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ABSTRACT

Background: The purpose of the study was to evaluate new
3rd-generation test kits, EIA Borrelia recombinant IgM and IgG
(TestLine, Brno, Czech Republic), in serum and cerebrospinal
fluid (CSF) of children with Lyme neuroborreliosis.
Methods: Comparison of three tests was used: the whole-cell
EIA from Borrelia garinii (EIA 1) was compared with the EIA
using recombinant antigens (EIA 2) and immunoblot. In total,
364 samples of serum and CSF were examined. Eighty-six
paired sera and CSF samples were evaluated in the first group
of children with Lyme neuroborreliosis. The second group
consisted of 30 children with probable Lyme neuroborreliosis.
Sixty-six samples from children with neuroinfections other
than borrelial etiology were used as controls.

Results: In the first group of children with proven LNB, EIA
2 gave significantly more positive results for IgG in serum
(P =0.006; OR =7.5) as in CSF (P < 0.001; OR = 4.5). There
was no statistically significant difference in the IgM positivity
of serum (P = 0.54; OR = 0.71). EIA 2 determined significantly

SOUHRN

Krbkova L., Bednafovad J., Cermdakova Z.: Zlepseni
diagnostického pfistupu pouzitim rekombinantnich
antigenii v detekci intratekalni produkce protilatek IgM/
1gG u déti s lymeskou neuroboreliézou

Cil: Zdmérem studie bylo vyhodnoceni testu 3. generace
EIA Borrelia recombinant IgM and IgG (TestLine, Brno, CR)
v séru a mozkomisnim moku (mm) déti s lymeskou neuro-
borreliozou (LNB).

Metodika: Ke srovnani byly vyuzity 3 testy: celobunécna EIA
z Borrelia garinif (EIA 1) byla srovnana s EIA testem vyuzivaji-
cim rekombinantni antigeny (EIA 2) aimunoblot. Celkem bylo
vysSetreno 364 vzorkl sér a mm. V prvni skupiné déti s LNB
bylo vyhodnoceno 86 parovych vzorkd sér a mm. Druhou sku-
pinu tvorilo 36 déti s pravdépodobnou LNB. Jako kontroly byly
vyuzity vzorky 66 déti s neuroinfekci neborreliové etiologie.
Vysledky: V prvni skupiné déti s prokazanou LNB, EIA 2 vyka-
zovala vice pozitivnich vysledkl v séru ve tridé IgG protilatek
((p=0.006; OR =7,5), stejné jako v mm (p < 0,001; OR = 4,5).
V pozitivnich vysledcich ve tridé IgM v séru nebyl statisticky
vyznamny rozdil mezi EIA 1a EIA 2 (p = 0,54; OR = 0,71).
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(P =0.001; OR = 0.06) less positive results of IgM in CSF in
the LNB patients. IgG antibody index (Al) assessed by both
methods revealed similar results (P = 0.646; OR = 1.38). Both
methods are comparable, but IgM Al assessed by EIA 2 showed
significantly less positive results (P < 0.001; OR = 0.04).

The differences in the detection of positive IgM/IgG antibodies
in serum and CSF did not reach statistical significance either
in the groups of children with excluded LNB or in controls.
Conclusions: EIA 2 showed better results than EIA 1and west-
ern blot for the detection of positive IgG antibodies in serum
and CSF. The difference in the calculation of Al IgG by EIA 1
and EIA 2 was not noticeable in the group of LNB patients.
Comparing IgG and IgM Als calculated from both tests, the
sensitivity for EIA 2 was 68% for IgG and 26% for IgM. The
specificity is 100% for both tests.
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V- mm déti s LNB bylo pomoci EIA 2 stanoveno signifikantné
méné pozitivnich vzorkl ve tridé IgM (p = 0,001; OR = 0,06).
Protilatkovy index IgG (Al) vyhodnoceny obéma metodami
vykazoval obdobné vysledky (p = 0,646; OR = 1,38). Obé
metody jsou srovnatelné, ale Al IgM stanovené pomoci EIA
2 prokazalo signifikantné méné pozitivnich vysledkl (p <
0,001; OR = 0,04). Ve skupiné déti s pravdépodobnou LNB
a v kontrolni skupiné nebyly rozdily v detekci pozitivnich IgM/
IgG protilatek v séru a mm statisticky vyznamné.

