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Electrocardiogram as a Lyme Disease Screening Test
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Objective To examine the association between electrocardiographic (ECG) evidence of carditis at the time of
Lyme disease evaluation and a diagnosis of Lyme disease.
Study design We performed an 8-center prospective cohort study of children undergoing emergency depart-
ment evaluation for Lyme disease limited to those who had an ECG obtained by their treating clinicians. The study
cardiologist reviewed all ECGs flagged as abnormal by the study sites to assess for ECG evidence of carditis. We
defined Lyme disease as the presence of an erythemamigrans lesion or a positive 2-tier Lyme disease serology.We
used logistic regression to measure the association between Lyme disease and atrioventricular (AV) block or any
ECG evidence of carditis.
ResultsOf the 546 children who had an ECG obtained, 214 (39%) had Lyme disease. Overall, 42 children had ECG
evidence of carditis, of whom 24 had AV block (20 first-degree). Of the patients with ECG evidence of carditis, only
21 (50%) had any cardiac symptoms. The presence of AV block (OR 4.7, 95%CI 1.8-12.1) and any ECG evidence of
carditis (OR 2.3, 95% CI 1.2-4.3) were both associated with diagnosis of Lyme disease.
Conclusions ECG evidence of carditis, especially AV block, was associated with a diagnosis of Lyme disease.
ECG evidence of carditis can be used as a diagnostic biomarker for Lyme disease to guide initial management while
awaiting Lyme disease test results. (J Pediatr 2021;238:228-32).

L
yme disease is the clinical manifestation of infection with Borrelia burgdorferi, which is transmitted by an Ixodes species
tick. With a rapidly spreading geographic range, current estimates indicate that up to one-half a million new Lyme dis-
ease cases are diagnosed each year, of which approximately one-half occur in children.1-3 There is the potential for sub-

stantial underdiagnosis of Lyme carditis, as not all children are symptomatic and many do not have an electrocardiogram
(ECG) performed.1,4-7

Lyme carditis, first described in 1980,8 is caused by invasion of cardiac tissue by spirochetes and the subsequent inflammatory
response.9,10 Atrioventricular (AV) block is the most common ECG finding in Lyme carditis,4,5,7,8 although a wide spectrum of
cardiac manifestations have been described, including tachyarrhythmias, myopericarditis, and ventricular dysfunction.4,6,8,11-16

Lyme carditis typically resolves quickly with appropriate antibiotic treatment.4,17-20 However, cardiac involvement is important
to recognize, as abnormalities may fluctuate rapidly8,19,21 and can rarely result in sudden death.22-24 Some patients may need
urgent temporary cardiac pacing, intravenous catecholamines, or rarely mechanical support for fulminant myocarditis as part
of short-term support.4,20 Adolescents and adults with Lyme disease are diagnosed more frequently with Lyme carditis and
related complications compared with younger children with Lyme disease.1,10,23

As Lyme disease diagnostics take several days to return, clinicians must make initial management decisions before results are
available. ECGs are performed routinely and interpreted at the time of initial clinical evaluation. We assembled a multicenter
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ofWisconsin (Milwaukee,Wisconsin), Children’sMinnesota
(Minneapolis and St Paul, Minnesota), Nemours/Alfred I.
duPont Hospital for Children (Wilmington, Delaware),
and Hasbro Children’s Hospital (Providence, Rhode Island).
The study protocol was approved by the institutional review
board at each of the participating centers with permission for
data sharing. The Pedi Lyme Net data center was housed at
Boston Children’s Hospital.

We enrolled children 1-21 years of age undergoing evalu-
ation for symptoms of Lyme disease between June 1, 2015,
and October 31, 2020. Enrollment start dates varied by
participating center. Study staff approached eligible children
and/or their caregivers to obtain informed consent for partic-
ipation, which included collection of clinical phenotypical
data as well as research biological samples. We limited this
study to those children who had an ECG obtained by their
treating clinician during the index ED encounter.

We collected clinical data from the treating clinicians at the
time of enrollment. We defined suspected clinical stage based
on clinical symptoms: early (erythema migrans lesion),
early-disseminated (fever, cranial neuritis, meningitis, and
carditis), or late (arthritis). Study staff reviewed the medical
records 1month after enrollment to determine results of clin-
ical laboratory tests and performed phone follow-up to deter-
mine clinical outcome. Based on review of the medical
record, we determined whether Lyme disease serology was
ordered based primarily on abnormal ECG findings. We
abstracted the clinical cardiologist’s ECG interpretation.
REDCap, hosted by Harvard University, was used for all
data capture.25,26 All abnormal ECGs, as well as any previous
ECGs, were deidentified and shared electronically with the
Pedi Lyme Net data center.

