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Abstract
Background: Testing for Borrelia-specific IgM and IgG-antibodies are often performed on a variety
of poorly defined symptoms, and isolated IgM results are a frequent finding, which results in
diagnostic uncertainty and further testing. We wanted to test the hypothesis that Borrelia-specific
assays using recombinant antigens perform differently from assays based on purified flagella antigen.

Methods: We compared the use of recombinant antigens (LIAISON® DiaSorin, Saluggia, Italy) and
purified flagella antigen (IDEIA™ Borrelia, DakoCytomation, Glostrup, Denmark) in the assay for
Borrelia-specific IgM and IgG-antibodies. The assays were tested on an unselected population of
serum samples submitted from general practice. A total of 357 consecutive samples for analysis of
Borrelia IgM and IgG antibodies. Furthermore, we analysed 540 samples for Borrelia-specific IgM or
IgG antibodies first by the IDEIA™ and, if they were positive, the samples were further analysed
using the LIAISON® assay. To verify the correctness of the patient's serological status, discrepant
samples were analysed by line blots (EcoLine, Virotech).

Results: In the consecutive series of 357 samples, the IgM assays detected 308 negative and 3
positive samples with concordant results. Compared with the line blot, the IDEIA™ system
produced 21 false-positive IgM results, whereas the LIAISON® system produced only one false-
positive IgM result. The IgG assays showed 1 positive and 328 negative concordant results. The
LIAISON® system produced 9 true IgG-positive samples that were not detected by the IDEIA™
system, but the former produced 4 positive IgG results that were negative by line blot.

Conclusion: Diagnostic assays based on flagella antigen seem to show more false-positive IgM and
false-negative IgG results than assays based on recombinant antigens. The latter may reduce the
number of presumably false-positive IgM results and identify more IgG-positive subjects, but this
system also produces more false-positive IgG results.
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Background
Infection with Borrelia spp. is the most common vector
borne infection in Europe with an estimated more than
60,000 symptomatic cases annually and a reported inci-
dence from Germany of about 1 per 1,000 population [1].
Infection may result in a variety on clinical symptoms,
including neuroborreliosis with cranial nerve paresis and
radicular pain. Borrelia infections in humans are caused by
B. afzelli, B. garinii and B. burgdorferi sensu stricto. A study
from Germany found that 65% of patients were infected
with B. garinii, 24% with B. afzelii and 11% with B. burg-
dorferi sensu stricto [2]. Clinical borrelia infection is
divided in three stages, 1) erythema migrans; 2) multiple
erythema migrans, lymphadenosis benigna cutis, neu-
roborreliosis and myocarditis; and 3) arthritis, acroder-
matitis chronica athrophicans and chronic
neuroborreliosis [3].

The diagnosis of neuroborreliosis is difficult. It relies pri-
marily on clinical signs, demonstration of intrathecal anti-
body synthesis and pleocytosis in the spinal fluid [4].
Antibody based assays suffers from lack of standardiza-
tion [5], and borrelia infection is therefore overdiagnosed
based on vague criteria and equivocal serological results
especially IgM positivity without specific IgG-antibodies
[6]. Nucleic acid based molecular diagnosis has an even
lower sensitive [7].

Borrelia spp. is believed to express different antigens in dif-
ferent hosts [8], gene expression is reduced as the Borrelia
adapt to the host [9,10] and consequently serological
diagnosis is difficult and unpredictable in the early stages
of the infection. This partly explains why common con-
sensus on diagnostic criteria is lacking [11]. The flagella
contain the immunodominant 41 kDa, flagellin antigen,
and several outer surface proteins, Osp's. The use of an
enzyme-immunoassay followed by a Western blot or dot
blot assay has not improved diagnostic accuracy [12].
However, Western blotting with a mixture of B. burgdorferi
sensu stricto and B. afzelii antigens have been found to
improve diagnosis in up to 70% of sera with borderline
results [13], but Western blot or immunoblots using
recombinant antigens can not be regarded as a golden ref-
erence standard [14]. Antibody assays have not been use-
ful in the diagnosis of erythema migrans. Patients with
systemic Borrelia infections show IgG-antibodies after up
to eight weeks after infection [15]. Persistent IgM-antibod-
ies with without development of Borrelia-specific IgG-
antibodies is usually regarded as false-positive reactions
[15].

