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SUMMARY

Lyme disease, also known as Lyme borreliosis (LB), is caused by spiral-shaped bacteria, so-called
spirochetes, which are part of the Borrelia burgdorferi sensu lato (s.l.) complex group [1]. The
three most prevalent B. burgdorferi s.|. species in Europe are: Borrelia afzelii, Borrelia garinii
and Borrelia burgdorferi sensu stricto (s.s.), while in North America the predominant species
is B. burgdorferi s.s. [2]. B. burgdorferi s.l. is transmitted by a bite from an infected Ixodes-tick,
which is mainly found in temperate regions in the Northern Hemisphere [3]. The most prevalent
manifestation of LB in the early phase of the infection is characterized by a red, migrating skin
lesion, also known as erythema migrans (EM) [2]. If left untreated, then B. burgdorferi s.l. can
disseminate through the body and infect other body parts such as the joints (Lyme arthritis), the
nervous system (Lyme neuroborreliosis (LNB)), the heart (Lyme carditis) and/or other parts of the
skin (acrodermatitis chronica atrophicans) [2].

The diagnosis of LB is mainly based on the presence of clinical symptoms. The classical EM lesion
is sufficient for a clinical diagnosis [4, 5]. However, in case of unclear skin lesions and/or other
Lyme manifestations, laboratory tests are needed to support and confirm the clinical diagnosis
[4, 5]. These laboratory tests are based on the direct or indirect detection of B. burgdorferi s.|.
[6]. Direct detection methods include microscopy, culture, or PCR; however, since the bacterium
is usually present in low numbers, direct detection methods are hampered by a low sensitivity
[6]. Except for PCR on skin biopsy samples (e.g., in case of symptoms consistent with EM or
acrodermatitis chronica atrophicans) or synovial fluid (e.g., in case of symptoms consistent with
Lyme arthritis) [6]. Indirect detection methods are based on the host’s immune response against
B. burgdorferi s.l., most importantly the detection of Borrelia-specific antibodies [6].

The diagnosis of active LB can be challenging as symptoms are often difficult to interpret and/or
not specific for LB [4]. The interpretation of laboratory tests can also be challenging: a negative
antibody test result is no proof of the absence of active LB, and a positive antibody test result
is no proof of active LB [7]. Because of these diagnostic challenges, the research in this thesis
focuses on whether current the diagnostics for LB can be improved, and whether an active
infection can be distinguished from a past infection. To answer these questions, current and
alternative diagnostic tests and/or algorithms are evaluated, including well-known diagnostic
tests based on the humoral immune response (i.e., the detection of Borrelia-specific antibodies)
and alternative diagnostic tests based on the cellular immune response (i.e., the detection of
certain signaling molecules produced by so-called T cells). For this research, a study population
has been established consisting of well-defined patients and controls.

As clear criteria are defined for the diagnosis of patients with LNB, we mainly focused on these
patients. Patients have LNB if they fulfil at least two of the three following criteria defined by the
European Federation of Neurological Societies (EFNS) [8]:

1. Presence of neurological symptoms suggestive of LNB without another obvious reason

2. Elevated cerebrospinal fluid (CSF) cell count (=5 leukocytes/ul CSF [i.e., pleocytosis])

3. Intrathecal synthesis of Borrelia-specific antibodies

If a patient fulfils all criteria, then the patient is classified as definite LNB; if a patient fulfils two
of the three criteria (including the presence of neurological symptoms suggestive of LNB without
another obvious reason), then the patient is classified as possible LNB.

The detection of intrathecally produced Borrelia-specific antibodies is, thus, important in
LNB diagnostics. Many commercial antibody tests are available; however, the performance
characteristics of these tests are often difficult to interpret due to variability in the study
designs, heterogeneity of the study populations under investigation, and poor reporting of study
characteristics [9]. Ideally, evaluation of tests is done using a prospective, cross-sectional study
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design in a setting where the test will be used in clinical practice. However, case-control study
designs are used more often, because these are easier to perform, despite that such a study
design has a risk of introducing bias [9]. This bias often occurs because the control group does
not represent the same clinical background as the patient group. Consequently, the obtained
results are not representing reality [9].

