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The aim of this study was to analyze and compare the humoral immune responses in serum and cerebro-
spinal fluid (CSF) for 34 adult patients with clinically evident Lyme neuroborreliosis, 27 patients with clinically
suspected Lyme neuroborreliosis, and 32 patients with tick-borne encephalitis. Additionally, we wanted to
compare the findings of two methods for the detection of intrathecally synthesized borrelial antibodies: the
IDEIA Lyme neuroborreliosis test using flagellar antigen and an approach based on the Liaison indirect
chemiluminescence immunoassay using the OspC and VlsE antigens. Borrelial IgM and IgG antibodies were
detected by at least one of these methods in the sera of 22/34 (64.7%) and 28/34 (82.4%) patients with clinically
evident Lyme neuroborreliosis, respectively, and in the cerebrospinal fluid of 22/34 (64.7%) and 20/34 (58.8%)
of these patients, respectively. Intrathecal synthesis of borrelial IgM and/or IgG was found in 19/34 (55.9%)
patients: IgM in 17/34 (50%) patients and IgG in 15/34 (44.1%) patients. The relatively low proportion of
intrathecal synthesis of borrelial antibodies and the high ratio of IgM positivity could be explained by the short
duration of neurological disease as evidenced by reported symptoms (median, 10 days). Assessment of the
humoral immune response in the sera and CSF of patients with early Lyme neuroborreliosis confirmed
previous findings on the relationship between the duration of illness and the proportion of patients with
detectable responses.

Lyme borreliosis is a multisystemic disease caused by the
tick-transmitted spirochete Borrelia burgdorferi sensu lato. In
the course of the disease, many different organs and organ
systems may be affected, including the nervous system (Lyme
neuroborreliosis) (20). In Europe, Borrelia garinii is the main
cause of Lyme neuroborreliosis, whereas Borrelia afzelii is
mostly associated with skin manifestations (17, 20).

Diagnosis of Lyme neuroborreliosis is usually based on iso-
lation of B. burgdorferi sensu lato from cerebrospinal fluid
(CSF), demonstration of borrelial DNA in CSF samples,
and/or detection of specific borrelial antibodies (seroconver-
sion and/or intrathecal production). Isolation of the etiological
agent from CSF still represents the gold standard, although the
method is demanding, time-consuming, and of low sensitivity
(1, 4, 20). Detection of intrathecal synthesis of specific anti-
bodies, a conventional diagnostic marker of Lyme neurobor-
reliosis (3), is convenient for routine laboratory work but has
limitations in that the antibodies may be absent during the first
few weeks (10), and a positive test result does not distinguish
between acute infection and past infection (8).

The aim of this study was to assess the humoral immune
responses in the sera and CSF of patients with Lyme neurobor-
reliosis and to compare the findings of two methods for the
detection of intrathecally synthesized borrelial antibodies. We
expected (i) that the proportions of patients with borrelial
antibodies in serum would be similar in cases of clinically
evident and clinically suspected Lyme neuroborreliosis and
would be higher than those for patients with tick-borne en-

cephalitis (TBE); (ii) that patients with clinically evident Lyme
neuroborreliosis would have borrelial antibodies in CSF more
often than those with suspected Lyme neuroborreliosis, and
that these antibodies would be found only exceptionally in the
CSF of patients with TBE; and (iii) that intrathecal borrelial
antibody production would be limited to patients with clinically
evident Lyme neuroborreliosis, with potential rare exceptions
for patients with suspected Lyme neuroborreliosis.

MATERIALS AND METHODS

Patient groups. Patients with a clinical diagnosis of Lyme neuroborreliosis
comprised 34 adults (19 men and 15 women; ages, 18 to 77 years [median, 56
years]) with a working clinical diagnosis of evident Lyme neuroborreliosis (ery-
thema migrans within 4 months before the appearance of neurological symptoms
and/or signs, including radiculoneuritic pain and/or peripheral facial palsy, and
pleocytosis) and 27 patients (10 men and 17 women; ages, 28 to 70 years [median,
52 years]) with a working clinical diagnosis of suspected Lyme neuroborreliosis
(erythema migrans within 4 months before the appearance of neurological symp-
toms and/or signs, but no pleocytosis). At the time of inclusion in the study (at
initial examination), the median duration of neurological signs/symptoms was 10
(range, 2 to 90) days for patients with clinically evident Lyme neuroborreliosis
and 21 (range, 2 to 90) days for patients with suspected Lyme neuroborreliosis
(P � 0.1560). Erythema migrans was still present in 34/61 (55.7%) patients,
comprising 9/34 (26.5%) patients with a working diagnosis of evident Lyme
neuroborreliosis and 25/27 (92.6%) patients with suspected Lyme neuroborre-
liosis (P � 0.0001).

