completely cured, whereas 19% and 16% of patients, respec-
tively, had persistent subjective complaints but their conditions
improved. Although treatment was considered to have failed
for 10% of patients, most of these patients did not have ob-
jective evidence of continuing active infection.

A second multicenter study, in which 232 patients with er-
ythema migrans were randomized to receive either cefuroxime
or doxycycline for 20 days, confirmed that the 2 drugs had
comparable efficacy [51]. Consistent with earlier reports, a Jar-
isch-Herxheimer–like reaction occurred during the first 24 h of
therapy in 12% of patients in each treatment group.

A multicenter, double-blind, randomized prospective trial
compared azithromycin (500 mg once daily for 7 days) with
amoxicillin (500 mg 3 times daily for 20 days) in the treatment
of patients with erythema migrans [52]. Amoxicillin was found
to be significantly more effective than azithromycin in resolving
the acute manifestations of erythema migrans completely and
in preventing relapse within a 6-month period. Of 217 evaluable
patients, only 4% of those treated with amoxicillin relapsed,
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Table 3. Recommended antimicrobial regimens for treatment of patients with
Lyme disease.

Recommendation, drug Dosage for adults Dosage for children

Preferred oral
Amoxicillin 500 mg t.i.d. 50 mg/kg/d divided into 3 doses

(maximum, 500 mg/dose)
Doxycycline 100 mg b.i.d. a Age !8 y: not recommended;

age >8 y: 1–2 mg/kg b.i.d. (maxi-
mum, 100 mg/dose)

Alternative oral
Cefuroxime axetil 500 mg b.i.d. 30 mg/kg/d divided into 2 doses

(maximum, 500 mg/dose)
Preferred parenteral

Ceftriaxone 2 g iv once daily 75–100 mg/kg iv per day in a single
dose (maximum, 2 g)

Alternative parenteral
Cefotaxime 2 g iv t.i.d. 150–200 mg/kg/d iv divided into 3 or

4 doses (maximum, 6 g/d)
Penicillin G 18–24 million units iv/d

divided into doses
given q4hb

200,000–400,000 units/kg/d, divided
into doses given q4hb (maximum,
18–24 million units/d)

a Tetracyclines are relatively contraindicated for pregnant or lactating women.
b The penicillin dosage should be reduced for patients with impaired renal function.

compared with 16% of those treated with azithromycin (P p
). A higher symptom score before treatment correlated with.005

persistent symptoms after treatment.
Only 1 study has specifically addressed the treatment of acute

disseminated nonneurological Lyme disease. This prospective,
randomized multicenter trial revealed that in the absence of
clinically apparent CNS involvement, oral doxycycline (100 mg
twice daily for 3 weeks) was similar in efficacy to iv ceftriaxone
(2 g daily for 2 weeks) [53].

In most of the controlled trials, patients assigned to be treated
with either doxycycline or amoxicillin received therapy for ∼3
weeks. However, similar success rates have been reported in
studies in which 14-day treatment courses with these antibiotics
were used [62, 63]. Although none of the prospective studies
included pregnant patients, there are no data to suggest that
these patients should be treated differently from other patients
with Lyme disease, except that tetracycline therapy should be
avoided [64].

Several conclusions can be drawn from these trials. Doxy-
cycline, amoxicillin, and cefuroxime axetil are efficacious in the
treatment of early Lyme disease. Most patients respond
promptly and completely. Some individuals have persistent sub-
jective complaints despite therapy that otherwise appears cu-
rative. Less than 10% of infected individuals fail to respond to
antibiotic therapy, as evidenced by objective manifestations of
persistent infection, and repeat treatment is rarely required. In
general, patients who are more systemically ill (e.g., febrile with
significant constitutional complaints) at the time of diagnosis
take longer to have a complete response to therapy. Coinfection
with other tick-borne infections or inadequately recognized
CNS infection at the time of institution of antibiotic therapy
may be the explanation for antibiotic failures in some
circumstances.

Despite excellent activity against B. burgdorferi in vitro [65],
the macrolides that have been studied systematically, namely,
erythromycin [47] and azithromycin [52] in the United States
and roxithromycin [66] in Europe, are less effective than other
therapeutic agents (reviewed in [67]). Clarithromycin has not
been studied in a controlled trial [68].

All antimicrobials effective in early Lyme disease are asso-
ciated with a low frequency of serious adverse effects. Drug-
induced rashes occur with both amoxicillin [52] and cefuroxime
[50, 51]. Doxycycline may cause photosensitivity [50, 51], which
may be problematic since early Lyme disease occurs most com-
monly during the summer months. Individuals treated with
doxycycline are advised to avoid exposure to the sun while
receiving therapy. In addition, doxycycline is relatively contra-
indicated for children aged !8 years and for women who are
pregnant or breast-feeding.

Cefuroxime axetil is much more expensive than doxycycline
or amoxicillin; therefore, its administration is not recommended
as first-line therapy (table 3).

In contrast to the second-generation cephalosporin cefurox-
ime and certain third-generation cephalosporins (e.g., ceftriax-
one), first-generation cephalosporins such as cephalexin are in-
active in vitro against B. burgdorferi and are ineffective clinically
[69, 70].

Available evidence regarding treatment of acute neurological
Lyme disease in the United States is based on small case series.
Patients with Lyme meningitis or acute radiculopathy respond
to iv penicillin [71], although ceftriaxone is more widely used
for this indication because of its convenient once-daily dosing
[72]. European trials have found iv penicillin to be as effective
as cefotaxime or ceftriaxone [73, 74] and cefotaxime to be as
effective as ceftriaxone [75]. Doxycycline administered orally
or iv has also been used successfully in Europe [76–79], but
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Table 4. Recommended therapy for patients with Lyme disease.