The two diagnostic assays have previously been evaluated
on patients with well defined clinical borrelia infection in
different stages. In patients with erythema migrans, the
flagella assay were found to have a sensitivity of 44.8% in

the IgM assay and 35.5% in the IgG assay [14], while the
recombinant antigen showed a sensitivity of 46.9% in the
IgM assay and 66.3% in the IgG assay [16].

In patients with neuroborreliosis the flagella assay dis-
played a sensitivity of 67.9% for the IgM assay an 76.8%
for the IgG assay [15], whereas the recombinant antigen
assay was found to have a sensitivity of 36.8% for the IgM
assay an 90.8% for the IgG assay [16].

The aim of the present study was to evaluate chemilumi-
nescence immuno assays based on recombinant antigens
(LIAISON®, DiaSorin, Salugia, Italy) and assays based on
purified flagella antigen (IDEIA™, Dako Cytomation,
Glostrup, Denmark). This comparison was performed on
a population based panel of samples submitted from gen-
eral practice for analysis for Borrelia IgM- and IgG-anti-
bodies. In order to compare the two assays, samples with
discordant outcome were analysed by a Lineblot (Eco-
Line, Virotech) to more correctly ascertain the serological
status of the patient.

Methods
Samples
Eight hundred and ninety-seven serum samples submit-
ted primarily from general practitioners for analysis of
Borrelia-specific IgM and IgG antibodies were included.
We included 357 consecutive samples which were all
tested by the recombinant antigen chemiluminescence
immuno assay (LIAISON®) and the purified flagella anti-
gen assay (IDEIA™ Borrelia) independent of the results
from the other test systems, and samples were recruited no
matter whether submitted from general practice or from
hospitalized patients. Samples with equivocal results were
included. Patients have not been selected based on sex or
age. All patients were permanent residents in Denmark.
Patients occurred only once in each dataset. These consec-
utive samples were collected from December 2003 to May
2004 and the selected samples from the end of January to
the end of April 2004. The five hundred and forty samples
collected from January to December 2003 were tested first
by purified flagella antigen test (IDEIA™ Borrelia, DakoCy-
tomation, Glostrup, Denmark) for Borrelia-specific IgM
and IgG antibodies and samples with a positive IgM or
IgG result from this analysis were further analysed in the
recombinant antigen test (LIAISON®, DiaSorin, Saluggia,
Italy). Samples showing discrepancy in either IgM or IgG
results from these tests were analysed by line blot (Eco-
Line, Virotech).

All samples were anonymised before entered into the
study. Studies on anonymised samples do not require
approval by a scientific ethical committee according to
Danish law.
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Assays
Purified flagella antigen enzymeimmuno assay (IDEIA™ Borrelia 
burgdorferi, DakoCytomation, Glostrup, Denmark)
The samples were tested by the standard assay applied by
the Department of Clinical Microbiology, using the Borre-
lia burgdorferi purified flagella antigen, IgM µ-capture
assay and IgG sandwich ELISA assay from DakoCytoma-
tion according to the instructions provided by the manu-
facturer as described by Hansen (1994) [14]. The
diagnostic sensitivity for the assay is in patients with
eythema migrans 44.8% for the IgM assay and 35.5% for
the IgG assay [14], in patients with neuroborreliosis
67.9% for the IgM assay and 76.8% for the IgG assay [14]
and in patients with acrodermatitis 12% for the IgM assay
and 100% for the IgG assay [14]. We have not been able
to find data on specificity for this assay.

A positive test was defined according to the manufac-
turer's recommendations. As proposed by DAKO Cytoma-
tion, readings +/- 10% of the cut off value for IgM and +/
- 20% of the cut off value for IgG were considered as
equivocal. Values higher than these were considered as
positive.

