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Background: Laboratory diagnosis of Lyme borreliosis (LB) is used in a variety of clinical settings where a
range of other diagnoses may be considered. Therefore, it is essential that diagnostic accuracy studies and
literature reviews consider information from different types of studies and choices of sample groups. The
quality of patient selection is important to minimize the risk of misclassification. This narrative review
was inspired by systematic reviews where nearly all studies on the diagnostic accuracy for LB tests were
determined as biased and having low quality based solely on study design considerationsdnot the
clinical relevance.
Objectives: To propose flexible design and interpretation of studies used to assess diagnostic accuracy in
clinical microbiology.
Sources: Criteria for rating the quality of studies were discussed among the ESCMID study group for LB
ESGBOR (The ESCMID study group for Lyme borreliosis). The literature was searched for similar meth-
odological discussions.
Content: Knowledge of antibody reactivity in the background population across various clinical patient
groups with and without infection should consider variations in clinical presentation and duration of
disease. Case-control studies are the most frequently used design and were judged particularly instru-
mental in assessing serologic testing. However, clinical and epidemiological studies not specifically
intended for diagnostic accuracy may also contribute estimates of sensitivity and specificity. Systematic
reviews should focus on the application of the diagnostic assay for the individual patient in various
tment of Clinical Microbiology, Zealand University Hospital, Slagelse. Denmark..
ssau).

Ltd on behalf of European Society of Clinical Microbiology and Infectious Diseases. This is an open access article under
es/by/4.0/).

mailto:ramd@regionsjaelland.dk
www.sciencedirect.com/science/journal/1198743X
http://www.clinicalmicrobiologyandinfection.com
https://doi.org/10.1016/j.cmi.2025.04.001
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.cmi.2025.04.001
https://doi.org/10.1016/j.cmi.2025.04.001


R.B. Dessau et al. / Clinical Microbiology and Infection 31 (2025) 1307e13121308
clinical settings, rather than seeking an unbiased average. Different LB sample groups and controls for
test panels are discussed.
Implications: Case-control (two-gate design) studies, case series, and seroprevalence studies represent-
ing the range of LB in different populations are necessary to assess the diagnostic accuracy of serological
tests for LB. A broader range of studies should be considered for inclusion in systematic reviews of
diagnostic accuracy. Ram Benny Dessau, Clin Microbiol Infect 2025;31:1307
© 2025 The Authors. Published by Elsevier Ltd on behalf of European Society of Clinical Microbiology and
Infectious Diseases. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).
Introduction

The diagnosis of Lyme borreliosis (LB) should be based on the
complete clinical evaluation with fitting clinical findings, but is
supported by laboratory testing. Laboratory diagnosis of LB often
rests on detecting of antibody responses because direct detection of
the infecting organism is not feasible in most clinical situations [1].
However, this is a weakness for clinical diagnosis because sero-
logical response may be from previous infection or actual infection.
Humoral response in early infection can be delayed and for early LB
(erythema migrans) laboratory testing is not recommended. Thus,
the diagnosis of LB should not rest on antibody testing alone.

As laboratory testing can play a pivotal role in the diagnosis of
disseminated LB, test accuracy is a fundamental consideration.
Therefore, the design of individual diagnostic test accuracy (DTA)
studies for detecting Borrelia burgdorferi sensu lato-specific anti-
bodies and the inclusion of the existing literature in systematic
reviews are important to discuss.

The essential quality for a DTA study for LB is that it should give
relevant information for the interpretation of the test result in the
context of the individual clinical setting [1].

One approach to achieve this goal would be to use a case-control
design choosing a spectrum of case groups and controls. Further-
more, studies highlighting various other aspects, such as treatment
studies, case series, seroprevalence and epidemiological studies, may
provide important information for individual clinical diagnosis.
However, these approaches are not in line with the approaches by
tools such as QUADAS (Quality Assessment of Diagnostic Accuracy
Studies) [2]. QUADAS is a tool for the quality assessment of studies of
diagnostic accuracy included in systematic reviews [2e4]. The
QUADAS-2 tool for diagnostic accuracy studies emphasizes the risk of
bias and states that diagnostic accuracy studies are often character-
ized by markedly heterogeneous results originating from differences
in the design and conduct of included studies. A signalling question
on design is: “Was a case-control design avoided?” implying that this
type of study has poor quality [5]. Of consequence, in systematic re-
viewson thediagnostic accuracyof LB, themain critiquehas been risk
of biasdue to theprevalentuseof case-control design insteadof cross-
sectional studies. In a systematic review of 78 evaluated studies, all
were classifiedashaving riskofbias inall fourQUADAS-2domains [6].
Another example was a diagnostic test review when the NICE (Na-
tional Institute for Health and Care Excellence, in the UK) guidelines
were formulated [7]. For example, all 123 included studies concerning
initial test for LB were classified as having VERY LOW Quality, with
some of the cross-sectional studies having just LOW quality [8,9].
Therefore, the question is whether all LB-DTA studies are inappro-
priate for their purpose or if the assessment criteria defined in the
QUADAS framework need adaptation concerning the use of serology
to support the diagnosis of infectious diseases like LB.

