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 Patient information: 
A handout about Lyme 
disease, written by the 
authors of this article, is 
provided on page 309.  L

yme disease is a systemic illness 
resulting from infection with the 
spirochete Borrelia burgdorferi.1 
According to the Centers for Disease 

Control and Prevention (CDC) definition for 
reportable cases of Lyme disease, the annual 
number of cases increased from 7,943 in 
1990 to 17,730 in 2000.2,3 The disease is most 
prevalent in children two to 15 years of age 
and in adults 30 to 59 years of age.3 Figure 14  
shows the endemicity of Lyme disease in 
areas of the United States.

Lyme disease is associated with a variety of 
signs that may present at different stages of 
the infection. The stages include early local-
ized, early disseminated, and late chronic 
(Table 1).5 The most common symptoms 
include skin and musculoskeletal involve-
ment. In endemic areas, about 18 percent of 
infected persons present with only nonspe-
cific systemic symptoms.6 Early diagnosis 
is crucial because untreated infection can 
result in advanced disease involving the 
heart, nervous system, or joints.7

Clinical Presentation
The onset of clinical manifestations of Lyme 
disease typically occurs within seven to  

10 days after a tick bite, with a reported 
range of one to 36 days.8 Most patients (60 
to 80 percent) develop the early, localized 
form of Lyme disease, which is characterized 
by erythema migrans and influenza-like 
symptoms.9 Research suggests that ery-
thema migrans most commonly presents 
as a centrifugally expanding, erythematous 
annular patch10 (Figure 2). However, a recent 
observational cohort study11 reported that 
in highly endemic areas, early erythema 
migrans mainly presented as homogeneous 
or central redness rather than a peripheral 
erythema with partial central clearing.

Clinical manifestations of Lyme disease in 
children resemble those in adults. The most 
common manifestation in children is ery-
thema migrans rash followed by arthritis, 
facial nerve palsy, aseptic meningitis, and 
carditis.3 Lyme meningitis has been reported 
in children with facial nerve palsy.12 As in 
adults, Lyme meningitis may be subtle and 
usually occurs without meningismus. When 
compared with children with viral menin-
gitis, children with Lyme meningitis have 
presented with much lower rates of fever but 
with similar rates of headache, neck pain, 
and malaise.13

The use of serologic testing and its value in the diagnosis of Lyme disease remain confusing and controversial for physi-
cians, especially concerning persons who are at low risk for the disease. The approach to diagnosing Lyme disease varies 
depending on the probability of disease (based on endemicity and clinical findings) and the stage at which the disease 
may be. In patients from endemic areas, Lyme disease may be diagnosed on clinical grounds alone in the presence of 
erythema migrans. These patients do not require serologic testing, although it may be considered according to patient 
preference. When the pretest probability is moderate (e.g., in a patient from a highly or moderately endemic area who 
has advanced manifestations of Lyme disease), serologic testing should be performed with the complete two-step 
approach in which a positive or equivocal serology is followed by a more specific Western blot test. Samples drawn from 
patients within four weeks of disease onset are tested by Western blot technique for both immunoglobulin M and immu-
noglobulin G antibodies; samples drawn more than four weeks after disease onset are tested for immunoglobulin G 
only. Patients who show no objective signs of Lyme disease have a low probability of the disease, and serologic testing 
in this group should be kept to a minimum because of the high risk of false-positive results. When unexplained non-
specific systemic symptoms such as myalgia, fatigue, and paresthesias have persisted for a long time in a person from an 
endemic area, serologic testing should be performed with the complete two-step approach described above. (Am Fam 
Physician 2005;72:297-304,309. Copyright© 2005 American Academy of Family Physicians.)
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Coinfection of patients (10 percent) with 
other tick-borne illnesses, such as human 
granulocytic ehrlichiosis, caused by Babe-
sia microti and rickettsial-like pathogens, 
has been reported.14 Co-infected patients 
commonly present with a prolonged influ-
enza-like illness that fails to respond to 
antiborrelial therapy.