Recombinant antigen enzymeimmuno assay (LIAISON®, DiaSorin, 
Saluggia, Italy)
The samples were tested by recombinant Borrelia IgM and
IgG assays. A positive test is defined according to the man-
ufacturer's recommendation. Samples with Borrelia burg-
dorferi IgG concentrations equal or above 15 AU/ml were
graded positive. Samples with Borrelia burgdorferi IgM con-
centrations equal or above an index value of 1.1 were
graded positive. The assay is an indirect chemilumines-
cence immunoassay based on recombinant antigens pro-
duced in E. coli. LIAISON® Borrelia IgM utilize a solid
phase coated with recombinant Osp C, Borrelia afzelii,
strain pKo. OpsC is immunodominant for the IgM
response. LIAISON® Borrelia IgG make use of recombinant
VlsE, B. garinii, strain pBi, an outer surface lipoprotein
[17]. In patients with erythema migrans the IgM assay has
a sensitivity of 46.9% and the IgG assay 66.3% [15], in
patients with neuroborreliosis 36.8% for the IgM assay an
90.8% for the IgG assay [15]. The diagnostic specificity of

a negative IgM test is 99% and of a negative IgG test
98%[15]. The code number of the Borrelia IgM version
used in the study is 310890 and the code for Borrelia IgG
is 310880.

Borrelia EcoLine®, Borrelia burgdorferi, (Virotech, Rüselheim, 
Germany)
The test principle is a series of dot blots with recombinant
and purified native Borrelia antigens blotted onto a nitro-
cellulose strip. The IgM-test includes OspC, VlsE, BmpA
and an Epstein-Barr virus antigen. The IgG-test includes
recombinant VlsE, BmpA, p83, BBA36, BBO323, Crasp3
and pG, but it is not stated which Borrelia subspecies the
different antigens comes from. The tests were interpreted
as recommended by the manufacturer.

Statistics
The two assays were compared using Bowker's test for
symmetry using SAS version 9.1 [18]. The test makes no
assumption on true positive or negative results of the two
tests but only test symmetry in the two by two tables.

Results
Consecutive samples
The concordance between the recombinant antigen assay
(LIAISON®) and the purified flagella antigen assay
(IDEIA™) for Borrelia-specific IgM- and IgG-antibodies
from the series of consecutive samples is summarized in
table 1 and 2. Out of the 357 consecutive samples col-
lected from December 2003 to May 2004, 308 were nega-
tive and 3 were positive in both of the IgM assays (Table
1. Bowker's test statistic 25.7; p < 0.0001). In the IgG-
assays, one tested positive for Borrelia-specific IgG-anti-
bodies in both the recombinant antigen test (LIAISON®)
and the purified flagella antigen test (IDEIA™) and 328
tested negative by both assays (Table 2. Bowker's test sta-
tistic 25.3; p < 0.0001).

Thirty-three of the consecutive samples were IgM positive
in the purified flagella antigen test (IDEIA™) assay but
negative by the recombinant antigen IgM test (LIAISON®).
These samples were further tested by the Borrelia EcoLine®

line blot and 63.6% (21/33) were negative, 12.1% (4/33)

Table 1: Borrelia specific IgM comparing recombinant antigen assay (LIAISON®) and purified flagella assay (IDEIA™). Consecutive, 
unselected samples.

Purified flagella Borrelia IgM (IDEIA™)

POS EQV NEG

Recombinant antigen Borrelia IgM (Liaison®) POS 3 1 6 10
EQV 0 0 0 0
NEG 33 6 308 347

36 7 314 357

Bowker's test statistic 25.7; p < 0.0001
Page 3 of 8
(page number not for citation purposes)



BMC Clinical Pathology 2008, 8:4 http://www.biomedcentral.com/1472-6890/8/4
were Epstein Barr Virus positive and potentially cross reac-
tive, 9.1% (3/33) were equivocal and 5/33 (15.2%) were
positive (Table 3). Six samples were IgM negative in the
purified flagella antigen test (IDEIA™) assay but positive
by the recombinant antigen IgM test (LIAISON®). These
samples were further tested by line blot and 83.3% (5/6)
showed positive results and 16.7% (1/6) were negative.
Both tests missed line blot-positive samples found by the
other test, and the recombinant antigen IgM test (LIAI-
SON®) came out with one probable false positive result
whereas the purified flagella antigen IgM test (IDEA®) gen-
erated thirty probable false positive IgM results compared
to the line blot.