The aim of this narrative review is to discuss both the design of
individual studies and systematic reviews and propose flexible
design and interpretation of studies used to assess diagnostic ac-
curacy in clinical microbiology and LB in particular.
Study design

Case-control (two-gate) study design offers several advantages.
They are practical. feasible and cost-effective, as the number of
samples may both be relatively easily to collect fulfilling statistical
strength. The crucial issue lies in careful reporting of how samples
were collected and cases and controls were defined. The two types
of study design share the same selection method for cases with
disease, but differ considerably concerning selection of controls and
cases without the disease in question (Fig. 1).

The challengewith the cross-sectional design is that it depends
on the organizational and referral patterns determining the clin-
ical pathway and composition of the tested population. This pre-
selection of samples may significantly impact the rate of samples
with antibody reactivity in the controls without LB (selection bias)
[10]. Even if this allows for predictive values to be calculated based
on unbiased average disease prevalence, this will hardly be
generalizable beyond the study population or a very similar study
population. Moreover, average estimates will not be useful for
diagnosis in the individual clinical case with a large variation in
individual risk of tick exposure, disease duration, seasonal pre-
sentation and clinical signs. Negative and positive predictive value
calculations are rather a feature of disease prevalence in the se-
lection of patients than a measure of DTA [1,11].

Choice of control groups (specificity)

Rates of positive samples inpersonswithout LBmay varywith the
criteria for selection. Examples are presented below and in Table S1.

Background seroprevalence

Many patients with suspected LB are from the general popula-
tion in primary care, often consisting of individuals who are
physically active, in contact with nature and generally in good
health (Table S1). Thus, background seroprevalence in the healthy
population that varies according to age, geographic location and
social factors is useful information [12,13]. A German study,
employing diagnostic methods for routine LB diagnosis, showed an
overall IgG seroprevalence of 4.8% in a large cohort of children and
showed that natural background immunity increases with age [14].
This study used an ELISA (Enzyme-linked immunosorbent assay)
assay (Enzygnost Lyme link VlsE/IgG, Siemens Healthcare Di-
agnostics GmbH), which was used in many laboratories and was
well described in the literature. This product has been dis-
continued, but the rate of IgG seropositivity was similar to other
assays currently used in many laboratories [10]. The absolute
seroprevalence could vary between assays, but the relative
tendencies stratified by age and sex should theoretically show
similar trends. Adults may have a higher seroprevalence increasing
with age [15].

Similar data on background seropositivity from many countries
may be extracted from epidemiological studies and included as

http://creativecommons.org/licenses/by/4.0/
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Figure 1. Flow diagram showing the design of a cross sectional study and case control. The “index test” designates the test being investigated whereas as “reference” is the
diagnostic procedure used as a standard, if applicable.
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control groups in DTA studies. Usually, such studies are excluded
from systematic reviews of diagnostic accuracy, in spite of a very
detailed reporting, representative recruitment and large sample
numbers [13,15].

Diagnosing LB in focal areas with high endemicity or in patients
with individual high risk of tick exposure requires local knowledge
generally not found in the literature. The local laboratory or clinic
may contribute information about antibody prevalence.

