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Evidence-based guidelines for the management of patients with Lyme disease, human granulocytic anaplasmosis
(formerly known as human granulocytic ehrlichiosis), and babesiosis were prepared by an expert panel of the
Infectious Diseases Society of America. These updated guidelines replace the previous treatment guidelines
published in 2000 (Clin Infect Dis 2000; 31[Suppl 1]:1-14). The guidelines are intended for use by health care
providers who care for patients who either have these infections or may be at risk for them. For each of these
Ixodes tickborne infections, information is provided about prevention, epidemiology, clinical manifestations,
diagnosis, and treatment. Tables list the doses and durations of antimicrobial therapy recommended for
treatment and prevention of Lyme disease and provide a partial list of therapies to be avoided. A definition
of post-Lyme disease syndrome is proposed.

EXECUTIVE SUMMARY

States, Lyme disease is caused by Borrelia burgdorferi,
which is transmitted by the bite of the tick species Ixodes
Background ) . .. . .
. . . . . scapularis and Ixodes pacificus. Clinical manifestations
Lyme disease is the most common tickborne infection

. . . most often involve the skin, joints, nervous system, and
in both North America and Europe. In the United ’) ’ YOLett

heart. Extracutaneous manifestations are less com-

monly seen than in earlier years. Early cutaneous in-
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which is the most common clinical manifestation of
Lyme disease. I. scapularis may also be infected with
and transmit Anaplasma phagocytophilum (previously
referred to as Ehrlichia phagocytophila) and/or Babesia
microti, the primary cause of babesiosis. Thus, a bite
from an I scapularis tick may lead to the development
of Lyme disease, human granulocytic anaplasmosis
(HGA, formerly known as human granulocytic ehrli-
chiosis), or babesiosis as a single infection or, less fre-
quently, as a coinfection. Clinical findings are sufficient
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for the diagnosis of erythema migrans, but clinical findings alone
are not sufficient for diagnosis of extracutaneous manifestations
of Lyme disease or for diagnosis of HGA or babesiosis. Diagnostic
testing performed in laboratories with excellent quality-control
procedures is required for confirmation of extracutaneous Lyme
disease, HGA, and babesiosis.

Tick Bites and Prophylaxis of Lyme Disease

The best currently available method for preventing infection
with B. burgdorferi and other Ixodes species—transmitted path-
ogens is to avoid exposure to vector ticks. If exposure to I
scapularis or I pacificus ticks is unavoidable, measures rec-
ommended to reduce the risk of infection include the use of
both protective clothing and tick repellents, checking the entire
body for ticks daily, and prompt removal of attached ticks
before transmission of these microorganisms can occur (B-III)
(see table 1 for reccommendation categories, which are indicated
in parentheses throughout this text).

For prevention of Lyme disease after a recognized tick bite,
routine use of antimicrobial prophylaxis or serologic testing is
not recommended (E-III). A single dose of doxycycline may
be offered to adult patients (200 mg dose) and to children =8
years of age (4 mg/kg up to a maximum dose of 200 mg) (B-
I) when all of the following circumstances exist: (a) the attached
tick can be reliably identified as an adult or nymphal I. sca-
pularis tick that is estimated to have been attached for =36 h
on the basis of the degree of engorgement of the tick with
blood or of certainty about the time of exposure to the tick;
(b) prophylaxis can be started within 72 h of the time that the
tick was removed; (c) ecologic information indicates that the
local rate of infection of these ticks with B. burgdorferiis =20%;
and (d) doxycycline treatment is not contraindicated. The time
limit of 72 h is suggested because of the absence of data on
the efficacy of chemoprophylaxis for tick bites following tick
removal after longer time intervals. Infection of =20% of ticks
with B. burgdorferi generally occurs in parts of New England,
in parts of the mid-Atlantic States, and in parts of Minnesota
and Wisconsin, but not in most other locations in the United
States. Whether use of antibiotic prophylaxis after a tick bite
will reduce the incidence of HGA or babesiosis is unknown.

Doxycycline is relatively contraindicated in pregnant women
and children <8 years old. The panel does not believe that
amoxicillin should be substituted for doxycycline in persons
for whom doxycycline prophylaxis is contraindicated because
of the absence of data on an effective short-course regimen for
prophylaxis, the likely need for a multiday regimen (and its
associated adverse effects), the excellent efficacy of antibiotic
treatment of Lyme disease if infection were to develop, and the
extremely low risk that a person with a recognized bite will
develop a serious complication of Lyme disease (D-III).

Prophylaxis after I. pacificus bites is generally not necessary,

Table 1. Infectious Diseases Society of America—US Public
Health Service Grading System for ranking recommendations
in clinical guidelines.

Category, grade Definition
Strength of recommendation
A Strongly in favor
B Moderately in favor
© Optional
D Moderately against
E Strongly against

Quality of evidence

| Evidence from =1 properly ran-
domized, controlled trial

Il Evidence from =1 well-designed
clinical trial, without randomi-
zation; from cohort or case-
controlled analytic studies
(preferably from >1 center);
from multiple time series
studies; or from dramatic re-
sults from uncontrolled
experiments

11 Evidence from opinions of re-
spected authorities, based on
clinical experience, descriptive
studies, or reports of expert
committees

NOTE. Categories reflect the strength of each recommendation for or
against use and the quality of the evidence.

because rates of infection with B. burgdorferi in these ticks are
low in almost the entire region in which the tick is endemic.
However, if a higher infection rate were documented in specific
local areas (=20%), prophylaxis with single-dose doxycycline
would be justified if the other criteria mentioned above are
met.

To prescribe antibiotic prophylaxis selectively to prevent
Lyme disease, health care practitioners in areas of endemicity
should learn to identify I scapularis ticks, including its stages
(figure 1), and to differentiate ticks that are at least partially
engorged with blood (figure 2A and 2B) (A-III). Testing of ticks
for tickborne infectious agents is not recommended, except in
research studies (D-II).

Health care practitioners, particularly those in areas of en-
demicity, should become familiar with the clinical manifesta-
tions and recommended practices for diagnosing and treating
Lyme disease, HGA, and babesiosis (A-III). Persons who have
removed attached ticks from themselves (including those who
have received antibiotic prophylaxis) should be monitored
closely for signs and symptoms of tickborne diseases for up to
30 days; in particular, they should be monitored for the de-
velopment of an expanding skin lesion at the site of the tick
bite (erythema migrans) that may suggest Lyme disease. Persons
who develop a skin lesion or viral infection—like illness within
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Figure 1. From left to right, an Ixodes scapularis larva, nymph, adult
male tick, and adult female tick. The picture is a generous gift from Dr.
Richard Falco (Fordham University).

1 month after removing an attached tick should promptly seek
medical attention to assess the possibility of having acquired a
tickborne infection. HGA and babesiosis should be included
in the differential diagnosis of patients who develop fever after
an Ixodes tick bite in an area where these infections are endemic
(A-II). A history of having received the previously licensed
recombinant outer surface protein A (OspA) Lyme disease vac-
cine preparation should not alter the reccommendations above;
the same can be said for having had a prior episode of early
Lyme disease.

Early Lyme Disease
Erythema migrans. Doxycycline (100 mg twice per day),
amoxicillin (500 mg 3 times per day), or cefuroxime axetil (500
mg twice per day) for 14 days (range, 10-21 days for doxy-
cycline and 14-21 days for amoxicillin or cefuroxime axetil) is
recommended for the treatment of adult patients with early
localized or early disseminated Lyme disease associated with
erythema migrans, in the absence of specific neurologic man-
ifestations (see Lyme meningitis, below) or advanced atrioven-
tricular heart block (A-I). Each of these antimicrobial agents
has been shown to be highly effective for the treatment of
erythema migrans and associated symptoms in prospective
studies. Doxycycline has the advantage of being effective for
treatment of HGA (but not for babesiosis), which may occur
simultaneously with early Lyme disease. Doxycycline is rela-
tively contraindicated during pregnancy or lactation and in
children <8 years of age. Antibiotics recommended for children
are amoxicillin (50 mg/kg per day in 3 divided doses [maximum
of 500 mg per dose]), cefuroxime axetil (30 mg/kg per day in
2 divided doses [maximum of 500 mg per dose]), or, if the

patient is =8 years of age, doxycycline (4 mg/kg per day in 2
divided doses [maximum of 100 mg per dose]) (A-II).

Macrolide antibiotics are not recommended as first-line ther-
apy for early Lyme disease, because those macrolides that have
been compared with other antimicrobials in clinical trials have
been found to be less effective (E-I). When used, they should
be reserved for patients who are intolerant of, or should not
take, amoxicillin, doxycycline, and cefuroxime axetil. For adults
with these limitations, recommended dosage regimens for mac-
rolide antibiotics are as follows: azithromycin, 500 mg orally
per day for 7-10 days; clarithromycin, 500 mg orally twice per
day for 14-21 days (if the patient is not pregnant); or eryth-
romycin, 500 mg orally 4 times per day for 14-21 days. The
recommended dosages of these agents for children are as fol-
lows: azithromycin, 10 mg/kg per day (maximum of 500 mg
per day); clarithromycin, 7.5 mg/kg twice per day (maximum
of 500 mg per dose); or erythromycin, 12.5 mg/kg 4 times per
day (maximum of 500 mg per dose). Patients treated with
macrolides should be closely observed to ensure resolution of
the clinical manifestations.

First-generation cephalosporins, such as cephalexin, are in-
effective for treatment of Lyme disease and should not be used
(E-II). When erythema migrans cannot be reliably distin-
guished from community-acquired bacterial cellulitis, a rea-
sonable approach is to treat with either cefuroxime axetil or
amoxicillin—clavulanic acid (dosage of amoxicillin—clavulanic
acid for adults, 500 mg 3 times per day; dosage for children,
50 mg/kg per day in 3 divided doses [maximum of 500 mg per
dose]), because these antimicrobials are generally effective
against both types of infection (A-III).

Ceftriaxone, while effective, is not superior to oral agents
and is more likely than the recommended orally administered
antimicrobials to cause serious adverse effects. Therefore, cef-
triaxone is not recommended for treatment of patients with
early Lyme disease in the absence of neurologic involvement
or advanced atrioventricular heart block (E-I).

