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A 32-year-old pregnant woman from southeastern Connecticut presents to her physi-
cian in July at 26 weeks’ gestation because of a skin lesion. She reports she has had 
fatigue, arthralgia, and headache for 2 days and a rash in her left axilla for 1 day. She 
lives in a wooded area and works in her garden frequently. Six weeks earlier, she had 
removed a small tick that was attached behind her right knee. On physical examina-
tion, she is afebrile. She has an erythematous, oval macular lesion, 7 to 8 cm in diam-
eter, in her left axilla, with enhanced central erythema; no other abnormalities are 
noted. How should her case be managed?

The Clinic a l Problem

Lyme disease, a zoonosis, is transmitted by certain ixodid ticks and is the most 
common reportable vectorborne disease in the United States, where it is caused only 
by the spirochete Borrelia burgdorferi sensu stricto (hereafter termed B. burgdorferi).1-3 
In Europe and in Asia, B. afzelii, B. garinii, and other related species, in addition to 
B. burgdorferi, cause Lyme disease.2 The most common sign of Lyme disease is ery-
thema migrans (Fig. 1A).1-3 Erythema migrans usually begins as a small erythema-
tous papule or macule that appears at the site of the tick bite 1 to 2 weeks later 
(range, 3 to 32 days) and subsequently enlarges.4-7 The lesion may have centrally 
located vesicles or necrotic areas (Fig. 1B). Erythema migrans may be asymptom-
atic, mildly pruritic, or, in rare cases, painful; if untreated, lesions may become 
61 cm (2 ft) in diameter or larger and may last for 3 to 4 weeks before resolving.4-7 
Erythema migrans lesions may occur anywhere on the body surface, although com-
mon sites are the groin, axilla, waist, back, legs, and, in children, the head and 
neck. Although reputed to have a bull’s-eye appearance, approximately two thirds 
of single erythema migrans lesions either are uniformly erythematous or have en-
hanced central erythema without clearing around it.4-7 In some patients, erythema 
migrans is asymptomatic, but many patients have nonspecific symptoms, includ-
ing fatigue, headache, arthralgia, myalgia, and, less often, fever.4-7 An erythema 
migrans–like skin lesion can also be a sign of southern tick-associated rash illness, 
which is associated with the bite of the Lone Star tick, Amblyomma americanum.8

Most patients with erythema migrans (about 80%) have a single lesion, but the 
bacteria can disseminate hematogenously to other sites in the skin and to extra-
cutaneous sites. The most common sign of early disseminated infection is multiple, 
often smaller erythema migrans lesions (Fig. 1C).7,9 The likelihood of hematogenous 
dissemination may be related to genotypic characteristics of the infecting strain 
of B. burgdorferi.10,11 Extracutaneous signs of disseminated Lyme disease that may 
occur, with or without erythema migrans, include neurologic conditions, such as 
cranial-nerve (particularly facial-nerve) palsy and meningitis that mimics aseptic 
meningitis, as well as carditis, which is most commonly manifested as heart 
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block.1,2,9 Arthritis (most often affecting the knee) 
is a late sign of disseminated Lyme disease, oc-
curring weeks to months after initial infection; 
it occurs in less than 10% of all cases, because 
most patients are treated and cured at an earlier 
stage of the illness.1,2,7,9

The incidence of Lyme disease in the United 
States has been increasing since national surveil-
lance with the use of a standardized case definition 
was instituted in 1991.1,3 Although both under
reporting and overreporting occur in this passive 
surveillance system, the number of cases reported 
annually has risen from about 10,000 in 1992 to 
25,000 to 30,000 currently.3 The actual number of 
annual cases may be as high as 300,000.12 The 
great majority of cases occur in New England 
and the mid-Atlantic states, with additional foci 
in northern midwestern states (Wisconsin and 
Minnesota).3 Less frequently, Lyme disease occurs 
in the Pacific coastal regions of Oregon and north-
ern California.3 Although the geographic range of 
Lyme disease remains limited, it has been expand-
ing. The incidence of Lyme disease is highest 
among children 5 to 14 years of age and middle-
aged adults (40 to 50 years of age), and it is 
slightly more common among males than among 
females.3