Challenge samples

The next choice is to challenge using samples from persons with
different non-LB conditions (e.g. other spirochetal diseases and
autoimmune conditions; see Table 1 and Table S1) known to
stimulate antibody reactivity. This increases the risk of antibody
reactivity unrelated to an infection with B. burgdorferi s.l.
Table 1
Studies that can be used to assess the performance of diagnostic testing for Borrelia spec

Various populations to assess specificity and background seroprevalence

Type of control group Diagnostic accurac

Population controls Highest obtainable
Blood donors/healthy controls Highest obtainable
Routine consecutive samples (winter season) Specificity in the t
Samples from nonendemic population True or analytical
Challenge samples Specificity in selec
Consecutive samples from patients without LB (clinically or

laboratory selected) including convenience samples
Specificity in the c

Various populations to assess sensitivity

Type of case group Diagnostic accurac

Any clinical manifestation of LB Sensitivity
Erythema migrans Sensitivity in early
Lyme neuroborreliosis Sensitivity in disse
Lyme arthritis Sensitivity in disse
Acrodermatitis chronica atrophicans Sensitivity in late
Other LB manifestations Not feasible, few p

Diagnosis is often
Atypical cases Difficult to interpr

LB, Lyme borreliosis.
Choice of LB cases (sensitivity)

Types of studies that may be considered for sensitivity are
proposed in Tables 1 and S2. The cases should follow established
clinical case definitions using appropriate interpretation of labo-
ratory testing [1,16,17]. The reference standard for LB relies on both
clinical judgement and laboratory results. The clinical process
should be detailed, displaying what criteria the patients fulfilled
and perhaps listed in a supplementary appendix.When considering
Lyme neuroborreliosis (LNB) a table of the spinal fluid data could
qualify the selection, especially with information on cerebrospinal
fluid pleocytosis and intrathecal antibody synthesis. Cases without
pleocytosis in the cerebrospinal fluid should be considered criti-
cally, even if they fulfil European Federation of the Neurological
Societies criteria as possible cases [17,18]. Clinical information on
the disease duration before sampling is important, as antibody
ific antibodies. See also appendix tables S1 and S2 for further details and discussion.

y parameter

specificity
specificity

ested population, assuming negligible risk of LB in the winter season.
specificity
ted samples with antibody reactivity known to potentially cause cross reactivity.
linical situation, with cases having other diseases.

y parameter

disease
minated disease
minated disease
disease
atients, reference definition is missing.
uncertain.
et in context of diagnostic accuracy due to possible diagnostic misclassification
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development is time dependent. It could also be considered to
include an independent review process of the included cases,
preferably by colleagues with clinical experience of LB. Serological
testing is not recommended for clinical diagnosis of erythema
migrans (EM). However, samples from EM cases are often used as
differences in sensitivity are most likely to be found in early disease
and the case definition is independent of serology.

Atypical or questionable cases

Patients may be treated for presumed LB without fulfilling case
definitions, when another diagnosis has not yet been established
[19]. This patient group is not relevant in a DTA, as they often are
preselected for seropositivity andmay include an unknown or even
high proportion ofmisclassified patients without LB [10]. The size of
this proportionwill depend on referral patterns and the health care
organization. Thus, estimates of sensitivity based on such patients
are not meaningful DTA studies. Serology is generally of little use in
these situations as the positive predictive value is very low [1]. If an
individual patient has Borrelia specific antibodies, then knowledge
of the background seroprevalence is important to consider. ADanish
study showed that in patients with diffuse musculoskeletal and
neurological complaints the rate of Borrelia specific IgG seroposi-
tivitywas very lowand at the same level as thehealthypopulation at
the initial clinical evaluation in general practice [20]. Other exam-
ples are the variations in the clinical presentation of dermato-
borreliosis or uncharacteristic initial presentations of LNB [21,22].
If there is B. burgdorferi sensu lato infection in the tissue, the sto-
chastic variation of antibody development should be similar
regardless of the visual presentation of the skin lesion.

Comparing assays

Comparison of assays in DTA assessment should depend on the
same proposals for the selection of samples. Retrospective, stored
samples are instrumental (Table 1) as they are readily available and
may be just as representative as prospective sample collection.
However, the selection process should be described carefully to
assess if these stored samples represent a subgroup of patients with
some special characteristics, such as samples with low antibody
levels, or if guided by the results of previous testing. Quantitative
measurements and ROC (receiver operating characteristic) curve
analysis are important and aid in comparing the performance of
diagnostic assays. Differences between assays can be due to the
choice of cut-offs, rather than assay performance per se [10,23].
Samples with low level-reactivity around the cut-off should not be
excluded, and the term indeterminate should refer to interpreta-
tion and not the measurement itself. It is important to note that
differences between assays in positive/negative interpretation
often involve these low reactivity samples.

