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Lyme disease diagnostic workups conducted on active and retired U.S. ser-
vice members and their dependents at U.S. Air Force military treatment 
facilities (MTFs) in Germany between 2013 and 2017 were assessed to deter-
mine the appropriateness of laboratory testing and antibiotic prescriptions. 
Of the 1,176 first-tier immunoassays, 1,114 (94.7%) were negative, and of the 
285 immunoglobulin M (IgM) immunoblots, 242 (84.9%) followed a nega-
tive first-tier assay or were performed without an antecedent first-tier assay. 
Eighty-three positive IgM immunoblot tests were adjudicated using modified 
published criteria, of which 40 (48.2%) were deemed false positives. Thirty-
two patients with false-positive tests were treated with an antibiotic. Addi-
tionally, 30 patients with uncomplicated erythema migrans could have been 
treated without laboratory confirmation. Understanding the use and limita-
tions of 2-tier diagnostic criteria, as well as the common pitfalls in diagnosing 
Lyme disease, may help prevent overdiagnosis, reduce unnecessary testing, 
and promote antibiotic stewardship.
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W H A T  A R E  T H E  N E W  F I N D I N G S ?   

Of the 83 positive Lyme disease IgM im-
munoblots conducted at U.S. Air Force MTF 
laboratories in Germany between 2013 and 
2017, 40 (48.2%) were deemed false posi-
tives after standardized chart review, and 32 
of these patients were prescribed antibiotics. 
Thirty patients with true-positive IgM im-
munoblots could have been diagnosed and 
treated without laboratory testing.

W H A T  I S  T H E  I M P A C T  O N 
R E A D I N E S S  A N D  F O R C E  H E A L T H 
P R O T E C T I O N ?

Lyme disease is the most commonly 
diagnosed vector-borne illness in the U.S. 
military. Early diagnosis and treatment are 
essential to prevent complications from 
disseminated disease. Overreliance on 
serologic testing, given its low positive 
predictive value in certain contexts, can lead 
to misdiagnosis, wasted expenditure, and 
antibiotic misuse.

Lyme disease, known commonly out-
side the U.S. as Lyme borreliosis, is 
caused by infection with tick-borne 

spirochetes of the Borrelia burgdorferi 
sensu lato complex.1 Clinicians trained in 
the U.S. who practice internationally or 
who commonly treat international travelers 
should understand the universal common-
alities and region-specific differences in the 
microbiology, presentation, and diagnosis 
of Lyme disease. 

In North America, the vast majority 
of Lyme disease is caused by B. burgdor-
feri sensu stricto,1 although other presum-
ably pathogenic genospecies have been 
isolated.2–5 Pathogen diversity is greater in 
Europe, where B. burgdorferi sensu stricto, 
B. afzelii, B. garinii, B. bavariensis, and B. 
spielmanii are established contributors to 
the burden of human disease. Regardless 
of the infecting genospecies, Lyme disease 
can be classified into 3 stages: 1) early local-
ized disease, which occurs days to weeks 

after the vector tick bite and is often char-
acterized by erythema migrans (i.e., an 
expanding erythematous skin lesion that 
may develop central clearing); 2) early dis-
seminated disease, which can follow weeks 
to months after untreated infection and 
may present as multiple erythema migrans, 
Lyme carditis, or neuroborreliosis; and 3) 
late disease, which may follow months or 
years after untreated infection and may 
include arthritis and other dermatologic 
and neurologic manifestations.1 Although 
erythema migrans is a frequent manifesta-
tion of Lyme disease worldwide, less com-
mon clinical syndromes are geographically 
heterogeneous. Lyme neuroborreliosis, 
acrodermatitis chronica atrophicans, and 
borrelial lymphocytoma, for example, are 
mostly restricted to Europe.1,6 

This pattern of universal commonal-
ity and regional disparity also applies to 
the diagnostic workup. Irrespective of loca-
tion, laboratory testing should be reserved 

for patients with an intermediate pre-test 
probability of disease.6–8 Testing param-
eters, however, should follow local guide-
lines. While 2-tier serologic testing for 
Lyme disease is the standard of care in the 
U.S.,7 Germany,9 and some other parts of 
Europe,6,8,10 immunoblot band interpreta-
tion differs between North America11 and 
Europe because of variable surface pro-
tein expression among the genospecies.12,13 
Two-tier testing is usually conducted in a 
“reflex” manner such that positive or equiv-
ocal results on a first-tier immunoassay are 
followed by the automatic performance of a 
Western immunoblot to test for immuno-
globulin M (IgM) and immunoglobulin G 
(IgG) antibodies.7  