Lyme meningitis and other manifestations of early neuro-
logic Lyme disease. The use of ceftriaxone (2 g once per day
intravenously for 14 days; range, 10-28 days) in early Lyme
disease is recommended for adult patients with acute neurologic
disease manifested by meningitis or radiculopathy (B-I). Par-
enteral therapy with cefotaxime (2 g intravenously every 8 h)
or penicillin G (18-24 million U per day for patients with
normal renal function, divided into doses given every 4 h), may
be a satisfactory alternative (B-I). For patients who are intol-
erant of (3-lactam antibiotics, increasing evidence indicates that
doxycycline (200-400 mg per day in 2 divided doses orally for
10-28) days may be adequate (B-I). Doxycycline is well ab-
sorbed orally; thus, intravenous administration should only
rarely be needed.

For children, ceftriaxone (50-75 mg/kg per day) in a single
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Ixodes scapularis ticks demonstrating changes in blood engorgement after various durations of attachment. A, Nymphal stage (reprinted

from [1], with permission from Elsevier). B, Adult stage. The pictures are a generous gift from Dr. Richard Falco (Fordham University).

daily intravenous dose (maximum, 2 g) (B-I) is reccommended.
An alternative is cefotaxime (150-200 mg/kg per day) divided
into 3 or 4 intravenous doses per day (maximum, 6 g per day)
(B-1I) or penicillin G (200,000—400,000 units/kg per day; max-
imum, 18-24 million U per day) divided into doses given in-
travenously every 4 h for those with normal renal function (B-
I). Children =8 years of age have also been successfully treated
with oral doxycycline at a dosage of 4-8 mg/kg per day in 2
divided doses (maximum, 100-200 mg per dose) (B-II).

Although antibiotic treatment may not hasten the resolution
of seventh cranial nerve palsy associated with B. burgdorferi
infection, antibiotics should be given to prevent further se-
quelae (A-II). Cranial nerve palsies in patients with Lyme dis-
ease are often associated with a lymphocytic CSF pleocytosis,
with or without symptoms of meningitis. Panel members dif-
fered in their approach to the neurologic evaluation of patients
with Lyme disease—associated seventh cranial nerve palsy. Some
perform a CSF examination on all such patients. Others do not
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because of the good clinical response with orally administered
antibiotics (even in the presence of CSF pleocytosis) and the
absence of evidence of recurrent CNS disease in these patients.
There was agreement that lumbar puncture is indicated for
those in whom there is strong clinical suspicion of CNS in-
volvement (e.g., severe or prolonged headache or nuchal ri-
gidity). Patients with normal CSF examination findings and
those for whom CSF examination is deemed unnecessary be-
cause of lack of clinical signs of meningitis may be treated with
a 14-day course (range, 14-21 days) of the same antibiotics
used for patients with erythema migrans (see above) (B-III).
Those with both clinical and laboratory evidence of CNS in-
volvement should be treated with regimens effective for Lyme
meningitis, as described above (B-III).

Lyme carditis. Patients with atrioventricular heart block
and/or myopericarditis associated with early Lyme disease may
be treated with either oral or parenteral antibiotic therapy for
14 days (range, 14-21 days). Hospitalization and continuous
monitoring are advisable for symptomatic patients, such as
those with syncope, dyspnea, or chest pain. It is also recom-
mended for patients with second- or third-degree atrioven-
tricular block, as well as for those with first-degree heart block
when the PR interval is prolonged to =30 milliseconds, because
the degree of block may fluctuate and worsen very rapidly in
such patients.

A parenteral antibiotic, such as ceftriaxone, is recommended
as initial treatment of hospitalized patients (see recommen-
dations for treatment of Lyme meningitis above) (B-III). For
patients with advanced heart block, a temporary pacemaker
may be required; expert consultation with a cardiologist is rec-
ommended. Use of the pacemaker may be discontinued when
the advanced heart block has resolved. An oral antibiotic treat-
ment regimen should be used for completion of therapy and
for outpatients, as is used for patients with erythema migrans
without carditis (see above) (B-III).

Available data indicate that bor-
relial lymphocytoma may be treated with the same regimens used

Borrelial lymphocytoma.

to treat patients with erythema migrans (see above) (B-II).

Pregnancy. Pregnant and lactating patients may be treated
in a fashion identical to nonpregnant patients with the same
disease manifestation, except that doxycycline should be
avoided (B-III).

Late Lyme Disease
Lyme arthritis. Lyme arthritis can usually be treated suc-
cessfully with antimicrobial agents administered orally. Doxy-
cycline (100 mg twice per day) (B-I), amoxicillin (500 mg 3
times per day) (B-I), or cefuroxime axetil (500 mg twice per
day) (B-III) for 28 days is recommended for adult patients
without clinical evidence of neurologic disease. For children,

amoxicillin (50 mg/kg per day in 3 divided doses [maximum

of 500 mg per dose]) (B-I), cefuroxime axetil (30 mg/kg per
day in 2 divided doses [maximum of 500 mg per dose]) (B-
III), or, if the patient is =8 years of age, doxycycline (4 mg/
kg per day in 2 divided doses [maximum of 100 mg per dose])
(B-I) is recommended. Oral antibiotics are easier to administer
than intravenous antibiotics, are associated with fewer serious
complications, and are considerably less expensive. However,
it is important to recognize that a small number of patients
treated with oral agents have subsequently manifested overt
neuroborreliosis, which may require intravenous therapy with
a (-lactam antibiotic (see the paragraph below) for successful
resolution. Further controlled trials are needed to compare the
safety and efficacy of oral versus intravenous therapy for Lyme
arthritis.

Neurologic evaluation that may include lumbar puncture
should be performed for patients in whom there is a clinical
suspicion of neurologic involvement. Adult patients with ar-
thritis and objective evidence of neurologic disease should
receive parenteral therapy with ceftriaxone (A-II) for 2—4
weeks. Cefotaxime or penicillin G administered parenterally
is an acceptable alternative (B-II). For children, intravenous
ceftriaxone or intravenous cefotaxime is recommended (B-
III); penicillin G administered intravenously is an alternative
(B-III). See the recommendations above for treatment of pa-
tients with Lyme meningitis for suggested doses of each of
these antimicrobials.

For patients who have persistent or recurrent joint swelling
after a recommended course of oral antibiotic therapy, we rec-
ommend re-treatment with another 4-week course of oral an-
tibiotics or with a 2—4-week course of ceftriaxone IV (B-III)
(for dosages of oral agents, see the recommendations above for
treatment of erythema migrans, and for dosages of parenteral
agents, see the recommendations above for treatment of Lyme
meningitis). A second 4-week course of oral antibiotic therapy
is favored by panel members for the patient whose arthritis has
substantively improved but has not yet completely resolved,
reserving intravenous antibiotic therapy for those patients
whose arthritis failed to improve at all or worsened. Clinicians
should consider waiting several months before initiating re-
treatment with antimicrobial agents because of the anticipated
slow resolution of inflammation after treatment. If patients
have no resolution of arthritis despite intravenous therapy and
if PCR results for a sample of synovial fluid (and synovial tissue
if available) are negative, symptomatic treatment is recom-
mended (B-III). Symptomatic therapy might consist of non-
steroidal anti-inflammatory agents, intra-articular injections of
corticosteroids, or disease-modifying antirheumatic drugs
(DMARD:), such as hydroxychloroquine; expert consultation
with a rheumatologist is reccommended. If persistent synovitis
is associated with significant pain or limitation of function,
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arthroscopic synovectomy may reduce the duration of joint
inflammation (B-II).

Late neurologic Lyme disease. Adult patients with late neu-
rologic disease affecting the central or peripheral nervous sys-
tem should be treated with intravenous ceftriaxone for 2 to 4
weeks (B-II). Cefotaxime or penicillin G administered intra-
venously is an alternative (B-II). Response to treatment is usu-
ally slow and may be incomplete. Re-treatment is not rec-
ommended unless relapse is shown by reliable objective
measures. Ceftriaxone is also recommended for children with
late neurologic Lyme disease (B-II). Cefotaxime or penicillin
G administered intravenously is an alternative (B-III). See the
recommendations above on the treatment of Lyme meningitis
for suggested doses of each of these antimicrobials.

Acrodermatitis chronica atrophicans. Available data in-
dicate that acrodermatitis chronica atrophicans may be treated
with a 21-day course of the same antibiotics (doxycycline [B-
II], amoxicillin [B-II], and cefuroxime axetil [B-III]) used to
treat patients with erythema migrans (see above). A controlled
study is warranted to compare oral with parenteral antibiotic
therapy for the treatment of acrodermatitis chronica
atrophicans.

Coinfection. Coinfection with B. microti or A. phagocyto-
philum or both may occur in patients with early Lyme disease
(usually in patients with erythema migrans) in geographic areas
where these pathogens are endemic. Coinfection should be con-
sidered in patients who present with more-severe initial symp-
toms than are commonly observed with Lyme disease alone,
especially in those who have high-grade fever for >48 h, despite
receiving antibiotic therapy appropriate for Lyme disease, or
who have unexplained leukopenia, thrombocytopenia, or ane-
mia (A-III). Coinfection might also be considered in the sit-
uation in which there has been resolution of the erythema
migrans skin lesion but either no improvement or worsening
of viral infection-like symptoms (B-III).

Post-Lyme Disease Syndromes

There is no well-accepted definition of post—-Lyme disease syn-
drome. This has contributed to confusion and controversy and
to a lack of firm data on its incidence, prevalence, and path-
ogenesis. In an attempt to provide a framework for future
research on this subject and to reduce diagnostic ambiguity in
study populations, a definition for post-Lyme disease syndrome
is proposed in these guidelines. Whatever definition is even-
tually adopted, having once had objective evidence of B. burg-
dorferi infection must be a condition sine qua non. Further-
more, when laboratory testing is done to support the original
diagnosis of Lyme disease, it is essential that it be performed
by well-qualified and reputable laboratories that use recom-
mended and appropriately validated testing methods and in-
terpretive criteria. Unvalidated test methods (such as urine an-

tigen tests or blood microscopy for Borrelia species) should not
be used.

There is no convincing biologic evidence for the existence
of symptomatic chronic B. burgdorferi infection among patients
after receipt of recommended treatment regimens for Lyme
disease. Antibiotic therapy has not proven to be useful and is
not recommended for patients with chronic (=6 months) sub-
jective symptoms after recommended treatment regimens for
Lyme disease (E-I).

Therapeutic modalities not recommended. Because of a
lack of biologic plausibility, lack of efficacy, absence of sup-
porting data, or the potential for harm to the patient, the
following are not recommended for treatment of patients with
any manifestation of Lyme disease: first-generation cephalo-
sporins, fluoroquinolones, carbapenems, vancomycin, metro-
nidazole, tinidazole, amantadine, ketolides, isoniazid, trimeth-
oprim-sulfamethoxazole, fluconazole, benzathine penicillin G,
combinations of antimicrobials, pulsed-dosing (i.e., dosing on
some days but not others), long-term antibiotic therapy, anti-
Bartonella therapies, hyperbaric oxygen, ozone, fever therapy,
intravenous immunoglobulin, cholestyramine, intravenous hy-
drogen peroxide, specific nutritional supplements, and others
(see table 4) (E-III).