The most important finding of the research conducted in this thesis are the promising results
described in chapter 6, as these will aid clinicians in diagnosing LNB. In this chapter, seven
antibody tests for LNB diagnostics were evaluated. Therefore, a cross-sectional study design was
used in which all consecutive patients of the neurology department, from whom a CSF-serum
sample pair was sent to the microbiology department of the Diakonessenhuis Hospital during
a certain timeframe, were retrospectively included. For each antibody test, a multiparameter
analysis was conducted to investigate whether the diagnostic performance of the antibody test
could be further improved by including additional parameters. These additional parameters
included various routine CSF parameters (i.e., pleocytosis, total protein, blood-CSF barrier
functionality and intrathecal total-antibody synthesis), a Borrelia-specific (i.e., Borrelia species
PCR) and a non-specific CSF parameter (i.e., B-cell chemokine (C-X-C motif) ligand 13 [CXCL13]),
and a Borrelia-specific serum parameter (i.e., Borrelia-specific serum antibodies). The results of
these multiparameter analyses show that for most of the antibody assays, the use of additional
parameters for the diagnosis of LNB results in higher sensitivities (range: 94.1% to 100%) and
slightly lower specificities (range: 92.8% to 96.4%) than the sensitivities and specificities of the
individual antibody tests (range: 47.1% to 100 % and 95.7 % to 100%, respectively). The most
important parameters that contribute to improved LNB diagnostics are intrathecally produced
Borrelia-specific antibodies, blood-CSF barrier functionality, intrathecal total-antibody synthesis,
pleocytosis, CSF-CXCL13, and Borrelia-specific serum antibodies. Even though other studies have
also shown the additional value of these parameters in LNB diagnostics [8, 10-12], our study is
the first that shows the relative importance of these parameters. Furthermore, our study shows
which parameters contribute the most and, consequently, are suitable to be added to a diagnostic
algorithm for LNB diagnostics. Our study also shows that measurement of both the humoral
and the cellular immune response against an infection with B. burgdorferi s.I. contribute to the
diagnosis of LNB, and that individual parameters can either be (false) negative or (false) positive,
and still be of added value in the broader context. It is our opinion that these results merit a multi-
center validation. Therefore, we propose an (inter)national prospective study to investigate the
potential use of a standardized diagnostic algorithm for LNB based on multiparameter analysis.

Overall, the results of the multiparameter analyses in chapter 6 show that, of the included
parameters, the detection of intrathecally produced Borrelia-specific antibodies contribute the
most in LNB diagnostics. For the detection of pathogen-specific antibodies an enzyme-linked
immunosorbent assay (ELISA) is often used [4]. ELISAs, however, can suffer from a so-called ‘edge
effect’ [13]. An edge effect is found when the measurements of a single antibody concentration
in wells located at the edges of an ELISA plate are higher (or lower) than the measurements in
wells located in the center of an ELISA plate. If an ELISA plate suffers from an edge effect, then
this may have consequences for the patient samples tested in this plate. In chapter 5, it is shown
that the commercial Enzygnost Lyme link VIsE/IgG ELISA suffers from an edge effect. It is also
shown that the impact of the edge effect on LNB diagnostics using this ELISA could be reduced
by some minor adaptations to the standard protocol of the manufacturer. This adapted protocol
was subsequently used to test 149 CSF-serum sample pairs which were part of the slightly larger
sample set used in chapter 6 (and 4). By simulation it was shown that if the standard protocol
of the manufacturer would have been used, then the edge effect for this study population in
a ‘worst-case’ scenario could have resulted in 15 (10.1%) false-positive and two (1.3%) false-
negative Borrelia-specific IgG antibody index results. The observed edge effect can, thus, lead
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to inaccurate LNB diagnostics. The results in chapter 5 underline the importance of a thorough
validation of ELISAs before use in routine diagnostics as is required, for instance, by the 1SO
15189 accreditation [14].

