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Review

Diagnosis of Lyme Borreliosis in Europe

BETTINA WILSKE

ABSTRACT

In Europe, Lyme borreliosis is caused by at least three species, B. burgdorferi sensu stricto, B. afzelii and B. garinii.
Thus microbiological diagnosis in European patients must consider the heterogeneity of Lyme disease borreliae
for development of diagnostic tools such as PCR primers and diagnostic antigens. According to guidelines of the
German Society of Hygiene and Microbiology, the serological diagnosis should follow the principle of a two-step
procedure. A sensitive ELISA differentiating IgM and IgG is recommended as the first step. In case the ELISA is
reactive, it is followed by immunoblots (IgM and IgG) as the second step. The reactive diagnostic bands should
be clearly identified, which is easy if recombinant antigens are used. The sensitivity and standardization of im-
munoblots has been considerably enhanced by use of recombinant antigens instead of whole cell lysates. Im-
proved sensitivity resulted from use of recombinant proteins that are expressed primarily in vivo (e.g., VIsE) and
combination of homologous proteins from different strains of borrelia (e.g., DbpA). It also appears promising to
use recombinant proteins (DbpA, VIsE, others) or synthetic peptides (the conserved C6 peptide derived from VIsE)
as ELISA antigens. At present, detection rates for serum antibodies are 20-50% in stage I, 70-90% in stage II, and
nearly 100% in stage III Lyme disease. The main goals for the future are to improve specificity in general and sen-
sitivity for diagnosis of early manifestations (stage I and II). Detection of the etiological agent by culture or PCR
should be confined to specific indications and specialised laboratories. Recommended specimens are skin biopsy
specimens, CSF and synovial fluid. The best results are obtained from skin biopsies with culture or PCR (50-70%)
and synovial tissue or fluid (50-70% with PCR). CSF yields positive results in only 10-30% of patients. Methods
that are not recommended for diagnostic purposes are antigen tests in body fluids, PCR of urine, and lymphocyte
transformation tests. Key Words: Lyme borreliosis—Borrelia burgdorferi—Diagnosis. Vector-Borne Zoonotic Dis.
3,215-227.

INTRODUCTION in microbiological laboratories. Microbiological
diagnosis in European patients must consider
LYME BORRELIOSIS is a multisystem disease in-  the heterogeneity of Lyme disease borreliae in
volving many organs such as the skin, the Europe.
nervous system, the joints, and the heart (Steere
et al. 1989, Pfister et al. 1994). This condition is

the most frequent tick-borne disease in the HETEROGENEITY OF LYME
northern hemisphere. Due to the diversity of DISEASE BORRELIAE IN EUROPE
clinical symptoms, Lyme disease is often con- AND ITS IMPACT FOR

sidered in a differential diagnosis. Examina- MICROBIOLOGICAL DIAGNOSIS
tions for antibodies against Borrelia burgdorferi

are thus in high demand, and are among the In Europe, Lyme borreliosis is caused by at

most frequently requested serological tests least three species: B. burgdorferi sensu stricto,