Examples of studies that are not designed for DTA

Case series

Clinical case series describing consecutive well-diagnosed cases
of LB are important, as they may present details of clinical features
and, though not being DTA studies, give useful information to assess
sensitivity. An example of such a study is a clinical description of 187
consecutive LNB cases [24]. The study describes variations in clinical
presentation, and the serological results are carefully documented,
including seronegative and borrelial intrathecal antibody synthesis
negative results with a motivated explanation for why these cases
are considered LNB. Thus, the reference standard is carefully docu-
mented. The study was not considered for inclusion in a systematic
reviewas controlswere documented in another study [6,25]. A large
cohort froma centrewhere themain focus is the long-termoutcome
of LNB is an excellent study to use for assessing sensitivity of
serology as the whole spectrum of clinical presentations of LNB are
included [26]. Further examples of high-quality clinical case series
could be added here. For example, a study of EM combined with
neurological symptoms delineatesmany details to considered in the
individual patient and, at the same time, gives useful information
about serological tests [27].

Treatment studies

Randomized controlled treatment studies (or clinical series)
offer another sound opportunity to evaluate serological perfor-
mance. These studies are also clinically based on case series, usually
with clearly described inclusion criteria and attentively managed.
They often also include the subgroup of possible cases and repre-
sent a cohort of consecutively treated cases, for example, in this
Norwegian study 70% had intrathecal Bb antibody production,
indicating the assay's sensitivity [28]. In patients with a short
duration of clinical disease, antibody response has not yet
developed.

Reporting standards

STARD (Standards for Reporting of Diagnostic Accuracy) is a
reporting guideline for DTAs listing essential items for reporting
diagnostic accuracy studies [29]. A commented version of the
checklist is presented in appendix 2 to highlight important points
to consider when writing the DTA manuscript.

Discussion

Wepropose that the interpretation of serology for LB needs to be
based on findings in case and control groups from a range of clinical
scenarios, including studies not primarily designed for testing of
diagnostic accuracy, such as case series, treatment studies and
seroprevalence studies. This proposal has implications for the
planning of individual studies and subsequent reports and reviews
summarizing the available evidence. These reports should focus on
explaining heterogeneity in various studies rather than reflexively
writingoff heterogeneityas poorquality andunwantedbias. Such an
approach aligns with the Cochrane Handbook stating that “Sys-
tematic reviews of test accuracy should aim to address clinically rele-
vant questions for which knowing a test's sensitivity and specificity, or
other accuracy measures, is important” [30]. It is also stated that “Test
accuracy is not a fixed property of a test: accuracy describes the per-
formance of a test in specific circumstances. The accuracy of a test may
therefore vary with the intended use…” In addition, “a relevant
objective may therefore be to investigate potential sources of hetero-
geneity,”which implies considering subgroups of cases and controls.
Whether ameta-analysis is relevant and how to design such a study
are matters of an interesting discussion [31]. A meta-analysis in
many cases does not fit into this scenario. A previous review and
meta-analysis for LB serology showed heterogeneity between
studies [6,32]. A restriction to be discussed is exclusion of high-
quality controlled trials and case series without a non-LB control
group, where the primary outcome is not diagnostic accuracy.

Another issue about the detection of antibodies is that there are
two levels. Level one is the analytical, where modern methods
appear quite accurate for detecting specific antibodies - if they are
present in the sample. Indeed, the analytical variation between
laboratories and assays is expected to be small [10,33]. The other
level is clinical, and case selection probably explains most of the
heterogeneity concerning sensitivity and specificity. Sensitivity will
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depend on disease presentation, especially the duration of the
clinical disease.

In general, investigators have used a variation of designs for
diagnostic accuracy studies [34]. Developing criteria for the litera-
ture search and inclusion of studies is considered by the Cochrane
collaboration [30,35]. The statement of ‘bias’ should require the
unbiased situation to be described and defined [5]. If the unbiased
setting does not exist, the concept of bias has no meaning.

This narrative review has focused on serology, but for direct
detection of Borrelia (e.g. PCR) case-control design is also appli-
cable. Recommendations such as using a statistically sufficient
number of samples has been proposed by WHO that sample size
should be at least 100 sera, but this may not be possible if occur-
rence is rare [36].