As in the U.S., Lyme disease has 
attracted much attention in Europe, where 
guidelines warn of public misconceptions6 
and unwarranted testing.8 The extent of 
overdiagnosis in the U.S. has been doc-
umented in endemic areas14–16 and in a 



August 2019  Vol. 26 No. 8 MSMR Page  23

military population spanning endemic and 
non-endemic areas,17 but similar estimates 
are not available internationally. This study 
sought to assess the appropriateness of diag-
nostic workups and treatments of current 
and retired U.S. service members and their 
dependents accessing healthcare services in 
Germany. The location was chosen because 
of its high reported incidence of Lyme dis-
ease and its sizable population of U.S. mili-
tary personnel and beneficiaries.1,18,19 

M E T H O D S

All Lyme disease serologic tests ordered 
on U.S. service members, military retirees, 
and their dependent relatives at U.S. Air 
Force military treatment facilities (MTFs) 
between 1 January 2013 and 31 December 
2017 were retrieved by querying the Com-
posite Health Care System for the key words 
“Lyme disease” or “B. burgdorferi.” Molecu-
lar and C6 peptide tests, as well as tests of 
non-serum samples (e.g., of cerebral spinal 
fluid), were excluded. The Defense Medical 
Information System identifier was used to 
restrict to tests ordered in Germany. Sero-
logic tests were stratified as either first-tier 
immunoassays (enzyme immunoassays and 
indirect immunofluorescence assays, which 
are indistinguishable in the database) or 
second-tier Western immunoblots. Immu-
noblots were further classified as IgM or 
IgG.

For all patients with a positive IgM 
immunoblot, data were abstracted from the 
Armed Forces Health Longitudinal Tech-
nology Application and the Health Arti-
fact and Image Management Solution by 
the principal investigator (BJW). All notes 
within 1 year of the index Lyme disease 
IgM immunoblot were reviewed to obtain 
the following information: patient sex and 
age at presentation; chief complaint or com-
plaints for healthcare seeking; symptom 
onset date; laboratory sample collection 
date; documented travel within 30 days of 
clinical presentation; reported tick bite; anti-
biotic prescription(s) for an indication of 
Lyme disease; and the presence or absence 
of erythema migrans, acute febrile illness, 
cranial nerve palsy, carditis, and meningi-
tis. Criteria and diagnostic codes associated 

with these 5 conditions have been published 
elsewhere.17 Patients were assumed to have 
no travel history if none was documented 
in the chart. Given the potential for pro-
longed IgM seropositivity,1 the analysis was 
restricted to a patient’s first positive IgM 
immunoblot during the study period. Cases 
with insufficient documentation (i.e., had 
no clinical notes associated with Lyme dis-
ease) or patients with no evidence of resid-
ing in or traveling to Germany within 30 
days of the test were excluded (this may 
occur if a specimen is shipped to an MTF 
laboratory in Germany for testing).

Methodology published by Seriburi 
and colleagues14 was modified to adjudicate 
positive IgM immunoblots as true or false 
positives. Positive immunoblot tests were 
considered true positives unless 1 or more 
of the following criteria applied: 1) a first-
tier test had been omitted or was negative 
or the time since symptom onset exceeded 
30 days with a negative IgG immunoblot; 
2) the patient was tested between Decem-
ber and March, when incident infection in 
Germany is exceedingly rare;19 and/or 3) the 
patient was asymptomatic or reported only 
non-specific symptoms. The immunoblot 
band criterion of Seriburi was not applied 
because of different banding patterns for 
pathogenic B. burgdorferi sensu lato geno-
species in Germany. 

The Armed Forces Disease Reporting 
System internet (DRSi) was queried to deter-
mine if the IgM positive cases were reported 
between 1 January 2013 and 30 September 
2018 (to account for delayed reporting up 
to 9 months). All Lyme disease cases diag-
nosed at MTFs must be reported electroni-
cally to this system.20 Based on U.S. Council 
of State and Territorial Epidemiologists def-
initions, cases are classified by local public 
health authorities as suspected, probable, or 
confirmed.21

Descriptive statistics and 2-sided Fisher 
exact tests with 95% confidence intervals 
(CIs) were used to describe the history and 
clinical presentation of patients and to com-
pare false-positive proportions by sex and by 
age (children [aged <18 years] versus adults 
[aged ≥18 years]). Data were analyzed using 
SAS/STAT® software, version 9.4 (2014, SAS 
Institute, Cary, NC). The study was approved 
by the Air Force Research Laboratory Insti-
tutional Review Board.

