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INTRODUCTION — Lyme disease is the most common tick-borne disease in the United 
States and Europe. It is a spirochetal infection caused by Borrelia species (B. burgdorferi 
in the United States, and primarily B. afzelii and B. garinii in Europe and Asia) and is 
transmitted by the bite of infected Ixodes ricinus complex ticks. Lyme disease can 
involve the skin, joints, nervous system, and heart. 

The Infectious Diseases Society of America and the American Academy of Neurology 
published practice guidelines for the treatment of Lyme disease in the United States in 
2006 and 2007, respectively [1,2]. The treatment of Lyme disease in the United States 
will be reviewed here and the recommendations largely reflect these guidelines. 
Antibiotic regimens for the treatment of B. burgdorferi infection are summarized in the 
following table (table 1). 

The microbiology, epidemiology, clinical manifestations, and diagnosis of Lyme disease 
are discussed separately. (See "Microbiology and epidemiology of Lyme disease" and 
"Clinical manifestations of Lyme disease in adults" and "Diagnosis of Lyme disease".) 

The treatment of other tick-borne diseases is reviewed elsewhere. (See "Treatment of 
Rocky Mountain spotted fever" and "Human ehrlichiosis and anaplasmosis" and 
"Southern tick-associated rash illness (STARI)" and "Clinical manifestations, diagnosis, 
treatment, and prevention of babesiosis".) 

CLINICAL STAGES — The clinical manifestations of Lyme disease can generally be 
divided into three phases: early localized, early disseminated, and late disease (table 2). 
However, the clinical features of each stage can overlap and some patients present in a 
later stage of Lyme disease without a history of prior signs or symptoms suggestive of 
earlier Lyme disease: 

• Early localized disease is characterized by the appearance of the characteristic 
skin lesion, erythema migrans (EM), with or without constitutional symptoms 
(picture 1). EM usually occurs within one month following the tick bite. 

• Early disseminated disease is characterized by multiple erythema migrans lesions 
(that typically occur days to weeks after infection) and/or neurologic and/or 
cardiac findings (that typically occur weeks to months after infection). Some of 
these patients have no history of antecedent early localized Lyme disease. 

• Late Lyme disease is typically associated with intermittent or persistent arthritis 
involving one or a few large joints, especially the knee (sometimes preceded by 



migratory arthralgias); and/or certain rare neurologic problems, primarily a subtle 
encephalopathy or polyneuropathy. Late Lyme disease may develop months to a 
few years after the initial infection. Arthritis may be the presenting manifestation 
of the disease. 

PROPHYLAXIS FOR TICK BITE — Antibiotic prophylaxis following a tick bite by an 
Ixodes tick is indicated in some cases. This issue is discussed in detail elsewhere. (See 
"Evaluation of a tick bite for possible Lyme disease", section on 'Antibiotic prophylaxis'.) 

EARLY DISEASE (ERYTHEMA MIGRANS) — Erythema migrans is the primary 
manifestation of early (also called early localized) Lyme disease. It usually occurs a few 
days to one month following an Ixodes tick bite. 

Erythema migrans may be accompanied by fever and regional lymphadenopathy (each 
present in a minority of patients) and a variety of more subjective symptoms such as 
fatigue, malaise, lethargy, headache, neck stiffness, myalgias, and arthralgias (table 
2) [1]. These influenza-like signs and symptoms infrequently occur in the absence of 
erythema migrans. (See "Clinical manifestations of Lyme disease in adults", section on 
'Early localized disease'.) 

Spirochetal dissemination often occurs during the first days or weeks of infection while 
the initial erythema migrans lesion is still present. This may result in multiple erythema 
migrans lesions. Unless the patient also has objective findings suggesting neurologic or 
cardiac involvement, the treatment is the same as that for patients with a single lesion. 
The goal of therapy is to shorten the duration of the signs and symptoms of early disease 
and to reduce the risk of development of late Lyme disease. 

Clinical trials — A number of randomized trials have demonstrated the efficacy of 
antimicrobial therapy in patients with erythema migrans [3-9]. Different antibiotic 
regimens were used in these trials, and the criteria used to define treatment success and 
failure varied. 

The following observations illustrate the range of findings: 

• In a prospective trial, 72 adults with erythema migrans were randomly assigned to 
treatment with amoxicillin with probenecid (500 mg three times daily) or 
doxycycline (100 mg twice daily) each for 21 days [3]. Both regimens were 
equally effective, and none of the patients experienced progression of disease. 

• A randomized multicenter trial of 232 patients with erythema migrans compared 
treatment with cefuroxime axetil (500 mg twice daily) to doxycycline (100 mg 
three times daily) [4]. Each regimen was given for 20 days and both were equally 
effective (clinical success in 90 versus 95 percent, respectively). Similar efficacy 
was noted in another randomized trial comparing these drugs [5]. The only major 
complication at one month posttreatment was Lyme arthritis in one patient who 
was treated with cefuroxime axetil; there were no other cases of Lyme arthritis at 
later follow-up. 



• A randomized multicenter trial of 246 adult patients with erythema migrans found 
that amoxicillin (500 mg three times daily for 20 days) was superior to 
azithromycin (500 mg once daily for seven days) in producing complete 
resolution of signs and symptoms of infection at the end of therapy (88 versus 76 
percent, respectively) [6]. 