The major natural reservoirs for B. burgdorferi 
are mice, chipmunks, and other small mammals, 
as well as birds.13,14 Deer are not competent 
hosts for B. burgdorferi but are important in sus-
taining the life cycle of the vector ticks. In the 
United States, Lyme disease is transmitted only 

by Ixodes scapularis ticks (deer ticks) in the eastern 
and northern midwestern states and by I. pacificus 
ticks in the western United States. These ticks 
feed once during each of the three stages of their 
life cycle (larva, nymph, and adult) (Fig. S1 in the 
Supplementary Appendix, available with the full 
text of this article at NEJM.org). They acquire 
B. burgdorferi by feeding on an infected animal 
and may transmit the infection to a human dur-
ing a subsequent blood meal.13,14 Transmission 
is most likely during the nymphal stage, since 
nymphs are abundant in the spring and early 
summer and are small and difficult to detect.15 
Correspondingly, the peak incidence of erythema 
migrans is during the spring and summer months.3 
Risk factors for Lyme disease include occupa-
tional and recreational exposure to fields and to 
woods in endemic areas, as well as outdoor ac-
tivities such as gardening on residential properties 
near woodlands.14,16 Ixodid ticks are also vectors 
for a number of other infectious agents that may 
produce coinfections with B. burgdorferi, with clin-
ical manifestations that range from asymptomatic 
to severe and life-threatening (Table 1).1 Although 
there has been concern about in utero transmis-
sion of B. burgdorferi, studies have shown no evi-
dence of congenital Lyme disease.19,20

S tr ategies a nd E v idence

Diagnosis

The diagnosis of erythema migrans is based on 
the clinical history, the distinctive character of 

key Clinical points

Lyme Disease

•	 Erythema migrans lesions often do not have central clearing; the majority either are uniformly erythematous 
or have enhanced central erythema.

•	 Antibody testing of patients with erythema migrans is not indicated routinely because of poor sensitivity 
in detecting early infection.

•	 Treatment with doxycycline, amoxicillin, or cefuroxime is safe and highly efficacious for early Lyme disease.

•	 A single 200-mg dose of doxycycline reduces the risk of Lyme disease in persons bitten by Ixodes scapu-
laris ticks; however, it is not indicated routinely (given the low risk of transmission from a tick bite even 
in areas where the disease is endemic) and is contraindicated for pregnant women and for children 
younger than 8 years of age.

•	 There is no evidence that patients treated for Lyme disease who have persistent, nonspecific symptoms 
(e.g., arthralgia and fatigue) have persistent infection; the risks of prolonged treatment with antimicro­
bial agents far outweigh the benefits, if any.
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the condition, and a history of potential expo-
sure to ticks in an area where Lyme disease is 
endemic. The differential diagnosis is shown in 
Table 2.

Serologic tests for the diagnosis of B. burgdorferi
infection are generally of little use in patients 
with erythema migrans.21-23 Two-tier serologic 
testing for antibodies to B. burgdorferi is recom-
mended (a quantitative test, usually an enzyme-
linked immunosorbent assay [ELISA] of the con-
centration of antibodies to B. burgdorferi and, if 
results are positive or equivocal, a Western blot)1; 
however, it has poor sensitivity in patients with 
erythema migrans during the acute phase (posi-
tive results in only 25 to 40% of patients without 
evidence of dissemination).21-23 The proportion 
of patients who test positive during the acute 
phase is higher among those with disseminated 
disease, but false negative results remain com-
mon (occurring in as many as 50% of cases).21-23

Even in the convalescent phase after antimicrobial 
treatment, a substantial proportion of patients with 
erythema migrans (half of those without dissemi-
nation and a quarter of those with dissemination) 
do not have a positive test result21-23; presum-
ably, elimination of the organism dampens the 
antibody response. ELISA for antibodies against 
the C6 peptide of the variable major protein–like 
sequence expressed lipoprotein (C6VlsE) as a single 
test for Lyme disease at any stage has sensitivity 
and specificity similar to or better than those of 
conventional ELISA, but its specificity is inferior 
to that of the two-tier test.24 The sensitivity of 
two-tier testing is much better in patients either 
with early disseminated neurologic or cardiac 
Lyme disease (80 to 100%) or with late mani-
festations of Lyme disease such as arthritis 
(nearly 100%).21-23 Other testing strategies, such 
as the use of a C6VlsE ELISA as a second-tier 
test with conventional ELISA, have been sug-
gested but still have suboptimal sensitivity for 
the detection of early Lyme disease.25 Although 
tests for antibodies have good sensitivity and 
specificity in patients who have had untreated 
infection for a month or longer, these tests 
should not be used for screening persons with 
a low probability of infection, such as those 
with only nonspecific symptoms such as fa-
tigue or pain, because the positive predictive 
value in such patients is poor.1