Seventeen samples were IgG negative in the purified flag-
ella antigen test (IDEIA™) assay but IgG positive in the
recombinant antigen test (LIAISON®), and these where
further tested by line blot. Of the 17 samples 15 were
available for line blot and 26.7% (4/15) were negative,
13.3% (2/15) were equivocal and 60.0% (9/15) were pos-
itive according to the definition by the manufacturer
(Table 4). The recombinant antigen test (LIAISON®) thus
seems to have a higher sensitivity for detection of Borrelia-
specific IgG-antibodies.

Samples selected for IgM or IgG positivity by the purified 
flagella antigen assay (IDEIA™ Borrelia burgdorferi 
sensu stricto)
Five hundred and forty samples obtained from the end of
January to the end of April 2004 were tested with the puri-
fied flagella antigen assay (IDEIA™) and 80 of these sam-
ples were found positive in either IgM, IgG or both and

were then further tested by the recombinant antigen assay
(LIAISON®). Fifty-three samples were IgM positive in the
purified flagella antigen IgM assay (IDEIA™), but only
5.6% (3) were positive in the recombinant antigen IgM
assay (LIAISON®) and 90.5% (48) were negative by
recombinant antigen IgM assay (Table 5). In the IgG
assays no sample was negative by the recombinant anti-
gen IgG assay (LIAISON®) assay when positive in the puri-
fied flagella antigen IgG assay (IDEIA™). Sixty-one
samples were negative in the purified flagella antigen IgG
assay (IDEIA™), but were selected in this series because of
IgM positivity in the initial purified flagella antigen IgM
assay. Of these, 21.3% (13) were positive in the recom-
binant antigen IgG assay (Table 6). Of the 48 IgM positive
samples 43 were available for line blot and 55.8% (24/43)
were negative, 9.3% (4/43) were Epstein Barr Virus posi-
tive and potentially cross reactive, 9.3% (4/43) equivocal
and 25.6% (11/43) were positive according to the defini-
tion by the manufacturer (Table 7). One sample was IgM
negative in the purified flagella antigen assay but positive
by the recombinant antigen IgM test and these samples
showed a probable positive result in the line blot.

Of the 13 recombinant antigen IgG positive, purified flag-
ella antigen IgG Negative samples, 12 were available for
line blot and 75% (9/12) were positive, 25% (3/12)
equivocal and none were negative (Table 8).

Discussion
The present study was performed on unselected samples
submitted primarily from general practice and thus
reflects the results of everyday practice in a diagnostic lab-

Table 2: Borrelia specific IgG comparing recombinant antigen assay (LIAISON®) and purified flagella assay (IDEIA™). Consecutive, 
unselected samples.

Purified flagella Borrelia IgG (IDEIA™)

POS EQV NEG

Recombinant antigen Borrelia IgG (LIAISON®) POS 1 2 17 20
EQV 1 0 8 9
NEG 0 0 328 328

2 2 353 357

Bowker's test statistic 25.3; p < 0.0001

Table 3: Borrelia specific IgM line blots. Consecutive, unselected samples.

Line blot

Total Positive Equivocal Negative EBV

Recombinant antigen positive, Purified flagella antigen negative 6 5 - 1 -
Recombinant antigen positive, Purified flagella antigen equivocal 1 1 - - -
Recombinant antigen negative, Purified flagella antigen positive 33 5 3 21 4
Recombinant antigen negative, Purified flagella antigen equivocal 6 1 - 5 -
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Table 4: Borrelia specific IgG line blots. Consecutive, unselected samples.

Line blot

Total Positive Equivocal Negative EBV

Recombinant antigen positive, Purified flagella antigen negative 15 out of 17 9 2 4 -
Recombinant antigen positive, Purified flagella antigen equivocal 2 2 - - -
Recombinant antigen equivocal Purified flagella antigen positive 1 1 - - -
Recombinant antigen equivocal Purified flagella antigen negative 6 out of 8 1 2 2 1

Table 5: Borrelia specific IgM comparing recombinant antigen assay (LIAISON®) and purified flagella assay (IDEIA™). Selected 
samples.