• A randomized trial from Europe of 88 patients with erythema migrans showed 
that azithromycin (500 mg on day one, followed by 250 daily for four days) and 
doxycycline (100 mg twice daily for 14 days) resulted in similar outcomes (96 
versus 83 percent clinical success, respectively, which was a non-significant 
difference) [10]. Erythema migrans in Europe is usually caused by B. afzelii, 
which does not usually disseminate. Therefore, doxycycline and azithromycin 
may give equivalent results in that setting. However, in the United States, strains 
of B. burgdorferi usually do disseminate. In studies done in the US, azithromycin 
was not as effective as amoxicillin (and therefore presumably not as effective as 
doxycycline) in the treatment early Lyme disease with hematogenous 
dissemination [6]. 

Among patients with early disseminated disease, oral doxycycline is as effective as 
intravenous ceftriaxone. This was illustrated in an open-label controlled trial of 140 
patients with early disseminated Lyme disease without meningitis who were randomly 
assigned to oral doxycycline (100 mg twice daily for 21 days) or ceftriaxone (2 g once 
daily intravenously or intramuscularly for 14 days) [9]. Disseminated disease was 
considered present if the patient had at least one of the following findings: more than one 
erythema migrans lesion, carditis manifested by heart block, neurologic abnormalities 
(facial nerve palsy or radiculitis of less than three months' duration), and acute large joint 
arthritis. 

The rate of clinical cure was the same in both groups (88 and 85 percent, respectively), 
while treatment failure occurred in one patient in each group. Persistent symptoms at the 
last follow-up, usually mild arthralgias, were less common with doxycycline (14 versus 
27 percent), but this difference was not statistically significant. 

Choice of antimicrobial — Based upon the results of the above trials, oral doxycycline, 
amoxicillin, and cefuroxime axetil have equivalent efficacy for the treatment of early 
Lyme disease. We recommend treatment with one of these drugs in patients with 
erythema migrans. Doxycycline is often used because it is effective in treating a potential 
coinfecting agent, Anaplasma phagocytophilum. Of the oral agents commonly used to 
treat Lyme disease, doxycycline has the best penetration into the central nervous system. 
Doxycycline is not recommended for children under the age of eight years or for pregnant 
or lactating women. However, a single treatment course of doxycycline may be given to 
children younger than eight years in whom the alternate agents are contraindicated. 

In the United States, macrolides (eg, azithromycin, clarithromycin, erythromycin) are 
NOT recommended as first-line therapy for erythema migrans because they are less 
effective than amoxicillin [6] and presumably the other first-line drugs. Some strains of 
B. burgdorferi exhibit resistance to macrolides [11,12]. Macrolides should be reserved for 
the minority of patients who are intolerant of amoxicillin, doxycycline, and 



cefuroxime axetil (table 1) [1]. Early studies with macrolides used only short (5 to 7 day) 
courses of treatment [6,10]. It is unknown whether longer courses (14 to 21 days) are as 
effective as other therapies. Patients treated with a macrolide should be followed closely 
for evidence of an inadequate response such as persistent objective findings of Lyme 
disease, relapse after apparent clinical response, or evolution into a later stage of Lyme 
disease [1]. 

First-generation cephalosporins (eg, cephalexin) are NOT effective for Lyme disease and 
should not be used [1,13,14]. In some cases, erythema migrans may be confused with 
cellulitis. When this occurs in a Lyme-endemic area, it is appropriate to treat a skin rash 
with an antibiotic that will treat both cellulitis pathogens and Lyme disease (eg, 
amoxicillin-clavulanate or cefuroxime). 

Possible coinfection — Patients with Lyme disease in endemic areas may be coinfected 
with the other infections transmitted by Ixodes ticks: Anaplasma phagocytophilum, 
which causes human granulocytic anaplasmosis (previously called human granulocytic 
ehrlichiosis), and Babesia microti in the United States; and tick-borne encephalitis virus 
in Europe. In different studies of patients with Lyme disease in the United States, the 
reported prevalence of coinfection has ranged from 4 to 28 percent. (See "Clinical 
manifestations of Lyme disease in adults", section on 'Coinfection with other tick-borne 
pathogens'.) 

Among the three drugs used for erythema migrans, only doxycycline is effective against 
A. phagocytophilum, which causes human granulocytic anaplasmosis (HGA, previously 
called human granulocytic ehrlichiosis). Thus, in patients infected in areas endemic for 
both Lyme disease and HGA, we suggest treatment with doxycycline. (See "Human 
ehrlichiosis and anaplasmosis".) 

None of the antibiotics used for Lyme disease is effective in the treatment of Babesia 
microti or tick-borne encephalitis virus. (See "Clinical manifestations, diagnosis, 
treatment, and prevention of babesiosis" and "Arthropod-borne encephalitides", section 
on 'Tick-borne encephalitis virus'.) 

Dosing — Dosing of antibiotics for early Lyme disease is as follows: 

• Doxycycline 100 mg orally twice daily for adults; 2 mg/kg twice daily (maximum 
100 mg dose) for children ≥8 years of age 

• Amoxicillin 500 mg three times daily for adults; 50 mg/kg per day in three 
divided doses (maximum 500 mg per dose) for children 

• Cefuroxime axetil 500 mg twice daily for adults; 30 mg/kg per day in two divided 
doses (maximum 500 mg per dose) for children 

Duration — Most of the trials of therapy for erythema migrans used a treatment duration 
of 21 days [3-9]. However, other trials of doxycycline have shown that 10 to 14 days of 
therapy is as effective as more prolonged therapy in most patients [15-17]. 