Zaveér: EIA 2 vykazovala vice pozitivnich vysledkd nez EIA 1
a nez imunoblot v detekci pozitivnich protilatek v sérua mm.
Ve skupiné déti s prokazanou LNB nebyl mezi obéma meto-
dami rozdil ve vypoctu protilatkového indexu 1gG. Po srovnani
IgG a IgM protildtkovych indext pocitanych z vysledkd obou
metod byla citlivost EIA 2 pro IgG 68 % a 26 % pro IgM. Pro
oba testy je specificita 100 %.

KLiCOVA SLOVA:

lymeska neuroborreliéza - rekombinantni antigeny - spe-
cificky protilatkovy index proti borreliim - sérodiagnostika
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INTRODUCTION

Lyme borreliosis is a frequent diagnosis in the Czech
Republic, where the annual incidence varies from 30 to
40 cases per 100,000. Neurological involvements occur in
up to 25% of all patients. Among children, the incidence
of Lyme neuroborreliosis (LNB) is five times greater than
is that of tick-borne encephalitis in the region of Brno,
South Moravia, where both infections are endemic.
Aseptic meningitis and cranial neuritis are typical for
neuroborreliosis in children, although none of these
involvements are pathognomonic.

Laboratory diagnostic investigation includes assessment
of antibodies in serum and cerebrospinal fluid (CSF), cy-
tology and biochemistry of CSF, and intrathecal antibody
synthesis. A reliable diagnosis can be achieved by com-
bining clinical involvement and lymphocytic pleocytosis.
Intrathecal synthesis is crucially important. According
to the case definition [1] and European Federation of
Neurological Societies guidelines [2], all three criteria
need to be met for definite diagnosis of LNB.

The methods for direct detection of borreliae, such as
cultivation and polymerase chain reaction (PCR), are not
suitable for routine practice because of their long cultiva-
tion period and low sensitivity in CSF, even though they
are 98-100% specific. Using a modified Kelly medium,
the cultures are positive in 10-30% of early LNB cases [3].
PCR methods are not standardized, and CSF sensitivity
reaches 10-35% in early LNB [4]. There is a lack of com-
parative studies of diagnostic specificity for detection of
exclusively Borrelia burgdorferi sensu lato DNA.

Specific antibodies in serum and CSF detected by enzyme-
linked immunosorbent assay (ELISA) are widely used with
sonicated whole-cell antigen, recombinant antigens or
the single VISE antigen for the diagnosis of LNB [5].
During early disseminated LNB, expression of antigens
by borreliae occurs at variable times. Assays using only
one recombinant protein with the correct sequence may
not detect antibodies at each stage of infection [6].

The outer surface protein C (OspC) antigen is associated
with an early dominant immune response to Lyme bor-
reliosis. Variable major protein-like sequence, expressed
(VISE), a variable surface lipoprotein of B. burgdorferis.l1.,
contains variable and invariable domains. Within the
VISE variable domain there are six invariable regions
(IR1-6). IR 6 is exposed on the surface of VISE and is im-
munodominant in patients with Lyme borreliosis [7-8].
Variability of the antibody response among patients
with Lyme borreliosis has been described in many stu-
dies [9-11].

The purpose of our study was to evaluate new Kkits of the
3rd generation, EIA Borrelia recombinant IgM and IgG
(TestLine, Clinical Diagnostics, Brno, Czech Republic),
in serum and CSF of children with LNB and to compare
the results with intrathecally produced IgG and IgM
antibodies measured by ELISA using whole-cell antigen
(TestLine, Clinical Diagnostics, Brno, Czech Republic)
and with western blot (EUROIMMUN, Medizinische
Labordiagnostika, Liibeck, Germany).