The control group comprised 32 adult patients with TBE. Patients with TBE
(20 men and 12 women; ages, 19 to 78 years [median, 54 years]) had clinical
signs/symptoms of meningoencephalitis, CSF pleocytosis, and serological confir-
mation of TBE virus infection demonstrated by the presence of specific serum
IgM and IgG antibodies. At the time of inclusion in the study (time of initial
examination), the median duration of the signs/symptoms was 14 (range, 2 to 25)
days. We chose patients with TBE as a control group because of the accessibility
of simultaneously obtained serum and CSF samples, and because no cross-
reactivity in serological assays between borrelia and TBE virus infection has been
described.

Patients presented at the Department of Infectious Diseases, University Med-
ical Center Ljubljana, in the years 2006 to 2008. None of the persons included in
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the study reported recent treatment with antibiotics, and none had received a
Lyme vaccine.

The study approach was approved by the Medical Ethics Committee of the
Ministry of Health of the Republic of Slovenia (no. 35/08/06).

Methods. Blood and CSF samples were taken from all the patients simulta-
neously. The second-generation Lyme Borreliosis IDEIA kit (DakoCytomation
Denmark A/S, Glostrup, Denmark), in which purified native B. burgdorferi flagel-
lin protein serves as the antigen, was used for the detection of specific antibodies
in serum and CSF. The results of the enzyme immunoassay (EIA) are expressed
as optical densities (OD) and were interpreted according to the manufacturer’s
instructions.

The samples were also tested with an indirect chemiluminescence immu-
noassay, the Liaison Borrelia IgM and IgG quantitative test (Diasorin, Salug-
gia, Italy). The magnetic particles used in the Borrelia Liaison test are coated
with recombinant antigens: OspC of B. afzelii strain PKo for IgM antibody
detection and VlsE of B. garinii strain PBi for detection of both IgM and IgG
antibodies. The Liaison test is completely automated. Results are expressed
in arbitrary units (AU) and are graded for serum antibodies (IgM and IgG,
respectively) as negative (�18 and �10 AU/ml), equivocal (18 to 22 AU/ml
and 10 to 15 AU/ml), or positive (�22 and �15 AU/ml). The grades for
antibodies in CSF (IgM and IgG, respectively) are negative (�2.5 and �4.5
AU/ml), equivocal (2.5 to 3.5 AU/ml and 4.5 to 5.5 AU/ml), and positive
(�3.5 and �5.5 AU/ml).

For the assessment of intrathecal synthesis of borrelial antibodies on the basis
of Liaison test results, we used the approach described by Reiber and Peter (15).
Briefly, we calculated CSF/serum concentration quotients for albumin (Qalb),
total IgM (Qtotal IgM), total IgG (Qtotal IgG), specific borrelial IgM antibodies
(QspecIgM), and specific borrelial IgG (QspecIgG). The antibody index was calculated
as the ratio of the CSF/serum quotient of specific antibodies (Qspec) to the corre-
sponding CSF/serum quotient of total immunoglobulins (Qtotal IgM, Qtotal IgG) (7).
Antibody index values of �1.4 were interpreted as indicating intrathecal production
of borrelial antibodies (14).

Intrathecal synthesis was also determined using the IDEIA Lyme Neurobor-
reliosis kit (DakoCytomation, Cambridgeshire, United Kingdom) with B. afzelii
flagellar antigen. We followed the manufacturer’s instructions for test perfor-
mance and interpretation of the results. Accordingly, test results are expressed as
an index where a value of �0.3 indicates intrathecal synthesis of specific borrelial
antibodies.