The best data about the relationship between treatment duration and efficacy come from a 
randomized double-blind trial in which 180 patients with erythema migrans were 
assigned to one of three treatment groups: 10 days of doxycycline; one dose of 
intravenous ceftriaxone followed by 10 days of doxycycline; or 20 days of doxycycline 
[15]. Efficacy was assessed at 20 days and at 3, 12, and 30 months. 

There was no significant difference in outcome among the groups at any of the follow-up 
time points. One of 61 patients who received 10 days of doxycycline developed Lyme 
meningitis at day 18 and was successfully treated with two weeks of intravenous 
ceftriaxone. 

Recommendations — In keeping with the 2006 Infectious Diseases Society of America 
guidelines, we recommend treatment of patients with erythema migrans with 
doxycycline, amoxicillin, or cefuroxime [1]. (See 'Dosing' above.) 

Doxycycline is generally preferred because it is also effective against A. 
phagocytophilum, which causes human granulocytic anaplasmosis. However, 
doxycycline should be avoided in pregnant women and children under eight years of age; 
amoxicillin or cefuroxime is preferred in such patients. 

Doxycycline should be given for 10 to 21 days; amoxicillin and cefuroxime axetil should 
be given for 14 to 21 days, depending upon the response to therapy (table 1). (See 
'Dosing' above.) 

Among patients with early disseminated disease, we suggest doxycycline for 21 days in 
patients who have no neurologic disease other than isolated facial nerve palsy (table 
1) [9]. Although ceftriaxone is as effective, it has the disadvantage of requiring parenteral 
administration. (See 'Acute neurologic manifestations' below.) 

Response to therapy — The majority of patients with early Lyme disease who receive 
appropriate antibiotic therapy have complete resolution of the signs and symptoms of 
infection within 20 days [6] and, in one trial, erythema migrans and its associated 
symptoms resolved in a mean of five to six days [7]. Patients who are more systemically 
ill at the beginning of treatment may take longer to recover [4]. In addition, appropriate 
dosing and duration of therapy early in the course (ie, within weeks of the onset of 
infection) prevents progression to late Lyme disease [5,7]. 

Some patients have mild subjective symptoms, such as headache, musculoskeletal pain, 
arthralgia, or fatigue, that persist for weeks to months after treatment [3,5-7]. These 
subjective findings often resolve spontaneously, usually within six months, without 
further antibiotic therapy [3]; they are not due to ongoing active Lyme disease. More 
prolonged subjective symptoms after appropriate antibiotic therapy has been called the 
post-Lyme disease syndrome. (See 'Post-Lyme disease syndrome and chronic Lyme 
disease' below and "Clinical manifestations of Lyme disease in adults", section on 'Post-
Lyme disease syndrome and chronic Lyme disease'.) 

Patients with persistent objective findings, particularly high fever, may be coinfected 
with the other tick-borne infections transmitted by Ixodes ticks. Investigation for 



coinfection with these agents is warranted if the initial antimicrobial does not have 
activity against these pathogens. (See 'Possible coinfection' above.) 

Almost all patients who have a satisfactory response to antibiotic therapy do well over the 
long term. Among 201 patients in two randomized treatment trials who had a satisfactory 
outcome at one month and were evaluable at one year posttreatment, 190 (95 percent) 
continued to have a satisfactory outcome [4,5]. 

Jarisch-Herxheimer reaction — Oral therapy for Lyme disease is generally well tolerated. 
However, up to 15 percent of patients with early Lyme disease, particularly those with 
multiple erythema migrans lesions, experience a transient worsening of symptoms during 
the first 24 hours of therapy, consistent with a Jarisch-Herxheimer reaction, which is due 
to the host immune response to antigens released by dying organisms [4,7,18]. 

EARLY DISSEMINATED DISEASE — Early disseminated Lyme disease is 
characterized by neurologic and cardiac manifestations. 

Acute neurologic manifestations — Patients presenting with acute neurologic 
manifestations of Lyme disease often require intravenous antibiotic therapy. (See 
"Clinical manifestations of Lyme disease in adults", section on 'Early disseminated 
disease'.) 

Meningitis, cranial neuropathy (particularly facial nerve palsy), and sensory or motor 
radiculoneuropathy, alone or in combination, are the most common manifestations of 
acute neurologic Lyme disease. (See "Clinical manifestations of Lyme disease in adults", 
section on 'Neurologic manifestations'.) 

Clinical studies — Treatment recommendations for patients with acute neurologic 
manifestations are based upon small case series from the United States [19], as well as 
prospective open-label trials, most of which were conducted in Europe [20-25]. 

The following findings were noted in different studies: 

• High-dose intravenous penicillin was associated with more rapid resolution of 
symptoms in 12 patients compared with historical controls treated with 
prednisone [19]. 

• Ceftriaxone and cefotaxime were as effective as penicillin [ 24,25] and the two 
cephalosporins had equal efficacy [22]. 

• Oral doxycycline and intravenous penicillin were equally effective as all patients 
responded [20]. 

In Europe, oral doxycycline is routinely used as it has been demonstrated to be effective 
for early disseminated Lyme disease with neurologic manifestations, including meningitis 
[20,26,27]. This practice has not been studied in the United States, in part due to the 
smaller number of cases of neurologic disease [1,2]. Although there are differences 
among the strains prevalent in Europe and the United States, there are no in vitro data to 
suggest differences in susceptibility to doxycycline [28,29]. Doxycycline has moderately 



good penetration into the CSF, which was shown in one study to be comparable to that of 
intravenous penicillin [30]. Doxycycline has oral bioavailability >98 percent, making oral 
dosing equivalent to intravenous dosing. The use of doxycycline for neurologic Lyme 
disease in the United States is not currently recommended, but may be considered in 
select cases in which intravenous therapy is not practical. 