METHODS AND PATIENTS

Methods. Serum samples used for testing were routinely
obtained by venipuncture and CSF samples were collected
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by lumbar puncture before the treatment was initiated.
Albumin, IgG and IgM concentrations in serum in g/L
and in CSF in mg/L were determined in addition to
routine examination of CSF (cytology, protein, glucose
and lactate). The concentrations of albumin and immu-
noglobulins in serum were measured by photometry/
immunoturbidimetry using a COBAS 8000 analyzer
(Roche, Basel, Switzerland) and in CSF using an im-
munonephelometry analyzer IMMAGE 800 (Beckman
Coulter, Fullerton, CA, USA). Albumin quotient (Qalb)
was calculated as the ratio of CSF to serum albumin, Qalb
> 5 was evaluated as light disturbance of the blood-CSF
barrier, whereas Qalb >10 was assumed to indicate severe
disturbance of the blood-CSF barrier. Antibody indices
(AI) for IgM and IgG were determined in all CSF samples
by the method of Reiber et al. [12] , which is regarded
as the gold standard for the definition of LNB. The Al
expresses the ratio of pathogen-specific antibodies in
the CSF to specific antibodies in blood serum in relation
to condition of the blood-CSF barrier and concentration
of the total immunoglobulins in the CSF and serum. The
Al'was calculated by using Antibody Index Software and
calibration curve from Al-Standard (TestLine, Clinical
Diagnostics, Brno, Czech Republic). An Al value >1.4 for
IgM and IgGC antibodies against recombinant antigens
or against Borrelia garinii was taken as positive. Al was
calculated from both tests and compared.

EIA Borrelia garinii (TestLine, Clinical Diagnostics, Brno,
Czech Republic) IgM and IgG, further EIA 1, contains
sonificated whole-cell antigen of B. garinii with a higher
content of p83, p4l (flagellin), p39, OspA, OspC, pl8
and pl4.

The new ELISA (TestLine, Clinical Diagnostics, Brno,
Czech Republic) IgM and IgG, further EIA 2, tests are
based on the following selected antigen fragments:
OspC, p39 and internal flagellin (p4li) for IgM and pl7,
OspC, p39, p4li, p83 and VISE for IgG. Recombinantly
produced protein fragments were selected according
to the most commonly occurring borrelial subspecies
in European countries, including the Czech Republic:
B. garinii, B. afzelii and B. burgdorferi sensu stricto. Selected
antigen fragments are typical for early and late antibody
response with production of IgM/IgG antibodies.

Both EIA tests were processed by the instructions of
manufacturer. The cut-off control is a component of
the test kit which makes positivity index (IP) evalua-
tion possible. Positive results are considered to be those
which were indicated as borderline (IP = 0.9-1.1) or
positive (IP > 1.1). Samples having IP < 0.9 were evalu-
ated as negative. The evaluation of IP is the same for
EIA1land EIA 2.

Western blot of B. garinii (EUROIMMUN, Medizinische
Labordiagnostika, Liibeck, Germany) was used as the
third comparative method for detection of anti-Borrelia
specific antibodies in serum and CSF. Interpretation cri-
teria were applied as recommended by the manufacturer.
The following specific antigens are included: pl9, p21,
OspC, OspA, p30, p39, p83 without VISE.

Second samples (n = 9) were obtained for clinical sus-
picion of LNB with the negative result from the first
sample, for unsatisfactory treatment status or as control
for extremely high pleocytosis and elevated CSF protein
(day 19 to 21). Second samples were evaluated by standard
methods, and Al was calculated from EIA 1, positive
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result of Al in the second sample confirmed the final
diagnosis of LNB in children with the negative result
from the first samples. The only exceptions were 7 stored
second samples, which could be used for the detection of
antibodies by EIA 2 and Al was calculated. These results
are not used for statistical analysis, but only in detailed
description of patients.

For viral etiology, herpetic viruses including HSV1and 2,
HHVG6, EBV and enteroviruses were tested in serum and
CSF by PCR while tick-borne encephalitis virus (TBEV)
antibodies were tested using ELISA.