HGA

All symptomatic patients suspected of having HGA should be
treated with antimicrobial therapy because of the risk of com-
plications (A-III). Suspicion of HGA is based on the acute onset
of unexplained fever, chills, and headache, often in association
with thrombocytopenia, leukopenia, and/or increased liver en-
zyme levels in patients with exposure to I scapularis or 1. pa-
cificus ticks within the prior 3 weeks. Confirmation of the di-
agnosis is based on laboratory testing (see the HGA section of
the text), but antibiotic therapy should not be delayed in a
patient with a suggestive clinical presentation pending the re-
sults. Identification of the characteristic intragranulocytic in-
clusions on blood smear is the most rapid diagnostic method,
but such inclusions are often scant in number or sometimes
absent; in addition, other types of inclusions unrelated to HGA
or overlying platelets can be misinterpreted by inexperienced
observers. Testing for antibodies to A. phagocytophilum is the
most sensitive diagnostic method, but only if a convalescent-
phase serum sample is assayed.

Doxycycline is recommended as the treatment of choice for
patients who are suspected of having symptomatic HGA (A-
II). The dosage regimen for adults is 100 mg given twice per
day by mouth (or intravenously for those patients unable to
take an oral medication) for 10 days. This treatment regimen
should be adequate therapy for patients with HGA alone and
for patients who have coinfection with B. burgdorferi. Persis-
tence of fever for >48 h after initiation of doxycycline treatment
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suggests that the diagnosis of HGA is incorrect or, more re-
motely, that the patient may be coinfected with B. microti.

Although a 10-day treatment course of doxycycline may be
offered to all children as well (C-III), the panel preferred a
modified approach in which severity of illness, age of the child,
and the presence or absence of coinfection with B. burgdorferi
were each considered, to minimize an already low risk of drug
toxicity. The suggested dosage of doxycycline for children with
HGA is 4 mg/kg per day in 2 divided doses (maximum of 100
mg per dose) given orally (or intravenously for children unable
to take an oral medication). Children =8 years of age may be
treated with a 10-day course of doxycycline. For severely ill
children <8 years of age without concomitant Lyme disease,
the panel recommended an abbreviated treatment course of 4—
5 days (i.e., for ~3 days after resolution of fever) (B-III). Chil-
dren treated with an abbreviated course of therapy should be
closely observed to ensure resolution of clinical and laboratory
abnormalities. If the child has concomitant Lyme disease, then
amoxicillin (50 mg/kg per day in 3 divided doses [maximum
of 500 mg per dose]) or cefuroxime axetil (30 mg/kg per day
in 2 divided doses [maximum of 500 mg per dose]) should be
initiated at the conclusion of the course of doxycycline to com-
plete a 14-day total course of antibiotic therapy (B-III).

Patients with mild illness due to HGA who are not optimally
suited for doxycycline treatment because of a history of drug
allergy, pregnancy, or age <8 years, may be treated with rifampin
for 7-10 days using a dosage regimen of 300 mg twice per day
by mouth for adults and 10 mg/kg twice per day for children
(maximum of 300 mg per dose) (B-III). Rifampin-treated pa-
tients should be closely observed to ensure resolution of clinical
and laboratory abnormalities. Because rifampin is not effective
therapy for Lyme disease, patients coinfected with B. burgdorferi
should also be treated with amoxicillin or cefuroxime axetil, as
used for the treatment of erythema migrans (see above) (A-I).
No other antimicrobial can be recommended for the treatment
of HGA (E-III).

Treatment is not recommended for asymptomatic individuals
who are seropositive for antibodies to A. phagocytophilum (E-
III).

Babesiosis

All patients with active babesiosis should be treated with an-
timicrobials because of the risk of complications (A-III). Di-
agnostic criteria for active babesial infection should include the
presence of viral infection—like symptoms and identification of
babesial parasites in blood by smear evaluation or by PCR
amplification of babesial DNA. Symptomatic patients whose
serum contains antibody to babesia but whose blood lacks iden-
tifiable babesial parasites on smear or babesial DNA by PCR
should not receive treatment (E-III). Treatment is also not rec-
ommended for asymptomatic individuals, regardless of the re-

sults of serologic examination, blood smears, or PCR (E-III).
Asymptomatic patients with positive babesial smears and/or
PCR should have these studies repeated, and a course of treat-
ment should be considered if parasitemia persists for >3 months
(B-IID).

The combination of either atovaquone plus azithromycin or
clindamycin plus quinine for 7-10 days is the initial therapy
that should be considered for patients with babesiosis (A-I).
Clindamycin and quinine should be given for those with severe
babesiosis (A-III). In such patients, clindamycin should be ad-
ministered intravenously rather than orally, and exchange trans-
fusion should be considered. Longer duration of antimicrobial
therapy may be necessary in highly and persistently symptom-
atic patients until parasitemia is cleared, but no controlled stud-
ies exist that define the risk-benefit ratio of more prolonged
therapy.

The dosage regimen of atovaquone plus azithromycin for
adults is atovaquone, 750 mg orally every 12 h, and azithro-
mycin, 500-1000 mg on day 1 and 250 mg orally once per day
thereafter. For immunocompromised patients with babesiosis,
higher doses of azithromycin (600-1000 mg per day) may be
used. The dosages for children are atovaquone, 20 mg/kg every
12 h (up to a maximum of 750 mg per dose), and azithromycin,
10 mg/kg once per day on day 1 (up to a maximum of 500
mg per dose) and 5 mg/kg once per day (up to a maximum
of 250 mg per dose) orally thereafter.

The dosage regimen of clindamycin plus quinine for adults
is clindamycin, 300-600 mg every 6 h intravenously or 600 mg
every 8 h orally, and quinine, 650 mg every 68 h orally. Dosages
for children are clindamycin, 7-10 mg/kg given intravenously
or orally every 6-8 h (up to a maximum of 600 mg per dose)
and quinine 8 mg/kg given orally every 8 h (up to a maximum
of 650 mg per dose).

Partial or complete RBC exchange transfusion is indicated
for persons with severe babesiosis, as indicated by high-grade
parasitemia (=10%), significant hemolysis, or renal, hepatic,
or pulmonary compromise (A-IIT). No data are available to
determine whether partial exchange transfusion is preferable
to whole blood exchange; expert consultation with an infectious
diseases expert and a hematologist is recommended.

Patients with moderate-to-severe babesiosis should be mon-
itored closely during therapy to ensure clinical improvement
and improvement of parasitemia and other laboratory abnor-
malities (A-III). In patients with mild-to-moderate babesiosis,
clinical improvement should occur within 48 h after the start
of antiprotozoal therapy, and symptoms should completely re-
solve within 3 months after the initiation of therapy. In severely
ill patients, the hematocrit and percentage of parasitized eryth-
rocytes should be monitored daily or every other day until the
patient has improved and the level of parasitemia has decreased
to <5% of erythrocytes. Some patients may have persistence of
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low-grade parasitemia for months after specific antimicrobial
therapy.

Physicians should consider the possibility of coinfection with
B. burgdorferi or A. phagocytophilum or both in patients with
especially severe or persistent symptoms, despite administration
of appropriate anti-babesial therapy (A-III). Patients found to
have coinfection should be treated with additional antimicro-
bial therapy, as described above. An underlying immunodefi-
ciency (including asplenia or prior splenectomy, malignancy,
or HIV infection) also should be considered in patients with
severe or prolonged episodes of babesiosis.

Re-treatment of patients with antibabesial therapy, as out-
lined above, should be considered if babesial parasites or am-
plifiable babesial DNA are detected in blood =3 months after
initial therapy, regardless of symptom status (A-III). However,
such assays need not be done routinely for immunocompetent
patients who are asymptomatic.

OBJECTIVE

The objectives of these practice guidelines are to provide cli-
nicians and other health care practitioners with recommen-
dations for treatment of patients in the United States with
suspected or established Lyme disease, HGA (formerly known
as human granulocytic ehrlichiosis), or babesiosis. In addition,
recommendations are provided for prevention of these infec-
tions, all of which may be transmitted by certain species of
Ixodes ticks. The panel performed an extensive review of all of
the randomized, controlled trials and open-label trials pub-
lished in peer-reviewed, English-language journals. Previously
published and widely accepted criteria were used to grade the
quality of the evidence on which the recommendations were
based (table 1) [2, 3].

Lyme disease, caused by the spirochete B. burgdorferi, is en-
demic in several regions of the United States, particularly areas
of the Northeast, upper Midwest, and northern California [4,
5]. It is the most frequently reported vectorborne disease in
the United States. The Ixodes tick vectors have a 3-stage life
cycle: larva, nymph, and adult. The risk of human illness is
highest during the time of year when the nymphal stage is
seeking a blood meal. The most common clinical manifestation
of Lyme disease is a skin lesion called erythema migrans that
results from cutaneous infection with B. burgdorferi. Adults and
children of both sexes may be affected. Patients with Lyme
disease are evaluated and treated by general practitioners, pe-
diatricians, and internists, as well as by infectious diseases
specialists, dermatologists, rheumatologists, neurologists, car-
diologists, orthopedists, gynecologists and obstetricians, oto-
laryngologists, and ophthalmologists. Because of the differences
in the species of Borrelia that cause Lyme disease in North
America (B. burgdorferi), compared with those that cause this
infection in Eurasia (B. burgdorferi, Borrelia afzelii, and Borrelia

garinii), recommendations were based, whenever possible, on
studies conducted in the United States. In the treatment of
Lyme disease, as in all infectious diseases, basic medical and
scientific principles should be considered. In selecting an an-
tibiotic, there should be evidence of activity in vitro, evidence
for penetration into the infected sites, and well-designed clinical
studies to support the treatment regimen.

RECOMMENDATIONS FOR THE CLINICAL
ASSESSMENT, TREATMENT, AND PREVENTION
OF LYME DISEASE, HGA, AND BABESIOSIS

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 [6]. If exposure to either L. scapularis
or L pacificus ticks is unavoidable, a number of measures may
help to decrease the risk that ticks will attach and subsequently
transmit infection. Frequent visual inspection of skin and
clothes may help to identify ticks prior to attachment, thus
allowing removal before infection can be transmitted. Attached
ticks should be removed promptly, preferably with the aid of
fine-tip forceps [7]. If a portion of the mouth parts of the tick
remains embedded in the skin, only topical disinfection of the
site is suggested, because attempts to remove this material can
cause tissue damage and are unnecessary as the risk of Lyme
disease is unaffected.