Facial nerve palsy — The majority of patients with isolated facial nerve palsy can be 
treated successfully with oral doxycycline [18,21,31]. Antibiotic therapy does not have a 
major impact on the outcome of facial palsy. However, treatment is recommended to 
prevent other complications of disseminated Lyme disease. The majority of patients with 
Lyme facial palsy recover fully (median time to recovery in one study was 26 days with a 
range of 1 to 270 days) [31]. The prognosis is worse for patients with bilateral facial 
palsy compared with unilateral palsy. 

In a prospective, nonrandomized study of 29 patients in Sweden with Lyme facial nerve 
palsy and meningitis, treatment with oral doxycycline (200 to 400 mg daily) for 9 to 17 
days was associated with clinical recovery in 26 patients (90 percent) within six months 
[21]. Post-treatment cerebrospinal fluid (CSF) examination showed a marked 
improvement in cell and protein levels as compared to pretreatment CSF analysis in all 
patients. 

Despite these findings, the 2006 Infectious Diseases Society of America (IDSA) 
guidelines and the 2007 American Academy of Neurology (AAN) practice parameter 
recommend parenteral therapy with ceftriaxone or an alternate agent when abnormal CSF 
findings are present [1,2]. In the United States, only patients with isolated facial nerve 
palsy in the absence of abnormal cerebrospinal fluid findings, meningitis, or 
radiculoneuritis, are treated with oral doxycycline (as opposed to parenteral ceftriaxone, 
cefotaxime, or penicillin). 

Given that headache and neck stiffness are frequent complaints in patients with early 
Lyme disease, the decision of whether to perform a lumbar puncture in patients with 
facial nerve palsy who also have these features can be challenging. The IDSA 
recommends lumbar puncture in patients with facial nerve palsy in whom there is a 
strong clinical suspicion of central nervous system involvement (eg, severe or prolonged 
headache or nuchal rigidity) [1]. 

There is no established role for glucocorticoids as an adjunctive therapy for the 
neurologic manifestations of Lyme disease, although there has been interest in using 
these agents in an attempt to decrease the duration or severity of facial nerve palsy [2]. A 
retrospective review of 101 patients with facial nerve palsy due to Lyme disease found no 
difference in outcomes between those who received glucocorticoids and those who did 
not [31]. In addition, in a study that followed patients with Lyme disease for 10 to 20 
years, no benefit was afforded by glucocorticoids [32]. 

Recommended antibiotics — Intravenous antibiotic therapy is indicated for acute 
neurologic manifestations of Lyme disease with the exception of isolated facial palsy, 
which can usually be treated with oral antibiotics. 



• Acute neurologic disease — Recommended antibiotic regimens for acute 
neurologic disease include (table 1): 

• Ceftriaxone (in adults: 2 g intravenously once daily; in children: 50 to 75 mg/kg 
intravenously once daily, maximum dose 2 g) OR 

• Cefotaxime (in adults: 2 g intravenously every eight hours; in children: 150 to 200 
mg/kg intravenously per day divided in three doses, maximum dose 6 g per day) 
OR 

• Penicillin G (in adults: 18 to 24 million units per day intravenously divided into 6 
daily doses; in children: 200,000 to 400,000 units/kg per day divided into 6 daily 
doses, maximum 18 to 24 million units per day) 
 
Adults and children ≥8 years who are intolerant of beta-lactam antibiotics should 
receive oral doxycycline (in adults: 200 to 400 mg per day in two divided doses; 
in children: 4 to 8 mg/kg per day in two divided doses, maximum, 100 to 200 mg 
per dose). The higher dose of doxycycline may not be well tolerated. In addition, 
some patients with neuroborreliosis in the United States require intravenous 
antibiotic therapy for successful treatment of the infection. Desensitization to a 
cephalosporin or penicillin may be considered in patients with a history of an IgE-
mediated (anaphylactic) reaction to these agents. (See "Allergy to penicillins", 
section on 'Desensitization'.) 

• Isolated facial nerve palsy — For isolated facial nerve palsy, the preferred agent is 
oral doxycycline 100 mg orally twice daily for adults; 2 mg/kg twice daily 
(maximum 100 mg per dose) for children ≥8 years of age. However, doxycycline 
is not recommended for children under the age of eight years or for pregnant or 
lactating women. A single treatment course of doxycycline may be given to 
children younger than eight years in whom the alternate agents are 
contraindicated. Amoxicillin and cefuroxime may be effective alternatives to 
doxycycline, but this has not been demonstrated in clinical trials. (See 
'Recommendations' above.) 
 
Intravenous antibiotic therapy may be warranted for facial palsy if the CSF 
findings include a pleocytosis, elevated protein concentration, or increased 
concentration of specific anti-B. burgdorferi antibodies when compared with 
serum. 

Duration of therapy — The duration of treatment investigated for neurologic Lyme 
disease has ranged from 10 to 28 days for meningitis or radiculopathy and from 14 to 21 
days for facial nerve palsy [1]. In Europe, a 10 to 14 day course was associated with 
excellent outcomes in two randomized, controlled trials [20,25]. 

The 2006 Infectious Diseases Society of America (IDSA) guidelines and the 2007 
American Academy of Neurology (AAN) practice parameter recommend a treatment 
duration of 14 days for acute neurologic manifestations of Lyme disease, although any 



duration within the above range (10 to 28 days) is considered acceptable by the IDSA 
[1,2]. 

