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Poor Positive Predictive Value of Lyme Disease
Serologic Testing in an Area of Low Disease
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Background. Lyme disease is diagnosed by 2-tiered serologic testing in patients with a compatible clinical illness,
but the signiﬁcance of positive test results in low-prevalence regions has not been investigated.
Methods. We reviewed the medical records of patients who tested positive for Lyme disease with standardized
2-tiered serologic testing between 2005 and 2010 at a single hospital system in a region with little endemic Lyme
disease. Based on clinical ﬁndings, we calculated the positive predictive value of Lyme disease serology. Next, we
reviewed the outcome of serologic testing in patients with select clinical syndromes compatible with disseminated
Lyme disease (arthritis, cranial neuropathy, or meningitis).
Results. During the 6-year study period 4723 patients were tested for Lyme disease, but only 76 (1.6%) had positive results by established laboratory criteria. Among 70 seropositive patients whose medical records were available
for review, 12 (17%; 95% conﬁdence interval, 9%–28%) were found to have Lyme disease (6 with documented travel
to endemic regions). During the same time period, 297 patients with a clinical illness compatible with disseminated
Lyme disease underwent 2-tiered serologic testing. Six of them (2%; 95% conﬁdence interval, 0.7%–4.3%) were seropositive, 3 with documented travel and 1 who had an alternative diagnosis that explained the clinical ﬁndings.
Conclusions. In this low-prevalence cohort, fewer than 20% of positive Lyme disease tests are obtained from patients
with clinically likely Lyme disease. Positive Lyme disease test results may have little diagnostic value in this setting.
Keywords. Borrelia burgdorferi; Lyme; serology; positive predictive value; diagnostic testing.

Lyme disease is a tick-borne zoonotic bacterial infection
caused by Borrelia burgdorferi sensu lato. It is the most
common vector-borne infectious disease in the temperate northern hemisphere, reported in tens of thousands of residents of the United States each year [1].
Lyme disease most commonly presents with a distinctive erythema migrans (EM) skin lesion, but if untreated the disease can disseminate to other organ systems,
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causing arthritis, meningitis, cranial and peripheral
neuropathy, and cardiac conduction abnormalities.
These syndromes are not unique to Lyme disease, and
in the absence of the characteristic EM rash, serologic
testing is necessary to differentiate Lyme disease from
other conditions [2].
Lyme disease transmission is geographically heterogeneous, however, and for any given clinical presentation
the likelihood of Lyme disease will be inﬂuenced by regional disease prevalence. This is primarily a function of
tick populations, particularly the density of host-seeking
nymphal black-legged ticks infected with B. burgdorferi
[3, 4]. States and regions where infected ticks are uncommon have low transmission rates of Lyme disease. North
Carolina, for example, has a low annual incidence of Lyme
disease (<0.5 cases per 100 000 population), and entomologic data suggest there is a very low risk of human Lyme

disease there [3, 5, 6]. In endemic regions, such as the northeastern
and upper Midwestern United States, Lyme disease is responsible
for an appreciable burden of meningitis, arthritis, and cranial neuropathy. By contrast B. burgdorferi infection will be responsible for
a much smaller proportion of these syndromes in areas with little
or no Lyme disease transmission. Considering that the pretest
probability of a disease strongly inﬂuences interpretation of any
diagnostic test result, we hypothesized that positive Lyme disease
test results will be less meaningful in regions with low disease prevalence. To this end, we performed a large cross-sectional retrospective study of patients undergoing evaluation for Lyme disease
presenting to clinics and hospitals located in an area with little
Lyme disease transmission.
METHODS
Study Design

We performed a retrospective study of electronic medical records for adults and children evaluated at both inpatient and
outpatient sites in the Duke University Health System between
1 January 2005 and 31 December 2010. The institutional review
board approved the study protocol with a waiver of informed
consent.
Patient Identiﬁcation and Data Abstraction