Use of protective clothing (long-sleeved shirt tucked into
pants and long pants tucked into socks) may interfere with tick
attachment by increasing the time required for ticks to find
exposed skin, thus facilitating their recognition and removal.
Wearing light-colored clothing to provide a background that
contrasts with the tick is often recommended as a common
sense precaution to enhance the ability to see and remove ticks
before attachment. A recent study, however, suggested that an
Ixodes tick species present in Europe (Ixodes ricinus) may be
more attracted to light-colored than darker-colored clothing
[8]. These findings require confirmation before any change in
recommended practice should be considered.

Tick and insect repellents that contain N,N-diethyl-3-meth-
ylbenzamide (DEET) applied to the skin or clothing provide
additional protection but may require reapplication for max-
imum effectiveness. The timing of reapplication depends on
the specific preparation utilized [9-11]. Ticks detect DEET
through olfactory sensing and are repelled [12]. Serious neu-
rologic complications in children after excessive application of
DEET-containing repellents have been reported [13], but the
compound appears to be safe when used as directed in the
product labels, even for young children >2 months old [14,15].
DEET need not be applied to the face or hands for prevention
of tick bites and should not be applied to skin that is either
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irritated or abraded. After returning indoors, skin that was
treated with DEET should be washed with soap and water.
Permethrin (a synthetic pyrethrin) is available in a spray solely
for application to clothing (it is inactivated by skin lipids [16])
and is particularly effective because it kills ticks on contact
[17]. Picaridin and IR3535 have recently been promoted as
effective insect repellents, but their effectiveness against Ixodes
ticks has not been determined [14, 18].

To date there is only limited evidence that any of the personal
protective measures described above are effective in reducing
the number of human cases of Lyme disease [19-22].

PROPHYLAXIS OF LYME DISEASE

Primary Management Options Considered

For persons who remove attached ticks, the management op-
tions considered included treating with antimicrobials: (1) all
persons, (2) only persons believed to be at increased risk of
developing Lyme disease (e.g., those removing a nymphal or
adult I scapularis or I pacificus tick after at least 36 h of at-
tachment), (3) only persons who develop erythema migrans or
other clinical signs and symptoms of a tickborne infection, and
(4) all persons who seroconvert from a negative to a positive
test result for serum antibodies to B. burgdorferi. Management
of bites by the vector ticks I ricinus and Ixodes persulcatus was
not considered by the panel, because these tick species are not
present in North America.

Outcomes Evaluated

The panel weighed both the risks and consequences of devel-
oping Lyme disease (including the risk of late complications)
in persons bitten by I scapularis or I pacificus ticks against the
economic costs and adverse effects of prophylactic antimicro-
bials. The impact of the different strategies on quality of life
was considered. In addition, the potential effect of having pre-
viously received the recombinant OspA Lyme vaccine, which
was withdrawn by the manufacturer in 2002, was considered
[23]. The principal desired outcome is prevention of Lyme
disease. Another desired outcome is the prevention of other
Ixodes-transmitted illnesses, including HGA (caused by A. phag-
ocytophilum) and babesiosis. Either of the latter 2 infections
may occur alone or in conjunction with Lyme disease, and
occasionally all 3 infections may occur together [24-28].

Options Considered and Evidence To Support Recommendations
Option 1: antimicrobial therapy for all persons who remove
vector ticks (L. scapularis or 1. pacificus) that have become
attached. Tick bites are extremely common in areas of en-
demicity. For example, it has been estimated that nearly 180,000
tick bites occurred annually in Westchester County, New York
(total population, ~850,000), during the 1991-1994 time period
[29]. In a prospective study in which individuals from this

county were closely observed after a documented I. scapularis
tick bite, a second bite occurred in ~15% of patients within
just 6 weeks of the original bite [30].

Three randomized, prospective studies on the use of anti-
biotic chemoprophylaxis were reported through 1993 [31-33].
In each study, a 10-day course of antibiotics was compared
with an identical-appearing placebo. Although none of the an-
tibiotic-treated patients developed Lyme disease in these trials,
the studies were not adequately powered to show a significant
difference in efficacy compared with placebo. Thus, it remained
unclear whether the use of antibiotics for prophylaxis after I
scapularis tick bites could actually cure incubating B. burgdorferi
infection [34]. In a larger and more recent chemoprophylaxis
trial, erythema migrans at the site of a tick bite developed in
only 1 (0.4%) of 235 subjects who received a single 200-mg
dose of doxycycline within 72 h of removing an attached I
scapularis tick, compared with 8 (3.2%) of 247 subjects who
received placebo (P<.04) [30]. None of the subjects developed
either objective evidence of extracutaneous Lyme disease or
asymptomatic B. burgdorferi infection. Treatment efficacy was
87%, but there was a wide 95% CI (25%-98%), reflecting the
small number of patients who developed Lyme disease. Al-
though single-dose doxycycline was frequently associated with
gastrointestinal upset, such as nausea or vomiting [30], the
authors cited data to show that the tolerability could be im-
proved by administration with food with only a minimal de-
crease in peak serum concentrations [35].

A proof-of-concept study in mice bitten by infected I sca-
pularis ticks confirmed that a single oral dose of doxycycline
is effective for prevention of B. burgdorferi infection [36]. Al-
though the efficacy rate was lower in the mouse study (43%),
the time that the concentration of doxycycline remained above
the MIC (T>MIC) of B. burgdorferi in the mouse model was
less than one-half the estimated T>MIC in humans after receipt
of a single 200-mg dose of doxycycline because of a faster rate
of elimination of doxycycline in mice than in humans [30, 36,
37]. Indeed, parenteral administration of a single dose of a
sustained release preparation of doxycycline in the same mouse
model was 100% effective in prevention of B. burgdorferi in-
fection [36].

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 =3.6% and should
be considered when the theoretical probability ranges from 1%
to 3.5% [38]. Some experts disagree with key assumptions in
the model (many of which tended to favor the use of anti-
microbial prophylaxis) and consider the duration of treatment
to be excessive. However, the findings do argue against routine
prophylaxis of all I. scapularis tick bites, because the frequency
of Lyme disease was <3.6% among placebo recipients in each
of the 4 reported chemoprophylaxis trials [30-33].
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Doxycycline is relatively contraindicated for women who are
either pregnant or breast-feeding, as well as for children <8
years of age. In these patients, if chemoprophylaxis were to be
used, an alternative antimicrobial, such as amoxicillin, would
need to be considered. Amoxicillin is effective against B. burg-
dorferi both in vitro [39, 40] and in clinical trials of patients
with Lyme disease [41-44], and it may be expected to be a
useful prophylactic agent after a bite from an I scapularis or
L pacificus tick. No cases of Lyme disease developed in 192
patients given 10 days of amoxicillin for prophylaxis after a
bite from an I. scapularis tick in a randomized clinical trial
[32], although failure of amoxicillin prophylaxis has been re-
ported anecdotally from Europe [45]. Amoxicillin has a shorter
half-life than doxycycline, and a multiday regimen would likely
be necessary for prophylaxis to be effective [37].

Some practitioners prescribe a 10-14-day course of pro-
phylactic amoxicillin for pregnant women after I. scapularis
tick bites, because case reports have suggested that Lyme dis-
ease during pregnancy may be associated with adverse out-
comes for the fetus [46]. However, a large body of data from
clinical and epidemiologic studies suggest that favorable out-
comes can be expected when pregnant women with Lyme
disease are treated with standard antibiotic regimens [47-49].
Indeed, there is little evidence that a congenital Lyme disease
syndrome occurs [50, 51].

It has been estimated that if a 10-day course of amoxicillin
were routinely used for antibiotic prophylaxis after tick bites,
8 cases of drug-associated rash, including 1 severe life-threat-
ening reaction, would occur for every 10 cases of early Lyme
disease that were prevented [34]. In addition, 3 cases of minor
amoxicillin-related adverse effects (e.g., diarrhea) would occur
for every case of Lyme disease that was prevented. In 2 studies
of prophylaxis for tick bites in which 10 days of an antimicrobial
preparation was prescribed, the risk of acquiring Lyme disease
after a tick bite among placebo recipients was approximately
the same as the risk of developing a rash from the prophylactic
antibiotic [31, 32].

In addition to B. burgdorferi, other potential pathogens, such
as A. phagocytophilum or B. microti, may also be transmitted
by Ixodes ticks [52, 53]. Doxycycline is effective for the treat-
ment of patients with HGA (see the section on HGA below)
but is not effective therapy for babesiosis (see the section on
babesiosis below). There are no published clinical data on the
efficacy of prophylaxis with doxycycline against either of these
microorganisms. Amoxicillin is not active against either A.
phagocytophilum or B. microti and, therefore, would be expected
to be ineffective for prevention of these infections.

The prevalence of B. burgdorferi in nymphal I scapularis ticks
commonly ranges between 20% and 40% in areas of endemicity
in the Northeastern and upper Midwestern United States [54—
56]. However, I pacificus ticks (the vector for Lyme disease in

the western United States) have a much lower infection rate
with B. burgdorferi (0%—14%) [57]. This is presumably because
most I pacificus ticks feed on lizards, the blood of which is
bactericidal for B. burgdorferi [57-59].

The prevalence of B. burgdorferi infection in host seeking I.
scapularis ticks in the southern United States is also extremely
low; for adult stage ticks, it is 0%—4.6% [60—62], and for
nymphal stage ticks, evidence of infection has not been found
to date [63]. The panel is unaware of a proven case of B.
burgdorferi infection acquired indigenously in any state south
of Maryland or Virginia [64]. Patients in the southern United
States may develop an erythema migrans—like skin lesion as-
sociated with mild viral infection-like symptoms resembling
Lyme disease following a bite of an Amblyomma americanum
(Lone star) tick [65]. Although 1 report associated this illness,
known as Southern tick—associated rash illness (STARI), with
Borrelia lonestari infection [66], most cases do not appear to
be caused by any known Borrelia species [67].