The most widely accepted guidelines for 
the diagnosis of Lyme disease are those from 
the American College of Physicians (ACP),15 
which were based on the 1990 CDC surveil-
lance criteria (Table 2).16 Because of the 
limitations of laboratory testing for Lyme 
disease, diagnosis is based primarily on 
clinical findings.7,9,17,18 An algorithm for the 

SORT: key Recommendations for practice

Clinical recommendation
Evidence 
rating References

Physicians should assess the pretest probability of a patient with suspected Lyme disease on the 
basis of clinical signs and symptoms and the likelihood of exposure.

C 9

Lyme disease may be diagnosed without serologic testing in a patient from a highly endemic area 
with objective clinical findings.

C 7-9, 17, 18

When pretest probability is moderate (e.g., a patient from a moderately endemic area with 
objective clinical findings), laboratory testing should be performed by means of the two-
step approach. Samples drawn within four weeks of disease onset should be tested for 
immunoglobulin M and immunoglobulin G, and samples drawn four weeks or more after disease 
onset should be tested for immunoglobulin G only.

C 7, 9, 17-19

When objective signs of Lyme disease are absent, but unexplained nonspecific systemic symptoms 
have persisted for a long time (i.e., several weeks) in an individual from a highly or moderately 
endemic area for Lyme disease, two-step testing should be considered.

C 19

When objective and nonspecific systemic symptoms of Lyme disease are absent, or when systemic 
symptoms have not persisted for a sustained period, serologic testing is not recommended.

C 7-9, 17, 18 

A = consistent, good-quality patient-oriented evidence; B = inconsistent or limited-quality patient-oriented evidence; C = consensus, disease-
oriented evidence, usual practice, expert opinion, or case series. For information about the SORT evidence rating system, see page 209 or 
http://www.aafp.org/afpsort.xml.

Figure 1. Risk map for areas of predicted Lyme disease transmission in the United States. The true 
relative risk in any given county compared with other counties might differ from that shown 
here and might change from year to year. Information on risk distribution within states and 
counties is best obtained from state and local public health authorities. Adapted from http://
www.cdc.gov/ncidod/dvbid/lyme/riskmap.htm.
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diagnosis of Lyme disease is presented in 
Figure 3.

Laboratory Tests
The host antibody response to B. burgdorferi 
infection develops slowly, and only one half 
of patients with early-stage Lyme disease 
will have a positive serology. The immuno-
globulin M (IgM) and immunoglobulin G 
(IgG) antibodies appear two to four and four 
to six weeks, respectively, after the onset of 
erythema migrans and peak at six to eight 
weeks. Although IgM usually declines to 
very low levels after four to six months of 
illness, IgG remains present at low levels 
despite successful treatment.18 Therefore, 
physicians should evaluate the significance 
of a serologic result in the context of the 
patient’s epidemiologic history.

Serologic testing may provide valuable 
information in patients who have endemic 

exposure and clinical findings that suggest 
later-stage disseminated Lyme disease, and in 
patients with prolonged constitutional symp-
toms that may suggest the early stages of 
Lyme disease in the absence of erythema 
migrans. When serologic testing 
is indicated, physicians should 
use the two-step approach rec-
ommended by the CDC’s Asso-
ciation of State and Territorial 
Public Health Laboratory Direc-
tors (ASTPHLD), in which a 
positive or indeterminate serol-
ogy is followed by a more spe-
cific Western blot test.19 Samples 
drawn from patients within four weeks of 
disease onset undergo Western blot testing for 
IgM and IgG; samples drawn more than four 
weeks after disease onset are tested for IgG 
only, because the risk of false-positive results 
with IgM at this late stage is high.19

The specificity of this two-step approach 
is 99 to 100 percent compared with 81 per-
cent for serology alone in late-stage Lyme 
disease.19,20 This decreases the number of 
false-positive results. Table 39,19,20 lists the 
accuracy of individual tests and the com-
bined two-step approach. When ordering 
laboratory tests for Lyme disease, physicians 
should report the number of weeks from the 
onset of disease.