There are no studies to help guide length of therapy within the range suggested by the 
guidelines. Furthermore, there are no diagnostic tests that can determine clearance of 
infection or predict the success of therapy. Resolution of neurological symptoms is often 
delayed and persistence of symptoms is not necessarily indicative of treatment failure. In 
the United States, many practitioners favor using longer courses of antibiotics (21 to 28 
days), particularly for those with evidence of more severe infection. A 14-day course is 
adequate in selected patients with mild to moderate signs and symptoms. 

Patients with isolated facial nerve palsy are generally treated for 14 to 28 days. We prefer 
a 28-day course if the facial nerve palsy has not resolved within 14 days. A 14-day course 
is generally adequate if the facial nerve palsy is of short duration. In some patients, facial 
nerve palsy persists for months regardless of the duration or route of administration (oral 
versus intravenous) of antibiotic therapy. 

Carditis — The cardiac manifestations (eg, atrioventricular block and myocarditis) that 
may be seen in early disseminated Lyme disease are discussed separately. (See "Lyme 
carditis".) 

No comparative trials have been performed to identify the optimal antibiotic regimen for 
Lyme carditis. Because of the potential for life-threatening complications, patients who 
are symptomatic (eg, syncope, dyspnea, or chest pain), have second- or third-degree 
atrioventricular block, or have first-degree heart block with a markedly prolonged PR 
interval (≥300 milliseconds) should be hospitalized, monitored with cardiac telemetry, 
and treated with parenteral antibiotics such as ceftriaxone, cefotaxime, or penicillin 
G (table 1) [1]. The dosing is the same as for acute neurologic disease. (See 'Acute 
neurologic manifestations' above.) 

Desensitization to ceftriaxone, cefotaxime, or penicillin should be considered in patients 
who require intravenous therapy but have a history of an IgE-mediated (anaphylactic) 
reaction to these agents. (See "Allergy to penicillins", section on 'Desensitization'.) 

Intravenous antibiotics are typically given until heart block resolves; the patient is then 
switched to oral therapy to complete of a 21 day course. 

Asymptomatic patients with first-degree atrioventricular heart block and a PR interval 
less than 300 milliseconds can be treated with oral therapy for a total duration of 21 days 
(table 1). 

LATE DISEASE — Arthritis and, in rare instances, subtle neurologic findings, are the 
major manifestations of late Lyme disease. (See "Clinical manifestations of Lyme disease 
in adults", section on 'Late disease'.) 

Arthritis — In the first weeks to months of Lyme disease, patients can have migratory 
musculoskeletal pain, including pain in joints, muscles, tendons, bursae, and bone, 
usually in one or a few locations at a time. Later in the infection, untreated patients in the 
United States often develop frank arthritis, which is usually manifested as marked 



swelling and pain in one or a few large joints, especially the knee. Without antibiotic 
treatment, Lyme arthritis typically is characterized by intermittent attacks. Patients may 
have persistent fatigue between attacks. (See "Musculoskeletal manifestations of Lyme 
disease".) 

Patients who have prominent musculoskeletal symptoms in association with erythema 
migrans are treated in the same way as those with isolated erythema migrans (see 
'Recommendations' above). In contrast, those with Lyme arthritis (joint swelling and 
pain) are treated for a longer duration. 

Lyme arthritis can usually be treated successfully with a one-month course of oral 
doxycycline or amoxicillin. However, there are patients who require intravenous 
antibiotic therapy for successful treatment of the infection, and in rare cases, patients may 
have persistent synovitis despite treatment with oral and intravenous antibiotic therapy. 
Such patients are usually treated with antiinflammatory therapy or arthroscopic 
synovectomy. The treatment of Lyme arthritis in the absence of neurologic findings is 
discussed in detail separately (table 1). If a person has had previous attacks of arthritis but 
is currently asymptomatic or has persistent fatigue and has not previously received 
antibiotic therapy, it is reasonable to treat with a one month course of appropriate oral 
antibiotics to prevent subsequent attacks of arthritis. (See "Musculoskeletal 
manifestations of Lyme disease", section on 'Management of Lyme arthritis'.) 

Patients with both Lyme arthritis and neurologic manifestations should be treated 
according to the recommendations for neurologic disease (table 1). (See 'Late neurologic 
findings' below.) 

Late neurologic findings — The clinical manifestations of late neurologic Lyme disease 
include a subtle encephalopathy, peripheral neuropathy, and encephalomyelitis. These are 
all extremely rare manifestations of late Lyme disease, even in untreated patients. With 
appropriate antibiotic therapy for early Lyme disease, late neurologic findings have 
almost disappeared. 

Clinical studies — Treatment recommendations for patients with late neurologic 
manifestations of Lyme disease acquired in the United States are based upon small 
studies. The following observations illustrate the range of findings: 

• In a randomized trial, 23 patients with late Lyme disease with arthritis or 
neurologic findings were randomly assigned to intravenous penicillin (20 million 
units per day for 10 days) or ceftriaxone (4 g per day for 14 days) [24]. Among 
the 13 patients who received ceftriaxone, only one did not respond (ongoing 
fatigue and memory problems); in contrast, 5 of the 10 patients who received 
penicillin failed therapy. In a subsequent phase of the study that compared 2 g to 4 
g of ceftriaxone for 14 days, the outcomes were similar in both groups as 13 
percent of patients had persistent symptoms. 