Similar considerations may be relevant for a broad range of in-
fectious diseases with diagnostic uncertainty.
Conclusions

In routine practice of clinical infectious disease (including LB),
each patient is diagnosed and treated according to individual
considerations. Case-control studies, case series and sero-
prevalence studies representing different populations are pro-
posed as choices of study design for diagnostic accuracy studies and
for inclusion in systematic reviews. Cross-sectional studies are only
relevant, if an unbiased representative clinical context can be
defined and may be generalized.
Ethical statement

The manuscript is a narrative review citing published studies.
Author contributions

Discussion and opinion paper by the ESGBOR (The ESCMID
study group for Lyme borreliosis www.escmid.org/esgbor). R.B.D.
has prepared and drafted the manuscript and collected references.
All authors have contributed to sections of themanuscript, critically
read and commented extensively on draft versions of the manu-
script and approved the final version. Conceptualizationwas a topic
at ESGBOR meetings, also discussed with colleagues outside the
author group.
Transparency declaration

Potential conflict of interest

R.B.D. has participated in Pfizer advisory board meetings. A.R.
has participated in manuscript writing for Elsevier and support for
congress participation from ELIVIE and MSD. V.F.econsultant ac-
tivities Pfizer and Global Lyme Alliance. A.J.H.eresearch projects
with Abbott diagnostics, Reagena Oy, and Pfizer. B.J.eElsevier
manuscript writing and travel expenses ESCMID teaching course.
M.M.epresentations with Diasorin, Mikrogen, and Biomed Austria.
The remaining authors have declared no conflict of interest.
Acknowledgements

No specific external funding was received. ESGBOR (The escmid
study group for Lyme borreliosis) has received support from
ESCMID.
Appendix. A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.cmi.2025.04.001.
References

[1] Dessau RB, van Dam AP, Fingerle V, Gray J, Hovius JW, Hunfeld KP, et al. To test
or not to test? Laboratory support for the diagnosis of Lyme borreliosis: a
position paper of ESGBOR, the ESCMID study group for Lyme borreliosis. Clin
Microbiol Infect 2018;24:118e24. https://doi.org/10.1016/J.CMI.2017.08.025.

[2] Whiting PF, Rutjes AWS, Westwood ME, Mallett S, Deeks JJ, Reitsma JB, et al.
Quadas-2: a revised tool for the quality assessment of diagnostic accuracy
studies. Ann Intern Med 2011;155:529e36. https://doi.org/10.7326/0003-
4819-155-8-201110180-00009.

[3] Whiting P, Rutjes AWS, Reitsma JB, Bossuyt PMM, Kleijnen J. The development
of QUADAS: a tool for the quality assessment of studies of diagnostic accuracy
included in systematic reviews. BMC Med Res Methodol 2003;3:25. https://
doi.org/10.1186/1471-2288-3-25.

[4] YangB,Mallett S, Takwoingi Y, Davenport CF, Hyde CJ,Whiting PF, et al. Quadas-
c: a tool for assessing risk of bias in comparative diagnostic accuracy studies.
Ann Intern Med 2021;174:1592e9. https://doi.org/10.7326/M21-2234.

[5] Reitsma JB, Rutjes AW, Whiting P, Yang B, Leeflang MM, Bossuyt PM, et al.
Chapter 8. Assessing risk of bias and applicability. In: Deeks JJ, Bossuyt PM,
Leeflang MM, Takwoingi Y, editors. Cochrane Handbook for Systematic
Reviews of Diagnostic Test Accuracy. Version 2.0 (updated July 2023).
Cochrane; 2023. https://training.cochrane.org/handbook-diagnostic-test-
accuracy/current.Accessed. [Accessed 25 April 2025].

[6] Leeflang MMG, Ang CW, Berkhout J, Bijlmer HA, Van Bortel W,
Brandenburg AH, et al. The diagnostic accuracy of serological tests for Lyme
borreliosis in Europe: a systematic review and meta-analysis. BMC Infect Dis
2016;16:140. https://doi.org/10.1186/s12879-016-1468-4.

[7] National Institute for health and care excellence. https://www.nice.org.uk/
guidance. [Accessed 28 April 2025].

[8] Lyme disease. Diagnosis and management Appendix D: evidence tables for the
review on initial diagnostic tests for Lyme disease NICE guideline 95 n.d.
https://www.nice.org.uk/guidance/ng95/evidence/c-diagnostic-tests-
evidence-tables-appendix-d-pdf-4792271009. [Accessed 28 November 2019].

[9] Lyme disease: diagnostic tests n.d. https://www.nice.org.uk/guidance/ng95/
evidence/c-diagnostic-tests-pdf-4792271008. [Accessed 28 November 2019].

[10] Lager M, Dessau RB, Wilhelmsson P, Nyman D, Jensen GF, Matussek A, et al.
Serological diagnostics of Lyme borreliosis: comparison of assays in twelve
clinical laboratories in Northern Europe. Eur J Clin Microbiol Infect Dis
2019;38:1933e45. https://doi.org/10.1007/s10096-019-03631-x.