The diagnosis of most of the other Lyme manifestations is supported by the detection of
Borrelia-specific antibodies in blood, for which a two-tier test strategy is recommended [5, 15].
This two-tier test strategy aims to improve the diagnostic performance of laboratory tests by
combining a highly sensitive first test (i.e., a screening test) with a highly specific second test
(i.e., a confirmation test) to confirm equivocal and positive test results obtained in the first test
[7, 16, 17]. The screening test often comprises an ELISA, and the confirmation test is based on
either a western blot (North America) or an immunoblot (Europe) [7]. Antibody tests can vary
in sensitivity, as is shown in chapter 6, which can result from a mismatch between the antigens
applied in the assay and those expressed by the Borrelia bacterium during an active infection.
This discrepancy can be caused by the intra- and interspecies heterogeneity of B. burgdorferi s.|
[11, 18-22] and/or antigenic variation used by the infecting strain during the course of the disease
[23]. The sensitivity of an antibody test can also be influenced by early antibiotic treatment, as
this can abrogate the immune response [24-28]. This abrogation seems to be antibody-specific,
as antibodies against the C6-peptide wane faster than those against a whole-cell lysate of B.
burgdorferi s.l. [29, 30] or protein (p)39 [29].

In chapter 7, two screening tests (i.e., the C6 ELISA and the Serion ELISA) and two two-tier
test strategies (confirmation of equivocal and positive C6 ELISA and Serion ELISA test results
using the recomLine immunoblot) for the detection of Borrelia-specific serum antibodies were
evaluated. The research in this chapter shows that antibiotic treatment of an infection with B.
burgdorferi s.l is highly associated with discordant screening test (ELISA) results and two-tier
test strategy (ELISA + immunoblot) results (odds ratio [OR]: 10.52; P < 0.001 and OR: 9.98; P =
0.014, respectively). This suggests that antibiotic treatment influences the pace at which the
different Borrelia-specific antibodies wane, as antibodies against the C6 peptide appear to wane
faster than those against whole-cell lysates of B. burgdorferi s.l., which confirm previous findings
[29, 30]. Most of the discordant test results in our study were explained by the presence of IgM
against outer surface protein (Osp)C, and for some test results also against p41 flagellin, as was
also shown in earlier studies [31, 32]. These results underline the challenges with regard to the
interpretation of antibody tests which should be taken into account when such tests are used for
the diagnosis of LB.

In the early phase of an infection, antibody levels are still too low to be detected as the
immune response has to be build up. Consequently, there is a need for markers of infection
with high sensitivity and specificity, especially in the first few weeks after infection. In the
last two decades, various studies have been published that have shown the added value
of elevated levels of CXCL13 in the CSF of patients with early LNB [33, 34]. The detection
of CXCL13 in the CSF is relatively easy in contrast to the often complex calculations
needed to proof the intrathecal synthesis of Borrelia-specific antibodies. In chapter 4,
two commercial CXCL13 tests (the Quantikine CXCL13 ELISA and the recomBead CXCL13 test) on
CSF for LNB diagnostics were evaluated. Using the same study population as the one in chapter
6 (and almost the same study population as the one in chapter 5), it is shown that measuring
the CXCL13 level in CSF is of added value for the diagnosis of patients with active LNB. It was also
shown that CXCL13 can be detected in the CSF prior to intrathecally produced Borrelia-specific
antibodies, and that measuring CXCL13 in the CSF is especially useful in the diagnosis of early
LNB. The cutoff values for both tests, however, differ and this might be caused by differences in
methodology [35]. Also in the literature, different cutoffs are reported for the same tests [35-41].
Therefore, more research is needed to elucidate the reasons behind these differences and to
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investigate whether an international reference standard for CXCL13 in the CSF can be established.