• An uncontrolled study evaluated 27 patients with Lyme encephalopathy and/or 
polyneuropathy [33]. The administration of ceftriaxone (2 g/day for two weeks) 
led to improvement in 17 (63 percent), improvement followed by relapse in six 



(22 percent), and no response in four (15 percent). The cerebrospinal fluid (CSF) 
findings generally improved after antibiotic therapy regardless of the clinical 
response, whereas objective neurologic tests improved primarily in patients with 
symptomatic improvement. 
 
The same researchers subsequently performed another uncontrolled study in 
which 18 consecutive patients with Lyme encephalopathy were treated with 
intravenous ceftriaxone (2 g once daily for 30 days) [34]. The mean duration of 
encephalopathy was 24 months and the mean interval between erythema migrans 
and the development of encephalopathy was 72 months. At six months following 
treatment, 14 of the 15 patients (93 percent) had improvement in symptoms. In 
addition, verbal memory scores were significantly higher and CSF protein levels 
were significantly lower in the 10 patients who had follow-up analysis. 

• Ceftriaxone therapy given for two to four weeks may also be effective in children 
with late neurologic Lyme disease. This was illustrated in observational study of 
five such children; gradual improvement in symptoms occurred in all four of the 
children in whom follow-up information was available [35]. 

From the above data, it is not possible to determine if a 30 day course of antibiotic 
therapy is superior to a 14 day course for late neurologic Lyme disease. The Infectious 
Diseases Society of America and the American Academy of Neurology recommend a 
treatment duration of 14 days [1,2]. 

Recommended antimicrobials — Treatment recommendations are the same for both the 
early and late neurologic manifestations of Lyme disease (table 1) [1,2]. (See 
'Recommendations' above and 'Duration of therapy' above.) 

PREGNANCY — Women who develop Lyme disease during pregnancy should be 
treated according to their disease manifestations. One limitation is that 
doxycycline should be avoided during pregnancy. There is no evidence that Lyme disease 
during pregnancy causes harm to the developing fetus. These issues are discussed in 
detail separately. (See "Clinical manifestations of Lyme disease in adults", section on 
'Pregnancy'.) 

POST-LYME DISEASE SYNDROME AND CHRONIC LYME DISEASE —
 Treatment with appropriate antibiotics as defined above is successful in the majority of 
patients with each of the stages of Lyme disease. Most patients with early disease have 
complete resolution of the signs and symptoms of infection within 20 days [6,7]. In 
contrast, the response to therapy is often slower in patients with late disease, particularly 
late neurologic manifestations. (See 'Response to therapy' above and 'Late 
disease' above.) 

Microbiologic treatment failure does occur, but is rare. No strain of B. burgdorferi has 
been described that is resistant to the primary antibiotics recommended for therapy 
[12,36]. Poor absorption or noncompliance with treatment is a more likely explanation 
for treatment failure than intrinsic resistance of the organism. 



When the term "treatment failure" is used, it usually refers to symptoms that have 
persisted or recurred. Some Lyme disease patients have mild subjective symptoms, such 
as headache, musculoskeletal pain, arthralgia, lethargy, cognitive complaints, and/or 
fatigue, that persist for weeks to months after treatment [3,5-7,37]. (See "Clinical 
manifestations of Lyme disease in adults", section on 'Post-Lyme disease syndrome and 
chronic Lyme disease'.) 

The following observations have addressed the issue of persistent symptoms: 

• In a trial of patients with early Lyme disease, mild subjective symptoms were 
noted after treatment in almost one-half of patients and correlated significantly 
with the severity of the initial illness [7]. Extending antibiotic therapy from 10 to 
20 days had no effect on the frequency of these symptoms [7], which typically 
resolve within six months [3]. 

• In a retrospective cohort study, patients with a history of treated Lyme disease 
were significantly more likely than controls to report joint pains (odds ratio [OR] 
2.1) and memory impairment (OR 1.9) at a mean of six years after treatment [37]. 
However, physical examination and neurocognitive studies performed in a 
blinded fashion showed no differences between cases and controls. 

• Randomized controlled trials of repeat antimicrobial therapy in patients with 
persistent symptoms after recommended therapy for Lyme disease have NOT 
shown benefit. By contrast, prolonged treatment with antibiotics has been 
associated with a variety of adverse effects (including death) as well as enhancing 
selection of resistant bacteria. (See 'Lack of benefit from additional 
antibiotics' below.) 

Based upon such observations, the Infectious Diseases Society of America (IDSA) in 
2006, the American Academy of Neurology in 2007, and the Ad Hoc International Lyme 
Disease Group in 2007 concluded that the chronic subjective symptoms that may occur 
after recommended courses of antibiotic therapy for Lyme disease are not due to 
persistent infection with B. burgdorferi [1,2,38]. 

Reasons for lack of response — There are several reasons for lack of response to standard 
antibiotic therapy. These include: 

• The initial diagnosis of Lyme disease was incorrect [39-42]. The frequency with 
which this might occur in the community was illustrated in a review of 209 
patients with a presumptive diagnosis of Lyme disease: only 44 (21 percent) met 
criteria for active Lyme disease, 40 (19 percent) had prior but not active Lyme 
disease, and 125 (60 percent) had no evidence of current or prior Lyme disease 
[40]. 

• Patients with early Lyme disease may be coinfected with another agent 
transmitted by Ixodes ticks, such as Babesia spp or Anaplasma phagocytophilum, 
which cause babesiosis and human granulocytic anaplasmosis, respectively. 
However, coinfection would not be an explanation for lack of response in patients 
with late Lyme disease, such as Lyme arthritis. (See 'Possible coinfection' above.) 