Statistical analysis. The difference in the proportion of positive tests between
the two assays was analyzed using the two-tailed McNemar exact test or Fisher’s
exact test. P values of �0.05 were interpreted as statistically significant. For
statistical analysis, borderline results were combined with positive results. Quan-

titative data were analyzed using the Mann-Whitney test. The statistical program
SPSS Statistics, version 17.0, was used for the analyses.

RESULTS

Borrelial antibodies in serum and CSF. Borrelial IgM and
IgG antibodies were detected by at least one of the two assays
in the sera of 22/34 (64.7%) and 28/34 (82.4%) patients with
clinically evident Lyme neuroborreliosis, respectively. The cor-
responding results for antibodies in CSF were 22/34 (64.7%)
and 20/34 (58.8%) (Tables 1 and 2). Antibodies were demon-
strated more frequently with the Liaison test than with the
IDEIA kit; nevertheless, the difference between the tests was
significant only for the detection of IgM (21/34 versus 7/34; P �
0.0001) and IgG (20/34 versus 14/34; P � 0.0313) antibodies in
CSF, not in serum (Tables 1 and 2). Among the patients with
suspected Lyme neuroborreliosis, we detected borrelial IgM
and IgG antibodies in the sera of 15/27 (55.6%) and 16/27
(59.3%) individuals, respectively, by at least one of the two
methods. The corresponding results for CSF antibodies were
0/27 (0%) and 4/27 (14.8%) (Tables 1 and 2). Although the
Liaison test seemed to be more sensitive than the IDEIA kit,
a statistically significant difference was found only for the de-
tection of serum IgM antibodies (12/27 versus 5/27; P �
0.0200) (Tables 1 and 2).

Among the patients with TBE, borrelial IgM and IgG anti-
bodies were demonstrated in the sera of 7/32 (21.9%) and
18/32 (56.3%) individuals, respectively, by at least one of the
two methods. The corresponding results for antibodies in CSF
were 4/32 (12.5%) and 8/32 (25%) (Tables 1 and 2). Also in
this group, the Liaison test detected specific antibodies more
often than the IDEIA kit, although a significant difference
between the assays was found only for IgG antibodies in CSF
(8/32 versus 1/32; P � 0.0160) (Tables 1 and 2).

The results of the two tests for the detection of IgM and IgG

TABLE 1. Comparison of the enzyme immunoassay and Liaison test systems for detection of borrelial IgM and IgG in the sera of patients
with different clinical diagnoses

Group and LIA
resulta

No. (%) with the indicated EIA result

IgM IgG

Pos Bord Neg All Pos Bord Neg All

LNB
Pos 13 (38.2) 1 (2.9) 5 (14.7) 19 (55.9) 22 (64.7) 0 3 (8.8) 25 (73.5)
Bord 1 (2.9) 0 1 (2.9) 2 (5.9) 0 1 (2.9) 1 (2.9) 2 (5.8)
Neg 0 1 (2.9) 12 (35.3) 13 (38.2) 0 1 (2.9) 6 (17.4) 7 (20.6)
All 14 (41.2) 2 (5.9) 18 (52.9) 34 (100) 22 (64.7) 2 (5.9) 10 (29.4) 34 (100)

sLNB
Pos 4 (14.8) 1 (3.7) 7 (25.9) 12 (44.4) 11 (40.7) 0 4 (14.8) 15 (55.6)
Bord 0 0 2 (7.4) 2 (7.4) 0 0 1 (3.7) 1 (3.7)
Neg 1 (3.7) 0 12 (44.4) 13 (48.1) 0 0 11 (40.7) 11 (40.7)
All 5 (18.5) 1 (3.7) 21 (77.8) 27 (100) 11 (40.7) 0 16 (59.3) 27 (100)

TBE
Pos 0 0 4 (12.5) 4 (12.5) 12 (37.5) 2 (6.3) 1 (3.1) 15 (46.9)
Bord 0 0 2 (6.3) 2 (6.3) 0 0 1 (3.1) 1 (3.1)
Neg 0 1 (3.1) 25 (78.1) 26 (81.2) 2 (6.3) 0 14 (43.8) 16 (50.0)
All 0 1 (3.1) 31 (96.9) 32 (100) 14 (43.8) 2 (6.3) 16 (50.0) 32 (100)

a LIA, Liaison test; LNB, Lyme neuroborreliosis; sLNB, suspected Lyme neuroborreliosis; TBE, tick-borne encephalitis; Pos, positive; Bord, borderline; Neg,
negative.
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antibodies were in complete agreement in 140/186 (75.3%) and
153/186 (82.3%) samples, respectively.