Diagnostic Strategy
A critical factor in the interpretation of labo-
ratory tests for Lyme disease is the pretest 
probability of disease. This is an estimate of 

Table 1

Clinical Features of Lyme Disease

System Stage 1 (early localized) Stage 2 (early disseminated) Stage 3 (late chronic)

Cardiac — Atrioventricular block; 
myopericarditis; pancarditis

—

Constitutional Influenza-like symptoms Malaise; fatigue Fatigue

Lymphatic Regional lymphadenopathy Regional or generalized 
lymphadenopathy

—

Musculoskeletal Myalgia Migratory pain in joints, bone, 
muscle; brief arthritis attacks

Prolonged arthritis attacks; chronic 
arthritis

Neurologic Headache Meningitis, Bell’s palsy; cranial 
neuritis; radiculoneuritis

Encephalopathy; polyneuropathy; 
leukoencephalitis

Skin Erythema migrans Secondary annular lesions Lymphocytoma; acrodermatitis  
chronica atrophicans

Adapted with permission from Steere AC. Lyme disease. N Engl J Med 1989;321:589.

The host antibody 
response to Borrelia burg-
dorferi infection develops 
slowly, and only one half 
of patients with early-
stage Lyme disease will 
have a positive serology.

Figure 2. Typical erythema migrans rash in a 
patient with Lyme disease.
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the likelihood of Lyme disease based on the 
geographic location and the patient’s signs 
and symptoms. Figure 14 and Table 4 provide 
guidance on estimating the pretest probabil-
ity of Lyme disease. If the pretest probability 
is high, a negative test is more likely to be 
falsely negative. Conversely, if the pretest 
probability is low, a positive test is more likely 
to be falsely positive.

The ACP recommendations15 suggest that 
the diagnosis of early Lyme disease can be 
made on clinical grounds alone in patients 
who have a high pretest probability (i.e., 
more than 80 percent). This includes persons 
who reside in areas of high endemicity and 
have objective signs and symptoms of Lyme 
disease (Table 2).16 These patients should 
be diagnosed and treated without testing. 
Empiric antibiotic prophylaxis is not recom-
mended for patients who seek care after a tick 

bite but who are asymptomatic. Physicians 
should ask these patients to return immedi-
ately if they develop any signs or symptoms 
such as rash, fever, or arthralgias.

Persons who reside in areas of moderate 
endemicity and who present with objective 
signs and symptoms of Lyme disease in the 
absence of erythema migrans rash have an 
intermediate probability of Lyme disease  
(20 to 80 percent). An example of this would 
be a resident of a moderately endemic area 
who develops joint pain. This patient should 
have two-step testing (serology followed by 
confirmatory Western blot test), with treat-
ment guided by the results.

When the pretest probability of Lyme 
disease is low (less than 20 percent), sero-
logic testing is controversial. This applies to 
persons who present with only nonspecific, 
systemic symptoms of Lyme disease (e.g., 
arthralgia, myalgia, or paresthesia), and 
asymptomatic patients who request screen-
ing. Symptoms can include all conditions 
that cannot be classified as advanced mani-
festations of Lyme disease (Table 2).16 The 
ACP guidelines15 recommend that physi-
cians minimize laboratory testing in these 
individuals. However, experts have noted 
the value of the two-step approach in oth-
erwise low-risk persons who have experi-
enced nonspecific symptoms for at least two 
weeks.7,9,17,18 In one study,6 researchers found 
that these patients constitute 18 percent of 
Lyme disease cases in endemic areas during 
the summer months.

Patients at Low Risk
The following three clinical scenarios have 
been devised to help physicians determine 
whether the two-step approach should be 
used for persons who have a low pretest 
probability for Lyme disease.

high endemicity, constitutional 
symptoms, no erythema migrans rash

A patient from an area of high endemicity 
of Lyme disease presents with fever, head-
ache, and arthralgias that had lasted several 
weeks, but no erythema migrans rash. After a 
thorough clinical evaluation, the cause of the 
symptoms remains unresolved.

Table 2

CDC Surveillance Clinical Case Definition for Lyme Disease

Definition

Erythema migrans, or at least one advanced manifestation, as defined 
below, and laboratory confirmation of infection

Advanced manifestations

Musculoskeletal system

Recurrent, brief attacks (lasting weeks or months) of objective joint 
swelling in one or a few joints, sometimes followed by chronic 
arthritis in one or a few joints; manifestations not considered criteria 
for diagnosis include chronic progressive arthritis, not preceded 
by brief attacks, and chronic symmetrical polyarthritis; arthralgia, 
myalgia, or fibromyalgia syndromes alone are not criteria for 
musculoskeletal involvement