[11] Dessau RB, Ejlertsen T, Hilden J. Simultaneous use of serum IgG and IgM for
risk scoring of suspected early Lyme borreliosis: Graphical and bivariate an-
alyses. APMIS 2010;118:313e23. https://doi.org/10.1111/j.1600-0463.2010.
02594.x.

[12] Vestrheim DF, White RA, Aaberge IS, Aase A. Geographical differences in
seroprevalence of Borrelia burgdorferi antibodies in Norway, 2011e2013. Ticks
Tick Borne Dis 2016;7:698e702. https://doi.org/10.1016/j.ttbdis.2016.02.020.

[13] Coors A, Hassenstein MJ, Krause G, Kerrinnes T, Harries M, Breteler MMB, et al.
Regional seropositivity for Borrelia burgdorferi and associated risk factors:
findings from the Rhineland study, Germany. Parasit Vectors 2022;15:241.
https://doi.org/10.1186/s13071-022-05354-z.

[14] Dehnert M, Fingerle V, Klier C, Talaska T, Schlaud M, Krause G, et al. Sero-
positivity of lyme borreliosis and associated risk factors: a population-based
study in children and adolescents in Germany (KiGGS). PLoS One 2012;7:
e41321. https://doi.org/10.1371/journal.pone.0041321.

[15] Woudenberg T, B€ohm S, B€ohmer M, Katz K, Willrich N, Stark K, et al. Dynamics
of Borrelia burgdorferi-specific antibodies: seroconversion and seroreversion
between two population-based, cross-sectional surveys among adults in
Germany. Microorganisms 2020;8:1859. https://doi.org/10.3390/microorgan
isms8121859.

[16] Stanek G, Fingerle V, Hunfeld KP, Jaulhac B, Kaiser R, Krause A, et al. Lyme
borreliosis: clinical case definitions for diagnosis and management in Europe.
Clin Microbiol Infect 2011;17:69e79. https://doi.org/10.1111/j.1469-0691.
2010.03175.x.

[17] Mygland A, Ljøstad U, Fingerle V, Rupprecht T, Schmutzhard E, Steiner I, et al.
EFNS guidelines on the diagnosis and management of European Lyme neu-
roborreliosis. Eur J Neurol 2010;17:8. https://doi.org/10.1111/J.1468-1331.
2009.02862.X.

[18] Naudion P, Raffetin A, Zayet S, Klopfenstein T, Baux E, Martinot M, et al.
Positive intrathecal anti-Borrelia antibody synthesis: what are the implica-
tions for clinical practice? Clinical features and outcomes of 138 patients in a
French multicenter cohort study. Eur J Clin Microbiol Infect Dis 2023;42:
441e52. https://doi.org/10.1007/s10096-023-04574-0.

[19] Coumou J, Herkes EA, Brouwer MC, van de Beek D, Tas SW, Casteelen G, et al.
Ticking the right boxes: classification of patients suspected of Lyme borreliosis
at an academic referral center in The Netherlands. Clin Microbiol Infect
2015;21:368.e11e20. https://doi.org/10.1016/j.cmi.2014.11.014.

http://www.escmid.org/esgbor
https://doi.org/10.1016/j.cmi.2025.04.001
https://doi.org/10.1016/J.CMI.2017.08.025
https://doi.org/10.7326/0003-4819-155-8-201110180-00009
https://doi.org/10.7326/0003-4819-155-8-201110180-00009
https://doi.org/10.1186/1471-2288-3-25
https://doi.org/10.1186/1471-2288-3-25
https://doi.org/10.7326/M21-2234
https://training.cochrane.org/handbook-diagnostic-test-accuracy/current.Accessed
https://training.cochrane.org/handbook-diagnostic-test-accuracy/current.Accessed
https://doi.org/10.1186/s12879-016-1468-4
https://www.nice.org.uk/guidance
https://www.nice.org.uk/guidance
https://www.nice.org.uk/guidance/ng95/evidence/c-diagnostic-tests-evidence-tables-appendix-d-pdf-4792271009
https://www.nice.org.uk/guidance/ng95/evidence/c-diagnostic-tests-evidence-tables-appendix-d-pdf-4792271009
https://www.nice.org.uk/guidance/ng95/evidence/c-diagnostic-tests-pdf-4792271008
https://www.nice.org.uk/guidance/ng95/evidence/c-diagnostic-tests-pdf-4792271008
https://doi.org/10.1007/s10096-019-03631-x
https://doi.org/10.1111/j.1600-0463.2010.02594.x
https://doi.org/10.1111/j.1600-0463.2010.02594.x
https://doi.org/10.1016/j.ttbdis.2016.02.020
https://doi.org/10.1186/s13071-022-05354-z
https://doi.org/10.1371/journal.pone.0041321
https://doi.org/10.3390/microorganisms8121859
https://doi.org/10.3390/microorganisms8121859
https://doi.org/10.1111/j.1469-0691.2010.03175.x
https://doi.org/10.1111/j.1469-0691.2010.03175.x
https://doi.org/10.1111/J.1468-1331.2009.02862.X
https://doi.org/10.1111/J.1468-1331.2009.02862.X
https://doi.org/10.1007/s10096-023-04574-0
https://doi.org/10.1016/j.cmi.2014.11.014