Indication Treatment Duration, d

Tick bite None recommended; observe
Erythema migrans Oral regimena,b 14–21
Acute neurological disease

Meningitis or radiculopathy Parenteral regimena,c 14–28
Cranial-nerve palsy Oral regimena 14–21

Cardiac disease
1st or 2d degree heart block Oral regimena 14–21
3d degree heart block Parenteral regimena,d 14–21

Late disease
Arthritis without neurological disease Oral regimena 28
Recurrent arthritis after oral regimen Oral regimena or 28

parenteral regimena 14–28
Persistent arthritis after 2 courses of antibiotics Symptomatic therapy
CNS or peripheral nervous system disease Parenteral regimena 14–28

Chronic Lyme disease or post–Lyme disease syndrome Symptomatic therapye

a See table 3.
b For adult patients who are intolerant of amoxicillin, doxycycline, and cefuroxime axetil, alternatives

are azithromycin (500 mg orally daily for 7–10 days), erythromycin (500 mg orally 4 times per day for
14–21 days), or clarithromycin (500 mg orally twice daily for 14–21 days [except during pregnancy]). The
recommended dosages of these agents for children are as follows: azithromycin, 10 mg/kg daily (maximum,
500 mg/d); erythromycin, 12.5 mg/kg 4 times daily (maximum, 500 mg/dose); clarithromycin, 7.5 mg/kg
twice daily (maximum, 500 mg/dose). Patients treated with macrolides should be closely followed.

c For nonpregnant adult patients intolerant of both penicillin and cephalosporins, doxycycline (200–400
mg/d orally [or iv if oral medications cannot be taken], divided into 2 doses) may be adequate.

d A temporary pacemaker may be required.
e See the discussion of Chronic Lyme Disease or Post–Lyme Disease Syndrome in the text.

experience with this agent for the treatment of patients with
meningitis due to Lyme disease in the United States is limited.

Cranial-nerve palsy has been treated satisfactorily with oral
antibiotics [38, 80]. There was disagreement among panel mem-
bers, however, on the neurological evaluation of patients with
seventh-cranial-nerve palsy. Some members perform a lumbar
puncture for all individuals with Lyme disease–associated sev-
enth-cranial-nerve palsy. Others reserve lumbar puncture for
those patients for whom there is strong clinical evidence of CNS
involvement (e.g., severe headache or nuchal rigidity).

Patients whose CSF examinations yield normal findings may
be treated with the same regimens used for patients with ery-
thema migrans, whereas those with clinical and laboratory ev-
idence of CNS involvement should be treated with regimens
effective against meningitis. Since the frequency and rate of
recovery of seventh-cranial-nerve palsy in patients treated with
antibiotics appear to be the same as in untreated patients, the
principal goal of therapy is to prevent the development of later
clinical manifestations [80].

No studies have specifically addressed the treatment of car-
ditis. Cardiac involvement in North American Lyme disease
primarily manifests as atrioventricular heart block and usually
occurs within the first several weeks of infection, often in con-
junction with erythema migrans [81]. First- and second-degree
atrioventricular heart blocks resolve during therapy with oral
antibiotics. Because of the potential for life-threatening com-
plications, patients with third-degree atrioventricular heart
block should be closely monitored in the hospital. Most panel
members treat such patients with iv ceftriaxone, although there
is no evidence that parenteral therapy is more effective than

oral therapy. Insertion of a temporary pacemaker may be nec-
essary for patients with third-degree heart block in some
circumstances.

Recommendations

Administration of doxycycline (100 mg twice daily) or amox-
icillin (500 mg 3 times daily) for 14–21 days is recommended
for treatment of early localized or early disseminated Lyme
disease associated with erythema migrans, in the absence of
neurological involvement or third-degree atrioventricular heart
block (tables 3 and 4) (A-I). In prospective studies, these agents
have been shown to be effective in the treatment of erythema
migrans and associated symptoms.

Doxycycline has the advantage of being efficacious for treat-
ment of HGE, which may occur simultaneously with early
Lyme disease. Doxycycline is relatively contraindicated during
pregnancy or lactation and for children aged !8 years. Because
of its higher cost, cefuroxime axetil, which is as effective as
doxycycline in the treatment of erythema migrans (A-I), should
be reserved as an alternative agent for those patients who can
take neither doxycycline nor amoxicillin. For children, amox-
icillin or doxycycline (for those aged >8 years) is recommended
(tables 3 and 4) (B-II). Cefuroxime axetil is an acceptable al-
ternative agent (B-III).

Administration of macrolide antibiotics is not recommended
as first-line therapy for early Lyme disease (E-I). When used,
they should be reserved for patients who are intolerant of amox-
icillin, doxycycline, and cefuroxime axetil (table 4). Patients
treated with macrolides should be closely followed.
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Ceftriaxone (2 g iv daily), although effective, is not superior
to oral agents and is therefore not recommended for treatment
of Lyme disease in the absence of neurological involvement or
third-degree atrioventricular heart block (E-I).

The use of ceftriaxone (2 g once daily iv for 14–28 days) in
early Lyme disease is recommended for acute neurological dis-
ease manifested by meningitis or radiculopathy (tables 3 and
4) (B-II). Parenteral therapy with penicillin G or cefotaxime
may be a satisfactory alternative (B-II). For adult patients who
are intolerant of both penicillin and cephalosporins, doxycy-
cline (200–400 mg/d in 2 divided doses orally [or iv if the patient
is unable to take oral medications]) for 14–28 days may be
adequate (B-II).

For children, iv ceftriaxone (B-II) or cefotaxime (B-III) is
recommended (tables 3 and 4); penicillin G given iv is an al-
ternative (B-II).

Patients with first- or second-degree atrioventricular heart
block associated with early Lyme disease should be treated in
the same manner as patients with erythema migrans without
carditis (tables 3 and 4) (B-III). We recommend that patients
with third-degree atrioventricular heart block be treated with
parenteral antibiotics such as ceftriaxone (table 3) in the hos-
pital, although there are no clinical trial data to support this
recommendation (B-III). A temporary pacemaker may also be
required.