All biochemistry procedures were carried out at the
Department of Clinical Biochemistry of the University
Hospital in Brno, Czech Republic. Serological examina-
tions, PCR methods and AI were performed and calcu-
lated at the Department of Clinical Microbiology of the
same hospital.

Statistical analyses. McNemar’s nonparametric test,
Fisher’s exact test and the odds ratio (OR) were used
for statistical analysis. Statistical significance was de-
termined at P < 0.05. Borderline results (IP = 0.9-1.1)
of both EIAs and western blot were assigned to positive
ones for statistical analysis due to the small number of
patients with borderline values.

Results from samples obtained before treatment were
included for statistical analysis.

Sensitivity and specificity calculations of the assays
are based on LNB group of children and LNB excluded
(n =116) and controls (n = 66).

Patients. Three groups were created from a total of 182
children in the retrospective study. In the first group
were included 86 children with proven LNB, manifested
by aseptic meningitis (n = 25) and facial/abducens palsy
(n = 8) or both (n = 53). CFS findings included pleocy-
tosis, elevated protein level, blood-CSF disturbance
and specific anti-Borrelia intrathecal synthesis. The
classification of patients was based on Al calculation
from EIA 1 test.

The second group consisted of 30 children who were
admitted with suspicion of LNB. The following clini-
cal symptoms and signs were present for this group:
solitary or multiple erythema migrans (n = 7), head-
ache (n =22), arthralgia (n = 3), myalgia (n = 3), vertigo
(n=1), dysathria (n =1), positive meningeal signs (n=1)
and fatigue (n = 1). Symptoms were either acute (< 3
months duration, n = 27) or long-lasting (> 3 months
duration, n = 3). Used as controls were 132 samples from
66 children with neuroinfections other than LNB. These

children were diagnosed as having tick-borne encepha-
litis (n = 3), enteroviral meningitis (n = 3), other viral
meningitis (n = 10), isolated facial palsy of other than
borrelial etiology (n = 22), or myelitis (n = 1) or they were
children (n = 27) with negative CSF findings in which
neuroinfection had been excluded.

The children had been admitted to the Department of
Children’s Infectious Diseases of the University Hospital,
Brno, Czech Republic, which serves an area with en-
demic Lyme borreliosis.

Ceneral informed consent of the University Hospital,
including permission for statistical analysis and publi-
cation of clinical data and laboratory tests, had always
been signed by one of the parents before lumbar puncture
was performed. The study was approved by the Ethical
Committee of University Hospital Brno.

RESULTS

Results of EIA 1, EIA 2 and of western blot in children of
all three groups are shown in Table 1 (serum) and Table
2 (CSF) for IgM and IgG antibodies.

Anti-Borrelia IgM and IgG in serum and cerebrospinal
fluid in LNB patients group

In the first group of children with proven LNB, 75/86
samples were identified IgC positive by EIA 2 versus 63/86
samples positive by EIA 1 in serum. CSF samples (69/86)
were found IgG positive by EIA 2 and 55/86 samples were
positive by EIA 1. EIA 2 gave significantly more positive
results for IgG in serum (P = 0.006; OR =7.5) as in CSF
(P<0.001; OR =4.5).

Both assays gave similar positive IgM results in serum
(47/86 by EIA 1 versus 43/86 by EIA 2). There was no sta-
tistically significant difference in the IgM positivity of
serum (P =0.54; OR=0.71). IgM antibody reactivity seen
in CSF was detected in only 22/86 samples by EIA 2 versus
37/86 samples by EIA 1. EIA 2 determined significantly
(P=0.001; OR = 0.06) less positive results of IgM in CSF
in the LNB patients.

In the first group of children with proven LNB, EIA 2 sho-
wed better results in IgGC than EIA 1 for both serum and
CSF. For IgM positivity, both methods were comparable
from statistical point of view, but positive results in CSF
were less frequently detected by EIA 2.