Option 2: antimicrobial therapy only for persons believed
to be at high risk for Lyme disease (e.g., those removing a
nymphal or adult 1. scapularis tick after =36 h of attachment).
Several factors associated with risk of developing Lyme disease
after a tick bite can be identified. The lower risk from Ixodes
tick bites in the western and southern United States has been
discussed above. Regardless of the geographic region, larval I
scapularis and I pacificus ticks are rarely infected with B. burg-
dorferi. Larval ticks become infected after feeding on an infected
animal, rather than from transovarial transmission, and they
feed only once before molting to the nymphal stage. Therefore,
larval ticks do not serve as relevant vectors for Lyme disease.

Unengorged nymphal or adult Ixodes ticks also pose little or
no risk of transmission of B. burgdorferi. The duration of tick
attachment can be estimated on the basis of a measurement of
the degree of tick engorgement with blood (scutal index) [30,
68, 69]. In the single-dose doxycycline chemoprophylaxis trial,
duration of tick attachment as assessed by this measure cor-
related directly with risk of developing Lyme disease. Erythema
migrans developed at the tick bite site in 8 (9.9%) of 81 placebo-
treated subjects bitten by an I. scapularis nymphal tick that had
at least some blood engorgement. The risk increased to 3 (25%)
of 12 if the tick were highly engorged, equating to a =72-h
duration of attachment, compared with 0 (0%) of 59 for bites
from nymphal ticks with no blood engorgement (P = .02 and
P = .004, respectively) [30]. In a separate study from New York
State, the risk of developing B. burgdorferi infection was 20%
(3 of 15) among patients bitten by highly engorged nymphal
or adult-stage I scapularis ticks that were estimated to have
been attached for =72 h [68].

In the single-dose doxycycline chemoprophylaxis trial [30],
the number of subjects needed to treat to prevent 1 case of
Lyme disease was 36 (95% CI, 19-244) if everyone with an I
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scapularis tick bite were to have been treated [70]. However,
this number could have been reduced to 12 (95% CI, 6-25) if
prophylaxis were given only to those who removed partially or
fully engorged nymphal ticks [70]. Although the B. burgdorferi
infection rate of adult I. scapularis ticks may be twice that of
nymphal ticks [71], most cases of Lyme disease in humans are
associated with nymphal stage tick bites. This is apparently
caused, at least in part, by the larger size of adult ticks that are
more readily noticed and removed than nymphal I scapularis
ticks and, therefore, remain attached for a shorter duration of
time [30, 69, 72]. In the single-dose doxycycline chemopro-
phylaxis trial, the estimated median duration of attachment for
adult I. scapularis ticks was 10 h, compared with 30 h for
nymphs (P<.001) [30].

The delay in transmission of B. burgdorferi observed clinically
has also been demonstrated in animal studies. Experimental
studies have demonstrated that B. burgdorferi is rarely trans-
mitted to laboratory animals by nymphal or adult I scapularis
or nymphal L pacificus ticks within the first 36 h of attachment
[73-76]. This “grace period” is required for spirochetes in in-
fected ticks to migrate from the tick midgut into the salivary
glands once feeding commences [77]. Although I. scapularis
and I pacificus ticks that have been attached for <36 h are very
unlikely to transmit B. burgdorferi infection, I. ricinus ticks in
Europe that are infected with B. afzelii appear to transmit in-
fection more rapidly, often within 24 h [78, 79]. Although there
is also a delay in tick transmission of HGA or babesiosis in-
fection in animal systems [80-82], A. phagocytophilum can be
transmitted within the first 24 h of attachment of I. scapularis
ticks [83]. Taken together, the conclusion from the human and
animal studies is that expeditious removal of attached ticks may
be very helpful in prevention of Ixodes species—transmitted
infections.

The option of selectively treating persons with “high-risk”
tick bites to prevent Lyme disease assumes that the species,
stage, and degree of engorgement of the tick can be ascertained.
This requires special expertise. Many different tick species bite
humans, and some “ticks” removed from humans are actually
spiders, scabs, lice, or dirt and, thus, pose no risk of Lyme
disease [68, 84]. Nevertheless, health care practitioners can be
taught to identify ticks (figure 1) and to estimate the degree
of engorgement for use as a marker of the duration of feeding
in a clinical setting (figure 2A and 2B) [85]. Independent as-
sessment by the health care practitioner is necessary because
in areas where exposure to ticks is frequent, the patient’s own
estimate of the duration of attachment is unreliable and usually
is shorter than the actual duration of attachment [68, 86].
Methods for determining the B. burgdorferi infection status of
ticks removed from patients are not standardized, and the re-
sults do not necessarily correlate with the risk of infection [68].

Testing of ticks removed from patients for B. burgdorferi is,
therefore, not recommended except in research studies.
Option 3: antimicrobial therapy only for persons who de-
velop erythema migrans or other clinical manifestations of
Lyme disease or other tick-transmitted infections. The great
majority of persons with B. burgdorferi infection present with
erythema migrans [23, 87-89]. Because primary erythema mig-
rans lesions occur at the site of a tick bite [90-93], a person
who removes a tick should be specifically directed to search for
and seek care for a skin lesion that subsequently develops at
that location. The prognosis for patients who are treated for
erythema migrans is excellent (see Early Lyme Disease, below).
HGA, as well as babesiosis in areas of endemicity, should be
included in the differential diagnosis of patients who develop
fever or clinical illness after an Ixodes tick bite [94-96].
Option 4: antimicrobial therapy for all persons who sero-
convert from a negative to a positive test result for serum
antibodies against B. burgdorferi when acute and follow-up
serum samples are tested simultaneously. To implement this
option, acute and follow-up blood specimens need to be tested
for antibodies in paired samples. The value of acute-phase and
convalescent-phase serologic testing for identifying infection
with B. burgdorferi following a tick bite, however, has not been
demonstrated. There were no asymptomatic seroconversions
after tick bites among untreated subjects in any of the United
States chemoprophylaxis trials [30-33]. Furthermore, no ob-
jective extracutaneous manifestation of Lyme disease developed
in any of the patients in the 3 studies in which patients were
observed for 6 months to 3 years [31-33]. The single-dose
doxycycline chemoprophylaxis trial had a 6-week follow-up
period and was not designed to detect long-term outcomes
[30]. In that study, nonspecific “viral-type” illnesses (i.e., with-
out erythema migrans) were no more frequent in antibiotic-
treated subjects than in untreated subjects, consistent with the
probability that most of these illnesses were unrelated to B.
burgdorferi infection. Although asymptomatic seroconversion
was reported to have occurred rarely in subjects enrolled in a
Lyme vaccine trial [97], mild illnesses or erythema migrans skin
lesions could have gone unnoticed or unreported, because vol-
unteers were only examined if they reported symptoms. Se-
rologic assays for Lyme disease thus far evaluated [98-103] are
of limited use in screening persons lacking objective manifes-
tations of Lyme disease because of their poor specificity (par-
ticularly for IgM reactivity) and cost [98, 99, 101, 102, 104].

Recommendations

1. The best currently available method for preventing in-
fection with B. burgdorferi and other Ixodes species—transmitted
pathogens is to avoid exposure to vector ticks. If exposure to
I scapularis or I pacificus ticks is unavoidable, measures rec-
ommended to reduce the risk of infection include the use of
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both protective clothing and tick repellents, checking the entire
body for ticks daily, and prompt removal of attached ticks
before transmission of infection can occur (B-III).

2. For prevention of Lyme disease after a recognized tick
bite, routine use of antimicrobial prophylaxis or serologic test-
ing is not recommended (E-III). A single dose of doxycycline
may be offered to adult patients (200 mg dose) and to children
=8 years of age (4 mg/kg, up to a maximum dose of 200 mg)
(B-I) when all of the following circumstances exist: (a) the
attached tick can be reliably identified as an adult or nymphal
L scapularis tick that is estimated to have been attached for
=36 h on the basis of the degree of engorgement of the tick
with blood or on certainty about the time of exposure to the
tick, (b) prophylaxis can be started within 72 h of the time
that the tick was removed, (c) ecologic information indicates
that the local rate of infection of these ticks with B. burgdorferi
is =20%, and (d) doxycycline is not contraindicated. The time
limit of 72 h is suggested because of the absence of data on
the efficacy of chemoprophylaxis for tick bites following tick
removal after longer time intervals. Infection of =20% of ticks
with B. burgdorferi generally occurs in parts of New England,
in parts of the mid-Atlantic States, and in parts of Minnesota
and Wisconsin, but not in most other locations of the United
States. Whether use of antibiotic prophylaxis after a tick bite
will reduce the incidence of HGA or babesiosis is unknown.

Doxycycline is relatively contraindicated in pregnant women
and children <8 years old. The panel does not believe that
amoxicillin should be substituted for doxycycline in persons
for whom doxycycline is contraindicated because of the absence
of data on an effective short-course regimen for prophylaxis,
the likely need for a multiday regimen (and its associated ad-
verse effects), the excellent efficacy of antibiotic treatment of
Lyme disease if infection were to develop, and the extremely
low risk that a person with a recognized bite will develop a
serious complication of Lyme disease (D-III)

Prophylaxis after I. pacificus bites is generally not necessary
because of low infection rates with B. burgdorferi in almost the
entire region in which this tick is endemic. However, if a higher
infection rate (=20%) were documented in specific local areas,
prophylaxis with single-dose doxycycline would be justified if
the other criteria above are met.

Protective immunity produced by the recombinant OspA
Lyme disease vaccine is not long lasting [105]. A history of
having received the vaccine should not alter the recommen-
dations above, because it is unlikely that previous vaccinations
will still have a protective effect against Lyme disease. Similarly,
it should not be assumed that having had a prior episode of
early Lyme disease will provide protection against developing
B. burgdorferi infection if a bite occurs from another infected
tick.

3. To prescribe antibiotic prophylaxis selectively to pre-

vent Lyme disease, health care practitioners in areas of endem-
icity should learn to identify I. scapularis ticks, including its
stages (figure 1), and to differentiate ticks that are at least
partially engorged with blood (figure 2A and 2B) (A-III). Test-
ing of ticks for tickborne infectious agents is not recommended,
except in research studies (D-II).

4. Health care practitioners, particularly those in areas of
endemicity, should become familiar with the clinical manifes-
tations of Lyme disease, HGA, and babesiosis and recom-
mended practices for diagnosis and treatment (A-III). Persons
who have removed attached ticks from themselves (including
those who have received antibiotic prophylaxis) should be mon-
itored closely for signs and symptoms of tickborne diseases for
up to 30 days and, in particular, for the development of an
expanding skin lesion at the site of the tick bite (erythema
migrans) that may suggest Lyme disease. Persons who develop
a skin lesion or viral infection—like illness within 1 month after
removing an attached tick should promptly seek medical at-
tention to assess the possibility of having acquired a tickborne
infection. HGA, as well as babesiosis in areas of endemicity,
should be included in the differential diagnosis of patients who
develop fever after an Ixodes tick bite (A-II).