Although antibiotic treatment does not hasten the resolution
of seventh-cranial-nerve palsy associated with B. burgdorferi
infection, antibiotics should be given to prevent further sequelae
(B-II). There was disagreement among panel members on the
neurological evaluation of patients with seventh-cranial-nerve
palsy. Some members perform a CSF examination of all pa-
tients with seventh-cranial-nerve palsy, whereas others reserve
lumbar puncture for those in whom there is strong clinical
evidence of CNS involvement (e.g., severe headache or nuchal
rigidity).

Patients whose CSF examinations yield normal findings may
be treated with the same regimens used for patients with ery-
thema migrans (B-III). Those with clinical and laboratory ev-
idence of CNS involvement should be treated with regimens
effective against meningitis (tables 3 and 4) (B-II).

Treatment for pregnant patients can be identical to that for
nonpregnant patients with the same disease manifestation, ex-
cept that tetracyclines should be avoided (B-III).

Late Lyme Disease

Options

The panel considered various oral and parenteral antimicro-
bial regimens for treatment of the late manifestations of Lyme
disease. Late manifestations include arthritis (oligoarticular),
encephalopathy (characterized primarily by memory deficit, ir-
ritability, and somnolence), and neuropathy (manifested pri-
marily by distal paresthesias or radicular pain). Acrodermatitis

chronica atrophicans was not addressed because of its rarity in
North America (its primary causative organism, B. afzelii, is
an exclusively Eurasian genospecies). Because of the lack of
evaluable data on ophthalmologic complications, which are
very rare, the panel was unable to make recommendations con-
cerning keratitis and other possible ocular manifestations of
Lyme disease.

The response to treatment of late manifestations is typically
slow, and improvement or resolution of symptoms may take
weeks or months. However, appropriate antibiotic treatment
results in eventual recovery in most patients.

Outcome

The panel compared the risks and consequences of ineffective
treatment of late Lyme disease with the problems resulting from
adverse effects of antimicrobial therapies. The desired outcome
is to treat effectively the late complications of Lyme disease
while minimizing the adverse effects of antibiotic therapy. It
has not been shown nor is it anticipated that B. burgdorferi will
develop resistance to antibiotics, but the indiscriminate use of
antibiotics exacerbates the problem of antibiotic-resistant com-
munity-acquired infections with other bacteria.

Evidence

The first study of antibiotic treatment in patients with Lyme
arthritis was initiated in 1980 [82]. The regimens tested were
those used for the treatment of tertiary syphilis, and the study
design was a double-blind, placebo-controlled trial. The pa-
tients had intermittent or chronic Lyme arthritis primarily af-
fecting the knees, and all patients were subsequently shown to
be seropositive for antibodies to B. burgdorferi. In the first phase
of the study, 40 patients were randomized to receive im ben-
zathine penicillin G (7.2 million units) or placebo. In the second
phase, 20 patients were treated with iv penicillin G (20 million
units per day for 10 days). Of the 20 patients who received im
benzathine penicillin, 7 (35%) had complete resolution of joint
involvement soon after treatment, compared with none of 20
patients who were given placebo ( ). Of the 20 patientsP ! 0.02
treated the following year with iv penicillin G, 11 (55%) had
complete resolution of the arthritis soon after treatment. It was
concluded that parenteral penicillin was often effective in the
treatment of Lyme arthritis, but a number of patients failed to
respond.

Subsequently, a series of studies was begun to test the efficacy
of iv ceftriaxone in the treatment of late Lyme disease. In com-
parison with penicillin, the advantages of ceftriaxone are its
excellent CSF penetration and long serum half-life, which per-
mits once-a-day dosing for outpatient management. In 1987, a
case series of 7 patients with Lyme arthritis or chronic neu-
roborreliosis, who were refractory to oral or iv penicillin ther-
apy, were then treated with iv ceftriaxone (2 or 4 g/d for 2
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weeks) [83]. All 5 patients who had arthritis responded to cef-
triaxone therapy, and for 5 of the 6 patients with limb pares-
thesias, a reduction in symptoms and improvement of nerve-
conduction study findings were noted.

In a follow-up study, 23 patients with Lyme arthritis or late
neuroborreliosis were randomly assigned to receive penicillin
(20 million units per day iv for 10 days) or ceftriaxone (4 g/d
iv for 14 days) [84]. Of the 13 patients who received ceftriaxone,
none had objective evidence of persistent disease after treat-
ment, although 3 had mild arthralgias and 1 complained of
fatigue and memory difficulty. In contrast, 5 of the 10 patients
who received iv penicillin continued to have fatigue, memory
deficit, or recurrent oligoarthritis. For 4 of these 5 patients,
symptoms resolved after repeat treatment with ceftriaxone.

In a subsequent study, 31 patients with Lyme arthritis or
chronic neuroborreliosis were randomly assigned to receive 2 or
4 g/d of ceftriaxone for 2 weeks [84]. After treatment, 3 of the
31 patients had persistent encephalopathy, 2 had persistent neu-
ropathy, and 3 had no diminishment of their arthritis. The overall
frequency of persistent symptoms among patients was 13%,
which was similar in both treatment groups. In an open-label,
randomized, multicenter study, 143 evaluable patients with man-
ifestations of late Lyme disease, primarily Lyme arthritis, were
treated with iv ceftriaxone (2 g/d for either 2 or 4 weeks) [85].
In 76% of those treated for 2 weeks and 70% of those treated
for 4 weeks, symptoms resolved after treatment (the P value was
not significant). The most common persistent symptoms were
arthralgia, pain, weakness, malaise, and fatigue.

The principal conclusions of these 2 studies were that the
efficacy of iv ceftriaxone at a dosage of 2 g/d was equivalent
to that at a dosage of 4 g/d, and a 2-week course was as effi-
cacious as a 4-week course for the treatment of late Lyme dis-
ease. However, some patients had persistent symptoms despite
ceftriaxone treatment.