Parallel results were obtained by western blot. The num-
ber of IgG positive samples was 47/86 in serum and 31/86
in CSF. EIA 2 gave significantly more positive results in

Table 1. Serum Samples of 182 Children: Comparison of Positive Antibody Response by Two EIA Tests and Western Blot

IgM antibodies

lgG antibodies

EIA 2* EIA 2*
n

I.LNB*
(n = 86) 47 43 31 63 75 47
II. LNB*excluded
(h = 30) 3 14 9 21 26 25
Il. Controls
W= 55 n 4 2 13 12 6
Sensitivity/Specificity (%) 43/83 49/94 34/97 72/80 87/82 62/91

*EIAT = EIA Borrelia garinii, EIA2 = EIA Borrelia recombinant, WB = Western blot, LNB = Lyme neuroborreliosis
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Table 2. Cerebrospinal Fluid Samples of 182 Children: Comparison of Positive Antibody Response by Two EIA Tests and Western Blot

IgM antibodies

IgG antibodies

EIA 2* EIA 2*
n n

I.LNB*
(n = 86) 37 22 1 55 69 31
II. LNB*excluded
(h = 30) 0 0 0 2 8 8
[l. Controls
T=66) 0 0 0 0 2 2
Sensitivity/Specificity (%) 32/100 19/100 9/100 49/100 66/97 34/97

*EIAT = EIA Borrelia garinii, EIA2 = EIA Borrelia recombinant, WB = Western blot, LNB = Lyme neuroborreliosis

1gG compared to western blot for both serum (P = 0.037;
OR =2.3) and CSF (P < 0.001; OR = 6.2). In serum, 31/86
IgM positive samples were found by western blot and
43/86 by EIA 2. EIA 2 gave more positive results in IgM
antibodies than western blot in serum and the diffe-
rence was significant (P < 0.001; OR = 0.04). The EIA 2
gave significantly more positive IgM in CSF (n = 22) than
immunoblot (n = 11; see Table 2).

Comparison of Al if calculated from CSF/serum
quotients for antibody reactivity in EIA 1 and EIA 2
The difference in the calculation of AI IgC by EIA 1 and
EIA 2 was not noticeable in the group of LNB patients.
AllgG assessed by both methods revealed similar results
(P=0.646; OR = 1.38). Both methods are comparable,
but AI IgM assessed by EIA 2 showed significantly less
positive results (P< 0.001; OR = 0.04).

IgM or IgG Als or both were calculated positive in 77/86
samples by EIA 1 and 74/86 samples by EIA 2. No sample
was positive by EIA 1, but five by EIA 2 in the group of
children with excluded LNB (Table 3).

Table 3. Comparison of IgM/IgG Antibody Indices Calculated
from Two EIA Tests in 116 Children. Sensitivity Calculations are
Based on LNB Group of Children (n = 86) and Excluded LNB

(n = 30). Specificity is 100% for Both EIA Methods. No Sample
of Control Group had Positive Antibody Index. Specificity
Calculation is Based on Controls (n = 66).

Group . LNB* (n = 86) 1. LNB* excluded (n = 30)
Method EIA1* EIA 2* EIA 1* EIA 2*
Positive (n) 77 74 0 5]

Sensitivity (%) 66% 68%

*EIA1=EIA Borrelia garinii, EIA 2 = EIA Borrelia recombinant, LNB =
Lyme neuroborreliosis

The use of the IgM/IgGC calculation of Als seems to correla-
te with the diagnosis of LNB when using both tests. There
was no statistical significance (P= 0.606; OR = 0.67).

Negative results of EIA 2 were consistent with negative
antibody indices using calculation by EIA 1 in samples
of 8 children for which the serum and CSF specimens
were obtained early in the infection. LNB was proven
from the second specimen. Clinically, meningitis with
(n =7) or without (n = 1) facial palsy was diagnosed in 8
children altogether. Only 1child had a negative Al in CSF
(AIIgG = 0.82, Al IgM not measurable), albeit with lym-

phocytic pleocytosis and without blood-CSF disturbance
(Q,, =2.4). Erythema migrans and facial palsy were still
present at the time of admission. The duration of sym-
ptoms before the serum and CSF samples were obtained
was 3 d. Dermatological and neurological involvements
disappeared after antibiotic treatment.