We queried the electronic medical records to identify 2 cohorts of
patients: those with a positive 2-tiered Lyme disease serologic test
result and those tested for Lyme disease during a compatible

illness (Figure 1). For the ﬁrst cohort, we reviewed the electronic
medical records to determine whether each patient had a clinical
presentation compatible with active Lyme disease documented
within 1 month of when the diagnostic test was obtained. We
abstracted testing results, information about their clinical presentation, documentation of an alternative diagnosis, and documentation of tick exposure in a Lyme disease endemic state.
For the second cohort, we focused on patients with oligoarticular arthritis of large joints, meningitis, and cranial nerve
palsy. Although these syndromes do not encompass the full
clinical spectrum of disseminated Lyme disease, we selected
the conditions that are most frequently attributable to Lyme disease in endemic areas [7–16]. We searched for patients who had
been tested for Lyme disease and whose record contained International Classiﬁcation of Diseases, Ninth Revision diagnostic
codes, Current Procedure Terminology 4 procedure codes, or
laboratory codes compatible with arthritis, meningitis, or cranial neuropathy (Supplementary Table 1). We then reviewed the
medical records to conﬁrm documentation of arthritis, meningitis, or cranial neuropathy at the time of Lyme disease testing.
To identify each cohort we performed queries of the Duke
electronic medical records. Our search terms identiﬁed inpatients and outpatients of all ages tested at Duke-afﬁliated laboratories. We excluded patients from both cohorts without
available electronic medical records to review. All patients
were tested using the Meridian Premier Lyme EIA kit (catalog
Nos. 696016 and 696032). Specimens reactive by this kit
were then tested by Western blot using the Trinity Biotech

Figure 1. Workﬂow used to conduct electronic medical record queries. Abbreviations: CPT-4, Current Procedure Terminology 4; ICD-9, International Classiﬁcation of Diseases, Ninth Revision; IgG, immunoglobulin G; IgM, immunoglobulin M.
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B. burgdorferi IgG and IgM MarBlot Strip Test systems (catalog
Nos. 40–2075 G and 40–2075 M).
Outcome Measure

We deﬁned a case of Lyme disease as the coexistence of a positive 2-tiered Lyme disease serologic test and a compatible clinical illness. This is in accordance with recommended clinical
and diagnostic practices, deﬁnitions accepted for Lyme disease
clinical trials, as well as the Centers for Disease Control and Prevention surveillance deﬁnition of Lyme disease [17–19]. A positive 2-tiered test is conventionally deﬁned as positive or
equivocal results of an enzyme-linked immunosorbent assay
(ELISA) using a B. burgdorferi whole-cell sonicate, followed
by a positive immunoglobulin (Ig) M or IgG Western immunoblot, deﬁned as ≥2 of 3 reactive IgM bands or ≥5 of 10 reactive
IgG bands [20]. The Duke University Health System clinical laboratories perform ELISA followed by automatic Western blot
analysis in the event of positive or equivocal ELISA results. Individual band results are not reported to clinicians. We classiﬁed patients who were seropositive by IgM criteria as “false-positive” if
they did not have a positive IgG Western blot within 2 months of
symptom onset [19, 20]. Although conventionally a 1-month
cutoff is recommended, beyond which the IgM results should
no longer be considered [3], we chose 2 months given the difﬁculty of precisely dating symptom onset in a retrospective study.
We classiﬁed seropositive patients as “true-positive” if they
had chart documentation of any of the following clinical presentations: EM-like skin lesions, large-joint arthritis (including

clinical or radiographic documentation of a joint effusion or inﬂammatory synovial ﬂuid), meningitis (documented by elevated
lymphocyte counts in the cerebrospinal ﬂuid [CSF]), motor cranial neuropathy, radiculopathy or peripheral neuropathy, or
atrioventricular block (documented by electrocardiography).
Patients with an alternative diagnosis that explained their syndrome were reclassiﬁed as false-positives.
Statistical Analysis

We calculated the positive predictive value by dividing the truepositives by total positives (true-positives plus false-positives)
[21]. We calculated 95% conﬁdence intervals (CIs) around proportions using standard binomial distributions. For all statistical
analysis, we used Stata 13.1 statistical software (StataCorp).
RESULTS
During the study period, clinicians ordered 5756 Lyme disease
serologic tests for 4723 unique patients; 229 patients were tested
≥2 times. Among the 4723 tested patients, 76 were positive by 2tiered testing (1.6% of patients; 95% CI, 1.2%–2.0%). Among 70
patients with accessible medical records, 53 were positive by IgM
Western blot criteria alone, and 17 patients were positive by IgG
Western blot criteria (with or without also meeting IgM criteria).
Among the 17 evaluable subjects who were positive by IgG
Western blot criteria (Table 1), 5 were judged to be true-positives
by virtue of syndromes characteristic of Lyme disease. One had a
peripheral facial nerve palsy, 2 had knee effusions, 1 had a knee

Table 1. Patients With Positive Lyme Disease Test Results by 2-Tier IgG Criteria
Clinical Presentationa

Patient Sex

Alternative Diagnosis

Geographic Exposure

...