Purified flagella antigen Borrelia IgM (IDEIA™)

POS EQV NEG

Recombinant antigen Borrelia IgM (LIAISON®) POS 3 0 1 4
EQV 2 0 0 2
NEG 48 16 10 74

53 16 11 80*

*460 samples negative in the purified flagella IgM test (IDEIA™) were not tested in the recombinant antigen IgM assay (LIAISON®).

Table 6: Borrelia specific IgG comparing recombinant antigen assay (LIAISON®) and purified flagella assay (IDEIA™). Selected 
samples.

Purified flagella antigen Borrelia IgG (IDEIA™)

POS EQV NEG

Recombinant antigen Borrelia IgG (LIAISON®) POS 15 3 13 31
EQV 1 0 4 5
NEG 0 0 44 44

16 3 61 80*

*460 samples negative in the purified flagella antigen test (IDEIA™) were not tested in the recombinant antigen IgM assay (LIAISON®).

Table 7: Borrelia specific IgM line blots. Selected samples.

Line blot

Total Positive Equivocal Negative EBV

Recombinant antigen positive Purified flagella antigen negative 1 1 - - -
Recombinant antigen equivocal Purified flagella antigen positive 2 2 - - -
Recombinant antigen negative, Purified flagella antigen positive 43 out of 48 11 4 24 4
Recombinant antigen negative, Purified flagella antigen equivocal 11 out of 16 7 - 4 -
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oratory where most samples will have a low pretest prob-
ability of being from a patient with an acute borrelia
infection. It is important to evaluate diagnostic test on
unselected, population based samples to obtain informa-
tion on how the test discriminate between diseased and
normal groups. If assays are only evaluated on sera from
clearly defined clinical cases, the true performance on
samples submitted from everyday clinical practice where
the diagnosis is unresolved and with a low pretest proba-
bility, will not be known [19]. It is therefore important to
minimise the number of false positive IgM and IgG sam-
ples to avoid uncertainty for the physician and anxiety by
the patient. If truly infected with Borrelia, a new sample
two to four weeks later will in most cases have developed
Borrelia-specific IgG-antibodies [15].

The flagella based assay tested showed more IgM-positive
and IgG-negative results compared to the recombinant
antigen based assay, and using the immunoblot (line
blot) analysis as a independent reference, most of these
reactions appear to be false positive.

Advantage of immunoblots (line blots) has primarily
been evaluated on well defined serum collections. This
introduces a selection bias because samples from unclear
clinical cases are excluded [17]. Such studies will invaria-
bly show much better performance compared to results
from consecutive, unselected samples with a low pretest
probability. This could explain why immunoblots have
shown good performance on selected samples from clini-
cal well defined cases, but are less useful in daily practice
[20].

Based on our comparison the positive outcome from the
purified flagella IgM assay probably has a large proportion
of false positive results using the EcoLine assay as a refer-
ence test. In addition, the recombinant antigen IgG assay
has a better sensitivity compared to the purified flagella
antigen test, but as a result of this also a slightly lower spe-
cificity. There are considerable variation in the B. garinii
OspA surface antigen, and furthermore a study found sub-
stantial genetic diversity in the OspC gene between differ-
ent isolates [21]. Other antigens utilized in diagnostic
assays include the VlsE1 of B. burgdorferi sensu stricto and
B. garinii [22,23].

OspC is an important antigen in the early antibody
response and therefore a major target for Borrelia-specific
IgM-antibodies [24-26]. False positive IgM reactions to
the OspC antigen have been reported from enzyme-
immunoassays [27,28] and immunoblots [29], One study
found a problem of cross reactivity between IgM antibod-
ies from Yersinia and Borrelia [30], but this result has not
been confirmed in other studies.

The value of immunoblotting has been questioned by a
European multicentre study, which showed considerable
variability of the results between centres, and the diagnos-
tic sensitivity and specificity has still not been determined
[31]. One study compared immunoblotting reactivity
against the p17 antigen of B. afzelii and B. garinii on sam-
ples from asymptomatic persons and found large differ-
ences, which could indicate unspecific false positive,
reactivity [32].