At the same time that studies were being carried out to assess
parenteral antibiotic regimens, oral therapy was also found to
be effective in the treatment of patients with Lyme arthritis. In
1983 and 1984, 14 children with Lyme arthritis were treated
orally with either phenoxymethyl penicillin or tetracycline for
10–30 days [86]. Thirteen experienced no further attacks of
arthritis at follow-up at 4–24 months after treatment, whereas
1 patient’s symptoms did not resolve until after a 10-day course
of iv penicillin.

From 1986 through 1991, 48 adult and pediatric patients with
Lyme arthritis were randomly assigned to receive either dox-
ycycline (100 mg orally twice a day) or amoxicillin and pro-
benecid (500 mg of each 4 times a day), in each instance for
30 days [87]. Eighteen of the 20 evaluable patients treated with
doxycycline and 16 of the 18 evaluable patients who completed
the amoxicillin regimen had resolution of arthritis within 13
months after enrollment in the study. However, neuroborreliosis
later developed in 5 patients, 4 of whom were treated with the
amoxicillin/probenecid regimen. The concomitant use of pro-

benecid with amoxicillin may be inadvisable, because proben-
ecid may impair penetration of b-lactam antibiotics into brain
parenchyma [72, 88].

In retrospect, it was noted that all 5 patients reported subtle
distal paresthesias or memory impairment at the time of en-
rollment. It was concluded that patients with Lyme arthritis
can usually be treated successfully with oral antibiotics, but
practitioners must be aware of subtle neurological symptoms
that may require treatment with iv antibiotics.

In a cost-effectiveness analysis, iv therapy was found to be
no more cost-effective than oral therapy for patients with Lyme
arthritis; iv therapy was more likely to result in serious com-
plications and was substantially more expensive [89]. Therefore,
the authors concluded that oral antibiotics are to be preferred
in the initial treatment of Lyme arthritis in the absence of con-
comitant neurological involvement.

Not all patients with Lyme arthritis respond to antibiotic
therapy. In 1 treatment trial, none of the 16 patients with Lyme
arthritis who were treated with iv ceftriaxone (2 g daily for 2
weeks) had resolution of arthritis within 3 months after com-
pletion of therapy [87]. That study’s enrollment requirement of
continuous joint swelling for at least 3 months despite treatment
with other recommended parenteral or oral antibiotic regimens
differed from requirements in previous studies.

These 16 patients were also found to have distinctive im-
munogenetic and immune markers, including a high frequency
of human leukocyte antigen–DR4 specificity and of antibody
reactivity with OspA of the spirochete. More recent data based
on PCR testing of serial joint fluid samples suggest that arthritis
may persist in a small number of patients despite eradication
of the spirochete [90]. The observation that there are epitopes
of OspA that cross-react with human leukocyte function–
associated antigen-1 [91] suggests that immune phenomena
might explain the persistent joint inflammation in these cases.

Arthroscopic synovectomy has been used successfully in the
treatment of patients whose arthritis persists despite antibiotic
therapy. Of 20 patients who underwent this procedure for re-
fractory chronic Lyme arthritis of the knee, 16 (80%) had res-
olution of joint inflammation during the first month following
surgery or soon thereafter [92]. The remaining 4 patients (20%)
had persistent or recurrent synovitis.

Patients with late Lyme disease associated with prominent
neurological features also respond to antibiotic therapy. In trials
conducted from 1987 through 1989, 27 adult patients with Lyme
encephalopathy, polyneuropathy, or both were treated with iv
ceftriaxone (2 g/d for 2 weeks) [93]. In addition to clinical signs
and symptoms, outcome measures included CSF analyses and
neuropsychological tests of memory. Response to therapy was
usually gradual and did not begin until several months after
treatment. When response was measured 6 months after treat-
ment, 17 patients (63%) had uncomplicated improvement, 6
(22%) had improvement but then relapsed, and 4 (15%) had
no change in their condition.
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In a subsequent study, the same investigators treated 18 adult
patients with Lyme encephalopathy with iv ceftriaxone (2 g/d
for 30 days) [94]. Of the 18 patients, 16 had abnormal verbal
or visual memory scores on neuropsychological tests and 16
had CSF abnormalities, most commonly production of intra-
thecal antibody to B. burgdorferi or an elevated total protein
level. As determined 6 months after treatment, 14 (93%) of the
15 patients examined had diminished symptoms, and verbal
memory scores for the 15 patients were significantly improved
( ). The total CSF protein values were significantly lessP ! .01
for the 10 patients who had follow-up analyses ( ). AtP ! .05
12–24 months, all patients’ conditions were back to normal or
improved (1 of the 18 patients was given repeat treatment after
8 months).

It was concluded that Lyme encephalopathy may be asso-
ciated with active infection of the nervous system and that the
infection in most patients can be treated successfully with a 30-
day course of iv ceftriaxone. Whether a 30-day course is su-
perior to 14 days of treatment is unclear. Although the data
are much more limited, the conditions of children with neu-
rocognitive abnormalities attributed to Lyme disease also ap-
pear to improve after 2–4 weeks of iv ceftriaxone [95].

The third-generation cephalosporin cefotaxime has been
tested in Europe and has been found to be effective in the
treatment of late Lyme disease [96]. Although cefotaxime has
to be administered 3–4 times daily (compared with once daily
administration of ceftriaxone), it does not cause the biliary
complications that have been associated with ceftriaxone ther-
apy [97].

Recommendations

Lyme arthritis. Lyme arthritis can usually be treated suc-
cessfully with antimicrobial agents administered orally or iv
(tables 3 and 4). Administration of doxycycline or amoxicillin,
in each instance for 28 days, is recommended for patients with-
out clinical evidence of neurological disease (B-II). For children,
doxycycline (for those aged >8 years) or amoxicillin is rec-
ommended (tables 3 and 4) (B-II). Oral therapy is easier to
administer than iv antibiotics, is associated with fewer serious
complications, and is considerably less expensive. Its disad-
vantage is that some patients treated with oral agents have
subsequently manifested overt neuroborreliosis, which may re-
quire iv therapy for successful treatment. Further controlled
trials are needed to compare oral with iv therapy.