The production of CXCL13 in the CSF is part of the cellularimmune response. The cellularimmune
response against B. burgdorferi s.l. is characterized by a strong T helper (Th)1 response in which
T cells will produce Thil-cytokines, among which interferon-gamma (IFN-y). In the past years,
other tests that focus on the cellular immune response have also become available. One of these
tests is the enzyme-linked immuno spot (ELISpot) test in which Borrelia-specific IFN-y producing
T cells are detected. In chapters 2 and 3, two of such tests for LNB diagnostics were evaluated:
an in-house Borrelia ELISpot test and the commercial LymeSpot test. Many Lyme patients go to
Germany, where commercial IFN-y ELISpot tests are used, even though the clinical validation
of these tests on well-defined patient populations are lacking. Yet, when the IFN-y ELISpot test
result for these patients is positive, often (long-term) antibiotic treatment is given [42]. For
the evaluation of the two IFN-y ELISpot tests in this thesis, a prospective ‘case-control’ study
was used comprising of active LNB patients (i.e., cases), and three control groups comprising
treated LNB patients, and healthy individuals with - and without - a history of treated LB (mainly
cutaneous). The studies in chapters 2 and 3 show that both IFN-y ELISpot tests cannot be used
to prove active LNB. The presence of Borrelia-specific T-cell reactivity was comparable between
active LNB patients, treated LNB patients and treated healthy individuals, and this reactivity
was higher than the Borrelia-specific T-cell reactivity among untreated healthy individuals. The
elevated Borrelia-specific T-cell reactivity among both treated groups is most likely explained by
a previous, cured LB. The IFN-y ELISpot test, thus, seems to differentiate between Borrelia-naive
and Borrelia-infected individuals.

CONCLUSION

We believe that the research in this thesis has contributed to the aims of this thesis. The most
important contribution of this thesis is the promising result of using multiple parameters for
the diagnosis of LNB (chapter 6), in which both the humoral and the cellular immune response
are important contributors (chapters 4 and 6). Combining various parameters into a diagnostic
algorithm, in which different aspects of the immune system are covered, provides a concrete
and feasible tool to better discriminate between an active infection and a previous infection and
will consequently improve LNB diagnostics. We also believe that the construction of a diagnostic
algorithm will be of added value for the diagnosis of other Lyme manifestations.

The intra-assay variation of the ELISA investigated in chapter 5 underlines the need of a
thorough validation of diagnostic tests before such tests will be used in routine diagnostics. If
all laboratories adhere to this, then it will provide them insight into the (im)possibilities of the
test that is used, and this will improve LB diagnostics. In chapter 7 it is shown that antibiotic
treatment influences the humoral immune response, which can explain the differences in test
results between different antibody tests. This knowledge will support laboratory specialists as
well as medical specialists in the interpretation of antibody tests.

Finally, the thorough evaluation of two IFN-y ELISpot tests (chapters 2 and 3) provides insight
into the limitations of the use of these tests for the diagnosis of active LNB and this knowledge
is relevant for both medical specialists and patients. Hopefully this can prevent unnecessary
antibiotic treatment by incorrect diagnoses, based on IFN-y ELISpot test results. The results of
both studies will also provide a means for medical specialists to talk with patients in the event
that these patients have been diagnosed with similar tests elsewhere.

248



SUMMARY

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

Radolf JD, Strle K, Lemieux JE, Strle F. 2021. Lyme Disease in Humans. Curr Issues Mol Biol
42:333-384. doi: 10.21775/cimb.042.333.

Stanek G, Fingerle V, Hunfeld KP, Jaulhac B, Kaiser R, Krause A, Kristoferitsch W, O’Connell
S, Ornstein K, Strle F, Gray J. 2011. Lyme borreliosis: clinical case definitions for diagnosis
and management in Europe. Clin Microbiol Infect 17:69-79. doi: 10.1111/j.1469-
0691.2010.03175.x.

Stanek G, Wormser GP, Gray J, Strle F. 2012. Lyme borreliosis. Lancet 379:461-73. doi:
10.1016/5S0140-6736(11)60103-7.

Stanek G, Strle F. 2018. Lyme borreliosis-from tick bite to diagnosis and treatment. FEMS
Microbiol Rev 42:233-258. doi: 10.1093/femsre/fux047.