EARLY LYME DISEASE

Primary Management Options Considered

The management options considered included oral antimicro-
bial therapy for patients with a single erythema migrans skin
lesion and oral versus parenteral therapy for patients with clin-
ical evidence of early disseminated infection (i.e., patients pre-
senting with multiple erythema migrans lesions, carditis, cranial
nerve palsy, meningitis, or acute radiculopathy). In view of the
high frequency of travel between North America and Europe,
borrelial lymphocytoma was addressed, despite its rarity in
North America. Its primary etiologic agent is B. afzelii, one of
the exclusively Eurasian species of Lyme borrelia, which are
often referred to as B. burgdorferi sensu lato.

The panel was unable to provide a recommendation on treat-
ment of seropositive patients without erythema migrans be-
lieved to have an acute viral-like illness due to B. burgdorferi
infection because of lack of data, although recommended ther-
apies for the treatment of erythema migrans would likely be
adequate.

Outcomes Evaluated

The panel weighed both the risks and consequences of devel-
oping late complications of Lyme disease and the economic
costs and possible adverse effects of antimicrobial therapy. The
desired outcome is to resolve the symptoms and signs of early
Lyme disease, eradicate B. burgdorferi infection, and prevent
late complications.
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Background and Diagnosis of Erythema Migrans

Primary erythema migrans is a round or oval, expanding er-
ythematous skin lesion that develops at the site of deposition
of B. burgdorferi by an Ixodes species tick [90-93, 106-111].
These skin lesions typically become apparent approximately 7—
14 days (range, 3—-30 days) after the tick has detached or was
removed and should be at least 5 cm in largest diameter for a
secure diagnosis [112].

An erythematous skin lesion present while an Ixodes tick is
still attached or which has developed within 48 h of detachment
is most likely a tick bite hypersensitivity reaction (i.e., a non-
infectious process), rather than erythema migrans. Tick bite
hypersensitivity reactions are usually <5 cm in largest diameter,
sometimes have an urticarial appearance, and typically begin
to disappear within 24-48 h. In contrast, an early primary
erythema migrans lesion usually increases in size over this time
frame [90, 106]. To differentiate between the 2 processes, it
may be useful to mark the borders of the skin lesion with ink
and then observe for 1-2 days without antibiotic therapy.

When there is >1 erythema migrans skin lesion, the sec-
ondary skin lesions are believed to arise by hematogenous dis-
semination from the site of primary infection [113]. Secondary
erythema migrans skin lesions can be <5 cm in largest diameter,
but like primary lesions, they may expand. In some patients
with multiple erythema migrans skin lesions, the primary lesion
cannot be identified with certainty.

Erythema migrans skin lesions can vary in appearance (figure
3). Some lesions are homogeneously erythematous, whereas
others have prominent central clearing or a distinctive target-
like appearance [65, 91, 110]. On the lower extremities, the
lesion may be partially purpuric. Vesicles or pustules are present
at the center of a primary erythema migrans lesion in ~5% of
cases [115]. However, unlike contact dermatitis (e.g., from poi-
son ivy), vesicular-appearing erythema migrans lesions are not
associated with significant pruritus. Erythema migrans lesions
are not scaly unless they are long-standing and fading, or topical
corticosteroid creams have been applied. Erythema migrans
lesions often occur at sites (e.g., axilla, popliteal fossa, and
abdomen) that would be highly unusual for community-ac-
quired bacterial cellulitis due to pyogenic bacteria.

Erythema migrans is the only manifestation of Lyme disease
in the United States that is sufficiently distinctive to allow clinical
diagnosis in the absence of laboratory confirmation. In a patient
with a compatible epidemiologic and clinical history, the pre-
ferred means of diagnosis is visual inspection of the skin lesion.
Serologic testing is too insensitive in the acute phase (the first
2 weeks of infection) to be helpful diagnostically [102, 103,
116]. Patients should be treated on the basis of clinical findings.
In a minority of cases for which there may be diagnostic un-
certainty, both acute-phase and convalescent-phase (i.e., 2
weeks after the acute-phase) serum samples should be tested

using the 2-tier testing algorithm recommended by the Centers
for Disease Control and Prevention (CDC) and the Association
of State and Territorial Public Health Laboratory Directors
[117]. Untreated patients who remain seronegative, despite
continuing symptoms for 6—8 weeks, are unlikely to have Lyme
disease, and other potential diagnoses should be actively
pursued.

First-tier testing is most often performed using a polyvalent
ELISA. If the first-tier assay result is positive or equivocal, then
the same serum specimen is retested by separate IgM and IgG
immunoblots. For patients with symptoms in excess of 4 weeks
to be considered seropositive, reactivity must be present on the
IgG immunoblot specifically [117]. To maintain the highest
possible specificity, immunoblot interpretation in this testing
scheme should only be done in qualified laboratories that follow
the CDC-recommended, evidence-based guidelines on im-
munoblot interpretation [117-120]. Alternative recommen-
dations for interpretation of immunoblots have not been rig-
orously validated and are very likely to lead to an inappropriate
diagnosis. Use of single-tier testing with an immunoblot alone
will also result in reduced specificity, because immunoblots are
only semiquantitative, and faint bands are commonly seen in
samples from healthy people without tick exposure and from
patients with illnesses other than Lyme disease [119, 121]. In
interpreting the results of serologic tests, it is also important
to remember that the background rates of seropositivity in areas
with high endemicity may exceed 4% [122]. Therefore, the pres-
ence of seropositivity does not guarantee that a given medical
condition is due to B. burgdorferi infection. Although useful for
documentation of B. burgdorferi infection in research studies,
amplification of B. burgdorferi DNA by PCR or culture of spec-
imens of skin or blood for Borrelia species is not recommended
for diagnosis of erythema migrans in routine clinical care be-
cause of the cumbersome nature and expense of these test
methods [103, 123, 124].

Electrocardiograms are not generally performed for patients
with erythema migrans in the absence of symptoms or signs
suggestive of cardiac disease (see below).

Evidence to support treatment recommendations. In vitro
studies have shown that B. burgdorferi is highly susceptible to
several antimicrobial drug classes, including tetracyclines, most
penicillins, and many second- and third-generation cephalo-
sporins [39, 40, 125-132]. B. burgdorferi is resistant to certain
fluoroquinolones, rifampin, and first-generation cephalospo-
rins [39, 40, 125, 127, 133]. Macrolides may or may not be
active in vitro, depending on the borrelial strain tested and the
assay technique utilized [39, 134-136].

There have been at least 9 randomized, prospective trials
addressing the treatment of early Lyme disease in the United
States [41-43, 137—142]. All studies used erythema migrans as
the disease-defining criterion. Eight studies recruited patients
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Figure 3. lllustrative examples of culture-confirmed erythema migrans. A, A single erythema migrans lesion of 8.5 X 5.0 cm on the abdomen. The
lesion is homogeneous in color, except for a prominent central punctum (presumed site of preceding tick bite). B, Patient with >40 erythema migrans
lesions found. Note the prominent central clearing of the lesions present on the abdomen. Reprinted with permission from [114]. (Copyright 2008,
Massachusetts Medical Society. All rights reserved.)



with either localized or disseminated early Lyme disease [41-
43,137-139, 141, 142], whereas 1 study required disseminated
early disease for enrollment [140]. Differing criteria were used
to define treatment failure in the various studies. Most defined
“failure” as the persistence of objective clinical manifestations
despite therapy, whereas others used the persistence of subjec-
tive symptoms.

The etiology of residual patient complaints after treatment
may include an inflammatory response unrelated to active in-
fection or may be due to alternative disease processes. The
possibility that these symptoms may have been related to a tick-
transmitted coinfection was not evaluated in any of the studies.
Importantly, failure rates were not considered in the context
of the high frequency of background complaints present in an
otherwise “healthy” population. Both of these factors have likely
contributed to a misconception by some that recommended
treatment courses are associated with a relatively poor outcome.
This has helped to foster highly speculative theories on how B.
burgdorferi might survive in patients treated with a standard
course of antimicrobial therapy. These issues are discussed in
greater detail below in the section on post-Lyme disease
syndromes.

The first randomized clinical trial on the treatment of ery-
thema migrans compared erythromycin, tetracycline, and pen-
icillin at dosages of 250 mg 4 times per day for 10 days in 112
adult patients [137]. Signs and symptoms after treatment were
considered to be either “minor” (headache, fatigue, suprav-
entricular tachycardia, arthralgias, brief arthritis of <2 weeks
duration, and isolated facial palsy) or “major” (meningitis, me-
ningoencephalitis, carditis, or recurrent attacks of arthritis).
Approximately 15% of patients had a transient intensification
of symptoms during the first 24 h of therapy, consistent with
a Jarisch-Herxheimer-like reaction. These usually mild reac-
tions have only been well-documented at the start of treatment.
There is no evidence that they can last for >24 h or that they
can recur. They have no diagnostic value, and they have not
been shown to be predictive of outcome.

Erythema migrans and its associated symptoms resolved
more rapidly in penicillin- or tetracycline-treated patients, com-
pared with those who were given erythromycin (P < .05) [137].
In addition, treatment with tetracycline or penicillin was as-
sociated with a lower rate of occurrence of “major” manifes-
tations by these criteria, compared with erythromycin. Overall,
“minor” signs and symptoms after treatment occurred in ~45%
of patients. Extending therapy to 20 days with tetracycline in
a subsequent study by the same authors had no effect on the
frequency of posttreatment symptoms [137]. The results of
these studies supported the findings of a previous open trial
of oral penicillin therapy for early Lyme disease [143]. It could
be concluded from these studies that erythema migrans was

responsive to penicillin and tetracycline, erythromycin was less
effective, and optimal therapy had not been defined.

Subsequent small studies found that doxycycline and amox-
icillin (plus probenecid), the tetracycline and (3-lactam prep-
arations most commonly prescribed in current clinical practice
for patients with erythema migrans, were effective therapies,
and each drug regimen had efficacy comparable to the other
(41, 42].