Intrathecal synthesis of borrelial antibodies. Intrathecal
synthesis of borrelial antibodies was detected in 27/93 (29.0%)
patients, comprising 19/34 (55.9%) patients with clinically
evident Lyme neuroborreliosis, 2/27 (7.4%) patients with sus-
pected Lyme neuroborreliosis, and 6/32 (18.8%) patients
with TBE.

Among all 27 patients with intrathecal production of borre-
lial antibodies, both IgM and IgG synthesis was found in 16
(59.3%); synthesis of IgM alone was found in 5 (17.9%); and
synthesis of IgG alone was found in 6 (21.4%). The corre-
sponding results for 19 patients with clinically evident Lyme

neuroborreliosis and intrathecal production of borrelial anti-
bodies were 15 (78.9%), 2 (10.5%), and 2 (10.5%).

In 9/21 patients with intrathecal production of borrelial IgM
antibodies and in 1/22 patients with intrathecal synthesis of
borrelial IgG antibodies, the corresponding specific antibodies
were not demonstrated in serum.

With the IDEIA kit, intrathecal synthesis of borrelial IgM
and IgG antibodies was demonstrated in 11/34 (32.4%) and
13/34 (38.2%) patients with clinically evident Lyme neurobor-
reliosis, in 0/26 and 1/26 (3.8%) patients with suspected Lyme
neuroborreliosis, and in 1/32 (3.1%) and 2/32 (6.3%) patients
with TBE, respectively (Table 3). By use of the results from the
Liaison test, calculated as described above, intrathecal synthe-

TABLE 2. Comparison of the enzyme immunoassay and Liaison test systems for detection of borrelial IgM and IgG in the CSF of patients
with different clinical diagnoses

Group and LIA
resulta

No. (%) with the indicated EIA result

IgM IgG

Pos Bord Neg All Pos Bord Neg All

LNB
Pos 7 (20.6) 0 14 (41.2) 21 (61.8) 14 (41.2) 0 6 (17.6) 20 (58.8)
Bord 0 0 1 (2.9) 1 (2.9) 0 0 0 0
Neg 0 0 12 (35.3) 12 (35.3) 0 0 14 (41.2) 14 (41.2)
All 7 (20.6) 0 27 (79.4) 34 (100) 14 (41.2) 0 20 (58.8) 34 (100)

sLNB
Pos 0 0 0 0 0 0 4 (14.8) 4 (14.8)
Bord 0 0 0 0 0 0 0 0
Neg 0 0 27 (100) 27 (100) 0 0 23 (85.2) 23 (85.2)
All 0 0 27 (100) 27 (100) 0 0 27 (100) 27 (100)

TBE
Pos 0 0 4 (12.5) 4 (12.5) 1 (3.1) 0 7 (21.9) 8 (25)
Bord 0 0 0 0 0 0 0 0
Neg 0 0 28 (87.5) 28 (87.5) 0 0 24 (75) 24 (75)
All 0 0 32 (100) 32 (100) 1 (3.1) 0 31 (96.9) 32 (100)

a LIA, Liaison test; LNB, Lyme neuroborreliosis; sLNB, suspected Lyme neuroborreliosis; TBE, tick-borne encephalitis; Pos, positive; Bord, borderline; Neg,
negative.