Al IgM positivity without Al IgG was detected in 6 CSF
samples by EIA 1, 5 of which had a positive result in the
EIA 2 test.

Nine (10.4%) CSF samples tested from 86 children with
LNB had no IgC or IgM intrathecal synthesis if calcula-
ted from the results of EIA 1. The children fulfilled the
criteria for LNB by clinical findings: facial palsy (n = 8),
erythema migrans (n =2), inflammatory changes in CSF
(n=9), and Al positive (n = 8) calculated by EIA 1 from the
second CSF sample. From 9 false negative first samples, 7
were stored and 6 of these were positive, and if antibody
indices were calculated from results with EIA 2 from the
second sample, then IgGranged from 1.48 to 11.5 and IgM
from 1.89 to 34.47. Only 1 sample was negative in both
tests for IgG and IgM antibody index.

Results of patients, where LNB was excluded and
controls

No CSF sample was IgM positive with EIA 2 test in the
second group of children. Eight children had positive IgG
antibodies determined from EIA 2 in CSF, but no sample
was positive for IgM intrathecal synthesis of specific
antibodies and none of the children had lymphocytic
pleocytosis in CSF. Five samples were Al IgG positive
(see Table 3). These results correspond to the diagnosis of
excluded LNB despite some suspicious clinical findings in
favor of neurological involvement of Lyme borreliosis or
skin manifestations typical for dermatoborreliosis. The
differences between EIA 1 and EIA 2 in the detection of
positive results in serum and CSF for IgG were P = 0.228
and P = 0.077, respectively.

For the groups of excluded LNB children and controls,
the pairwise comparison of the test performance could
not be determined, only negative results have occurred
in one of the two groups. In the third group, there was
no statistical difference between the two EIA 1and EIA 2
tests either in serum or in CSF samples (P ~1.0).

Sensitivity and specificity

The sensitivity of EIA 1, EIA 2 and western blot ranged
from 34% to 49% for the detection of IgM antibodies in
serum, and the corresponding values for IgG antibodies
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were 62% to 87%. The lowest sensitivity was established
by western blot. The maximum sensitivity was achieved
for EIA 2 (see Table 1).

The sensitivity of EIA 2 IgC increased from 72% by EIA 1
to 87% in serum samples and from 49% by EIA1to 66% in
CSF samples. The specificity for sera in IgGC antibodies was
82% and for CSF it was 97% (see Table 1and 2).

The sensitivity of IgM with EIA 2 is 49% for serum and 19%
for CSF, but the specificity is high for both serum and
CSF, at 94% and 100%, respectively (see Table 1 and 2).
IgG Al was found positive in 79/116 samples and IgM Al
in 30/116 samples, if calculated by EIA 2. Comparing IgG
and IgM antibody indices calculated from both tests, the
sensitivity for EIA 2 reached 68% for IgG but just 26% for
IgM. The specificity is 100% for both tests.

The comparison of IgM/IgG antibody indices calculated
by EIA1and EIA 2 in samples from LNB patients revealed
a similar sensitivity between EIA 1 (66%) and EIA 2 (68%)
without reducing the specificity (see Table 3).

DISCUSSION

The diagnosis of LNB is based on clinical signs which
are typical not only for neurological involvement in
disseminated Lyme borreliosis. CSF examination is the-
refore needed to reach a definite diagnosis. Tests using
a peptide based on an immunodominant conserved re-
gion of B. burgdorferi VISE have been developed to improve
the diagnosis of Lyme borreliosis [8-9]. Their diagnostic
sensitivities range from 70% to 88% [13-15].