Wautte N, Archelos J, Crowe BA, Zenz W, Daghofer E, Fazekas F, Aberer E. 2014. Laboratory
diagnosis of Lyme neuroborreliosis is influenced by the test used: comparison of two
ELISAs, immunoblot and CXCL13 testing. J Neurol Sci 347:96-103. doi: 10.1016/j.
jns.2014.09.027.

Aguero-Rosenfeld ME, Wang G, Schwartz I, Wormser GP. 2005. Diagnosis of Lyme
borreliosis. Clin Microbiol Rev 18:484-509. doi: 10.1128/CMR.18.3.484-509.2005.
Talagrand-Reboul E, Raffetin A, Zachary P, Jaulhac B, Eldin C. 2020. Immunoserological
Diagnosis of Human Borrelioses: Current Knowledge and Perspectives. Front Cell Infect
Microbiol 10:241. doi: 10.3389/fcimb.2020.00241.

Mygland A, Ljostad U, Fingerle V, Rupprecht T, Schmutzhard E, Steiner |. 2010. EFNS
guidelines on the diagnosis and management of European Lyme neuroborreliosis. Eur J
Neurol 17:8-4. doi: 10.1111/j.1468-1331.2009.02862..x.

Leeflang MMG, Ang CW, Berkhout J, Bijimer HA, Van BW, Brandenburg AH, van Burgel ND,
van Dam AP, Dessau RB, Fingerle V, Hovius JWR, Jaulhac B, Meijer B, Van PW, Schellekens
JFP, Spijker R, Stelma FF, Stanek G, Verduyn-Lunel F, Zeller H, Sprong H. 2016. The
diagnostic accuracy of serological tests for Lyme borreliosis in Europe: a systematic review
and meta-analysis. BMC Infect Dis 16. doi: 10.1186/s12879-016-1468-4.

Djukic M, Schmidt-Samoa C, Lange P, Spreer A, Neubieser K, Eiffert H, Nau R, Schmidt H.
2012. Cerebrospinal fluid findings in adults with acute Lyme neuroborreliosis. J Neurol
259:630-6. doi: 10.1007/s00415-011-6221-8.

Hansen K, Crone C, Kristoferitsch W. 2013. Lyme neuroborreliosis. Handb Clin Neurol
115:559-75. doi: 10.1016/B978-0-444-52902-2.00032-1.

Tumani H, Nolker G, Reiber H. 1995. Relevance of cerebrospinal fluid variables for early
diagnosis of neuroborreliosis. Neurology 45:1663-70. doi: 10.1212/wnl.45.9.1663.

Oliver DG, Sanders AH, Hogg RD, Hellman JW. 1981. Thermal gradients in microtitration
plates. Effects on enzyme-linked immunoassay. J Immunol Methods 42:195-201. doi:
10.1016/0022-1759(81)90149-6.

International Organization for Standardization. 2012. ISO 15189:2012 Medical laboratories
— Requirements for quality and competence. https://www.iso.org/standard/56115.html.
Eldin C, Raffetin A, Bouiller K, Hansmann Y, Roblot F, Raoult D, Parola P. 2019. Review of
European and American guidelines for the diagnosis of Lyme borreliosis. Med Mal Infect
49:121-132. doi: 10.1016/j.medmal.2018.11.011.

Reiber H. 2016. Knowledge-base for interpretation of cerebrospinal fluid data patterns.
Essentials in neurology and psychiatry. Arq Neuropsiquiatr 74:501-12. doi: 10.1590/0004-
282X20160066.

Dessau RB, van Dam AP, Fingerle V, Gray J, Hovius JW, Hunfeld KP, Jaulhac B, Kahl O,
Kristoferitsch W, Lindgren PE, Markowicz M, Mavin S, Ornstein K, Rupprecht T, Stanek

G, Strle F. 2018. 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.

249



CHAPTER 9

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

250

Clinical Microbiology and Infection 24:118-124. doi: 10.1016/j.cmi.2017.08.025.