However, a positive immunoblot increase the probability
that the primary test was a true positive, but is not a defin-
itive test which can be used as a golden reference standard.
A recent study of Western blotting found that using a mix-
ture of B. burgdorferi sensu stricto and B. afzelii antigens
the diagnosis was improved in up to 70% of sera with bor-
derline results from the enzyme-immunoassays using a
purified flagella antigen (Zeus Scientific, Raritan, United
States) [13].

Conclusion
Our study demonstrate that compared to immunoblots,
an enzyme-immunoassay based on recombinant antigens
(LIAISON®) has fever false positive IgM results and better
IgG sensitivity compared to a flagella-based assay
(IDEIA™). The study showed that for IgM class antibody
testing one kit is not enough because there is large anti-
genic variation in the OspC protein. Thus, tests using
recombinant antigens may have a lower sensitivity. Con-
trary, sharing of antigenic epitopes on flagella among var-
ious bacterial species may result in a lack of specificity and
to a smaller extent lack sensitivity of tests utilizing purified
flagella antigens.

Table 8: Borrelia specific IgG line blots. Selected samples.

Line blot

Total Positive Equivocal Negative EBV

Recombinant antigen positive, Purified flagella antigen negative 12 out of 13 9 3 - -
Recombinant antigen positive, Purified flagella antigen equivocal 1 out of 3 1 - - -
Recombinant antigen equivocal Purified flagella antigen positive 1 1 - - -
Recombinant antigen equivocal Purified flagella antigen negative 3 out of 4 2 - 1 -
Page 6 of 8
(page number not for citation purposes)



BMC Clinical Pathology 2008, 8:4 http://www.biomedcentral.com/1472-6890/8/4
Competing interests
Francesco Capuano is employed by DiaSorin S.p.a., Salug-
gia, Italy. Svend Ellermann-Eriksen has had minor con-
sultant activities for DakoCytomation, Glostrup,
Denmark. Eskild Petersen and Martin Tolstrup have no
conflicts of interest. We have no stocks or shares in an
organization which may in any way gain or lose finan-
cially from the publication of this manuscript. We do not
hold or are currently applying for any patents relating to
the content of the manuscript. We have not received reim-
bursements, fees, funding, or salary from an organization
that holds or has applied for patents relating to the con-
tent of the manuscript. The authors have no non-financial
competing interests (political, personal, religious, aca-
demic, ideological, intellectual, commercial or any other)
to declare in relation to this manuscript.

Authors' contributions
All authors contributed to the study. EP developed the
protocol with SE-E and wrote the paper, FC performed the
data analysis and MT performed the line-blots. All authors
participated in the writing of the paper.

Editorial Note
There is ongoing disagreement between the reviewer and
authors regarding the analysis of the data presented in this
study. The editors have decided to publish the article with
the authors' interpretation. We encourage our readers to
access the prepublication history alongside this article, so
that you may form your own opinions regarding the anal-
ysis and interpretation of the data. We also encourage you
to use our comments system to send us your thoughts on
this matter.

Acknowledgements
The LIAISON® Borrelia IgM and LAISON® Borrelia IgG automated diagnostic 
system was provided and funded by DiaSorin S.p.a., Saluggia, Italy. We thank 
Flemming Søndergaard, Department of Clinical Epidemiology, Aarhus Uni-
versity Hospital, Aarhus, Denmark for skilful statistical assistance.

References
1. Huppertz HI, Bohne M, Standaert SM, Karch H, Plotkin SA: Inci-

dence of lyme borreliosis in the Würtzburg region of Ger-
many.  Eur J Clin Microbiol Infect Dis 1999, 18:697-703.

2. Wilske B, Busch U, Eiffert H, Fingerle V, Pfister HW, Rössler D,
Preac-Mursic V: Diversity of OspA and OspC among cerebros-
pinal fluid isolates of Borrelia burgdorferi sensu latu from
patients with neuroborreliosis in Germany.  Med Microbiol
Immunol 1996, 184:195-201.