...

Male

Arthralgias

Male

Polyarthralgias

Male*
Male*

Facial nerve palsy
Knee effusion

Male

Arthralgia, history of Lyme disease

Male*
Male

Arthritis
Chronic pain

Female

Fever, urticaria, hand swelling

Female
Female

Fever, headache, fatigue, negative CSF results
Visual field loss

Male

High fever while in Southeast Asia

...

...

Male
Male*

Trigeminal neuralgia
Polyarthritis, sausage digit

...

...
...

Male

Skin lesions

Eosinophilic lichenoid dermatitis

...

Male
Male

Cranial nerve III palsy
Uveitis

Metastatic cancer to cavernous sinus
...

...
...

Male*

Knee effusion and TMJ crepitus

Celiac-associated joint pain

...
Connecticut
Maryland

Repetitive stress

...
...

...
...

Allergic drug reaction

...

...

...
...

Retinal lesions

...

Abbreviations: CSF, cerebrospinal fluid; IgG, immunoglobulin G; TMJ, temporomandibular joint.
a

Arthralgia was defined as joint pain or stiffness without documentation of joint effusion or inflammation; arthritis, as joint pain or stiffness with such documentation.
Cases judged as “true positive” are marked with an asterisk (*).
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effusion as well as arthritis of the temporomandibular joint, and
1 had polyarthritis that included the knee but also (uncharacteristically for Lyme disease) “sausage” digits (however, this patient
responded to antibiotic therapy, and no alternative diagnosis was
made). Two of the 5 true-positive patients had documented travel
to known Lyme disease–endemic regions with potential tick exposure (Connecticut and Maryland). One patient was classiﬁed
as false-positive based on an alternative medical diagnosis, cranial
nerve palsy caused by carcinoma metastatic to the cavernous sinuses. In addition, 1 patient with positive results had isolated uveitis, and another had isolated trigeminal neuralgia. Neither of these
conditions is known to be associated with Lyme disease in the absence of other more characteristic manifestations of the infection
[22–25]. The remaining 9 patients had syndromes incompatible
with Lyme disease and/or an alternative diagnosis (Table 1).
Three seropositive patients had histories of Lyme disease, but lacked
ﬁndings consistent with active infection at the time of the test.
Among the 53 evaluable subjects who were positive only by
IgM criteria, 8 had syndromes compatible with active Lyme disease (15%; 95% CI, 5%–25%). These included 5 individuals with
EM-like skin lesions, 1 with a CSF pleocytosis, 1 with facial
nerve palsy, and 1 with a knee effusion (Supplementary Table 2).
One individual had ﬁrst-degree atrioventricular block but had
presented with a high fever, elevated hepatic transaminases,
absolute monocytopenia, and hyponatremia and had a clinical
diagnosis of human monocytic ehrlichiosis. Among the remaining subjects who met IgM criteria, 18 had been symptomatic for
≥2 months without positive IgG results, 24 had clinically incompatible illnesses lacking objective ﬁndings of Lyme disease,
and 3 patients were asymptomatic. Four of the 8 patients with
true-positive IgM results had documentation of exposure in
highly endemic states: Rhode Island, Connecticut, New York,
and New Jersey; for 3 of them, the exposure was clearly recent.
Overall, 12 of 70 patients who met 2-tiered testing criteria
had an illness compatible with active Lyme disease at the time
of the test. Without considering travel history, the positive predictive value of a 2-tiered serologic testing was 17% (95% CI,
9%–28%). At least 6 of 12 patients with true-positive results
had most likely acquired their disease during travel to endemic
regions. Excluding patients with a history of travel to a Lyme
disease endemic area, would leave 6 true-positive results in 59
cases, yielding a positive predictive value of 10% (95% CI, 2%–
18%) in the nonendemic region studied.
We then identiﬁed patients who had been tested for Lyme disease in the setting of a clinical illness compatible with Lyme disease. Applying the search criteria described in the methods section
yielded 2569 medical encounters for 1621 unique patients. Of
these, 297 patients (18%) had a Lyme disease serologic test at
the time of a clinically compatible illness; 110 patients had arthritis
of a large joint, 98 had cranial nerve palsy, 75 had meningitis, 11
had both meningitis and cranial neuropathy, and 1 patient each