Two of the largest studies of the treatment of erythema mig-
rans in adults compared cefuroxime axetil with doxycycline
[138, 139]. The first was a multicenter study in which 123
patients with erythema migrans were randomized to receive
cefuroxime axetil (500 mg twice per day for 20 days) or dox-
ycycline (100 mg 3 times per day for 20 days). This study
demonstrated comparable efficacy, with satisfactory outcomes
in ~90% of patients observed for 1 year after treatment [138].
Although 10% of subjects were considered to have experienced
treatment failure on the basis of the presence of continuing
symptoms, most of these patients did not have any objective
clinical finding. Similar results were observed in a second mul-
ticenter study of 232 patients with erythema migrans who were
also randomized to receive 20 days of either cefuroxime or
doxycycline [139]. In a separate randomized trial of 43 children
with erythema migrans, 2 different dosage regimens of cefu-
roxime axetil (20 mg/kg per day or 30 mg/kg per day) were
found to have efficacy comparable to amoxicillin (50 mg/kg
per day) [141].

A multicenter, double-blind, randomized, prospective trial
compared azithromycin (500 mg once per day for 7 days)
with amoxicillin (500 mg 3 times per day for 20 days) for
the treatment of patients with erythema migrans [43]. Amox-
icillin was found to be significantly more effective than azith-
romycin for complete resolution of the acute manifestations
of erythema migrans and for prevention of relapse in a 6-
month period. Of 217 evaluable subjects, only 4% of those
treated with amoxicillin experienced relapse, compared with
16% of those treated with azithromycin (P = .005). A higher
symptom score prior to treatment correlated with persistent
symptoms after treatment.

Only 1 study has specifically addressed the treatment of acute
disseminated nonneurologic Lyme disease, which was defined
by the presence of either multiple erythema migrans lesions or
an objective nonneurologic extracutaneous manifestation. Pa-
tients with objective CNS involvement were excluded. This pro-
spective, randomized multicenter trial of 140 patients dem-
onstrated that oral doxycycline (100 mg twice per day for 3
weeks) and intravenous ceftriaxone (2 g per day for 2 weeks)
were equally effective [140]. Importantly, none of the patients
in this study developed a significant late complication.

In most of the controlled trials, patients assigned treatment
with either doxycycline or amoxicillin received ~3 weeks of
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therapy. However, comparable success rates have been reported
in studies in which shorter treatment courses with these an-
tibiotics were used [144]. Duration of antibiotic therapy for
erythema migrans was addressed in a prospective, randomized,
double-blind, placebo-controlled clinical trial of 180 patients
[142]. Patients were randomized into 3 treatment groups: dox-
ycycline (100 mg twice per day by mouth for 10 days); a single
2-g intravenous dose of ceftriaxone, followed by doxycycline
(100 mg twice per day by mouth for 10 days); and doxycycline
(100 mg twice per day by mouth for 20 days). The rate of
complete resolution of signs and symptoms was similar for all
3 treatment groups in both on-study and intention-to-treat
analyses. Despite the potential for B. burgdorferi to disseminate
to the CNS in some patients with erythema migrans [145], the
addition of a single dose of ceftriaxone to a 10-day course of
doxycycline did not improve outcome. The single ceftriaxone
dose, however, was associated with a 4-fold increase in the
frequency of diarrhea (P<.001) [142].

Although none of the prospective studies enrolled pregnant
subjects with Lyme disease, there are no data to suggest that
these patients should be treated differently from other patients
with Lyme disease, except that doxycycline therapy should be
avoided [146].

Several conclusions can be drawn from these trials. Doxy-
cycline, amoxicillin, and cefuroxime axetil are effective for the
treatment of early Lyme disease. Most patients respond
promptly and completely. Some individuals have persistent sub-
jective complaints, despite receiving therapy that otherwise ap-
pears curative. Less than 10% of individuals do not respond
to antibiotic therapy, as evidenced by the presence of objective
clinical manifestations, and rarely is re-treatment 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. Inade-
quately recognized CNS infection at the time of institution of
antibiotic therapy may be the explanation for antibiotic failures
in some circumstances.

The macrolides that have been systematically studied are less
effective than the other antibiotic therapies noted above. Eryth-
romycin [137] and azithromycin [43] have been studied in the
United States, and roxithromycin [147] has been studied in
Europe. Clarithromycin has not been studied in a controlled
trial [148]. Because of these findings, macrolides cannot be
recommended as first-line therapy.

In contrast to the second-generation cephalosporin cefurox-
ime and to certain third-generation cephalosporins (e.g., cef-
triaxone), first-generation cephalosporins, such as cephalexin,
are inactive in vitro against B. burgdorferi and are ineffective
clinically [125, 133].

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 [43] and cefurox-
ime axetil [138, 139]. Doxycycline may cause photosensitivity
[138, 139], which is a concern, because early Lyme disease
occurs most commonly during the summer months. Individ-
uals treated with doxycycline are advised to avoid exposure to
the sun while receiving therapy. Doxycycline should be taken
with 8 ounces of fluid to reduce the risk of esophageal irritation
and with food to reduce gastrointestinal intolerance. In addi-
tion, doxycycline is relatively contraindicated in children <8
years of age and in women who are pregnant or breast-feeding.

Recommendations

1. Doxycycline (100 mg twice per day), amoxicillin (500
mg 3 times per day), or cefuroxime axetil (500 mg twice per
day) for 14 days (range for doxycycline, 10-21 days; range for
amoxicillin or cefuroxime axetil, 14-21 days) is recommended
for treatment of adult patients with early localized or early
disseminated Lyme disease associated with erythema migrans
in the absence of specific neurologic manifestations (see Early
Neurologic Lyme Disease) or advanced atrioventricular heart
block (tables 2 and 3) (A-I). Ten days of therapy is sufficient
if doxycycline is used; however, given the much shorter half-
life of B-lactam drugs, such as amoxicillin or cefuroxime axetil,
it is unclear whether a 10-day course of these drugs would be
as effective. Therefore, for uniformity, a 14-day course of ther-
apy is recommended for all of the first-line oral agents. Each
of the recommended antimicrobial agents has been shown to
be highly effective in the treatment of erythema migrans and
associated symptoms in prospective studies. Doxycycline has
the advantage of being effective for treatment of HGA (but not
for babesiosis), which may occur simultaneously with early
Lyme disease. Doxycycline is relatively contraindicated during
pregnancy or lactation and in children <8 years of age. For
children, amoxicillin, cefuroxime axetil, or doxycycline (if the
patient is =8 years of age) is recommended (tables 2 and 3)
(A-II).

2. Macrolide antibiotics are not recommended as first-
line therapy for early Lyme disease (E-I). When used, they
should be reserved for patients who are intolerant of, or should
not take, amoxicillin, doxycycline, and cefuroxime axetil (table
3). Patients treated with macrolides should be closely observed
to ensure resolution of the clinical manifestations.

3.  First-generation cephalosporins, such as cephalexin, are
ineffective for treatment of Lyme disease and should not be
used (E-II). When erythema migrans cannot be reliably distin-
guished from community-acquired bacterial cellulitis, a rea-
sonable approach is to treat with either cefuroxime axetil or
amoxicillin—clavulanic acid (dosage of amoxicillin—clavulanic
acid for adults, 500 mg 3 times per day; dosage for children,
50 mg/kg per day in 3 divided doses [maximum of 500 mg per
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Table 2. Recommended antimicrobial regimens for treatment of patients with Lyme disease.

Drug Dosage for adults

Dosage for children

Preferred oral regimens
Amoxicillin

Doxycycline

Cefuroxime axetil

Alternative oral regimens
Selected macrolides®

Preferred parenteral regimen
Ceftriaxone

Alternative parenteral regimens
Cefotaxime

Penicillin G
divided every 4 h®

500 mg 3 times per day®

100 mg twice per dayb

500 mg twice per day

For recommended dosing regimens,
see footnote d in table 3

2 g intravenously once per day

2 g intravenously every 8 hd

18-24 million U per day intravenously,

50 mg/kg per day in 3 divided doses
(maximum, 500 mg per dose)®

Not recommended for children aged <8 years

For children aged =8 years, 4 mg/kg per day
in 2 divided doses (maximum, 100 mg per
dose)

30 mg/kg per day in 2 divided doses
(maximum, 500 mg per dose)

For recommended dosing regimens,
see footnote in table 3

50-75 mg/kg intravenously per day in a single
dose (maximum, 2 g)

150-200 mg/kg per day intravenously in 3—-4
divided doses (maximum, 6 g per day)®

200,000-400,000 U/kg per day divided
every 4 h? (not to exceed 18-24 million U
per day)

@ Although a higher dosage given twice per day might be equally as effective, in view of the absence of data on efficacy, twice-daily administration is not

recommended.

b Tetracyclines are relatively contraindicated in pregnant or lactating women and in children <8 years of age.
¢ Because of their lower efficacy, macrolides are reserved for patients who are unable to take or who are intolerant of tetracyclines, penicillins, and cephalosporins.

d Dosage should be reduced for patients with impaired renal function.

dose]), because these antimicrobials are generally effective
against both types of infection (A-III).

Ceftriaxone, while effective, is not superior to oral agents
and is more likely than the recommended orally administered
antimicrobials to cause serious adverse effects. Therefore, cef-
triaxone is not recommended for treatment of patients with
early Lyme disease in the absence of neurologic involvement
or advanced atrioventricular heart block (E-I).

4. Pregnant or lactating patients may be treated in a fash-
ion identical to nonpregnant patients with the same disease
manifestation, except that doxycycline should be avoided (B-
III).

5.  Because of a lack of biologic plausibility, lack of ef-
ficacy, absence of supporting data, or the potential for harm
to the patient, the following are not recommended for treat-
ment of patients with any manifestation of Lyme disease: first-
generation cephalosporins, fluoroquinolones, carbapenems,
vancomycin, metronidazole, tinidazole, amantadine, ketoli-
des, isoniazid, trimethoprim-sulfamethoxazole, fluconazole,
benzathine penicillin G, combinations of antimicrobials,
pulsed-dosing (i.e., dosing on some days but not others),
long-term antibiotic therapy, anti-Bartonella therapies, hy-
perbaric oxygen, ozone, fever therapy, intravenous immu-

noglobulin, cholestyramine, intravenous hydrogen peroxide,

specific nutritional supplements, and others (see table 4) (E-
10).

6.  Coinfection with B. microti or A. phagocytophilum or
both may occur in patients with early Lyme disease (usually in
patients with erythema migrans) in geographic areas where
these pathogens are endemic (see the sections below on post-
Lyme disease syndromes, HGA, and babesiosis). Coinfection
should be considered in patients who present with more severe
initial symptoms than are commonly observed with Lyme dis-
ease alone, especially in those who have high-grade fever for
>48 h, despite antibiotic therapy appropriate for Lyme disease
or who have unexplained leukopenia, thrombocytopenia, or
anemia (A-III). Coinfection might also be considered in pa-
tients who have resolved their erythema migrans skin lesion
but have had no improvement or worsening of viral infection—
like symptoms (B-III).