Every ECG classified as abnormal by the clinical team was
reread by the study cardiologist, who was blinded to the clin-
ical history as well as the Lyme disease status. Any of the
following ECG findings were considered evidence of poten-
tial carditis: AV block (any degree), prolonged QTc27,28

(QT/ORR > 460 milliseconds), ST- or T-wave changes, ven-
tricular enlargement, accelerated junctional rhythm, early
repolarization, or right bundle branch block (QRS duration
>120 milliseconds).29 First-degree heart block was defined
with PR interval of longer than 200 milliseconds.30,31 Sinus
bradycardia or tachycardia alone were considered nonspe-
cific findings and were not included in our carditis definition.
For children with ECG evidence of carditis who had a base-
line ECG available, we determined whether the observed
findings were present on a previous ECG.

We defined a case of Lyme disease based on the presence of
physician-diagnosed erythemamigrans lesion or a positive 2-
tier Lyme disease serology in a patient with a compatible clin-
ical picture. A positive clinical 2-tier Lyme serology was
defined by a positive or equivocal first-tier enzyme immuno-
assay followed by a positive supplemental immunoblot. For
children with symptom duration longer than 30 days, a pos-
itive immunoglobulin M immunoblot alone was considered
a false positive.32 For children with an initially negative Lyme
disease test, we included any positive Lyme disease serology
obtained within 30 days of enrollment as serology may be
falsely negative early the in disease process.33

First, we compared study patients with and without ECG
evidence of carditis using a c2 test for categorical variables
and a Mann–Whitney U test for continuous variables. We
then calculated the accuracy of ECG evidence of carditis for
the diagnosis of Lyme disease. Next, we used logistic regres-
sion to measure the association between any ECG evidence of
carditis overall and AV conduction delay specifically and the
diagnosis of Lyme disease. To determine the impact of ECG
screening, we calculated the number need to treat with
empiric antibiotics defined as the inverse of the absolute
risk reduction (ie, rate of Lyme disease minus rate of not hav-
ing Lyme disease in children with ECG evidence of carditis in
this population). We used SPSS, version 27.0.0, for all statis-
tical analyses (IBM SPSS Statistics; IBM Corp).
Results

Over the study period, 2942 patients undergoing evaluation
for Lyme disease were enrolled, of whom 546 (18.6%) had
an ECG obtained (Figure). The proportion of children who
had an ECG varied by participating center (range 5.3%-
40.1%, P < .001). Of those who had an ECG performed,
214 (39.2%) had Lyme disease, of whom 9 (4.2%) had an
erythema migrans lesion alone, 200 (93.5%) had positive 2-
tiered serology, and 5 (2.3%) had both.
Of the 546 ECGs performed, the clinical ECG report was

normal for 399 (73.1%) and abnormal for 147 (26.9%).
Based on study cardiologist review, 105 (71.4% of ECGs
initially read as abnormal) did not have ECG evidence of car-
ditis: 58 normal, 14 sinus bradycardia, 10 sinus tachycardia,
17 sinus arrhythmia, 4 isolated premature ventricular con-
tractions, and 2 isolated premature atrial contractions.
The remaining 42 (28.6%of ECGs initially read as abnormal)

were classified by the study cardiologist as having ECG evidence
suggestive of carditis (Table I). AV block was themost frequent
abnormality, present in 24 ECGs (57.1% of those with
abnormal ECGs). The ECGs with AV block had a median PR
interval of 255 milliseconds (IQR 220-300 milliseconds). QTc
prolongation greater than 460 milliseconds was the second
most common finding, observed in 13 ECGs (31.0% of
patients with abnormal ECGs). Of those with ECG evidence
of carditis, only 3 had a baseline ECG available; none showed
previous ECG evidence of carditis.
Children with evidence of carditis were more likely to pre-

sent for evaluation during peak Lyme disease season (defined
as June to October) and to have clinical symptoms of early-
disseminated Lyme disease (Table II). The majority of
children with ECG evidence of carditis had empiric
antibiotics started at the time of initial evaluation and most
were admitted to the hospital.
For approximately one-half of the children with ECG evi-

dence of carditis, the ECG abnormalities prompted the treat-
ing clinician to obtain Lyme disease serology (Table III).
Although one-half of the children had cardiac symptoms
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Figure. Study patients.
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(eg, syncope, palpitations, dizziness, chest pain, or dyspnea),
most had normal vital signs. Most of the patients with Lyme
carditis had associated symptoms such as fatigue, facial nerve
palsy, arthritis, or meningitis, but carditis was the sole
manifestation of Lyme disease in 6 patients. The majority
of children with ECG evidence of carditis had at least 1
follow-up ECG identified (n = 32, 76%). All children with
Lyme carditis and a follow-up ECG had resolution of the
ECG findings.