TABLE 3. Comparison of intrathecal synthesis of borrelial antibodies determined by two distinct methods in patients with different
clinical diagnoses

Group and result by the
Liaison testa

No. (%) with the indicated result by the Dako neuroborreliosis test

IgM IgG

Pos Neg All Pos Neg All

LNB
Pos 11 (32.4) 6 (17.6) 17 (50) 12 (35.3) 4 (11.8) 16 (47.1)
Neg 0 17 (50) 17 (50) 1 (2.9) 17 (50) 18 (52.9)
All 11 (32.4) 23 (67.6) 34 (100) 13 (38.2) 21 (61.8) 34 (100)

sLNB
Pos 0 0 0 1 (3.7) 1 (3.7) 2 (7.4)
Neg 0 27 (100) 27 (100) 0 25 (92.6) 25 (92.6)
All 0 27 (100) 27 (100) 1 (3.7) 26 (96.3) 27 (100)

TBE
Pos 1 (3.1) 3 (9.4) 4 (12.5) 2 (6.2) 1 (3.1) 3 (9.3)
Neg 0 28 (87.5) 28 (87.5) 0 29 (90.6) 29 (90.6)
All 1 (3.1) 31 (96.9) 32 (100) 2 (6.2) 30 (93.7) 32 (100)

a The results of the Liaison test were calculated according to the method of Reiber and Lange (14). LNB, Lyme neuroborreliosis; sLNB, suspected Lyme
neuroborreliosis; TBE, tick-borne encephalitis; Pos, positive; Neg, negative.
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sis of borrelial IgM and IgG antibodies was detected in 17/34
(50.0%) and 16/34 (47.0%) patients, respectively, with clini-
cally evident Lyme neuroborreliosis, in 0/26 and 2/26 (7.7%)
patients with suspected Lyme neuroborreliosis, and in 4/32
(12.5%) and 3/32 (9.4%) patients with TBE (Table 3). Al-
though calculations of intrathecal antibody production on the
basis of serum and CSF antibodies determined using the Liai-
son test gave positive results more often than the correspond-
ing findings from the IDEIA kit, a statistically significant dif-
ference between the two tests was found only for intrathecal
synthesis of IgM antibodies in patients with clinically evident
Lyme neuroborreliosis (17/34 versus 11/34; P � 0.0315).

The levels of agreement of the results of the two tests for
intrathecal antibody production were 83/93 (89.2%) for IgM
and 86/93 (92.5%) for IgG. Of 27 specimens positive for syn-
thesis of intrathecal borrelial IgM and/or IgG antibodies, 16
(59.3%) were positive by both tests, 11 (39.3%) were positive
by the Liaison test only, and none were positive solely by the
IDEIA kit. The corresponding findings for intrathecal synthe-
sis of specific IgM antibodies were 12 (54.5%), 9 (45.5%), and
0, and those for intrathecal synthesis of specific borrelial IgG
antibodies were 15 (68.2%), 6 (27.3%), and 0.

Among patients with clinically evident Lyme neuroborrelio-
sis, the frequency of detection of intrathecal synthesis of bor-
relial IgM and/or IgG antibodies by at least one of the two tests
or by an individual test was significantly higher than that for
patients with suspected Lyme neuroborreliosis (19/34 versus
2/27 patients had at least one positive test result by the IDEIA
kit and/or the Liaison test [P � �0.0001]; 14/34 versus 1/27
patients were positive by the IDEIA kit [P � 0.0007]; and 18/34
versus 2/27 patients were positive by the Liaison test [P �
0.0002]). The frequency of detection of intrathecal synthesis of
borrelial antibodies for patients with clinically evident Lyme
neuroborreliosis was also significantly higher than that for pa-
tients with TBE (19/34 versus 7/32 patients had at least one
positive test result [P � 0.0060]; 14/34 versus 3/32 patients were
positive by the IDEIA kit [P � 0.0044]; and 18/34 versus 6/32
patients were positive by the Liaison test [P � 0.0252]).

Figure 1 shows the relation between the duration of neuro-
logical symptoms and the detection of intrathecal synthesis of
specific borrelial antibodies in patients with clinically evident
Lyme neuroborreliosis. As the duration of neurological symp-
toms increases, the proportion of patients with detectable in-
trathecal synthesis of antibodies also increases.