Background and Diagnosis of Early Neurologic Lyme Disease

Manifestations of acute peripheral nervous system involvement
in Lyme disease include radiculopathy, cranial neuropathy, and
mononeuropathy multiplex (multifocal involvement of ana-
tomically unrelated nerves) [107-109, 111, 149-151]. CNS in-
volvement includes lymphocytic meningitis and, rarely, en-
cephalomyelitis (parenchymal inflammation of brain and/or
spinal cord, with focal abnormalities evident on neurologic
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Table 3. Recommended therapy for patients with Lyme disease.

Indication

Treatment

Duration,
days (range)

Tick bite in the United States

Doxycycline, 200 mg in a single dose®®; (4 mg/kg in children =8 years
of age) and/or observation

Erythema migrans Oral regimen®® 14 (14-21)°
Early neurologic disease
Meningitis or radiculopathy Parenteral regimenc'f 14 (10-28)
Cranial nerve palsy®* Oral regimen® 14 (14-21)
Cardiac disease Oral regimen®©" or parenteral regimen®°" 14 (14-21)
Borrelial lymphocytoma Oral regimenc'd 14 (14-21)
Late disease
Arthritis without neurologic disease Oral regimen® 28
Recurrent arthritis after oral regimen Oral regimen®° 28
or parenteral regimen®® 14 (14-28)
Antibiotic-refractory arthritis' Symptomatic therap\/j
Central or peripheral nervous system disease  Parenteral regimen® 14 (14-28)
Acrodermatitis chronica atrophicans Oral regimen® 21 (14-28)

Post-Lyme disease syndrome Consider and evaluate other potential causes of symptoms;

if none is found, then administer symptomatic therapy®

NOTE. Regardless of the clinical manifestation of Lyme disease, complete response to treatment may be delayed beyond the treatment duration. Relapse
may occur with any of these regimens; patients with objective signs of relapse may need a second course of treatment.

@ See text.

5 A single dose of doxycycline may be offered to adult patients and to children =8 years of age when all of the following circumstances exist: (1) the
attached tick can be reliably identified as an adult or nymphal Ixodes scapularis tick that is estimated to have been attached for =36 h on the basis of the
degree of engorgement of the tick with blood or of certainty about the time of exposure to the tick, (2) prophylaxis can be started within 72 h after the time
that the tick was removed, (3) ecologic information indicates that the local rate of infection of these ticks with Borrelia burgdorferiis =20%, and (d) doxycycline
is not contraindicated. For patients who do not fulfill these criteria, observation is recommended.

¢ See table 2.

9 For adult patients intolerant of amoxicillin, doxycycline, and cefuroxime axetil, azithromycin (500 mg orally per day for 7-10 days), clarithromycin (500 mg
orally twice per day for 14-21 days, if the patient is not pregnant), or erythromycin (600 mg orally 4 times per day for 14-21 days) may be given. The
recommended dosages of these agents for children are as follows: azithromycin, 10 mg/kg per day (maximum of 500 mg per day); clarithromycin, 7.5 mg/kg
twice per day (maximum of 500 mg per dose); and erythromycin, 12.5 mg/kg 4 times per day (maximum of 500 mg per dose). Patients treated with macrolides
should be closely observed to ensure resolution of the clinical manifestations.

® Ten days of therapy is effective if doxycycline is used; the efficacy of 10-day regimens with the other first-line agents is unknown.

 For nonpregnant adult patients intolerant of B-lactam agents, doxycycline (200-400 mg/day orally [or intravenously, if the patient is unable to take oral
medications]) in 2 divided doses may be adequate. For children =8 years of age, the dosage of doxycycline for this indication is 4-8 mg/kg per day in 2 divided
doses (maximum daily dosage of 200-400 mg).

9 See text. Patients without clinical evidence of meningitis may be treated with an oral regimen. Parenteral antibiotic therapy is recommended for patients
with both clinical and laboratory evidence of coexistent meningitis. Most of the experience in the use of oral antibiotic therapy is for patients with seventh
cranial nerve palsy. Whether oral therapy would be as effective for patients with other cranial neuropathies is unknown. The decision between oral and parenteral
antimicrobial therapy for patients with other cranial neuropathies should be individualized.

" A parenteral antibiotic regimen is recommended at the start of therapy for patients who have been hospitalized for cardiac monitoring; an oral regimen
may be substituted to complete a course of therapy or to treat ambulatory patients. A temporary pacemaker may be required for patients with advanced heart
block.

" Antibiotic-refractory Lyme arthritis is operationally defined as persistent synovitis for at least 2 months after completion of a course of intravenous ceftriaxone
(or after completion of two 4-week courses of an oral antibiotic regimen for patients who are unable to tolerate cephalosporins); in addition, PCR of synovial
fluid specimens (and synovial tissue specimens, if available) is negative for B. burgdorferi nucleic acids.

! Symptomatic therapy might consist of nonsteroidal anti-inflammatory agents, intra-articular injections of corticosteroids, or other medications; expert
consultation with a rheumatologist is recommended. If persistent synovitis is associated with significant pain or if it limits function, arthroscopic synovectomy
can reduce the period of joint inflammation.

examination and imaging studies) [107-109, 111, 149-152].
Encephalomyelitis will be discussed in the section on late ner-
vous system Lyme disease.

Although, in the 1980s, early neurologic Lyme disease was
reported to occur in approximately 10%-15% of untreated
patients with Lyme disease in the United States [107, 153, 154],
the frequency of this manifestation is less in recent series [23,
26, 87-89], possibly because of bias of ascertainment in early
studies or improved recognition and treatment of patients with

erythema migrans. In the United States, cranial neuropathy is
the most common manifestation of early neurologic Lyme dis-
ease [4]. Seventh nerve palsy is the most common of the cranial
neuropathies, and bilateral involvement may occur [155, 156].
In areas where Lyme disease is endemic, ~1 in 4 patients who
present with seventh nerve palsy in nonwinter months can be
shown to have Lyme disease [157]. Seventh nerve palsy due to
Lyme disease can develop in patients who have no recollection
of an erythema migrans lesion or of a tick bite.
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Table 4. Selected antimicrobials, drug regimens, or other mo-
dalities not recommended for the treatment of Lyme disease.

Doses of antimicrobials far in excess of those provided in tables 2
and 3

Multiple, repeated courses of antimicrobials for the same episode
of Lyme disease or a duration of antimicrobial therapy prolonged
far in excess of that shown in table 3

Combination antimicrobial therapy

Pulsed-dosing (i.e., antibiotic therapy on some days but not on
other days)

First-generation cephalosporins, benzathine penicillin G, fluoroquin-
olones, carbapenems, vancomycin, metronidazole, tinidazole, tri-
methoprim-sulfamethoxazole, amantadine, ketolides, isoniazid,
or fluconazole

Empirical antibabesiosis therapy in the absence of documentation
of active babesiosis

Anti-Bartonella therapies

Hyperbaric oxygen therapy

Fever therapy (with or without malaria induction)
Intravenous immunoglobulin

Ozone

Cholestyramine

Intravenous hydrogen peroxide

Vitamins or nutritional managements
Magnesium or bismuth injections

Two case-control studies of pediatric patients in the United
States systematically compared selected clinical and laboratory
features of Lyme meningitis with viral meningitis [158, 159].
In these studies, patients with Lyme meningitis were less likely
to be febrile [158] but were more likely to have been ill for a
longer duration of time (median duration, >7 days), compared
with patients with viral meningitis (median duration of head-
ache, 2 days) [159]. The presence of erythema migrans, cranial
nerve palsy, or papilledema was helpful in differentiating the 2
entities; =1 of these 3 physical findings was observed in ~90%
of patients with Lyme meningitis but in none of the patients
with viral meningitis [158, 159]. In contrast to children, how-
ever, papilledema appears to be uncommon in adults with Lyme
meningitis [160, 161]. The proportion of polymorphonuclear
leukocytes in the CSF of patients with Lyme meningitis is typ-
ically <10% and is significantly lower than that observed in
viral meningitis [158, 159].

The vast majority of patients with early neurologic Lyme
disease are seropositive [157, 162—164]. Patients should have a
total body skin examination to look for a concurrent erythema
migrans lesion and should be questioned to determine whether
one had been present within the preceding 1-2 months. For
the small proportion of patients who have neurologic Lyme
disease but are found to be seronegative by 2-tier testing, a
convalescent-phase serum sample obtained ~2 weeks after the
acute-phase sample will usually yield positive results.

Another diagnostic test that may be helpful in selected cases

is a test for the presence of intrathecal production of antibody
to B. burgdorferi [103, 152, 165, 166]. Tests to determine specific
intrathecal production of antibody are required, because there
may be passive transfer to the CSF of serum antibody to B.
burgdorferi. Amplification of B. burgdorferi DNA in CSF using
PCR by a laboratory with excellent quality control can also be
useful [103, 124, 167], but few laboratories are capable of ac-
curately performing this test. In the absence of erythema mig-
rans, neurologic manifestations are too nonspecific to warrant
a purely clinical diagnosis; laboratory support for the diagnosis
is required.

Evidence to support treatment recommendations.
Available evidence regarding treatment of acute neurologic
Lyme disease in the United States is derived from small case
series [168]. Patients with Lyme meningitis or acute radicu-
lopathy respond to intravenous penicillin [169], although cef-
triaxone is more widely used for this indication because of its
convenient once-daily dosing [170]. European trials have found
that cefotaxime or ceftriaxone is as effective as intravenous
penicillin [171, 172] and that cefotaxime is as effective as cef-
triaxone [173]. Although experience with the use of oral dox-
ycycline for the treatment of meningitis due to Lyme disease
is limited in the United States, this drug, administered orally
or intravenously, has been used successfully in Europe in adults
and in children =8 years of age [174-179]. These studies, how-
ever, have included few patients with encephalomyelitis [178].
In one prospective, open-label, randomized trial from Europe
[176], patients with neuroborreliosis were treated for 14 days
with either oral doxycycline (200 mg per day; n = 31) or in-
travenous penicillin (~20 million U per day; n = 23). No sig-
nificant differences were found in clinical outcome or post-
treatment CSF test results between the study groups. In another
prospective, open-label, nonrandomized trial from Europe, the
rate of improvement in clinical outcome or in CSF cell counts
was similar for adult patients treated for 10-14 days with either
ceftriaxone (2 g intravenously once