As with most infections, after antibodies de-
velop in Lyme disease, they may persist for many 
years, and the presence of these antibodies (both 
IgM and IgG) is an indication of previous expo-
sure to the organism, not necessarily of active 
infection.26,27 Results of tests to directly detect 
bacteria in patients with erythema migrans, 

A

B

C

Figure 1. Types of Erythema Migrans.

Panel A shows a single erythema migrans lesion, Panel B 
shows vesicular erythema migrans, and Panel C shows 
multiple erythema migrans lesions.
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such as culture of either blood or biopsy samples 
from the lesion, sometimes combined with 
polymerase-chain-reaction assays, are generally 
not available for weeks; such tests are therefore 
not useful in practice.28

Treatment

Randomized trials have assessed several differ-
ent antimicrobial agents for the treatment of ery-
thema migrans. The currently recommended 
treatment regimens are summarized in Table 3. 
In these trials, rates of cure (defined as complete 
resolution of signs and symptoms shortly after 
the completion of treatment) have been about 
90% with doxycycline, amoxicillin, or cefurox-
ime axetil.1 With rare exceptions, patients who 
were not cured continued to have only nonspe-
cific symptoms, such as fatigue or arthralgia. If 
a patient has a contraindication to all those 
drugs, macrolide antibiotics (e.g., azithromycin, 
clarithromycin, or erythromycin) are an option, 
but they are somewhat less effective, with cure 
rates of about 80%.1 Most of the trials involved 
treatment for either 14 or 21 days. In one double-
blind, randomized, controlled trial, 180 patients 
with erythema migrans received doxycycline for 
either 10 days or 20 days or received one dose of 
ceftriaxone followed by 10 days of doxycycline.30 
There were no significant differences in out-
comes (clinical cure and results of neurocogni-
tive tests) among the three groups at any of the 
follow-up evaluations (at 20 days and 3, 12, and 
30 months). Another randomized, controlled 
trial, in which 140 patients with early dissemi-
nated Lyme disease (almost all of whom had 
multiple erythema migrans lesions) were treated 
either for 14 days with ceftriaxone or for 21 days 
with doxycycline, also showed no significant 
between-group differences in cure rates.31 Resis-
tance of B. burgdorferi to recommended antimicro-
bial agents has not been reported. First-genera-
tion cephalosporins, such as cephalexin, are not 
effective in treating Lyme disease.32

About 15% of patients have a reaction similar 
to the Jarisch–Herxheimer reaction (increased tem-
perature, myalgia, and arthralgia) within 24 hours 
after treatment is begun with any recommended 
antimicrobial agent, as a result of an increase in 
circulating toxins associated with lysis of spiro-
chetes.1 The reaction resolves without serious 
consequences within 24 to 48 hours. Nonsteroidal 
antiinflammatory drugs may alleviate the symp-
toms of this reaction.

Prevention

Although avoidance of tick-infested areas is the 
best way to prevent Lyme disease, occupational 
and recreational activities and the proximity of 
residential areas to woodlands often make such 
directives impractical. Application of insect re-
pellents that contain N,N-diethyl-meta-toluamide 
(DEET) in concentrations of at least 20% or cov-
ering skin with long pants and shirts is effective 
in preventing tick bites. Bathing within 2 hours 
after exposure may also be effective, because ticks 
take longer than 2 hours to fully attach. Regu-
larly checking clothes and the entire body surface 
for ticks and removing them is recommended.33 
Reducing the number of ticks on properties by 
spraying acaricides, using tubes that contain cot-
ton balls infused with the insecticide permethrin, 
and removing leaf litter may help reduce the 
risk.33 A vaccine to prevent Lyme disease in hu-
mans was withdrawn from the market because of 
poor sales and is not currently available,33 al-
though new vaccines are being developed.34