Neurological evaluation, including lumbar puncture, should
be done for patients for whom there is a strong clinical suspicion
of neurological involvement. Patients with arthritis and objec-
tive evidence of neurological disease should receive parenteral
therapy with ceftriaxone (tables 3 and 4) (A-II). Alternative
parenteral agents include cefotaxime (B-III) and penicillin G
(B-II). The long-acting benzathine preparation of penicillin
achieves only low levels in the blood and therefore is not rec-

ommended (D-III). For children, ceftriaxone iv (B-III) or ce-
fotaxime (B-III) is recommended (tables 3 and 4); penicillin G
administered iv is an alternative (B-III).

For patients who have persistent or recurrent joint swelling
after recommended courses of antibiotic therapy, we recom-
mend repeat treatment with another 4-week course of oral an-
tibiotics or with a 2- to 4-week course of ceftriaxone iv (tables
3 and 4) (B-III). Clinicians should consider waiting several
months before initiating repeat treatment with antimicrobial
agents, because of the anticipated slow resolution of inflam-
mation after treatment. If patients have persistent arthritis de-
spite 2 courses of oral therapy or 1 course of iv therapy, symp-
tomatic treatment with nonsteroidal anti-inflammatory agents
is recommended; intra-articular steroids may also be of benefit
(B-III). If persistent synovitis is associated with significant pain
or if it limits function, arthroscopic synovectomy can reduce
the period of joint inflammation (B-II).

Late neuroborreliosis affecting the CNS or the peripheral nerv-
ous system. For patients with late neurological disease af-
fecting the CNS or peripheral nervous system, treatment with
ceftriaxone (2 g once a day iv for 2–4 weeks) is recommended
(tables 3 and 4) (B-II). Alternative parenteral therapy may in-
clude administration of cefotaxime (B-II) or penicillin G (B-
II). Response to treatment is usually slow and may be incom-
plete. However, unless relapse is shown by reliable objective
measures, repeat treatment is not recommended. For children,
treatment with ceftriaxone is recommended (tables 3 and 4) (B-
II). Cefotaxime or penicillin G administered iv are alternatives
(B-II).

Chronic Lyme Disease or Post–Lyme Disease Syndrome

Following an episode of Lyme disease that is treated appro-
priately, some persons have a variety of subjective complaints
(such as myalgia, arthralgia, or fatigue). Some of these patients
have been classified as having “chronic Lyme disease” or
“post–Lyme disease syndrome,” which are poorly defined en-
tities. These patients appear to be a heterogeneous group. Al-
though European patients rarely have been reported to have
residual infection (or perhaps reinfection) with B. burgdorferi
[98], this has yet to be substantiated either in a large series of
appropriately treated European patients or in a study of North
American patients. Residual subjective symptoms that last
weeks or months also may persist after other medical diseases
(both infectious and noninfectious). It has also been recognized
that the prevalence of fatigue and/or arthralgias in the general
population is 110% [52–56, 58, 59, 99].

In areas of endemicity, coinfection with B. microti or the
Ehrlichia species that causes HGE may explain persistent symp-
toms for a small number of these patients [17, 19]. Randomized
controlled studies of treatment of patients who remain unwell
after standard courses of antibiotic therapy for Lyme disease
are in progress. To date, there are no convincing published data
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showing that repeated or prolonged courses of oral or iv an-
timicrobial therapy are effective for such patients. The consen-
sus of the IDSA expert-panel members is that there is insuf-
ficient evidence to regard “chronic Lyme disease” as a separate
diagnostic entity.
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Munoz for helpful comments, as well as Betty Bosler, Eleanor Bra-
mesco, and Lisa Giarratano for assistance.

References

1. Gross PA, Barrett TL, Dellinger EP, et al. Purpose of quality standards for
infectious diseases. Clin Infect Dis 1994;18:421.

2. Centers for Disease Control and Prevention. Recommendations for the use
of Lyme disease vaccine: recommendations of the Advisory Committee
on Immunization Practices (ACIP). MMWR Morb Mortal Wkly Rep
1999;48:1–25.

3. Brown SL, Hansen SL, Langone JJ. Role of serology in the diagnosis of
Lyme disease. JAMA 1999;282:62–6.

4. Wormser GP, Aguero-Rosenfeld ME, Nadelman RB. Lyme disease serology:
problems and opportunities. JAMA 1999;282:79–80.

5. Aguero-Rosenfeld ME, Roberge J, Carbonaro CA, Nowakowski J, Nadel-
man RB, Wormser GP. Effects of Osp A vaccination on Lyme disease
serologic testing. J Clin Microbiol 1999;37:3718–21.

6. American College of Physicians. Guidelines for laboratory evaluation in the
diagnosis of Lyme disease. Ann Intern Med 1997;127:1106–8.

7. Tugwell P, Dennis DT, Weinstein A, et al. Clinical guideline. II. Laboratory
evaluation in the diagnosis of Lyme disease. Ann Intern Med 1997;127:
1109–23.

8. Halperin JJ, Logigian EL, Finkel MF, Pearl RA. Practice parameters for the
diagnosis of patients with nervous system Lyme borreliosis (Lyme disease).
Neurology 1996;46:619–27.

9. Nadelman RB, Wormser GP. Erythema migrans and early Lyme disease. Am
J Med 1995;98(Suppl 4A):15S–24S.

10. Fishbein DB, Dennis DT. Tick-borne diseases—a growing risk. N Engl J
Med 1995;333:452–3.

11. Piesman J, Mather TN, Sinsky RJ, Spielman A. Duration of tick attachment
and Borrelia burgdorferi transmission. J Clin Microbiol 1987;25:557–8.

12. Piesman J, Maupin GO, Campos EG, Happ CM. Duration of adult female
Ixodes dammini attachment and transmission of Borrelia burgdorferi with
description of a needle aspiration isolation method. J Infect Dis 1991;
163:895–7.