R.B. Dessau et al. / Clinical Microbiology and Infection 31 (2025) 1307e13121312
[20] Dessau RB, Bangsborg JM, Ejlertsen T, Skarphedinsson S, Schønheyder HC.
Utilization of serology for the diagnosis of suspected Lyme borreliosis in
Denmark: survey of patients seen in general practice. BMC Infect Dis 2010;10:
317. https://doi.org/10.1186/1471-2334-10-317.

[21] Rebman AW, Yang T, Mihm EA, Novak CB, Yoon I, Powell D, et al. The pre-
senting characteristics of erythema migrans vary by age, sex, duration, and
body location. Infection 2021;49:685e92. https://doi.org/10.1007/s15010-
021-01590-0.

[22] Schotthoefer AM, Green CB, Dempsey G, Horn EJ. The spectrum of erythema
migrans in early lyme disease: can we improve its recognition? Cureus
2022;14:e30673. https://doi.org/10.7759/cureus.30673.

[23] Dessau RB. Diagnostic accuracy and comparison of two assays for Borrelia-
specific IgG and IgM antibodies: proposals for statistical evaluation methods,
cut-off values and standardization. J Med Microbiol 2013;62:1835e44.
https://doi.org/10.1099/jmm.0.061275-0.

[24] Hansen K, Lebech AM. The clinical and epidemiological profile of Lyme neu-
roborreliosis in Denmark 1985-1990. A prospective study of 187 patients with
Borrelia burgdorferi specific intrathecal antibody production. Brain 1992;115:
399e423. https://doi.org/10.1093/brain/115.2.399.

[25] Hansen K, Lebech AM. Lyme neuroborreliosis: a new sensitive diagnostic
assay for intrathecal synthesis of Borrelia burgdorferi–specific immunoglob-
ulin G, A, and M. Ann Neurol. Ann Neurol 1991;30:197e205. https://doi.org/
10.1002/ana.410300212.

[26] Stupica D, Bajrovi�c FF, Blagus R, Cerar Ki�sek T, Collinet-Adler S, Lah A, et al.
Clinical manifestations and long-term outcome of early Lyme neuroborreliosis
according to the European Federation of Neurological Societies diagnostic
criteria (definite versus possible) in central Europe. A retrospective cohort
study. Eur J Neurol 2021;28:3155e66. https://doi.org/10.1111/ENE.14962.

[27] Ogrinc K, Lotri�c-Furlan S, Maraspin V, Lusa L, Cerar T, Ru�zi�c-Sablji�c E, et al.
Suspected early Lyme neuroborreliosis in patients with erythema migrans.
Clin Infect Dis 2013;57:501e9. https://doi.org/10.1093/cid/cit317.

[28] Ljøstad U, Skogvoll E, Eikeland R, Midgard R, Skarpaas T, Berg A, et al. Oral
doxycycline versus intravenous ceftriaxone for European Lyme neuro-
borreliosis: a multicentre, non-inferiority, double-blind, randomised trial. Lan-
cet Neurol 2008;7:690e5. https://doi.org/10.1016/S1474-4422(08)70119-4.
[29] Bossuyt PM, Reitsma JB, Bruns DE, Gatsonis CA, Glasziou PP, Irwig L, et al.
Stard 2015: an updated list of essential items for reporting diagnostic accu-
racy studies. BMJ 2015;351:h5527. https://doi.org/10.1136/bmj.h5527.