B. burgdorferi bacteria live in the midgut of ticks. 
As the tick becomes engorged with blood during 
feeding, bacteria replicate and migrate to the 
tick’s salivary glands, from which the organism 
can be injected into the host. Studies of the 
transmission of B. burgdorferi to humans are 
consistent with studies in animals indicating 

Table 1. Potential Coinfections.*

Infectious Agent† Characteristics

Babesia microti1 An intraerythrocytic parasite that can cause 
fever and anemia; usually cleared sponta­
neously by immunocompetent persons; 
may cause life-threatening illness in per­
sons who are elderly or immunocompro­
mised

Anaplasma phagocytophilum1 An intracellular bacterium that may cause se­
vere acute illness, with fever, leukopenia, 
and thrombocytopenia

Deer tick virus17 (a type of 
Powassan virus)

Can cause a serious, sometimes fatal enceph­
alitis

Borrelia miyamotoi18 Member of the relapsing-fever group of bor­
relia‡

Ehrlichia species Wisconsin Intracellular bacterium‡

*	Coinfections should be considered when patients with Lyme disease have  
severe or prolonged manifestations of infection or have anemia, leukopenia, 
thrombocytopenia, or unusually high or persistent fever.

†	Like infection with B. burgdorferi, infections with these organisms are trans­
mitted by ixodes ticks.

‡	There are few reports of humans infected with either B. miyamotoi or ehrlichia 
species Wisconsin, so the frequency and full spectrum of their manifestations 
remain to be determined.
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that transmission from infected nymphal ticks 
generally occurs only after 36 to 48 hours of at-
tachment, and transmission from adult ticks oc-
curs after an even longer period (≥48 hours).15,35,36 
In a study comparing doxycycline with placebo in 
participants who had been bitten by nymphal 
ticks for which the duration of feeding could 
be assessed, the risk of erythema migrans in the 
placebo group was 25% (3 of 12 bites) if 
the tick had fed for 72 or more hours and 0% 
(0 of 48 bites) if the tick had fed for less than 
72 hours.15 Nearly 75% of deer ticks removed 
from humans have fed for less than 48 hours.37 
Consequently, even in areas where Lyme disease 
is highly endemic, the risk of disease transmis-
sion from a recognized bite is low (1 to 3%).38 
The risk of transmission from an unrecognized 
bite may be greater, since an undetected tick is 
more likely to feed to repletion.37 Because addi-
tional bites are common (and may be unrecog-
nized), a recognized tick bite is an indication that 
the person is at risk for tickborne illnesses.15 

Routine serologic testing of persons bitten by a 
deer tick is not useful.15,21

In a randomized, controlled trial involving 
persons 12 years of age or older, a single 200-mg 
dose of doxycycline administered within 72 hours 
after removal of a deer tick was 87% effective 
(95% confidence interval, 25 to 98) in preventing 
Lyme disease.15 A meta-analysis indicated that 
50 people bitten by a deer tick would need to be 
treated to prevent one case of erythema migrans, 
so antimicrobial prophylaxis is not recommended 
routinely, although it may be indicated for persons 
who remove an engorged nymphal deer tick.15,38,39 
Anxious patients may be reassured that the risk 
of Lyme disease is very low and that, if it devel-
ops, treatment is very effective. Although there 
are highly sensitive molecular tests for the pres-
ence of B. burgdorferi in ticks, the value of these 
tests for predicting the risk of Lyme disease in 
a  human bitten by a tick that is positive for 
B. burgdorferi is unknown, and there is no evi-
dence that such testing is useful.

Table 2. Differential Diagnosis of Erythema Migrans.