R E S U L T S

A total of 1,461 serum tests (1,176 
immunoassays and 285 immunoblots) 
were performed on 1,026 unique patients. 
The mean age of tested patients was 33 
years (range: 2 months to 87 years), and 
53.8% were female. Of the 1,176 first-tier 
serologic tests, 62 (5.3%) were positive or 
equivocal. Of these 62 positive or equivocal 
first-tier assays, 43 (69.4%) were reflexed to 
immunoblotting. Seventy-nine additional 
immunoblots were performed without 
first-tier testing, and 163 were performed 
after a negative screen. Of the 285 immu-
noblots performed, 127 (44.6%) were posi-
tive: IgM only (n=73); IgG only (n=30); 
IgM and IgG (n=24). Fourteen of the 97 
positive IgM tests were excluded, leaving 83 
cases available for adjudication (Figure 1).

Of the 83 positive IgM immunob-
lots, 43 (51.8%; 95% CI: 40.6–62.9) were 
deemed true positives and 40 (48.2%; 95% 
CI: 37.1–59.4) were deemed false posi-
tives. The most common false-positive 
criterion was asymptomatic or non-spe-
cific presentation (n=36), followed by fail-
ure to meet seropositivity criteria (n=27). 
Eleven patients were tested in December 
through March, but all met at least 1 other 
false-positive criterion (Figure 2). Among 
the 83 persons with positive IgM immu-
noblots, false-positive proportions differed 
by age (adults [36/63] and children [4/20]; 
p=.007) and by sex (females [26/40] and 
males [14/43]; p=.006). 

Clinical presentation of the 43 patients 
with true-positive tests included erythema 
migrans (n=30), acute febrile illness (n=9), 
facial palsy (n=2), and carditis (n=2) (data 
not shown). A tick bite was reported by 
19 (44.2%) patients with a true-positive 
test and 5 (12.5%) patients with a false-
positive test. Among the 40 persons who 
were deemed to have false-positive tests, 1 
patient was asymptomatic at presentation, 
and 35 presented with a variety of chief 
complaints: arthralgia (n=14), non-ery-
thema migrans skin rash (n=10), headache 
(n=5), fatigue (n=3), neuropathy (n=3), 
movement disorder (n=2), myalgia (n=2), 
abscess (n=1), and cough (n=1); some 
patients had more than 1 chief complaint 
(data not shown). 
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Antibiotics were prescribed for Lyme 
disease for 41 (95.3%) patients with a true-
positive test. This included oral doxycycline 
(n=27), oral amoxicillin (n=11), intrave-
nous ceftriaxone (n=2), and oral erythro-
mycin (n=1). Thirty-two (80.0%) patients 
with a false-positive test were prescribed 
antibiotics: oral doxycycline (n=27), oral 
amoxicillin (n=4), and oral cefuroxime 
(n=1) (data not shown). 

Thirty-six of the 83 positive IgM immu-
noblot cases were reported as Lyme dis-
ease to the DRSi, including 21/43 (48.8%) 
patients with true-positive tests and 15/40 
(37.5%) with false-positive tests. Eighteen 

patients with true-positive tests were classi-
fied as confirmed compared to 13 patients 
with false-positive tests (data not shown).

E D I T O R I A L  C O M M E N T

Nearly 95% of the 1,176 Lyme disease 
immunoassays ordered at U.S. Air Force 
MTFs in Germany were negative. Of the 83 
positive IgM immunoblot tests reviewed, 43 
were adjudicated as true positives and 40 as 
false positives. Thirty-two (80.0%) patients 
with false-positive tests were treated with 
antibiotics. 

These data provide valuable informa-
tion for military clinicians stationed in 
Germany. First, this study suggests Lyme 
disease serologic testing is overutilized at 
MTFs. Only 5.3% of the first-tier immu-
noassays performed during the surveil-
lance period were positive or equivocal, 
well below the 11.9% positivity observed at 
U.S. commercial laboratories (n=287,595 
tests).22 Therefore, imperfect sensitivity 
of Lyme disease serology does not fully 
explain the large number of negative results 
in this study. A more likely cause is the use 
of serology in the workup of vague or non-
specific symptoms (e.g., arthralgia, head-
ache, or fatigue).1 While these symptoms 
may occur during early Lyme disease, they 
are highly prevalent across the population.7 
In the absence of objective findings, Lyme 
disease serologic testing in these cases is dis-
couraged.7,8,23 Subjective arthralgia of early 
Lyme disease is clinically distinguishable 
from Lyme arthritis, a potential manifesta-
tion of late disease. The latter affects large 
joints, presents with objective synovitis, 

F I G U R E  1 .  Lyme disease serologic tests ordered at U.S. Air Force MTFs in Germany, 1 January 
2013–31 December 2017