Of the 42 children with ECG evidence of carditis, 25
(59.5%) had Lyme disease. The sensitivity of ECG evidence
of carditis for a diagnosis of Lyme disease was 11.7% (95%
CI 8.0%-16.7%) and the specificity was 94.9% (95% CI
92.0%-96.8%; Table IV, available at www.jpeds.com). The
presence of any ECG evidence of carditis (OR 2.3, 95% CI
Table I. ECG findings consistent with carditis (each
ECG could have more than 1 finding)

ECG findings
of carditis

Overall
(%)

N = 42

Lyme
disease (%)
N = 25

Not Lyme
disease (%)
N = 17

AV block 24 (57%) 18 (72%) 6 (33%)
First degree 18 14 4
Second degree 4 3 1
Third degree 2 1 1

Other findings 23 (55%) 12 (48%) 11 (65%)
QTc prolongation 13 7 7
ST/T wave changes 6 3 3
Ventricular enlargement 2 1 2
Other* 4 3 1

*Accelerated junctional rhythm (n = 1), early repolarization (n =2), right bundle branch block
(n = 1).
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1.2-4.3) as well as any AV block (OR 4.7, 95% CI 1.8-12.1)
were both associated with a diagnosis of Lyme disease. As
the ECG could be interpreted before the availability of
Lyme disease serology results, we evaluated the number of
study patients with ECG evidence of carditis who would
require empiric antibiotics per study patient with Lyme
carditis (number need to treat 1.7, 95% CI 1.2-2.2).

Discussion

In this large prospective cohort of children undergoing eval-
uation of Lyme disease, only one-fifth had an ECG obtained
by the treating clinical team. Children with ECG evidence of
carditis were older, more likely to present during peak Lyme
season, and more likely to be hospitalized. ECG evidence of
carditis, especially AV block, was highly associated with
Lyme disease. Although Lyme disease serology takes several
days to return results, an ECG can be interpreted immedi-
ately, providing an opportunity for timely diagnosis and
earlier antibiotic initiation when Lyme disease is strongly sus-
pected. Using ECG evidence of carditis as a Lyme disease
screening test, approximately three children with Lyme dis-
ease would receive empiric antibiotics for every two without
Lyme disease.
Similar to previous investigations, we found that children

with Lyme disease can have ECG evidence of carditis,
frequently without any cardiac symptoms. Depending on
the population studied, 2%-10% of children with Lyme dis-
ease have ECG evidence of carditis, with greater prevalence in
those with clinical manifestations of early-disseminated
Lyme disease.1,4,5,7,8 Given the low sensitivity, a normal
Neville et al



Table III. Clinical characteristics of patients with ECG
findings of carditis

Patients with ECG
findings of carditis

Overall (%)
N = 42

Lyme disease (%)
N = 25

Not Lyme
disease (%)
N = 17*

Patients in whom Lyme
evaluation was based
on ECG findings

19 (45%) 7 (28%) 12 (71%)

Any cardiac symptoms 21 (50%) 10 (40%) 11 (65%)
Syncope 6 2 4
Palpitations 6 4 2
Dizzy/lightheaded 13 5 8
Chest pain 10 5 5
Dyspnea 8 5 3

Abnormal vital signs 5 (12%) 2 (8%) 3 (18%)
Bradycardic 3 1 2
Tachycardic 1 0 1
Orthostatic 1 1 0
Hypotension 0 0 0

Did ECG evidence
of carditis resolve?†

20/32 (63%) 17/17 (100%) 3/15 (20%)

*Six alternate cardiac diagnoses (viral myocarditis [n = 2], congenital heart disease [n = 2],
congenital heart block [n = 1], postural orthostatic tachycardia syndrome [POTS; n = 1]), 5
normal variants, and 6 no cause identified.
†For patients with an available follow-up ECG available.