[30] Leeflang MM, Davenport C, Bossuyt PM. Chapter 5: Defining the review
question. In: Deeks JJ, Bossuyt PM, Leeflang MM, Takwoingi Y, editors.
Cochrane Handbook for Systematic Reviews of Diagnostic Test Accuracy.
Version 2.0 (updated July 2023). Cochrane; 2023. https://training.cochrane.
org/handbook-diagnostic-test-accuracy/current. [Accessed 25 April 2025].

[31] Macaskill P, Takwoingi Y, Deeks JJ, Gatsonis C. Chapter 10: understanding
meta-analysis. In: Deeks JJ, Bossuyt PM, Leeflang MM, Takwoingi Y, editors.
Cochrane Handbook for Systematic Reviews of Diagnostic Test Accuracy.
Version 2.0 (updated July 2023). Cochrane; 2023. https://training.cochrane.
org/handbook-diagnostic-test-accuracy/current. [Accessed 25 April 2025].

[32] AngW, Berkhout H, Bijlmer H, Brandenburg AH, Van Burgel N, Van Dam A, et al.
A systematic literature review on the diagnostic accuracy of serological tests for
Lyme borreliosis. Solna, Sweden 2016. https://doi.org/10.2900/309479.

[33] Hoeve-Bakker BJA, Jonker M, Brandenburg AH, den Reijer PM, Stelma FF,
van Dam AP, van Gorkom T, Kerkhof K, Thijsen SF, Kremer K. The Perfor-
mance of Nine Commercial Serological Screening Assays for the Diagnosis
of Lyme Borreliosis: a Multicenter Modified Two-Gate Design Study.
Microbiol Spectr 2022;10:e00510e22. https://doi.org/10.1128/spectrum.
00510-22.

[34] Yang B, Olsen M, Vali Y, Langendam MW, Takwoingi Y, Hyde CJ, et al. Study
designs for comparative diagnostic test accuracy: a methodological review
and classification scheme. J Clin Epidemiol 2021;138:128e38. https://doi.org/
10.1016/J.JCLINEPI.2021.04.013.

[35] Spijker R, Dinnes J, Glanville J, Eisinga A. Chapter 6: Searching for and
selecting studies. In: Deeks JJ, Bossuyt PM, Leeflang MM, Takwoingi Y, edi-
tors. Cochrane Handbook for Systematic Reviews of Diagnostic Test Accu-
racy. Version 2.0 (updated July 2023). Cochrane; 2023. https://training.
cochrane.org/handbook-diagnostic-test-accuracy/current. [Accessed 25
April 2025].

[36] WHO workshop on Lyme borreliosis and surveillance, warshaw, Poland.
WHO; 1995. p. 20e2. https://iris.who.int/handle/10665/59673. [Accessed 28
April 2025].

https://doi.org/10.1186/1471-2334-10-317
https://doi.org/10.1007/s15010-021-01590-0
https://doi.org/10.1007/s15010-021-01590-0
https://doi.org/10.7759/cureus.30673
https://doi.org/10.1099/jmm.0.061275-0
https://doi.org/10.1093/brain/115.2.399
https://doi.org/10.1002/ana.410300212
https://doi.org/10.1002/ana.410300212
https://doi.org/10.1111/ENE.14962
https://doi.org/10.1093/cid/cit317
https://doi.org/10.1016/S1474-4422(08)70119-4
https://doi.org/10.1136/bmj.h5527
https://training.cochrane.org/handbook-diagnostic-test-accuracy/current
https://training.cochrane.org/handbook-diagnostic-test-accuracy/current
https://training.cochrane.org/handbook-diagnostic-test-accuracy/current
https://training.cochrane.org/handbook-diagnostic-test-accuracy/current
https://doi.org/10.2900/309479
https://doi.org/10.1128/spectrum.00510-22
https://doi.org/10.1128/spectrum.00510-22
https://doi.org/10.1016/J.JCLINEPI.2021.04.013
https://doi.org/10.1016/J.JCLINEPI.2021.04.013
https://iris.who.int/handle/10665/59673

	The choice of study designs of diagnostic accuracy using Borrelia specific IgG and IgM antibodies for the diagnosis of Lyme ...
	Introduction
	Study design
	Choice of control groups (specificity)
	Background seroprevalence
	Challenge samples

	Choice of LB cases (sensitivity)
	Atypical or questionable cases

	Comparing assays
	Examples of studies that are not designed for DTA
	Case series
	Treatment studies

	Reporting standards
	Discussion
	Conclusions
	Ethical statement
	Author contributions
	Transparency declaration
	Potential conflict of interest
	Acknowledgements

	Appendix. A. Supplementary data
	References