Table 2. Patients With Select Lyme Disease–Compatible
Presentations Identiﬁed Through Electronic Medical Record
Queries

Presentation
Arthritis
Meningitis

Patients
Positive Test
(Female/Male), No.
Resultsa

Age Mean
(Range), y

110 (59/51)
75 (44/31)

3
1

31.1 (2–91)
43.8 (4–82)

CN

98 (49/49)

1

46.8 (7–84)

Meningitis plus CN
Otherb

11 (4/7)
3 (1/2)

1
0

36.5 (8–71)
48 (38–58)

Abbreviation: CN, cranial neuropathy.
a

Positive tests results were defined according to standard 2-tier interpretive
criteria, including a reactive enzyme-linked immunosorbent assay followed by
positive immunoglobulin M or G Western immunoblot.

b

Atrioventricular block, atrioventricular block plus cranial nerve palsy, and
arthritis plus cranial nerve palsy in 1 patient each.

had arthritis with cranial nerve palsy, atrioventricular block
alone, or atrioventricular block with cranial nerve palsy (Table 2).
Of these 297 patients, 6 tested positive for Lyme disease by 2tiered serologic testing, 3 by IgG and 3 solely by IgM criteria.
These 6 patients had also been identiﬁed in our search of all seropositive patients. Three of the 6 had effusions of large joints at the
time of presentation; 1 had CSF pleocytosis, 1 had peripheral facial nerve palsy, and 1 had both facial nerve palsy and CSF pleocytosis. Thus, the prevalence of Lyme disease among patients was
(at most) 6 of 297 (2%, 95% CI, .7%–4.3%). Three of these 6 seropositive individuals had documented recent travel to Lyme disease–endemic areas, where the infection was probably acquired
(Maryland, Connecticut and Massachusetts). The patient with
facial nerve palsy and CSF pleocytosis ultimately received a
diagnosis of central nervous system vasculitis associated with
anti-neutrophil cytoplasmic antibodies. Thus, if we exclude
these 4 patients, only 2 of 297 cases (0.7%; 95% CI, .08%–
2.4%) were likely to be cases of locally acquired Lyme disease.
DISCUSSION
In a region where Lyme disease is uncommon, even patients
with highly characteristic clinical presentations are rarely
found to have Lyme disease, and positive test results are seldom
associated with clinically probable infection. Indeed, among 70
patients with positive tests during a 6-year period, only 13 had
an illness compatible with Lyme disease. Only a small minority
of seropositive patients with clinical presentations compatible
with disseminated Lyme disease were likely to have acquired
the infection disease locally. Our ﬁndings raise the question
of whether positive Lyme disease test results have diagnostic
value in low-prevalence regions, such as North Carolina.
With a high background noise of false-positive test results,
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coupled with a low signal of true-positive cases, it may be impossible to trust a positive result.
Serologic testing for Lyme disease is most useful for patients
who have an intermediate pretest probability of infection [2].
Patients in endemic areas with characteristic EM-like skin lesion
skin ﬁndings do not require testing, because they are highly likely to have Lyme disease, and there is signiﬁcant likelihood of a
false-negative test [26]. At the other end of the spectrum, patients with a low pretest probability of Lyme disease are more
likely to have a false-positive or nonexplanatory positive test result. These include individuals with no objective manifestations
of Lyme disease, including those who have only nonspeciﬁc
symptoms (eg, fatigue) and those who probably have an alternative diagnosis [27]. They also include patients who live in
nonendemic areas and have not traveled to endemic areas,
even if their symptoms are compatible with Lyme disease.
Previous studies have shown that patients with objective clinical ﬁndings consistent with disseminated Lyme disease have an
intermediate likelihood of Lyme disease that will maximize the
yield of diagnostic testing. For instance Lyme disease accounts
for 22%–34% of facial nerve palsy cases [12, 15], 13%–28% of
meningitis cases in children [7, 8, 11, 14], and 31%–67% of
monoarthritis cases in children [9, 10, 13, 16]. We must emphasize, however, that these studies were all conducted in regions of
the Northeast with exceptionally heavy transmission of Lyme
disease. The patients in these studies had both intermediate
clinical and epidemiologic risk of B. burgdorferi infection.
We must remember that the coexistence of a positive serologic test and a consistent clinical illness does not absolutely
prove that a patient has Lyme disease. Lyme IgM Western
blots, in particular, produce many false-positive results [28].
With roughly 3 million Lyme disease tests ordered annually,
even a speciﬁcity of 99% would yield tens of thousands of
false-positive results. A background prevalence of false-positive
results can coincidentally overlap with a background prevalence