Table II. Comparison between children with and
without evidence of carditis on ECG

Characteristics

ECG evidence
of carditis
N = 42 (%)

No evidence
of carditis
N = 504 (%) P value

Demographics
Age, y* 14 (11, 15) 10 (6, 14) .001
Male 24 (57%) 297 (59%) .82
Presentation during

peak Lyme season
37 (88%) 323 (64%) .002

Clinical features
Stage <.001

Early 3 (7%) 12 (2%)
Early-disseminated 30 (71%) 283 (57%)
Late 4 (10%) 193 (38%)
Nonspecific symptoms 5 (12%) 16 (3%)

Fever 12 (29%) 170 (34%) .59
Management
Admitted 31 (74%) 164 (33%) <.001
Empiric antibiotics 28 (67%) 275 (55%) .13
Lyme disease 25 (60%) 189 (38%) .005

*Median (IQR).
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ECG should not be used to exclude Lyme disease. However,
the high specificity makes Lyme disease likely in the appro-
priate clinical scenario.

Most children with Lyme carditis improve rapidly on
appropriate antibiotic treatment. However, additional moni-
toring may be required for some, depending on ECG findings
and clinical symptoms. For example, children with signifi-
cant first-degree block (PR interval ³300 milliseconds),
high-grade AV block (second- or third-degree block), evi-
dence of myocardial dysfunction, or symptoms such as
syncope, chest pain, or dyspnea warrant telemetry and
cardiology evaluation.34 Although not all children with cardi-
tis had Lyme disease, initiating empiric antibiotics active
against Borrelia infection while awaiting test results in the
appropriate clinical scenario should be strongly considered.
However, as the ECG evidence of carditis is not specific to
Lyme disease, clinicians should also consider other etiologies
of conduction abnormalities. Using an ECG screen for
children undergoing initial evaluation for Lyme disease could
help ensure that children with Lyme carditis receive prompt
diagnosis and treatment.

Our study has several limitations. First, we enrolled a conve-
nience sample of children undergoing evaluation for Lyme dis-
ease based on availability of study staff and patient and
caregivers willingness to participate, and we cannot determine
whether the missed eligible patients differed. Second, as treat-
ing clinicians obtained an ECG for a minority of children un-
dergoing Lyme disease evaluation with rates varying across
centers, we cannot determine how the association between car-
ditis and Lyme disease would have changed if all children had
an ECG performed. A future direction could compare out-
comes at centers with high and low ECG use. Third, as ECG
findings of Lyme carditis can fluctuate8,19,21 and we evaluated
a single ECG without in-person follow-up, we may have
missed some children with carditis. Fourth, as we did not
have a baseline ECG for the majority of children, we could
Electrocardiogram as a Lyme Disease Screening Test
not determine whether ECG changes were acute. However,
the resolution of all of the ECG changes in the Lyme carditis
group suggests that they were, in fact, acute. Fifth, as the study
cardiologist did not review ECGs that were read as normal by
the clinical cardiologist, we may have missed some subtle ab-
normalities. Sixth, although only a minority of children with
ECG evidence of carditis had a prolonged QTc, we did not
collect nonantibiotic medications that could potentially
explain this ECG finding. Seventh, Lyme disease serology can
be falsely negative in some children with early-disseminated
disease, including those with carditis, resulting in the potential
misclassification of some children with Lyme disease. Howev-
er, none of the children with ECG evidence of carditis and
negative 2-tier Lyme disease serology seroconverted within
30 days of enrollment. Eighth, we defined carditis using oper-
ational definition based on ECG manifestation of conduction
system disease. Consistent with the current diagnostic stan-
dard for Lyme carditis, we didnot includemore advanced eval-
uations of troponin, echocardiography, or biopsy. Finally, the
majority of enrollment was done before the coronavirus dis-
ease 2019 (COVID-19) pandemic. Both pediatric multisystem
inflammatory syndrome and less severe cases of COVID-19
infectionmay cause conduction system disease, which treating
clinicians must consider while COVID-19 is at a pandemic
scale.35,36

In the appropriate clinical scenario, ECG evidence of car-
ditis should prompt evaluation for Lyme disease as well as
initiation of appropriate antibiotics and patient monitoring
until definitive diagnostic test results can be obtained. n
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as well as the Pedi Lyme research staff who enrolled in this study. We
acknowledge John Branda, MD (Massachusetts General Hospital, Bos-
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Table IV. Performance of ECG evidence of carditis as a
diagnostic biomarker for Lyme disease

Evidence Lyme disease Not Lyme disease

ECG evidence of carditis 25 17
No ECG evidence of carditis 189 315
Accuracy
Sensitivity 25/214 (11.7%; 95% CI 8.0%-16.7%)
Specificity 315/332 (94.9%; 95% CI 92.0%-96.8%)
Positive predictive value 25/42 (59.5%; 95% CI 44.5%-73.0%)
Negative predictive value 315/504 (62.5%; 95% CI 58.2%-66.6%)

November 2021 ORIGINAL ARTICLES

Electrocardiogram as a Lyme Disease Screening Test 232.e1


