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Objectives: The study objective is to demonstrate the clinical and research utility of an operationalized
deﬁnition of post-treatment Lyme disease syndrome (PTLDS), as proposed by the Infectious Diseases
Society of America.
Methods: Seventy-four patients with conﬁrmed erythema migrans and 14 controls were enrolled.
Patient-reported symptoms and health function (SF-36) were collected pre-treatment and at follow-up
visits over 6 months post-treatment.
Results: Eight (11%) patients met our operationalized deﬁnition of PTLDS, which included self-reported
symptoms of fatigue, widespread musculoskeletal pain or cognitive complaints, and functional impact as
measured by a T score of <45 on the composite SF-36. No controls met the functional impact criteria.
Forty-three (60% patients returned to their previous health status when measured at 6 months posttreatment. Twenty (28%) patients had either residual symptoms or functional impact, but not both, and
did not meet criteria for PTLDS.
Conclusions: This operationalized deﬁnition of PTLDS allows for identiﬁcation of those patients who are
treated for early Lyme disease and have signiﬁcant post-treatment illness, as they have both residual
symptoms and impact on daily life functioning. With further reﬁnement and improvement of this
operationalized deﬁnition, the true incidence of PTLDS can be determined and future studies can be
designed to examine its pathophysiology and treatment.
ß 2013 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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1. Introduction
Lyme disease is a worldwide emerging infectious disease with
increasing public health importance in North America and
countries with moderate climates in Eurasia.1 In North America,
Lyme disease is caused by infection with the spirochete bacterium
Borrelia burgdorferi and results in an early localized skin infection
called erythema migrans (EM). In approximately 50% of patients, B.
burgdorferi infection is associated with bloodstream dissemination.2,3 If untreated, the early skin infection resolves, but later
neurologic symptoms occur within weeks in approximately 15%,
and joint swelling and pain develop in approximately 60% of
patients within months of initial infection.4
Antibiotic treatment of early Lyme disease hastens the resolution
of skin disease and largely prevents later manifestations of cranial
neuritis, meningitis, carditis, and joint synovitis.5 However, 10–15%
of ideally treated patients develop post-treatment Lyme disease
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syndrome (PTLDS), which is characterized by persistent or recurrent
symptoms of fatigue, musculoskeletal pain, and cognitive complaints leading to functional decline.1,6 The Infectious Diseases
Society of America (IDSA) has proposed a research case deﬁnition of
PTLDS.7 As with criteria for other infection-associated, posttreatment syndromes such as rheumatic fever, the criteria must
link the clinical phenotype with reliable markers of prior infection.8
However, there are currently no such reliable biomarkers or
serologic tests to deﬁne prior exposure to treated early infection
with B. burgdorferi, as prompt antibiotic treatment of seronegative
cases of early Lyme disease may prevent seroconversion, and the
majority of patients who do seroconvert acutely lose diagnostic
seroreactivity over the following year.9,10 The IDSA PTLDS case
deﬁnition includes a clinical syndrome of patient-reported symptoms that occurs in the context of documentation of a previously
treated, physician-diagnosed case of Lyme disease meeting the
Centers for Disease Control and Prevention (CDC) surveillance
criteria,11 and includes symptoms of such severity that they cause
signiﬁcant decline in physical or social functioning.7 There are
additional criteria to exclude patients with untreated tickborne infections or other illnesses with similar clinical features,
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With no standardized approach to capturing the symptoms and
functional impact, clinicians and researchers are left to decide on
their own. It is unknown how often or in what manner these
criteria are applied.
Across studies, researchers have consistently used the criteria
that individuals must have persistence of self-reported symptoms
such as pain and fatigue, but these symptoms have often been
reported as present or absent, or as part of an aggregate outcome of
complete versus partial response to therapy, as in prior antibiotic
treatment trials.14,19–23 Attempts to measure cognitive complaints
have not demonstrated large deﬁcits in PTLDS.24 No data from
prospective studies of early Lyme disease have used validated
measures of fatigue, and only a single study in Europe has included
non-Lyme infected controls.25 Because of the limitations of
previous studies, it remains unknown whether the severity of
fatigue in PTLDS is greater than that of baseline levels found in
otherwise healthy populations.7 Such variability of the approaches
to capture these symptoms has led to a literature base that is
difﬁcult to reconcile.
Consideration of the ‘functional impact’ component of the IDSA
case deﬁnition reﬂects even greater variability across studies.
Studies prior to the establishment of the IDSA criteria,24 and even
some studies since,23,26 have not included the functional impact
criteria in order to classify subjects in the PTLDS group. Even when
this criterion has been applied as part of the study inclusion
criteria, the deﬁnition has varied, including deﬁning ‘functional
impact’ as ‘symptoms were severe enough to interfere with
activities of daily living’,27 to using standardized assessment tools
to capture the functional impact of the symptoms.6 Such variability
in deﬁning individuals who meet the criteria for PTLDS leads to
obstacles in integrating ﬁndings across studies.