DISCUSSION

The immune response to infection with a microorganism
depends on several factors, such as the quantity and charac-
teristics of the infectious agent, the duration of the infection
(disease), and the ability of the host to respond to the infec-
tion. It is well known that in borrelial infection the antibody
immune response is slow (IgM antibodies usually appear 3 to
6 weeks after the beginning of infection, and IgG antibodies
usually appear 6 weeks to 3 months after onset) (6) and that
seropositivity increases with the duration of the disease (23).
This is also true for early Lyme neuroborreliosis, which typi-
cally appears up to several weeks after infection, and thus, this
pattern of immune response pertains to the patients included
in the present study. However, demonstration of the immune

response depends not only on the interaction between the
microorganism and the host but also on the method used for
detection of the response. Methods for routine antibody de-
tection, such as immunofluorescence assays, enzyme-linked
immunosorbent assays (ELISA), chemiluminescence immuno-
assays, and immunoblotting, differ in their abilities to detect
borrelial antibodies and also in the manner in which the results
are presented.

The aim of the present study was to analyze and compare the
humoral immune responses in the serum and CSF samples of
patients with Lyme neuroborreliosis, with special attention to
intrathecal synthesis of borrelial antibodies. For that purpose,
we chose two different serological tests and included three
distinct, clinically well defined groups of patients: those with
clinically evident Lyme neuroborreliosis, those with clinically
suspected Lyme neuroborreliosis, and those with TBE.

With the IDEIA kit (flagellin antigen) and the Liaison test
(OspC and VlsE antigens for IgM, VlsE for IgG), the IgM
seropositivities of patients with clinically evident Lyme neu-
roborreliosis were 41.2% and 55.9%, respectively, and their
IgG seropositivities were 64.7% and 73.5% (Table 1). These
findings are mostly in line with other reports on the presence of
borrelial antibodies in the sera of patients with Lyme neu-
roborreliosis, as determined by assays using the internal frag-
ment of p41 as the antigen (IgM antibodies were detected in
49 to 67.9% of patients with Lyme neuroborreliosis and IgG in
34 to 76.6%) (1, 9) and by tests based on OspC as the antigen
(47 to 53% seropositivity for IgM antibodies) (1, 9), but posi-
tivity was less than that in assays utilizing the VlsE antigen
(73% for IgM and 100% for IgG) (1, 11, 21).

In our study, IgM antibodies were detected in the CSF
samples of 20.6% and 61.8% of patients with clinically evident
Lyme neuroborreliosis by the IDEIA kit and the Liaison test,
respectively; the corresponding results for IgG antibodies were
41.2% and 58.8% (Table 2). Previous studies have reported
sensitivities of 61% and 75% with the VlsE C6 ELISA and the
VIDAS ELISA (determination of IgM and IgG) (16, 22).

FIG. 1. Relation between duration of neurological symptoms and
intrathecal synthesis as determined by a particular test in patients with
clinically evident Lyme neuroborreliosis (LNB). L, positive intrathecal
synthesis based on Liaison test results and calculated according to the
method of Reiber and Lange (14); D, positive intrathecal synthesis
determined by the Dako IDEIA Lyme Neuroborreliosis kit; L or D,
positive intrathecal synthesis determined with at least one of the two
tests; Linear, linear regression.
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We detected IgM and IgG antibodies in sera and CSF more
frequently with the Liaison test than with the IDEIA kit, but
the difference between the two tests was significant only for the
detection of IgM and IgG antibodies in the CSF of patients
with clinically evident Lyme neuroborreliosis and for the de-
tection of borrelial IgG antibodies in the CSF of patients with
TBE (Tables 1 and 2). The differences between the two assays
in the detection of specific antibodies could be a consequence
of methodological distinctions, including dissimilarities of test
antigens, and/or peculiarities in the interpretation of the test
results. Differences could also have been due to different sen-
sitivities and/or distinct specificities of the two tests. Flagellin
protein (IDEIA) is a highly immunogenic antigen and elicits
an early and strong immune response but is prone to cross-
reactivity (13). In the Liaison test, OspC is one of the most
immunodominant antigens in the IgM immune response,
whereas the VlsE protein elicits a strong IgG response (1, 18).