13. Needham GR. Evaluation of 5 popular methods for tick removal. Pediatrics
1985;75:997–1002.

14. Fradin MS. Mosquitoes and mosquito repellents: a clinician’s guide. Ann
Intern Med 1998;128:931–40.

15. US Environmental Protection Agency, Office of Pesticide Programs. Using
insect repellents safely. Publication EPA-735/F-93-052R. Washington, DC:
US Environmental Protection Agency, 1996.

16. Steere AC, Sikand VK, Meurice F, et al. Vaccination against Lyme disease
with recombinant Borrelia burgdorferi outer-surface lipoprotein A with
adjuvant. N Engl J Med 1998;339:209–15.

17. Krause PJ, Telford SR III, Spielman A, et al. Concurrent Lyme disease and
babesiosis: evidence for increased severity and duration of illness. JAMA
1996;275:1657–60.

18. Nadelman RB, Horowitz HW, Hsieh T-C, et al. Simultaneous human ehr-
lichiosis and Lyme borreliosis. N Engl J Med 1997;337:27–30.

19. Duffy J, Pittlekow MR, Kolbert CP, Ruttledge BJ, Persing DH. Coinfection

with Borrelia burgdorferi and the agent of human granulocytic ehrlichiosis.
Lancet 1997;349:399.

20. Fix AD, Strickland GT, Grant J. Tick bites and Lyme disease in an endemic
setting: problematic use of serologic testing and prophylactic antibiotic
therapy. JAMA 1998;279:206–10.

21. Costello CM, Steere AC, Pinkerton RE, Feder HM Jr. A prospective study
of tick bites in an endemic area for Lyme disease. J Infect Dis 1989;159:
136–9.

22. Shapiro ED, Gerber MA, Holabird ND, et al. A controlled trial of anti-
microbial prophylaxis for Lyme disease after deer-tick bites. N Engl J
Med 1992;327:1769–73.

23. Agre F, Schwartz R. The value of early treatment of deer tick bite for the
prevention of Lyme disease. Am J Dis Child 1993;147:945–7.

24. Warshafsky S, Nowakowski J, Nadelman RB, Kamer RS, Peterson SJ,
Wormser GP. Efficacy of antibiotic prophylaxis for prevention of Lyme
disease. J Gen Intern Med 1996;11:329–33.

25. Magid D, Schwartz B, Craft J, Schwartz JS. Prevention of Lyme disease
after tick bites: a cost effectiveness analysis. N Engl J Med 1992;327:
534–41.

26. Schlesinger PA, Duray PH, Burke SA, Steere AC, Stillman MT. Maternal-
fetal transmission of the Lyme disease spirochete, Borrelia burgdorferi.
Ann Intern Med 1985;103:67–8.

27. Maraspin V, Cimperman J, Lotric-Furlan S, Pleterski-Rigler D, Strle F. Treat-
ment of erythema migrans in pregnancy. Clin Infect Dis 1996;22:788–93.

28. Williams CL, Strobino B, Weinstein A, Spierling P, Medici F. Maternal Lyme
disease and congenital malformation: a cord blood serosurvey in endemic
and control areas. Paediatr Perinat Epidemiol 1995;9:320–30.

29. Strobino BA, Williams CL, Abid S, Chalson R, Spierling P. Lyme disease
and pregnancy outcome: a prospective study of 2000 prenatal patients.
Am J Obstet Gynecol 1993:169:367–74.

30. Spielman A, Wilson ML, Levine JF, Piesman J. Ecology of Ixodes dam-

mini–borne human babesiosis and Lyme disease. Annu Rev Entomol 1985;
30:439–60.

31. Telford SR III, Dawson JE, Katavalos P, Warner CK, Kolbert CP, Persing
DH. Perpetuation of the agent of human granulocytic ehrlichiosis in a
deer tick-rodent cycle. Proc Natl Acad Sci USA 1996;93:6209–14.

32. Piesman J, Hicks TC, Sinsky RJ, Obin G. Simultaneous transmission of
Borrelia burgdorferi and Babesia microti by individual nymphal Ixodes

dammini ticks. J Clin Microbiol 1987;25:2012–3.

33. Bakken JS, Krueth J, Wilson-Nordskog C, Tilden RL, Asanovich K, Dumler

JS. Clinical and laboratory characteristics of human granulocytic ehrli-

chiosis. JAMA 1996;275:199–205.

34. Ribeiro JM, Mather TN, Piesman J, Spielman A. Dissemination and salivary

delivery of Lyme disease spirochetes in vector ticks (Acari: Ixodidae). J

Med Entomol 1987;24:201–5.

35. Piesman J, Lewengrub S, Rudzinska MA, Spielman A. Babesia microti: pro-

longed survival of salavarian piroplasms in nymphal Ixodes dammini. Exp

Parasitol 1987;64:292–9.

36. Saltzman MB, Rubin LG, Sood SK. Prevention of Lyme disease after tick

bites [letter]. N Engl J Med 1993;328:137.

37. Sood SK, Salzman MB, Johnson BJB, et al. Duration of tick attachment as

a predictor of the risk of Lyme disease in an area in which Lyme disease

is endemic. J Infect Dis 1997;175:996–9.

38. Steere AC. Lyme disease. N Engl J Med 1989;321:586–96.

39. Gerber MA, Shapiro ED, Burke GS, et al. Lyme disease in children in south-

eastern Connecticut. N Engl J Med 1996;335:1270–4.

40. Wormser GP, McKenna D, Nadelman RB, Nowakowski J, Weinstein A.

Lyme disease in children [letter]. N Engl J Med 1997;336:1107.

41. Berger BW. Dermatologic manifestations of Lyme disease. Rev Infect Dis

1989;11:S1475–81.

42. Nadelman RB, Nowakowski J, Forseter G, et al. The clinical spectrum of

early Lyme borreliosis in patients with culture positive erythema migrans.