Given these challenges, we set out to begin the development of
an operationalized deﬁnition of PTLDS by offering a two-step
approach to PTLDS diagnosis that could be used to evaluate
persistent symptoms after proper treatment of Lyme disease. The
ﬁrst step focuses on patient-reported symptoms of pain, fatigue,
and/or cognitive complaints. The presence of the symptoms
indicates that the patient endorsed that the symptom began after
exposure to and treatment for Lyme disease. As consistent with the
IDSA deﬁnition, we accepted that self-report of the persistence or
new appearance of these symptoms is sufﬁcient to meet criteria
without the need to quantify the magnitude of the symptoms.
Further research should investigate if the symptom criteria need to
include a measurement of severity of the symptom using
structured symptom surveys to set a threshold level. Once
symptoms are quantiﬁed they should be examined for their
speciﬁc impact on patient function. This will allow for further
reﬁnement of the IDSA criteria and may also point out the need for
inclusion of other symptoms that contribute to a decline in
function. For example, the syndromes that are closely related to
PTLDS such as ﬁbromyalgia16 and chronic fatigue syndrome,28
suggest that un-refreshing sleep, post-exertional malaise, the
presence of tender points, and neurologic symptoms such as
allodynia may be important.29–31
Additionally, future research should focus on clearly deﬁning
the constructs of fatigue, as it is recognized in the scientiﬁc
literature that there are different types of fatigue (physical fatigue
versus mental fatigue) and that the severity, duration, and
frequency of fatigue may differ across patients. Finally, there
needs to be attention to the experience of cognitive impact as
reported by patients versus the objective evidence of cognitive
deﬁcits as shown on neuropsychological testing. Although an
individual may feel less cognitive efﬁcient, that does not mean that
a primary cognitive impairment is present given that there are
many factors that can distract our cognitive resources, such as pain,
fatigue, and emotional distress.
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The second step in the diagnosis of PTLDS focuses on the
functional impact of the symptoms. We employed a well-validated
instrument to measure the patient’s perceived impact of health
status on his/her daily life functioning to avoid the pitfalls inherent
in unvalidated methods to capture the patient’s perception of their
health-related function. Although the SF-36 still relies upon
patient self-report and cannot directly compare current function
to the patient’s previous level of function, it allows for a more
precise capture of the quality and magnitude of symptom impact
on functioning and has been recommended for use in other
symptom-based illnesses such as chronic fatigue syndrome.29
With such a structured assessment approach, it is possible for
researchers to compare individuals based upon the degree of
impact as well as whether there are differences between
individuals by type of impact. For example, in previously healthy
individuals, SF-36 scores below the mean (T = 50) have been used
to deﬁne signiﬁcant levels of health-related vitality.32 In addition,
the SF-36 affords the opportunity to more closely analyze the
differences between individuals who have persistent symptoms
and endorse ‘signiﬁcant’ impact on functioning versus those
individuals who have persistent symptoms, but continue to report
adequate functioning.
We chose more than 0.5 SD below the normative mean (T = 45)
as a preliminary cut-off point for identifying individuals who rated
the impact of their health status (i.e. symptoms) on life functioning
as ‘less than average’. Obviously, in the general population, there
are individuals who fall below this threshold on their life
functioning, and the SF-36 captures this normal distribution.
The SF-36 allows for operationalizing the perception of the impact.
Using the SF-36, we were able to show that we could clearly
identify a subgroup of individuals who meet the symptom criteria
for PTLDS and fall below this cut-off point, indicating negative
functional impact. We recognize that this cut-off of more than 0.5
SD below the normative mean will allow for more false-positives
among Lyme disease patients; however, one could argue that even
if these individuals are being incorrectly classiﬁed as PTLDS
patients, they could still beneﬁt from behavioral interventions to
address their symptoms and to increase their life functioning. In
our study, no healthy controls fell below our cut-off. Future
research will have to consider in the selection of control subjects
that there may be individuals in the general population with
undiagnosed medical problems who have symptoms leading to
functional impact meeting this criterion. In addition, our pattern of
results suggests that in our study population of previously healthy
individuals, PTLDS outcomes will have some overlap with those in
the general population. Future studies will need to examine other
risk factors for more severe outcomes in PTLDS, including
preexisting conditions such as depression and the impact of
delays in initial diagnosis and treatment. In the current study,
using a composite score of the SF-36 sub-scores, we identiﬁed a
subgroup of individuals who have PTLDS symptoms and impact on
life functioning. Using this composite score versus the general
score, there is a clearer division between patients with symptoms
who endorse impact on life functioning and those who do not. This
subgroup is 11% of the entire sample and 31% of the subsample
meeting the symptom-only criteria of PTLDS (see Figure 3). It is
unclear how the group with persistent symptoms who endorse
normal functioning is distinguished from those who endorse both
symptoms and reduced functioning. Future research should
address the nature, magnitude, and signiﬁcance of persistent
symptoms among those not reporting functional impact, as well as
to delineate which factors are most negatively affecting the life
functioning of those with PTLDS. Additionally, the validity and
reliability of our SF-36 composite score should be conﬁrmed to
determine if it truly captures the core functional domains
impacted by PTLDS.