The humoral immune response measured in children
with early LNB depends on the duration of symptoms,
the use of antibiotics before serum and CSF samples were
obtained, the individual host response to borrelial infec-
tion, and the method used for detecting the antibodies.
The diagnostic performance of the new enriched EIA
with recombinant antigens was compared with whole-
-cell EIA from B. garinii in the retrospective study of 86
children with confirmed LNB. Lymphocytic pleocytosis
was demonstrated in all of them. One of the first clinical
involvements in children, cranial neuritis, allows early
examination of serum and CSF. Pareses n. facialis and
n. abducentis were present in 70.9% (61/86) of the children.
Enriched EIA 2 showed better results than EIA 1 for both
serum and CSF in the detection of IgG antibodies. For the
detection of IgM antibodies in serum and CSF samples,
both methods were comparable but positive results in
CSF were less frequently detected by EIA 2.

The difference in the calculation of Al IgG by EIA 1 and
EIA 2 was not noticeable in the group of LNB patients. Al
IgM assessed by EIA 2 showed significantly less positive
results. The calculation of IgM/IgG Al from the results of
both tests revealed similar results.

This heterogeneity of the intrathecal antibody response
corresponded to the Slovenian study, albeit the number
of patients was limited to 25 adults [16].

Among children with early disseminated LNB, IgM or IgG
or both antibody indices calculated from results of the
EIA 1were positive in 89.5% (77/86) of CSF samples. In CSF
samples of 9 children (10.5%), no intrathecal synthesis
was detected with the EIA 1. Al was calculated from the
second sample after antibiotic treatment in 9 children
and 8 samples were positive. Our study was based on
99% positivity of Al
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There is an ongoing discussion in the literature about
the usefulness of the calculation of AI IgM [1-2, 16-17]. To
our opinion, an elevated Al IgM is equivalent to Al IgC
in pediatric patients. In this study, we have confirmed,
that positive Al IgM independently from positive Al
IgC, is a reliable parameter to confirm the diagnosis of
LNB especially in accordance with clinical findings and
lymphocytic pleocytosis. In the group of children with
suspicion for LNB, CSF was found positive Al IgM neither
from EIA 1 nor from EIA 2.

In a Slovenian study of adult patients with neurobor-
reliosis [18], IgM and IgG antibodies positivity in CSF
was detected in 61.8% and 58.8% with the Liaison test,
but was lower (at 20.6% in IgM and 41.2% in 1gG),
and especially in IgM, when the IDEIA kit was used.
These differences are explained by different sensitivi-
ties and/or specificities. The heterogeneity of borreliae
in Europe must be taken into consideration in develo-
ping new diagnostic tests. Because the recombinantly
produced protein fragments used in the new tests were
selected according to the most commonly occurring
borrelial subspecies in the Czech Republic, the sensi-
tivity of the EIA 2 Borrelia recombinant test - at 87% for
IgC and 49% for IgM - in detecting antibody response
in serum in children with early disseminated neuro-
borreliosis is comparable with that of western blot.
Sensitivity of 68% was achieved for IgM/IgGC detection
of intrathecal synthesis of borrelia antibodies by EIA 2.
In a study [15] using sera of 36 neuroborreliosis patients,
the diagnostic sensitivity (86.1%) of the recombinant
western blot was increased without loss of specificity,
and the improvement was mainly due to the presence
of VISE.

Western blot is technically demanding, and the scoring
of reactive bands is subjective. An advantage of enriched
ELISAis thatit consumes one-third the amount of serum
and CSF for dilution of sample compared with B. garinii,
B. afzelii and B. burgdorferi sensu stricto western blots.

CONCLUSION

The EIA 2 Borrelia recombinant test with the highly
specific antigen VISE showed an increased sensitivity for
IgG antibodies in samples obtained from children with
proven neuroborreliosis while specificity is comparable
to that of western blot. Our data suggest that analysis
of IgM antibodies detected in serum by EIA 2 showed
no difference compared to EIA 1, but EIA 2 determined
less positive results of IgM antibodies in CSF in the LNB
patients.

The similar patterns of responses were observed when
Als were detected by EIA1and EIA 2.
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