Condition Characteristics

Single erythema migrans lesion Erythematous macule or papule at site of tick bite (although the tick is often 
not seen); enlarges relatively rapidly to 5–30 cm or more in diameter; typi­
cally flat and annular; usually uniformly erythematous or with heightened 
central erythema; may have central clearing; without treatment, persists for 
average of 3–4 wk*

Nummular eczema Lesion usually smaller and less erythematous than erythema migrans lesion; 
does not enlarge rapidly; pruritic; well demarcated; skin may be thickened 
or weepy

Tinea (ringworm) Rash with raised margins and scale on the edges; central clearing is typical; 
pruritic

Granuloma annulare Small (2–5 cm in diameter), circular rash with erythematous papules and clear 
center; develops over weeks; often on dorsum of extremities

Cellulitis Area of inflammation often at site of trauma to skin; warm; enlarges rapidly; 
rarely circular; may be tender and associated with fever

Insect bite Often raised papule with central punctum; pruritic; usually smaller than erythe­
ma migrans lesion; rarely continues to enlarge

Spider bite Necrotic lesion with central eschar; often very painful

Hypersensitivity to tick bite Small lesion, does not expand as erythema migrans does; present at time tick 
bite is recognized or soon after; uniformly erythematous; often pruritic

Multiple erythema migrans lesions Multiple ringlike lesions; typically do not enlarge rapidly; a larger, primary le­
sion may be present; often associated with systemic symptoms

Erythema multiforme Multiple lesions, often quite small; mucosa, palms, and soles may be involved; 
cause may be apparent (e.g., drug or infection)

Urticaria Pruritic, raised lesions; may appear and disappear rapidly

*	A similar lesion is found in southern tick-associated rash illness (STARI), which occurs primarily in southeastern and 
south central states. STARI does not have extracutaneous manifestations. The cause of STARI is unclear; no diagnostic 
test is available.8
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Table 3. Treatment of Lyme Disease.

Condition and
Recommended Drug Dose* Duration† Comments‡

days

Erythema migrans

Doxycycline (for pa­
tients ≥8 yr of age)

200 mg/day (pediatric dose, 
4 mg/kg/day) orally, divided 
into two doses per day

14 (range, 10–21) Do not use to treat children <8 yr of age or women who are 
pregnant or lactating; warn patient about exposure to sun, 
since photosensitivity rash occurs in 20–30% of patients; 
drug has good penetration into the central nervous system; 
patient should take drug with fluids to minimize nausea 
and gastrointestinal irritation; also effective against gran­
ulocytic anaplasmosis but not against babesiosis

Amoxicillin 1500 mg/day (pediatric dose, 
50 mg/kg/day) orally, divided 
into three doses per day

14 (range, 14–21) This agent is not effective against granulocytic anaplasmosis 
or babesiosis

Cefuroxime axetil 1000 mg/day (pediatric dose, 
30 mg/kg/day) orally, divided 
into two doses per day

14 (range, 14–21) This agent is not effective against granulocytic anaplasmosis 
or babesiosis

Meningitis§

Ceftriaxone 2 g/day (pediatric dose, 50–75 
mg/kg/day) intravenously 
once per day

14 (range, 10–28) Treatment has risks associated with indwelling catheters,  
including infection, and can cause pseudolithiasis in the 
gallbladder

Cefotaxime 6 g/day (pediatric dose, 150–
200 mg/kg/day) intrave­
nously, divided into doses 
administered every 8 hr

14 (range, 10–28) Treatment has risks associated with indwelling catheters,  
including infection

Cranial-nerve palsy without 
clinical evidence 
of meningitis¶

Doxycycline (for pa­
tients ≥8 yr of age)

200 mg/day (pediatric dose, 
4 mg/kg/day) orally, divided 
into two doses per day

14 (range, 14–21)

See comments for drugs used to treat erythema migrans; 
there is not good evidence that treatment changes the 
outcome of facial palsy, but it does prevent additional  
sequelae of infection

Amoxicillin 1500 mg/day (pediatric dose, 
50 mg/kg/day) orally, divided 
into three doses per day

14 (range, 14–21)

Cefuroxime axetil 1000 mg/day (pediatric dose, 
30 mg/kg/day) orally, divided 
into two doses per day

14 (range, 14–21)

Carditis

Same oral agents as 
for erythema mi­
grans; same par­
enteral agents as 
for meningitis

Same doses as for oral and 
parenteral agents used to 
treat erythema migrans

14 (range, 14–21) Patients who are symptomatic should be hospitalized, moni­
tored, and treated initially with a parenteral agent such as 
ceftriaxone; some patients with advanced heart block re­
quire a temporary pacemaker; after advanced block re­
solves, treatment may be completed with an oral agent

Arthritis

Same oral agents as 
for erythema mi­
grans; same par­
enteral agents as 
for meningitis