Am J Med 1996;100:502–8.



CID 2000;31 (Suppl 1) IDSA Guidelines for Lyme Disease S13

43. Melski JW, Reed KD, Mitchell PD, Barth GD. Primary and secondary er-
ythema migrans in central Wisconsin. Arch Dermatol 1993;129:709–16.

44. Steere AC, Bartenhagen NH, Craft JE, et al. The early clinical manifestations
of Lyme disease. Ann Intern Med 1983;99:76–82.

45. Aguero-Rosenfeld ME, Horowitz HW, Wormser GP, et al. Human granu-
locytic ehrlichiosis: a case series from a single medical center in New York
State. Ann Intern Med 1996;125:904–8.

46. White DJ, Talarico J, Chang H-G, Birkhead GS, Heimberger T, Morse DL.
Human babesiosis in New York State: review of 139 hospitalized cases
and analysis of prognostic factors. Arch Intern Med 1998;158:2149–54.

47. Steere AC, Hutchinson GJ, Rahn DW, et al. Treatment of early manifesta-
tions of Lyme disease. Ann Intern Med 1983;99:22–6.

48. Dattwyler RJ, Volkman DJ, Conaty SM, Platkin SP, Luft BJ. Amoxicillin
plus probenecid versus doxycycline for treatment of erythema migrans
borreliosis. Lancet 1990;336:1404–6.

49. Massarotti EM, Luger SW, Rahn DW, et al. Treatment of early Lyme disease.
Am J Med 1992;92:396–403.

50. Nadelman RB, Luger SW, Frank E, et al. Comparison of cefuroxime axetil
and doxycycline in the treatment of early Lyme disease. Ann Intern Med
1992;117:273–80.

51. Luger SW, Paparone P, Wormser GP, et al. Comparison of cefuroxime axetil
and doxycycline in treatment of patients with early Lyme disease asso-
ciated with erythema migrans. Antimicrob Agents Chemother 1995;39:
661–7.

52. Luft BJ, Dattwyler RJ, Johnson RC, et al. Azithromycin compared with
amoxicillin in the treatment of erythema migrans: a double-blind, ran-
domized, controlled trial. Ann Intern Med 1996;124:785–91.

53. Dattwyler RJ, Luft BJ, Kunkel M, et al. Ceftriaxone compared with dox-
ycycline for the treatment of acute disseminated Lyme disease. N Engl J
Med 1997;337:289–94.

54. Centers for Disease Control and Prevention. Prevalence and impact of chronic
joint symptoms: 7 states, 1996. MMWR Morb Mortal Wkly Rep 1998;
47:345–51.

55. Buchwald D, Umali P, Umali J, Kith P, Pearlman T, Komaroff AL. Chronic
fatigue and the chronic fatigue syndrome: prevalence in a Pacific North-
west Health Care System. Ann Intern Med 1995;123:81–8.

56. Wang TJ, Sangha O, Phillips CB, et al. Outcomes of children treated for
Lyme disease. J Rheumatol 1998;25:2249–53.

57. Wolfe F, Cathey MA. Prevalence of primary and secondary fibrositis. J
Rheum 1983;10:965–8.

58. Reidenberg MM, Lowenthal DT. Adverse nondrug reactions. N Engl J Med
1968;279:678–9.

59. Verbrugge LM, Ascione FJ. Exploring the iceberg. Common symptoms and
how people care for them. Med Care 1987;25:539–69.

60. Krause PJ, Spielman A, Telford SR III, et al. Persistent parasitemia after
acute babesiosis. N Engl J Med 1998;339:160–5.

61. Steere AC, Malawista SE, Newman JH, Spieler PN, Bartenhagen NH. An-
tibiotic therapy in Lyme disease. Ann Intern Med 1980;93:1–8.

62. Nowakowski J, McKenna D, Nadelman RB, et al. Two weeks’ therapy with
doxycycline or amoxicillin to treat patients with culture-proven erythema
migrans [abstract 383]. In: Program and abstracts of the 8th International
Conference on Lyme Borreliosis and Other Emerging Tick-borne Diseases
(Munich), 20–24 June 1999.

63. Nowakowski J, Nadelman RB, Forseter G, McKenna D, Wormser GP. Dox-
ycycline versus tetracycline therapy for Lyme disease associated with er-
ythema migrans. J Am Acad Dermatol 1995;32:223–7.

64. Treatment of Lyme disease. Med Lett Drugs Ther1992;34:95–7.

65. Dever LL, Jorgensen JH, Barbour AG. Comparative in vitro activities of
clarithromycin, azithromycin, and erythromycin against Borrelia burg-

dorferi. Antimicrob Agents Chemother 1993;37:1704–6.

66. Hansen K, Hovmark A, Lebech A-M, et al. Roxithromycin in Lyme bor-
reliosis: discrepant results of an in vitro and in vivo animal susceptibility
study and a clinical trial in patients with erythema migrans. Acta Derm
Venereol 1992;72:297–300.

67. Wormser GP. Lyme disease: insights into the use of antimicrobials for pre-
vention and treatment in the context of experience with other spirochetal
infections. Mt Sinai J Med 1995;62:188–95.

68. Dattwyler RJ, Grunwaldt E, Luft BJ. Clarithromycin in treatment of early
Lyme disease: a pilot study. Antimicrob Agents Chemother 1996;40:468–9.

69. Nowakowski J, McKenna D, Nadelman RB, Cooper D, Bittker S, Holmgren
D, Pavia C, Johnson RC, Wormser GP. Failure of treatment with ce-
phalexin for Lyme disease. Arch Fam Med 2000;9:563–7.

70. Agger WA, Callister SM, Jobe DA. In vitro susceptibilities of Borrelia burg-

dorferi to 5 oral cephalosporins and ceftriaxone. Antimicrob Agents
Chemother 1992;36:1788–90.