• It is possible to have both Lyme disease that has been cured and another condition 
that persists. Examples include fibromyalgia, depression, patellofemoral joint 
disease, or another clinical entity not related to Lyme disease. Fibromyalgia, in 
particular, can occur following treatment for Lyme disease. (See "Clinical 
manifestations of Lyme disease in adults", section on 'Post-Lyme disease 
syndrome and chronic Lyme disease'.) 

• The knee synovitis of Lyme disease may persist for months after antibiotic 
therapy possibly due to the triggering of an autoimmune process [43,44]. 

• In patients with previous neurologic involvement, permanent tissue damage may 
have occurred. 

Lack of benefit from additional antibiotics — Post-Lyme disease symptoms are difficult 
to treat. Randomized controlled trials of repeat antimicrobial therapy in such patients 
have NOT shown benefit [45-49]. 

Two parallel multicenter controlled trials were performed of prolonged antibiotic therapy 
in a total of 129 patients with clinical evidence of Lyme disease and persistent subjective 
symptoms [45]. The symptoms began within six months of the original treatment for 
acute Lyme disease and lasted for at least six months but less than 12 years by the time of 
study entry. One trial was conducted in 78 seropositive patients and one in 51 
seronegative patients who had clinician observed erythema migrans lesions. Treatment 
with intravenous ceftriaxone (2 g once daily for 30 days) followed by oral 
doxycycline (100 mg PO twice daily for 60 days) was compared with treatment with 
placebo (also identically administered IV then orally). 

The two trials were terminated early after an interim analysis in the first 107 patients 
showed similar outcomes in the two groups. As an example, improvement in physical and 
mental component scales was seen in 37 percent of seropositive patients receiving 
antibiotics and 40 percent receiving placebo, no change in 29 and 26 percent, and 
worsening in 34 percent in both groups. 

Another trial included 55 patients with Lyme disease and severe fatigue for at least six 
months after appropriate antibiotic therapy; the patients were randomly assigned to 28 
days of therapy with intravenous ceftriaxone (2 g once daily) or placebo [47]. Treated 
patients had significant improvement in fatigue compared to those given placebo (26 
versus 13 percent, respectively), but there was no difference in cognitive function or a 
laboratory measure of persistent infection. The authors concluded that intravenous 
therapy was not indicated for post-Lyme disease fatigue symptoms. 

This was also illustrated in a trial in which 37 patients with post-treatment neurocognitive 
findings and 20 controls were randomly assigned to 10 weeks of intravenous 
ceftriaxone or placebo [48]. Short-term cognitive improvement was noted at week 12, but 
was not sustained at week 24 in patients who received ceftriaxone. In addition, 26 percent 
of those who received ceftriaxone experienced serious adverse effects, most commonly 
related to the peripherally-inserted central intravenous catheter. 



Other reports of serious adverse effects in patients receiving prolonged courses of 
antibiotics for presumed Lyme disease have included anaphylaxis [47], severe or fatal 
catheter-associated bloodstream infections [47,50], and fatal Clostridium difficile colitis 
[51].  

Recommended approach — Reevaluation, rather than immediate or reflexive retreatment, 
is the proper next step in cases of apparent refractory symptoms after a course of 
appropriate therapy [42]. Further antibiotic therapy for Lyme disease should NOT be 
given unless there are objective findings of active disease (including physical findings, 
abnormalities on cerebrospinal or synovial fluid analysis, or changes on formal 
neuropsychologic testing). (See "Diagnosis of Lyme disease".) 

In 2006 and 2007, Infectious Diseases Society of America (IDSA), the American 
Academy of Neurology (AAN) quality standards subcommittee, and the Ad Hoc 
International Lyme Disease Group separately reviewed the use of additional antibiotic 
treatment in patients with persistent symptoms after Lyme disease and concluded that 
additional or prolonged antibiotic treatment beyond the initial treatment course is not 
effective and is associated with significant adverse effects [1,2,38,52]. It was 
recommended that extended courses of antibiotics NOT be given for presumed "chronic" 
Lyme disease. 

In contrast to these general recommendations, selected patients with persistent Lyme 
arthritis should receive a second course of antibiotics. (See "Musculoskeletal 
manifestations of Lyme disease".) 

ASYMPTOMATIC SEROPOSITIVE INDIVIDUALS — Approximately 10 percent of 
individuals infected with B. burgdorferi have asymptomatic IgG seroconversion by 
ELISA and Western blot [53]. In addition, many patients request testing for Lyme 
disease, often in the absence of findings to suggest that they are infected. 

If IgG serologic tests are positive, the question then arises as to whether treatment is 
warranted. Assuming that a positive ELISA has been corroborated by Western blot 
analysis (ie, the ELISA is a true positive), a clinical evaluation should be performed to 
rule out subtle manifestations of Lyme disease. If there are clinical features compatible 
with Lyme disease, we treat with the regimen most appropriate for those findings. 

If constitutional symptoms are present, or even if no symptoms are uncovered, we 
suggest giving a single 28 day course of oral doxycycline or amoxicillin to seropositive 
patients who have not previously received antibiotic therapy for Lyme disease. The main 
argument for treating asymptomatic seropositive patients is that some patients with late 
manifestations of Lyme disease have no history of prior features of the disease. Thus, true 
asymptomatic seropositivity could represent early subclinical infection that may progress 
to late Lyme disease. It should be noted that some experts would not treat asymptomatic 
seropositive individuals with antibiotics given that the potential benefit of treatment in 
such patients has not been established definitively.  