Max von Pettenkofer Institute, University of Munich, National Reference Center for Borreliae, Munich, Germany.
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B. afzelii, and B. garinii. In contrast, B. burgdor-
feri sensu stricto is the only human-pathogenic
species in the United States (Wang et al. al
1999b). The three human-pathogenic species
comprise at least seven OspA-serotypes in Eu-
rope (Fig. 1) (Wilske et al. 1993c). Skin isolates
primarily belong to B. afzelii (OspA-type 2), es-
pecially those from patients with acrodermati-
tis chronica athrophicans, a chronic skin dis-
ease not present in America (Canica et al. 1993,
Ohlenbusch et al. 1996, Wilske et al. 1993¢) (see
also legend of Fig. 1). Isolates from CSF and
ticks are heterogeneous with a predominance
of B. garinii (Eiffert et al. 1995, van Dam et al.
1993, Wilske et al. 1996, Wilske et al. 1993c¢).
Sequence analysis of polymerase chain reac-
tion (PCR) ospA amplicons from synovial fluid
of Lyme arthritis patients revealed hetero-
geneity (Eiffert et al. 1998, Vasiliu et al. 1998),
whereas other studies found mainly B.
burgdorferi s.s. using PCR based on the 55/23S
rRNA intergenic spacer region (Liinemann et
al. 2001) or the flagellin gene (Jaulhac et al.
1996 and 2000). The most frequent genomic
groups in Europe B. afzelii and B. garinii occur
across the continent and the islands, whereas
the third frequent group B. burgdotferi s.s. has
only rarely been isolated in Eastern Europe (for
a survey, see Hubalek et al. 1997). Strains may
be very heterogeneous even within small ar-
eas (Eiffert et al. 1995, Gern et al. 1999, Michel
et al. 2003, Rauter et al. 2002, Rijpkema et al.
1996). On the other side a focal prevalence of
certain species or subtypes was also observed
(Michel et al. 2003, Peter et al. 1995). Mixed in-
fections have been repeatedly observed in ixo-
did ticks (for a survey, see Hubalek et al. 1997)
and sometimes also in specimens from patients
(Demaerschalck et al. 1995, Vasiliu et al. 1998,
Wilske et al. 1996). The heterogeneity of the
causative strains (Fig. 1) is a challenge for the
microbiological diagnosis of Lyme borreliosis
in Europe and must be kept in mind for de-
velopment of diagnostic tools such as PCR
primers and diagnostic antigens. For example,
ospA PCR has been widely used. Here, it is im-
portant to be sure that not only representatives
of the three species are detected, but also the
different ospA-types of the heterogeneous B.
garinii group (Eiffert et al. 1995). In addition,
PCR should detect B. valaisiana and the re-
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cently detected new genotype A14S since B.
valaisiana and genotype A14S might also be
pathogenic for humans, as suggested by posi-
tive PCR results or cultures obtained from skin
biopsy specimens in a few studies (Rijpkema
et al. 1997, Wang et al. 1999a, Wilske et al.
2002). An ospA PCR for detection and differ-
entiation of the various European species and
OspA-types has been described by Michel
(2003).

Most of the proteins relevant for serodiag-
nosis are heterogeneous. Interspecies amino
acid sequence identities are for example only
40-44% for DbpA (Ospl?7) and 54-68% for
OspC for representative strains of B. burg-
dorferi sensu stricto, B. afzelii, and B. garinii
(strains B31, PKo, and PBi, respectively)
(Table 1). Especially DbpA has a much higher
amino acid sequence heterogeneity com-
pared to the DNA sequence heterogeneity in-
dicating immune selection. However, highly
heterogeneous proteins sometimes have con-
served immunogenic epitopes (e.g., the C6
peptide of VIsE) (Liang et al. 1999, Liang et
al. 2000).

GUIDELINES FOR THE
MICROBIOLOGICAL DIAGNOSIS
OF LYME BORRELIOSIS

The German Society of Hygiene and Micro-
biology (DGHM) has recently published guide-
lines for the microbiological diagnosis of Lyme
borreliosis written by an expert committee
(MiQ 12 Lyme-Borreliose) (Wilske et al. 2000).
The English version is accessible via internet
(www.dghm.org/red/index.html?cname=MI
Q). Except in cases with the pathognomic clin-
ical manifestation erythema migrans, the diag-
nosis of Lyme borreliosis usually requires
confirmation by means of a microbiological di-
agnostic assay. Antibody detection methods
mainly are used for this purpose, whereas de-
tection of the causative agent by culture isola-
tion and nucleic acid techniques is confined to
special situations, such as to clarify clinically
and serologically ambiguous findings. Appli-
cation of these methods should be reserved to
laboratories specialized in this type of exami-
nation.
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TaABLE 1. SEQUENCE IDENTITIES AMONG MAJOR IMMUNODOMINANT PROTEINS OF THE THREE (GENOSPECIES
OF B. BURGDORFERI SENSU LATO (ComPARISON OF STRAINS B31, PKo anD PBi)
DNA sequences, Amino acid sequences,

Protein range (in %) range (in %)
DbpA? 51-63 4044
OspC? 61-77 54-68
OspA® 85-86 78-81
p35° 74-85 65-80
BmpA (p39)? 91-93 89-90
p58&? 90-97 90-97
Flagellin 94-95 96-97
Flagellin fragment (aa 129-251) nd 93-96
p83/100° 87-89 81-87

aSequence identities were calculated without the leader sequence of the lipoproteins.