Nervous system

Any of the following, alone or in combination: lymphocytic 
meningitis; cranial neuritis, particularly facial palsy (may be bilateral); 
radiculoneuropathy; or, rarely, encephalomyelitis (must be confirmed 
by showing antibody production against Borrelia burgdorferi in the 
cerebrospinal fluid, demonstrated by a higher titer of antibody in 
cerebrospinal fluid than in serum); headache, fatigue, paresthesia, or 
mild stiff neck alone are not criteria for neurologic involvement

Cardiovascular system 

Acute-onset, high-grade (2 or 3) atrioventricular conduction defects 
that resolve in days to weeks and are sometimes associated with 
myocarditis; palpitations, bradycardia, bundle branch block, or 
myocarditis are not criteria for cardiovascular involvement

CDC = Centers for Disease Control and Prevention.

Information from reference 16.
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The physician should consider serologic 
testing with the complete two-step approach. 
For this patient, the pretest probability is 
moderately low, taking into account the 
endemicity of the disease and the presence of 
prolonged (at least two weeks), unexplained 
nonspecific symptoms. In this scenario, if 
the two-step approach is positive, the prob-
ability of Lyme disease is about 90 percent. 
Although testing probably is beneficial in 
this type of patient, this has not been proven. 
There is no clear evidence that treatment is 
beneficial in patients with Lyme disease who 
exhibit only nonspecific symptoms.

moderate endemicity, short-term 
nonspecific symptoms, no erythema 
migrans rash

A patient from an area of moderate endemic-
ity of Lyme disease presents with headache 

and fatigue that have lasted for three days, but 
no erythema migrans or arthralgias. 

Serologic testing should not be ordered 
for this patient because of the high risk 
(more than 50 percent) of a false-positive 
test result at this early stage of nonspecific 
disease. The patient should be advised to 
return for follow-up if symptoms persist. 
In this scenario, the pretest probability is 
estimated to be very low.

high endemicity, screening of a child

A healthy child from an area of high endemicity 
receives an annual physical. The mother notes 
that the child enjoys playing in the backyard, 
which is adjacent to a heavily wooded area.

Serologic testing should not be ordered 
because the child is asymptomatic. A false-
positive test result would expose the child 
unnecessarily to the risks of treatment. In 

Diagnosis of Lyme Disease

Diagnosis of Lyme Disease

*—See Figure 1 and Table 4 to determine pretest probability.

Figure 3. Algorithm for the diagnosis of Lyme disease. (IgG = immunoglobulin G; IgM = immunoglobulin M)

Determine pretest probability.*

High (more than 
80 percent)

Diagnose Lyme disease.

Intermediate 
(20 to 80 percent)

Serology

Positive

Western blot:
Less than four weeks after onset: IgG and IgM
Four or more weeks after onset: IgG only

Lyme disease is unlikely.

Unexplained constitutional 
symptoms lasting more 
than two weeks

Low (less than 
20 percent)

Constitutional symptoms 
lasting less than two weeks

Laboratory testing not recommended. 
Patient should return for follow-up 
if symptoms persist. 

Positive

Negative

Negative
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this scenario, the probability that a positive 
test represents true infection is less than  
25 percent.

False-Positive and False-Negative  
Test Results
Among healthy persons living in a region of 
low endemicity, the false-positive rate with 
serology is about 2 to 5 percent.9,17,18 The 
most common reason for a positive serol-
ogy test in the absence of Lyme disease is 
the presence of another spirochetal infec-
tion such as syphilis, spirochete periodontal 
infection, or relapsing fever.17 Patients with 
rheumatoid diseases or infectious mono-
nucleosis also may have false-positive reac-
tions, especially IgM.7,9,17,18

A high rate of false-positive test results is 
associated with the first vaccine against Lyme 
disease (Lymerix), which has been with-
drawn from the market. This vaccine was a 
recombinant form of the OspA lipoprotein of 
B. burgdorferi. Because standard whole-cell 
kits use in vitro cultivated spirochetes, OspA 
is one of the antigens present. Therefore, a 
patient receiving the vaccine most likely will 
exhibit a positive result in any of the stan-
dard whole-cell enzyme-linked immuno-
sorbent assay kits. To alleviate this problem, 