3. Steere AC: Lyme disease.  N Engl J Med 2001, 345:115-125.
4. Hengge UR, Tannapfel A, Tyring SK, Erbel R, Arendt G, Ruzicka T:

Lyme borreliosis.  Lancet Infect Dis 2003, 3:489-500.
5. Aguero-Rosenfeld ME, Wang G, Schwartz I, Wormser GP: Diagno-

sis of lyme borreliosis.  Clin Microbiol Rev 2005, 18:484-509.
6. Steere AC, Taylor E, McHugh GL, Logigian EL: The overdiagnosis

of Lyme disease.  J Am Med Assoc 1993, 269:1812-1816.
7. Dumler JS: Molecular diagnosis of Lyme disease: review and

meta-analysis.  Mol Diagn 2001, 6:1-11.
8. Ohnishi J, Piesman J, de Silva AM: Antigenic and genetic hetero-

geneity of Borrelia borgdorferi populations transmitted by
ticks.  Proc Natl Acad Sci USA 2001, 98:670-675.

9. Liang FT, Nelson FK, Fikrig E: Molecular adaptation of Borrelia
burgdorferi in the murine host.  J Exp Med 2002, 196:275-280.

10. Liang FT, Jacobs MB, Bowers LC, Phillip MT: An immune evasion
mechanism for spirochetal persistence in Lyme borreliosis.
J Exp Med 2002, 195:415-422.

11. Smith M, Gettinby G, Granstrom M, Gray JS, Guy EC, Revie C, Rob-
ertson JN, Stanek G: The European Union concerted action
world wide web site for Lyme borreliosis.  Zentralbl Bakteriol
1998, 287:266-269.

12. Blaauw AA, van Loon AM, Schellekens JF, Bijlsma JWJ: Clinical eval-
uation of guidelines and two-test approach for Lyme disease.
Rheumatol 1999, 38:1121-1126.

13. Mavin S, Milner RM, Evans R, Chatterton JMW, Joss AWL, Ho-Yen
DO: The use of local isolates in western blots improves sero-
logical diagnosis of Lyme disease in Scotland.  J Med Microbiol
2007, 56:47-51.

14. Wilske B: Microbiological diagnosis in Lyme borreliosis.  Intl J
Med Microbiol 2002, 291(Suppl 33):114-119.

15. Hansen K: Lyme neuroborreliosis: improvements of the labo-
ratory diagnosis and a survey of epidemiological and clinical
features in Denmark 1985–90.  Acta Neurol Scand 1994,
151(Suppl):1-44.

16. DiaSorin : Information on Liaison Borrelia IgM and IgG
November 15, 2006.  .

17. Schulte-Spechtel U, Lehnert G, Liegl G, Fingerle V, Heimerl C, John-
son BJ, Wilske B: Significant improvement of the recombinant
Borrelia-specific immunoglobulin G immunoblot test by
addition of VlsE and a DbpA homologue derived from Borre-
lia garinii for diagnosis of early neuroborreliosis.  J Clin Microbiol
2003, 41:1299-1303.

18. Bowker AH: Bowker's test for symmetry.  J Am Stat Assoc 1948,
43:572-574.

19. Armitage P: Statistical Methods in Medical Research.  Blackwell
Scientific Publications. Oxford; 2001. 

20. Wilske B, Habermann C, Fingerle V, Hillenbrand B, Jauris-Heipke S,
Lehnert G, Pradel I, Rössler D, Schulte-Spechtel U: An improved
recombinant immunoblot for serodiagnosis of Lyme borre-
liosis.  Med Microbial Immunol 1999, 188:139-144.

21. Lagal V, Postic D, Ruzic-Sabljic E, Baranton G: Genetic diversity
among Borrelia strains determined by single-strand confor-
mation polymorphism analysis of the ospC gene and its asso-
ciation with invasiveness.  J Clin Microbiol 2003, 41:5059-5065.

22. Liang FT, Alvarez AL, Gu Y, Nowling JM, Ramamoorthy R, Philipp MT:
An immuno-dominant conserved region within the variable
domain of VlsE1, the variable surface antigen of Borrelia
burgdorferi.  J Immunol 1999, 63:5566-5573.

23. Zhang JR, Hardham JM, Barbour AG, Norris SJ: Antigenic variation
in Lyme disease borreliae by promiscuous recombination of
VMP-like sequence casettes.  Cell 1997, 89:275-289.