71. Steere AC, Pachner AR, Malawista SE. Neurologic abnormalities of Lyme
disease: successful treatment with high-dose intravenous penicillin. Ann
Intern Med 1983;99:767–72.

72. Wormser GP. Treatment and prevention of Lyme disease, with emphasis on
antimicrobial therapy for neuroborreliosis and vaccination. Semin Neurol
1997;17:45–52.

73. Pfister HW, PreacMursic V, Wilske B, Einhaupl KM. Cefotaxime vs penicillin
G for acute neurologic manifestations in Lyme borreliosis: a prospective
randomized study. Arch Neurol 1989;46:1190–4.

74. Mullegger RR, Millner MM, Stanek G, Spork KD. Penicillin G sodium and
ceftriaxone in the treatment of neuroborreliosis in children: a prospective
study. Infection 1991;19:279–83.

75. Pfister H-W, Preac-Mursic V, Wilske B, Schielke E, Sorgel F, Einhaupl KM.
Randomized comparison of ceftriaxone and cefotaxime in Lyme neuro-
borreliosis. J Infect Dis 1991;163:311–8.

76. Dotevall L, Alestig K, Hanner P, Norkrans G, Hagberg L. The use of dox-
ycycline in nervous system Borrelia burgdorferi infection. Scand J Infect
Dis Suppl 1988;53:74–9.

77. Dotevall L, Hagberg L. Successful oral doxycycline treatment of Lyme dis-
ease–associated facial palsy and meningitis. Clin Infect Dis 1999;28:
569–74.

78. Karlsson M, Hammers-Berggren S, Lindquist L, Stiernstedt G, Svenungsson
B. Comparison of intravenous penicillin G and oral doxycycline for treat-
ment of Lyme neuroborreliosis. Neurology 1994;44:1203–7.

79. Kohlhepp W, Oschmann P, Mertens H-G. Treatment of Lyme borreliosis:
randomized comparison of doxycycline and penicillin G. J Neurol 1989;
236:464–9.

80. Clark JR, Carlson RD, Sasaki CT, Pachies AR, Steere AC. Facial paralysis

in Lyme disease. Laryngoscope 1985;95:1341–5.

81. Steere AC, Batsford WP, Weinberg M, et al. Lyme carditis: cardiac abnor-

malities of Lyme disease. Ann Intern Med 1980;93:8–16.

82. Steere AC, Green J, Schoen RT, et al. Successful parenteral penicillin therapy

of established Lyme arthritis. N Engl J Med 1985;312:869–74.

83. Dattwyler RJ, Halperin JJ, Pass H, Luft BJ. Ceftriaxone as effective therapy

for refractory Lyme disease. J Infect Dis 1987;155:1322–5.

84. Dattwyler RJ, Halperin JJ, Volkman DJ, Luft BJ. Treatment of late Lyme

borreliosis: randomized comparison of ceftriaxone and penicillin. Lancet

1988;1:1191–4.

85. Dattwyler RJ, Luft BJ, Maladorno D, et al. Treatment of late Lyme dis-

ease—a comparison of 2 weeks vs. 4 weeks of ceftriaxone [abstract 662].

In: Proceedings of the 7th International Congress on Lyme Borreliosis

(San Francisco), 16–21 June 1996.

86. Eichenfield AH, Goldsmith DP, Benach JL, et al. Childhood Lyme arthritis:

experience in an endemic area. J Pediatr 1986;109:753–8.

87. Steere AC, Levin RE, Molloy PJ, et al. Treatment of Lyme arthritis. Arthritis

Rheum 1994;37:878–88.

88. Fishman RA. Blood-brain and CSF barriers to penicillin and related organic

acids. Arch Neurol 1966;15:113–24.

89. Eckman MH, Steere AC, Kalish RA, Pauker SG. Cost effectiveness of oral

as compared with intravenous antibiotic treatment for patients with early

Lyme disease or Lyme arthritis. N Engl J Med 1997;337:357–63.

90. Nocton JJ, Dressler F, Rutledge BJ, Rys PN, Persing DH, Steere AC. De-



S14 Wormser et al. CID 2000;31 (Suppl 1)

tection of Borrelia burgdorferi by polymerase chain reaction in synovial
fluid from patients with Lyme arthritis. N Engl J Med 1994;330:229–34.

91. Gross DM, Forsthuber T, Tary-Lehmann M, et al. Identification of LFA-1
as a candidate autoantigen in treatment resistant Lyme arthritis. Science
1998;281:703–6.

92. Schoen RT, Aversa JM, Rahn DW, Steere AC. Treatment of refractory chronic
Lyme arthritis with arthroscopic synovectomy. Arthritis Rheum 1991;34:
1056–60.

93. Logigian EL, Kaplan RF, Steere AC. Chronic neurologic manifestations of
Lyme disease. N Engl J Med 1990;323:1438–44.

94. Logigian EL, Kaplan RF, Steere AC. Successful treatment of Lyme enceph-
alopathy with intravenous ceftriaxone. J Infect Dis 1999;180:377–83.

95. Bloom BJ, Wyckoff PM, Meissner HC, Steere AC. Neurocognitive abnor-

malities in children after classic manifestations of Lyme disease. Pediatr
Infect Dis J 1998;17:189–96.

96. Hassler D, Zoller L, Haude A, Hufnagel HD, Heinrich F, Sonntag HG.
Cefotaxime versus penicillin in the late stage of Lyme disease: prospective,
randomized therapeutic approach. Infection 1990;18:16–20.

97. Ettestad PJ, Campbell GL, Welbel SF, et al. Biliary complications in the
treatment of unsubstantiated Lyme disease. J Infect Dis 1995;171:356–
61.

98. Preac-Mursic V, Weber K, Pfister HW, et al. Survival of Borrelia burgdorferi
in antibiotically treated patients with Lyme borreliosis. Infection 1989;
17:355–9.

99. Chen MK. The epidemiology of self-perceived fatigue among adults. Prev
Med 1986;15:74–81.