Roessler D, Hauser U, Wilske B. 1997. Heterogeneity of BmpA (P39) among European
isolates of Borrelia burgdorferi sensu lato and influence of interspecies variability on
serodiagnosis. Journal of clinical microbiology 35:2752-2758. doi: 10.1128/jcm.35.11.2752-
2758.1997.

Wang G, van Dam AP, Schwartz |, Dankert J. 1999. Molecular typing of Borrelia burgdorferi
sensu lato: taxonomic, epidemiological, and clinical implications. Clin Microbiol Rev
12:633-53. doi: 10.1128/CMR.12.4.633.

Ornstein K, Berglund J, Bergstrom S, Norrby R, Barbour AG. 2002. Three major Lyme
Borrelia genospecies (Borrelia burgdorferi sensu stricto, B. afzelii and B. garinii) identified
by PCR in cerebrospinal fluid from patients with neuroborreliosis in Sweden. Scandinavian
journal of infectious diseases 34:341-346. doi: 10.1080/00365540110080313.

Margos G, Vollmer SA, Ogden NH, Fish D. 2011. Population genetics, taxonomy, phylogeny
and evolution of Borrelia burgdorferi sensu lato. Infect Genet Evol 11:1545-63. doi:
10.1016/j.meegid.2011.07.022.

Brisson D, Baxamusa N, Schwartz |, Wormser GP. 2011. Biodiversity of Borrelia burgdorferi
strains in tissues of Lyme disease patients. PLoS One 6:€22926. doi: 10.1371/journal.
pone.0022926.

Zhang JR, Hardham JM, Barbour AG, Norris SJ. 1997. Antigenic variation in Lyme disease
borreliae by promiscuous recombination of VMP-like sequence cassettes. Cell 89:275-85.
doi: 10.1016/s0092-8674(00)80206-8.

Dattwyler RJ, Volkman DJ, Luft BJ, Halperin JJ, Thomas J, Golightly MG. 1988. Seronegative
Lyme disease. Dissociation of specific T- and B-lymphocyte responses to Borrelia
burgdorferi. N Engl ) Med 319:1441-1446. doi: 10.1056/NEJM198812013192203.

Baig S, Olsson T, Hansen K, Link H. 1991. Anti-Borrelia burgdorferi antibody response over
the course of Lyme neuroborreliosis. Infect Immun 59:1050-6. doi: 10.1128/iai.59.3.1050-
1056.1991.

Ledue TB, Collins MF, Craig WY. 1996. New laboratory guidelines for serologic diagnosis

of Lyme disease: evaluation of the two-test protocol. J Clin Microbiol 34:2343-50. doi:
10.1128/jcm.34.10.2343-2350.1996.

Branda JA, Steere AC. 2021. Laboratory Diagnosis of Lyme Borreliosis. Clin Microbiol Rev
34. doi: 10.1128/CMR.00018-19.

Rebman AW, Crowder LA, Kirkpatrick A, Aucott JN. 2015. Characteristics of seroconversion
and implications for diagnosis of post-treatment Lyme disease syndrome: acute and
convalescent serology among a prospective cohort of early Lyme disease patients. Clinical
rheumatology 34:585-589. doi: 10.1007/s10067-014-2706-z.

Philipp MT, Bowers LC, Fawcett PT, Jacobs MB, Liang FT, Marques AR, Mitchell PD,

Purcell JE, Ratterree MS, Straubinger RK. 2001. Antibody response to IR6, a conserved
immunodominant region of the VIsE lipoprotein, wanes rapidly after antibiotic treatment
of Borrelia burgdorferi infection in experimental animals and in humans. J Infect Dis
184:870-878. doi: 10.1086/323392.

Peltomaa M, McHugh G, Steere AC. 2003. Persistence of the antibody response to the
VIsE sixth invariant region (IR6) peptide of Borrelia burgdorferi after successful antibiotic
treatment of Lyme disease. The Journal of infectious diseases 187:1178-1186. doi:
10.1086/374376.