F I G U R E  2 .  Adjudication findings of false-pos-
itive Lyme disease IgM immunoblots (n=40)Figure 1. Lyme disease serologic tests ordered at U.S. Air Force military treatment facilities in Germany, 1 January 2013–31 December 2017

aTest was conducted at a military treatment facility in Germany but patient had no obvious travel to Germany.
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and is almost always pauciarticular (and 
usually monoarticular). For patients who 
present with potential Lyme arthritis, the 
diagnostic workup may include serologic 
testing and PCR testing of synovial fluid.6,7            

Second, and relatedly, this study indi-
cates overreliance on laboratory testing to 
diagnose Lyme disease. In endemic areas, 
such as much of Germany,19 patients who 
present with the typical erythema migrans 
lesion should be diagnosed and treated 
without awaiting the results of laboratory 
testing. This recommendation is based on 
the recognition that the vast majority of 
patients with erythema migrans will even-
tually test positive for IgM antibody but 
that such serologic tests are usually nega-
tive in the early stages of infection.7,8 In 
this study, the 30 patients with erythema 
migrans represented 36.1% of the 83 
patients with positive IgM immunoblots 
and 69.8% of the 43 patients determined 
to have true-positive IgM immunoblots. In 
the U.S.7 and Europe,9 serologic testing is 
recommended when the dermatologic pre-
sentation is unclear or if other manifesta-
tions, such as borrelial lymphocytoma, are 
suspected. Testing in Germany should fol-
low a 2-tier serologic approach10 guided by 
specific European immunoblot band inter-
pretation,13 with supplemental molecular 
testing for certain manifestations, as sug-
gested by European guidelines.8,10,24 

Third, this study highlights the issue 
of antibiotic misuse. Clinicians are encour-
aged to prescribe antibiotics judiciously. Of 
the 40 patients with false-positive tests, 32 
were provided antibiotics for the indication 
of Lyme disease. Like superfluous labora-
tory testing, unnecessary antibiotic utiliza-
tion is a wasteful expenditure. Moreover, it 
may lead to complications and encourage 
antimicrobial resistance.1  

Fourth, this study uncovers poten-
tial mismanagement of immunoassays. 
According to universal recommendations 
regarding 2-tier testing for Lyme disease,6–10 
positive or equivocal immunoassays should 
be reflexively referred for immunoblotting. 
This occurred for only 43/62 (69.4%) eligi-
ble immunoassays. Meanwhile, 163/1,114 
(14.6%) negative immunoassays were 
reflexed to immunoblots, and 79 immu-
noblots were performed without a first-
tier immunoassay. Therefore, of the 285 

immunoblots performed, 242 (84.9%) 
were not in accordance with recommenda-
tions. Laboratories conducting Lyme dis-
ease testing may consider modifying their 
processes. 

This study has several limitations. 
First, it relies on serology for ascertain-
ment of potential cases. Serologic diagnosis 
of Lyme disease is problematic because of 
imperfect sensitivity and specificity, meth-
odological discrepancies between labo-
ratories, and subjective interpretation of 
immunoblot banding patterns.25 Second, 
incomplete or inaccurate data in the medi-
cal charts may have resulted in differen-
tial misclassification of cases. For example, 
provider failure to detect, describe, or diag-
nose the presence of an erythema migrans 
lesion would result in a false-positive mis-
classification. Conversely, underestimation 
of symptom duration in a patient with a 
negative IgG would result in a true-positive 
misclassification. Third, no data were col-
lected on patients who had negative tests. 
Although the low percentage of positive 
immunoassays suggests a suboptimal pre-
test prevalence of disease in the tested pop-
ulation,1,12 the appropriateness of ordering 
these tests could not be assessed. Fourth, 
patients included in this study were pre-
dominantly evaluated at U.S. air bases in 
southwest Germany. Given the intrana-
tional heterogeneity of Lyme disease,19 the 
findings may not be generalizable to all 
U.S. service members, military retirees, and 
their dependents stationed or residing in 
Germany.

Lyme disease is the most commonly 
reported tick-borne disease in Germany19 
and the most commonly reported vector-
borne disease in the U.S. Armed Forces.26 
Two air bases in Germany account for 
16.4% of all vector-borne diseases reported 
in the U.S. Air Force.18 The present study 
highlights clinical challenges associated 
with Lyme disease and demonstrates their 
applicability outside the U.S.23 Military cli-
nicians practicing anywhere in Germany 
should understand these challenges and 
recognize that patients may access online 
information that is often inaccurate.27 
High-quality, evidence-based care may 
include diagnosing and treating Lyme dis-
ease without laboratory testing, explain-
ing why laboratory testing is unwarranted 

for non-specific symptoms, and practicing 
good antibiotic stewardship.
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