Even in seropositive patients, constitutional symptoms may not be due to Lyme disease. 
Therefore, if patients fail to improve after a single 28 day course of oral antibiotics, we 
would not suggest further antibiotic treatment for Lyme disease. 

We do NOT recommend serologic tests for patients who have had tick bites but have no 
symptoms of Lyme disease, since the incidence of asymptomatic seroconversion 
following a tick bite is extremely low. Among 869 patients in two randomized controlled 
trials of chemoprophylaxis in the United States, no asymptomatic seroconversions were 
detected following tick bites [54,55]. 

INFORMATION FOR PATIENTS — Educational materials on this topic are available 
for patients. (See "Patient information: Lyme disease symptoms and diagnosis" and 
"Patient information: Lyme disease treatment" and "Patient information: Lyme disease 
prevention".) We encourage you to print or e-mail these topic reviews, or to refer patients 
to our public web site, www.uptodate.com/patients, which includes these and other 
topics. 

SUMMARY AND RECOMMENDATIONS — The treatment of Lyme disease depends 
upon the clinical manifestations of the disease as summarized in the Table (table 1). 

Early (erythema migrans) 

• Early disease usually occurs a few days to one month after an Ixodes tick bite and 
is typically characterized by an erythema migrans skin lesion with or without 
nonspecific complaints resembling a viral syndrome. (See 'Early disease 
(erythema migrans)' above.) 

• We recommend treatment for adults and children ≥8 years of age with early Lyme 
disease with one of the following antibiotics: doxycycline, amoxicillin, or 
cefuroxime axetil (table 1) (Grade 1A). (See 'Choice of antimicrobial' above.) 

• We recommend that doxycycline be avoided in children <8 years of age with 
early localized Lyme disease (Grade 1C). Such children should receive 
amoxicillin or cefuroxime axetil. (See 'Choice of antimicrobial' above.) 

• We recommend that treatment of pregnant or lactating women with early Lyme 
disease be the same as for nonpregnant patients except that doxycycline should be 
avoided (Grade 1C). (See 'Choice of antimicrobial' above and 
'Pregnancy' above.) 

• We suggest treatment with doxycycline for most patients with early localized 
Lyme disease as it is effective against both Lyme disease and human granulocytic 
anaplasmosis (Grade 2B). (See 'Choice of antimicrobial' above.) 

• The typical duration of therapy for erythema migrans is 10 to 21 days (table 1). 
(See 'Recommendations' above.) 

• Up to 15 percent of patients, particularly those with multiple erythema migrans 
skin lesions, may experience a transient worsening of symptoms during the first 



24 hours of therapy for early Lyme disease, consistent with a Jarisch-Herxheimer 
reaction. (See 'Jarisch-Herxheimer reaction' above.) 

Early disseminated 

• Early disseminated disease occurs weeks to months after the tick bite and may 
include cardiac, neurologic, and musculoskeletal manifestations. (See 'Early 
disseminated disease' above.) 

• We recommend that patients with early disseminated disease with isolated facial 
nerve palsy (in the absence of CSF abnormalities) be treated with oral therapy as 
for early localized disease (Grade 1B). The typical duration is 14 to 28 days. (See 
'Recommended antibiotics' above.) 

• For patients who have early disseminated disease with meningitis, we recommend 
intravenous antibiotic therapy (Grade 1C). The typical duration is 28 days. (See 
'Recommended antibiotics' above.) 

• We recommend that all patients with early disseminated disease and carditis who 
are symptomatic, have second- or third-degree atrioventricular heart block, or 
have first-degree heart block with a prolonged PR interval (ie, ≥30 msec), be 
treated with parenteral antibiotics such as ceftriaxone, cefotaxime, or penicillin 
G in the hospital (Grade 1C). The patient should continue to receive parenteral 
therapy until the heart block has resolved, and should then be switched to oral 
therapy to complete a 21 day course (table 1). (See 'Carditis' above.) 

• Asymptomatic patients with early disseminated disease and first-degree 
atrioventricular heart block can be treated with oral or intravenous therapy. The 
typical duration of therapy is 21 days. (See 'Carditis' above.) 

Late 

• Late Lyme disease occurs months to years after the tick bite. Arthritis is the major 
manifestation; neurologic findings also may occur but are rare. (See 'Late 
disease' above.) 

• The treatment of Lyme arthritis in the absence of neurologic findings is discussed 
separately. (See "Musculoskeletal manifestations of Lyme disease", section on 
'Management of Lyme arthritis'.) 

• We recommend that patients with late Lyme neurologic disease be treated with 
intravenous therapy with ceftriaxone, cefotaxime, or penicillin G (table 1) (Grade 
1C). The typical duration of therapy is for 28 days. (See 'Late neurologic 
findings' above.) 

Post-Lyme disease symptoms 

• We recommend that extended courses of antibiotics NOT be given for presumed 
"chronic" Lyme disease given the lack of evidence demonstrating benefit and the 



potential for adverse effects. (See 'Post-Lyme disease syndrome and chronic 
Lyme disease' above.) 

Asymptomatic seropositivity 

• We suggest giving a single course of oral therapy to asymptomatic seropositive 
patients who have not previously received antibiotic therapy for Lyme disease 
(Grade 2C). Such patients should receive a single 28 day course of oral 
doxycycline or amoxicillin. Some experts would not treat asymptomatic 
seropositive individuals with antibiotics given that the potential benefit of 
treatment in such patients has not been established definitively. (See 
'Asymptomatic seropositive individuals' above.) 
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