Aguero-Rosenfeld ME, Nowakowski J, Bittker S, Cooper D, Nadelman RB, Wormser GP.
1996. Evolution of the serologic response to Borrelia burgdorferi in treated patients with
culture-confirmed erythema migrans. J Clin Microbiol 34:1-9. doi: 10.1128/jcm.34.1.1-
9.1996.

Kalish RA, McHugh G, Granquist J, Shea B, Ruthazer R, Steere AC. 2001. Persistence of
immunoglobulin M or immunoglobulin G antibody responses to Borrelia burgdorferi 10-20



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

SUMMARY

years after active Lyme disease. Clin Infect Dis 33:780-785. doi: 10.1086/322669.
Rupprecht TA, Manz KM, Fingerle V, Lechner C, Klein M, Pfirrmann M, Koedel U. 2018.
Diagnostic value of cerebrospinal fluid CXCL13 for acute Lyme neuroborreliosis. A
systematic review and meta-analysis. Clin Microbiol Infect 24:1234-1240. doi: 10.1016/].
c¢mi.2018.04.007.

Lintner H, Hochgatterer-Rechberger P, Pischinger B, Seier J, Vollmann P, Haushofer A,
Rittner H, Sommer C, Topakian R. 2020. Sensitivity and specificity of cerebrospinal fluid
CXCL13 for diagnosing Lyme neuroborreliosis-a study on 1410 patients and review

of the literature. Journal of the Neurological Sciences 414:116843. doi: 10.1016/j.
jns.2020.116843.

Markowicz M, Schotta AM, Kundi M, Bogovic P, Ogrinc K, Strle F, Stanek G. 2018. CXCL13
concentrations in cerebrospinal fluid of patients with Lyme neuroborreliosis and other
neurological disorders determined by Luminex and ELISA. Ticks Tick Borne Dis 9:1137-
1142. doi: 10.1016/j.ttbdis.2018.04.008.

Barstad B, Tveitnes D, Noraas S, Selvik Ask |, Saeed M, Bosse F, Vigemyr G, Huber |, Oymar
K. 2017. Cerebrospinal fluid B-lymphocyte chemoattractant CXCL13 in the diagnosis of
acute Lyme neuroborreliosis in children. Pediatr Infect Dis J 36:e286-e292. doi: 10.1097/
INF.0000000000001669.

Henningsson AJ, Gyllemark P, Lager M, Skogman BH, Tjernberg |. 2016. Evaluation of

two assays for CXCL13 analysis in cerebrospinal fluid for laboratory diagnosis of Lyme
neuroborreliosis. Apmis 124:985-990. doi: 10.1111/apm.12596.

Hytonen J, Kortela E, Waris M, Puustinen J, Salo J, Oksi J. 2014. CXCL13 and neopterin
concentrations in cerebrospinal fluid of patients with Lyme neuroborreliosis and other
diseases that cause neuroinflammation. J Neuroinflammation 11:103. doi: 10.1186/1742-
2094-11-103.

Schmidt C, Plate A, Angele B, Pfister HW, Wick M, Koedel U, Rupprecht TA. 2011. A
prospective study on the role of CXCL13 in Lyme neuroborreliosis. Neurology 76:1051-8.
doi: 10.1212/WNL.0b013e318211c39a.

Tjernberg |, Henningsson AJ, Eliasson |, Forsberg P, Ernerudh J. 2011. Diagnostic
performance of cerebrospinal fluid chemokine CXCL13 and antibodies to the C6-peptide in
Lyme neuroborreliosis. J Infect 62:149-58. doi: 10.1016/].jinf.2010.11.005.

van Burgel ND, Bakels F, Kroes AC, van Dam AP. 2011. Discriminating Lyme neuroborreliosis
from other neuroinflammatory diseases by levels of CXCL13 in cerebrospinal fluid. J Clin
Microbiol 49:2027-30. doi: 10.1128/JCM.00084-11.

Alstrup K, Bech M. 2016. TV2_Documentar. [Snyd eller borrelia]. Available at: https://www.
dailymotion.com/video/x4wmdyj. Accessed February 2019.

251