24. Fung BP, McHugh GL, Leong JM, Steere AC: Humoral immune
response to outer surface proterin C of Borrelia burgdorferi in
Lyme disease: role of the immunoglobulin M response in the
serodiagnosis of early infection.  Infect Immun 1994,
62:3213-3221.

25. Padula SJ, Dias F, Sampieri A, Craven RB, Ryan RW: Use of recom-
binant OspC from Borrelia burgdorferi for serodiagnosis of
early Lyme disease.  J Clin Microbiol 1994, 32:1733-1738.

26. Schulte-Spechtel U, Lehnert G, Liegl G, Fingerle V, Heimerl C, John-
son B, Wilske B: Significant improvement of the recombinant
Borrelia IgG immunoblot for serodiagnosis of early neu-
roborreliosis.  Int J Med Microbial 2004, 293(Suppl 37):158-160.

27. Mathiesen M, Christiansen M, Hansen K, Åsbrink E, Theisen M: Pep-
tide-based OspC enzyme-linked immunosorbent assay for
the serodiagnosis of Lyme borreliosis.  J Clin Microbiol 1998,
36:3474-3479.

28. Wienecke CA, Lovrich SD, Callister SM, Jobe DA, Marks JA, Schell
RF: Evaluation of whole-cell and OspC enzyme-linked immu-
nosorbent assays for discrimination of early Lyme borreliosis
from OspA vaccination.  J Clin Microbiol 2000, 38:313-317.

29. Engström SM, Shoop E, Johnson RC: Immunoblot interpretation
criteria for serodiagnosis of early Lyme disease.  J Clin Microbiol
1995, 33:419-427.

30. Rawlins ML, Gerstner C, Hill HR, Litwin CM: Evaluation of a West-
ern blot method for the detection of Yersinia Antibodies:
evidence of serological cross-reactivity between Yersinia
Page 7 of 8
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10584895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10584895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10584895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8811652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8811652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11450660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12901891
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12901891
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16020686
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16020686
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8459513
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8459513
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11257206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11257206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11209063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11209063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12119353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11854355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11854355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9563201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9563201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17172516
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17172516
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12141735
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12624072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18123073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10776844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10776844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10776844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14605139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14605139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9108482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9108482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9108482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8039891
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8039891
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8039891
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7929767
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7929767
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15146999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15146999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9817857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9817857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9817857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10618107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10618107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10618107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7714202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7714202


BMC Clinical Pathology 2008, 8:4 http://www.biomedcentral.com/1472-6890/8/4
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

outer membrane proteins and Borrelia burgdorferi.  Clin Diagn
Lab Immunol 2005, 12:1269-1274.

31. Robertson J, Guy E, Andrews N, Wilske B, Anda P, Granström M,
Hauser U, Moosmann Y, Sambri V, Schellekens J, Stanek G, Gray J: A
European multicenter study of immunoblotting in serodiag-
nosis of Lyme borreliaosis.  J Clin Microbiol 2000, 38:2097-2102.

32. Hauser U, Krahl H, Peters H, Fingerle V, Wilske B: Impact of strain
heterogeneity on Lyme disease serology in Europe: Compar-
ison of enzyme-linked immunosorbent assays using different
species of Borrelia burgdorferi sensu lato.  J Clin Microbiol 1998,
36:427-436.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1472-6890/8/4/prepub
Page 8 of 8
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16275939
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10834959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10834959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10834959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9466753
http://www.biomedcentral.com/1472-6890/8/4/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Samples
	Assays
	Purified flagella antigen enzymeimmuno assay (IDEIA™ Borrelia burgdorferi, DakoCytomation, Glostrup, Denmark)
	Recombinant antigen enzymeimmuno assay (LIAISON®, DiaSorin, Saluggia, Italy)
	Borrelia EcoLine®, Borrelia burgdorferi, (Virotech, Rüselheim, Germany)

	Statistics

	Results
	Consecutive samples
	Samples selected for IgM or IgG positivity by the purified flagella antigen assay (IDEIA™ Borrelia burgdorferi sensu stricto)

	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Editorial Note
	Acknowledgements
	References
	Pre-publication history