SPECIMENS FOR THE
MICROBIOLOGICAL DIAGNOSIS

For culture and PCR, skin biopsy samples are
the most promising specimens. In general poor
results are obtained from body fluids with the
exception of PCR of synovial fluid. Examina-
tion of urine (PCR, antigen detection) is not rec-
ommended nor the examination (PCR or IFA)
of ticks removed from patients in order to de-
cide antibiotic prophylaxis (Brettschneider et
al. 1998, Kaiser et al. 1998, Klempner et al. 2001,
Wilske et al. 2000). Examination of ticks should
be performed only for epidemiological or other
scientific studies. For antibody determination,
serum or CSF can be investigated. CSF exami-
nation should always be done together with
serum antibody analysis (determination of the
CSF/serum antibody index).

DIRECT DETECTION METHODS

Culture

B. burgdorferi can be cultivated in modified
Kelly’s medium (Preac-Mursic et al. 1991,

Wilske and Schriefer 2002). This, however, is a
very time-consuming method (generation time
of B. burgdorferi is about 7-20 h) characterised by
low sensitivity, especially in body fluids (Arnez
et al. 2001, Asbrink et al. 1985, Karlsson et al.
1990, Strle et al. 1999, Zore et al. 2002) (Table 2).
Culturing may be of help in individual cases if
the clinical picture suggests Lyme borreliosis de-
spite a negative antibody assay (seronegative
Lyme borreliosis), for example, in atypical ery-
thema migrans, suspected acute neuroborrelio-
sis without detection of intrathecal antibodies or
in the case of suspected Lyme borreliosis in pa-
tients with immune deficiencies.

PCR

There is no standardized method for the
preparation of specimens nor for performing
the PCR itself. For DNA amplification under
experimental conditions various target se-
quences have been used by specialised labora-
tories, for example, from plasmid-borne genes
such as ospA and ospB, or chromosomal genes
such as the genes for the flagellar protein or
p66 (clone 2H1), or from gene segments of
the 16S rRNA or the 55/23S rRNA intergenic

TABLE 2. SENSITIVITY OF DIRECT PATHOGEN DETECTION METHODS IN LYME BORRELIOSIS

Specimen

Sensitivity

Skin (erythema migrans, acrodermatitis)
CSF (neuroborreliosis, stage II)
Synovial fluid® (Lyme arthritis)

50-70% when using culture or PCR

10-30% when using culture or PCR

50-70% when using PCR (culture is only extremely
seldom positive)

®Higher sensitivity within synovial tissue compared to synovial fluid.
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spacer region (for a survey, see Schmidt et al.
1997). Borrelia PCR should allow diagnosis of
the Borrelia species, that is, the medical report
should contain information as to which of the
three species pathogenic for humans has been
found. The diagnostic sensitivity of PCR is
about the same as the sensitivity of culture.
Borreliae are detected with much more diffi-
culty from body fluids than from tissue spec-
imens by either PCR or culture (Arnez et al.
2001, Jaulhac et al. 1996, Karlsson et al. 1990).
Solely PCR of synovial fluid seems to surpass
culture significantly in sensitivity (Nocton et
al. 1994).

Sensitivity of culture and PCR

Table 2 gives a survey about sensitivity of di-
rect detection methods in clinical specimens
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from patients with Lyme borreliosis. Culture and
PCR have the highest detection rates (50-70%) in
skin biopsies from patients with erythema mi-
grans or acrodermatitis chronica atrophicans
(Asbrink et al. 1985a, van Dam et al. 1993, von
Stedingk et al. 1995, Weber et al. 1990, Zore et al.
2002). In contrast borreliae are detected by PCR
or culture in the CSF of only 10-30% of patients
with neuroborreliosis (Eiffert et al. 1995, Karls-
son et al. 1990, Wilske and Preac-Mursic 1993b).
CSF isolates are more frequently obtained from
patients with short duration of disease than from
patients with disease of long duration (Karlsson
et al. 1990). It is surprising that borreliae are de-
tected by PCR in 50-70% in the synovial fluids
of Lyme arthritis patients, but culture is rarely
successful (Eiffert et al. 1998, Vassiliu et al. 1998).
The best PCR results are obtained from synovial
tissue, not fluid (Jaulhac et al. 1996).

Step 1

Screening assay:

positive or borderline

IgG-ELISA and IgM-ELISA

In case of suspected neuroborreliosis: examination of paired serum/CSF samples
drawn on the same day for intrathecally produced antibodies (CSF/serum index)

v v

negative

negative serological result

Step 2

o no further tests from the present serum
e in case of short disease duration serological follow up

v v

positive borderline

v '

report as positive
serological result

Confirmatory assay: IgG-immunoblot and IgM-immunoblot

report as borderline report as negative
serological result

v

negative

'

serological result

v

Serological follow up

Check special indications for:

o If early disease manifestations (stage I and II) are still suspected clinically:
o If late disease manifestations (stage III) are still suspected clinically :

(1) serological follow up (e.g. in case of short duration of symptoms)
(2) use of additional serological methods (e.g use of another Borrelia
species as blotting antigen or an improved recombinant blot)

FIG. 2.
ified from Figure 6 in Wilske et al., 2000.)