Table 3

Accuracy of Diagnostic Tests for Lyme Disease

  
 

Probability of Lyme disease for  
positive tests, given different  
pretest probabilities (%)

Diagnostic test  
(stage of Lyme disease)

Sensitivity  
(%)

Specificity  
(%)

 
LR+

 
LR–

 
2

 
10

 
50 

Serology (early-stage disease)9 59 93 8.4 0.44 13 to 15 46 to 49 86 to 89

Serology (late-stage disease)9 95 81 5.0 0.06 10 38 to 39 81 to 82

Serology plus Western blot test 
(early and late stages)19,20*

50 to 75† 99 to 100 50 to 75 0.4 to 0.5 50 to 55 85 to 87 97 to 98 
 

LR = likelihood ratio.

*—Included only studies that followed the complete criteria for two-step testing in the Centers for Disease Control and Prevention’s Association of 
State and Territorial Public Health Laboratory Directors guidelines in which samples that were positive or equivocal for serology drawn within four 
weeks of disease onset were followed by immunoglobulin G (IgG) and immunoglobulin M Western blot tests, and samples drawn four weeks after 
disease onset were followed only by IgG Western blot tests.

†—Decrease in sensitivity is associated with a lack of antibody response or seroconversion in patients with Lyme disease treated with antibiotics. 

Information from references 9, 19, and 20.
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physicians should consider ordering only a 
Western blot test and disregarding the OspA 
band when determining whether the test is 
positive or negative in vaccinated persons.

False-negative results often are attribut-
able to tests taken too early in the course 
of infection. Because the antibody response 
develops slowly, tests taken within the first 
two weeks of infection have low sensitivities 
(less than 50 percent). Antibiotics also can 
influence the results of serologic tests when 
given early in the course of infection, and 
have been shown to abort seroconversion, 
even if inadequate therapy is provided.7 True 
seronegativity in the later stages of Lyme 
disease is uncommon.7,17

Overdiagnosis and Underdiagnosis
Overdiagnosis most commonly is attribut-
able to incorrect interpretation of West-

ern blot test results, misidentification of 
rashes as erythema migrans, or ascribing 
nonspecific symptoms to Lyme disease.21-23 
Physicians must keep in mind that West-
ern blot test results cannot be intermediate 
and should only be classified as negative or 
positive according to the CDC’s ASTPHLD 
guidelines. 

Underdiagnosis may occur if physicians 
apply the CDC surveillance criteria too 
strictly (Table 2).16 A recent study24 showed 
that patients with prolonged nonspecific 
symptoms but no erythema migrans rash or 
advanced manifestations constitute almost 
20 percent of Lyme disease cases in endemic 
areas during the summer months. Antibiotic 
therapy in these patients is useful in pre-
venting progression to late-stage dissemi-
nated disease where response to treatment is 
less favorable.6,24

Table 4

Pretest Probability of Lyme Disease and Interpretation of Serologic Testing 

Endemicity of  
Lyme disease*

Objective clinical signs  
and symptoms†

 
Pretest probability

 
Laboratory testing

None or low Absent Very low (< 5 percent) Not recommended  
(high false-positive rate)

Present Moderately low Recommended

Absent, but has prolonged,  
unexplained, nonspecific  
symptoms (duration of  
at least two weeks)

Relatively low Consider

Moderate Present Moderate  
(20 to 80 percent)

Recommended

Moderate  
to high

Absent Low Not recommended

Absent, but has prolonged,  
unexplained, nonspecific  
symptoms (duration of  
at least two weeks)

Moderately low  
(≤ 5 to 20 percent)

Recommended

High 
 
 
 

Present 
 
 
 

High (≥ 80 percent) 
 
 
 

Not recommended (high 
false-negative rate); 
diagnose Lyme disease 
on the basis of clinical 
grounds alone.

*—See Figure 14 to determine endemicity of Lyme disease in patient’s area.
†—Objective signs and symptoms are only those considered “advanced manifestations” for Lyme disease as defined by 
the Centers for Disease Control and Prevention (see Table 216). Therefore, a patient may present with a pretest prob-
ability of less than 2 percent with subjective signs and symptoms such as headache, malaise, or fatigue. When these 
symptoms persist for more than two weeks and cannot be explained, testing is recommended.
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