of Lyme disease mimics, resulting in misdiagnosis of Lyme disease in patients with other diagnoses. Arthritis has been diagnosed in >20% of American adults, for example [29]. At the
same time, seroreactivity to B. burgdorferi occurs out of proportion to the incidence of clinically apparent Lyme disease, and
asymptomatic infection is well documented [30–32]. Awareness
of epidemiologic context and the absence of an alternative diagnosis are necessary for a clinician to decide whether a positive
test is explanatory or coincidental [33]. On the other hand, the
negative predictive value of Lyme disease testing will be very
high in a region with low prevalence, and in a region where
Lyme disease is emerging, a negative results may provide patients with some reassurance.
Our study has several limitations. First, it was retrospective,
and we were limited to the data recorded in the medical record.
Travel histories in particular were recorded brieﬂy and seldom
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described the intensity of exposure to tick habitat during travel;
moreover, the absence of travel was almost never speciﬁcally documented. Judging the compatibility of each patient’s syndrome
with Lyme disease depended on a retrospective review of chart
documentation, rather than a prospectively deﬁned case deﬁnition, and thus individual cases may have been misclassiﬁed because of inadequate documentation. To improve the speciﬁcity
of our study, we selected common manifestations of disseminated
Lyme disease that were easily identiﬁed by diagnostic and procedural coding, and elected not to perform queries for rarer manifestations, such as carditis. Our aim was not to capture all
patients with possible Lyme disease but rather to identify patients
with the maximum clinical pretest probability.
We also cannot be sure that our patient cohort is generalizable
to all patients in North Carolina, because we conducted our study
in a health system that includes a large academic tertiary care
center. Physicians in this system may order a large palette of diagnostic tests for patients with rare diseases and unusual presentations. Furthermore, a signiﬁcant number of physicians received
some of their education or training in regions with a higher incidence of Lyme disease. Both factors may inﬂate the number of
low-likelihood Lyme disease tests compared with other types of
clinical settings. Importantly, the health system serves rural, suburban, and urban communities including patients presenting to a
wide variety of specialty and primary care practices. Finally, our
study had a small sample size and was conducted at a single center, making its generalizability uncertain.
The lack of a reliable reference standard test creates a signiﬁcant challenge in clinical Lyme disease research. True-negative
tests are impossible to verify, and true-positives can usually be
deﬁned only by the presence of a compatible illness. Although
certain tests, such as appropriately performed culture and polymerase chain reaction, may provide more direct evidence of infection, the combination of cost, invasiveness, and lack of
sensitivity exclude them from typical clinical practice. In this
study, however, for all patients with positive results of 2-tiered
Lyme disease serology, we believe that chart documentation sufﬁced for us to discriminate likely from unlikely Lyme disease.
In summary, we have described a patient cohort in which the
positive predictive value of Lyme disease serologic tests is extremely low. In our study population, Lyme disease testing
had an 80% rate of false-positives, which puts patients with a
positive test result at risk of incorrect Lyme disease diagnoses
and adverse drug reactions from inappropriate treatment. In
low-transmission settings, a positive Lyme disease test result
may be incapable of ruling in Lyme disease with statistical conﬁdence, even when a compatible clinical syndrome is present.
Our ﬁndings have important implications for clinicians and
public health workers in North Carolina and epidemiologically
similar regions. First, clinicians must critically consider a patient’s risk factors, especially recent exposure to Ixodes tick

habitats in regions with known Lyme disease transmission,
when deciding whether to obtain (and how to interpret) serologic testing for Lyme disease. Second, physicians in nonendemic areas must carefully consider whether a positive Lyme
disease test result is authentic, being careful not to miss alternative diagnoses and to counsel the patient accordingly. Finally,
Lyme disease surveillance relies on the results of 2-tiered testing,
including automated reporting based solely on laboratory results.
This is likely to produce a high proportion of false-positives in
low-transmission areas, creating further uncertainty as to the
burden and distribution of this disease.
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