The intrathecal synthesis of specific antibodies is a well-
recognized diagnostic marker for Lyme neuroborreliosis and is
an essential criterion for the diagnosis of Lyme neuroborrelio-
sis in Europe (3, 19, 20). In the present study, two distinct
methods were used for determination of the intrathecal syn-
thesis of borrelial antibodies. Synthesis of borrelial IgM or IgG
was detected by at least one of the methods in 19/34 (55.9%)
patients with clinically evident Lyme neuroborreliosis, fewer
than we had expected. Previous studies have reported higher
positivity rates: the sensitivity of the Lyme Neuroborreliosis
IDEIA kit was reported to be 79% (12), and the sensitivity of
an ELISA using a whole-cell antigen of B. afzelii PKo was
reported to be 75 to 80% (2, 16). We were unable to find
corresponding information for the Liaison test (OspC and
VlsE for IgM antibody detection; VlsE for IgG detection). The
rather short duration of neurologic signs/symptoms in the pa-
tients studied could explain the relatively low proportion of
those with intrathecal production of borrelial antibodies and
could possibly explain the high ratio of specific IgM synthesis.
Nevertheless, our study corroborated previous findings that the
proportion of patients with established intrathecal synthesis of
borrelial antibodies increases with the duration of neurological
symptoms (Fig. 1). The levels of agreement of results of the
two tests for intrathecal antibody detection were 83/93 (89.2%)
for IgM and 86/93 (92.5%) for IgG. Among 27 specimens
positive for intrathecal synthesis of borrelial IgM and/or IgG
antibody, 17 (60.7%) were positive by both tests, 10 (37.0%)
were positive with the Liaison test alone, and none were pos-
itive solely with the IDEIA. These findings could be due to the
better specificity of the IDEIA approach or the higher sensi-
tivity of the Liaison test.

In this study, we demonstrated a specific borrelial humoral
immune response in the majority of patients with Lyme neu-
roborreliosis and also in several patients with TBE, who had
been chosen to represent a control group. The latter finding
suggests limited specificity. However, as indicated by reports
on cases of concomitant Lyme borreliosis and TBE (5) and by
the demonstration of borrelial genetic material in the CSF of
several patients with TBE (4), patients with tick-transmitted
illnesses, such as TBE, may not be an ideal control group. It
was not unexpected that intrathecal synthesis of borrelial an-
tibodies was detected in patients with clinically evident Lyme
neuroborreliosis and in 2/27 (7.4%) patients with suspected

Lyme neuroborreliosis. These two patients each had a positive
IgG index, established for one by both tests and for the other
only by the Liaison test (Table 3); in both patients, the dura-
tion of neurological symptoms was more than 5 weeks. How-
ever, the demonstration of intrathecal synthesis of specific bor-
relial antibodies in as many as 6/32 (18.8%) patients with TBE
was rather unexpected. In 3 of these 6 patients who fulfilled
criteria for TBE, only intrathecal borrelial IgM antibody syn-
thesis was demonstrated, and for 2 of these 3, the presence of
specific IgM antibodies in serum was not ascertained. In 2/6
patients, only intrathecal borrelial IgG antibody production
was found, while in 1 of these 6 patients, intrathecal borrelial
IgM and IgG antibody synthesis was established. The durations
of symptoms (median, 12 days; range, 4 to 25 days) were
similar among these six potentially coinfected patients and
were also similar to the durations of neurologic symptoms in
patients with clinically evident Lyme neuroborreliosis (median,
10 days; range, 2 to 90 days). Furthermore, only one of four
TBE patients with intrathecal production of specific IgM an-
tibody had the synthesis demonstrated by both tests; the other
three were positive only by the Liaison test; and of three
patients with a positive IgG index, two were positive by both
approaches and one solely by the Liaison test. These findings
suggest limited specificity of IgM testing and, to a lesser de-
gree, also of IgG testing, but they could have also been the
result of coinfection with B. burgdorferi sensu lato and TBE
virus. For a reliable distinction between these two possibilities,
which would have practical clinical consequences, appropriate
control groups, consisting of persons not exposed to ticks and
of patients with certain diseases (such as syphilis, infectious
mononucleosis, or neurological diseases [for example, multiple
sclerosis or Guillain-Barré syndrome]) would be required to
assess the specificity of the tests.

In summary, assessment of the humoral immune response in
the sera and CSF of patients with early Lyme neuroborreliosis
confirmed previous findings on the relationship between the
duration of illness and the proportion of patients with detect-
able responses. Analysis and comparison of two approaches for
the evaluation of the immune response revealed several dis-
tinctions in sensitivity, including differences in the detection of
intrathecal synthesis of borrelial antibodies.
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