Same doses as for oral and 
parenteral agents used to 
treat erythema migrans

28 Nonsteroidal antiinflammatory agents are often helpful as ad­
junctive treatment; for patients in whom arthritis persists 
or recurs, most experts recommend a second 28-day 
course of oral treatment; 14–28 days of parenteral treat­
ment is an alternative

*	For each drug, the maximum pediatric dose is the adult dose.
†	Recommendations are from the Infectious Diseases Society of America.
‡	A reaction similar to the Jarisch–Herxheimer reaction may occur in the first 24 hours after treatment is begun.
§	There is evidence from Europe that treatment of meningitis with doxycycline administered orally is as good as parenteral treatment, 

although the species of borrelia that cause Lyme meningitis in Europe may be different from that in the United States.29

¶	Doxycycline is preferable because of its good penetration into the central nervous system.
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A r e a s of Uncerta in t y

In a minority of patients who receive recom-
mended treatment for Lyme disease, objective 
signs resolve, but subjective symptoms such as 
fatigue, arthralgia, and myalgia persist for weeks, 
months, or longer. These are classified as post–
Lyme disease symptoms if they persist for less 
than 6 months and as post–Lyme disease syn-
drome if they are disabling and persist for 
6 months or longer.40 The cause and frequency of 
this problem are unclear.40,41 Such nonspecific 
symptoms are common in the general popula-
tion without Lyme disease. The positive predic-
tive value of serologic tests for Lyme disease in 
patients with only nonspecific symptoms is 
poor,42 so misdiagnosis based on false positive 
serologic test results is common.1,40-42 Moreover, 
extensive publicity as well as misinformation on 
the Internet about “chronic” Lyme disease, a con-
dition for which there is no clear definition or 
scientific evidence of its existence, may increase 
anxiety on the part of patients about the conse-
quences of the illness and may confound assess-
ments of treatment outcomes.41,43 In patients with 
two or more episodes of erythema migrans, often 
occurring years apart, it has been shown that the 
episodes were caused by different strains of bac-
teria, indicating reinfection rather persistence of 
infection with the original organism.44,45 Several 
carefully conducted, placebo-controlled, random-
ized trials of prolonged antimicrobial treatment 
in patients with persistent subjective symptoms 
after treatment for Lyme disease have shown a 
minimal benefit or none and a substantial risk 
of adverse effects.1,40,41,46,47 Consequently, pro-
longed antimicrobial treatment for subjective 
symptoms is not recommended in patients whose 
objective signs of Lyme disease have resolved in 
response to conventional therapy. Consideration 
of other causes of persistent symptoms is war-
ranted.40,41,48 In most of these patients, non

specific symptoms resolve over time without 
additional antimicrobial treatment.40,41

Guidelines

The Infectious Diseases Society of America has 
published guidelines for the management of Lyme 
disease1 that are similar to those of other profes-
sional groups, including the American Academy of 
Neurology and professional societies in European 
countries.49,50 The recommendations in this arti-
cle are consistent with these guidelines (Table 3).

Conclusions a nd 
R ecommendations

The patient described in the vignette has a skin 
lesion that is consistent with erythema migrans, 
6 weeks after having removed a tick from another 
location on her body. I would recommend that this 
patient take 500 mg of amoxicillin three times a 
day for 14 days, because doxycycline is contraindi-
cated in pregnant women. I would reassure her 
that the outcomes of treatment are excellent and 
that congenital Lyme disease has never been docu-
mented. I would advise her to beware of misinfor-
mation on the Internet. Even if the tick removed 
6 weeks earlier had been an engorged nymphal 
deer tick, chemoprophylaxis would not have been 
indicated, because only doxycycline has been shown 
to be effective as chemoprophylaxis. Because the 
previously recognized tick was removed more than 
1 month earlier and the site of the tick bite differed 
from that of the current erythema migrans lesion, 
this illness is probably unrelated to the tick bite, 
and chemoprophylaxis administered at that time 
would not have prevented it.

Dr. Shapiro reports providing medical-record review for 
law firms for malpractice cases regarding Lyme disease. No 
other potential conflict of interest relevant to this article was 
reported.

Disclosure forms provided by the author are available with the 
full text of this article at NEJM.org.
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