Two-step approach in serodiagnosis. For criteria for positive, borderline, and negative blot, see text. (Mod-
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ANTIBODY DETECTION

It is generally accepted that serological ex-
amination should follow the principles of a two
step approach (Centers for Disease Control and
Prevention 1995, Johnson et al. 1996, Wilske et
al. 2000, Wilske and Schriefer 2002): (1) A sero-
logical screening assay and (2) in the event of
a positive or equivocal result a confirmatory
assay. A sensitive ELISA is recommended,
which—in case it is reactive—should be con-
firmed by the immunoblot (Fig. 2).

ELISA

The ELISA tests used for screening should be
at least second generation tests (Wilske et al.
2000), which have been improved with respect
to cross reactivity with other bacteria (e.g., ex-
tract antigen with previous Reiter treponeme
adsorption) (Wilske et al. 1993a) or purified in-
tact flagella as antigen (Hansen et al. 1988).
Strains used as antigen source should express
OspC the immunodominant antigen of the IgM
response and DbpA an immunodominant anti-
gen of the IgG response (Wilske et al. 2000). Re-
cently specific recombinant antigens (i.e., VISE)
or synthetic peptides (i.e., the C6 peptide de-
rived from VISE) have been successfully used
in the United States (Bacon et al. 2003, Lawrenz
etal. 1999, Liang et al. 1999) and in a study with
European sera from patients with erythema mi-
grans, acrodermatitis, and arthritis (C6 pep-
tide) (Liang et al. 2000). Very recently also pa-
tients with neuroborreliosis stage II have been
investigated with the C6 ELISA (IgG test) and
compared to the recombinant immunoblot
(Fingerle et al. 2002). Of 36 sera 31 were posi-
tive by immunoblot and 34 by the C6-ELISA.
Two of the 31 immunoblot positive sera were
only borderline in the C6-ELISA, these sera had
antibodies against recombinant DbpA and p58
and DbpA and VISE respectively. The Cé6-
ELISA appears to be sufficiently sensitive as a
screening test for IgG antibodies in patients
with neuroborreliosis if also borderline results
are included. However, VISE has other im-
munodominant epitopes besides the C6 region
that could improve diagnostic sensitivity; het-
erogeneity of those immunodominant epitopes
especially must be considered in Europe (Got-
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tner et al. 2002). The IgM and IgG immune re-
sponses of Lyme borreliosis patients in recom-
binant immunoblots should suggest the best
combination of antigens for the development
of recombinant ELISAs.

Immunoblot

As a confirmatory assay the immunoblot
should have high specificity (at least 95%). If a
whole cell lysate is used as antigen, diagnostic
bands must be defined by monoclonal anti-
bodies (Fig. 3). In case of recombinant antigens,
identification of diagnostic bands is much eas-
ier. For the whole cell lysate blot, strains ex-
pressing immunodominant variable antigens
(OspC, DbpA=0Osp17) in culture should be
used (i.e., strain PKo) (Wilske et al. 2000).

The immunoblot criteria recommended by
the Centers of Disease Control (CDC) for use
in the United States can not be used for Europe
(Hauser et al. 1997, Hauser et al. 1998, Robert-
son et al. 2000). Dressler et al. (1994) have
shown in an immunoblot study that the im-
mune response of European patients is re-

GM12345678 91011
Diagnostic .
Bands for IgG Mab against
p100
p100 o
p60 crossreactive
PS8 p58 specific
43 :
P p41 crossreactive
P39 p39 specific
p35
OspA
p30 p30
OspC OspC
p21
p19
Osp17 = DbpA Osp17 = DbpA
pi14

FIG. 3. Standardization of the whole cell lysate im-
munoblot with monoclonal antibodies (antigen, B. afzelii
strain PKo; control sera, G=IgG, M=IgM; monoclonal an-
tibodies (1-11). Arrows indicate closely neighbored pro-
teins difficult to distinguish. (Modified from Figure 3 in
Wilske et al., 2000, with permission of the publisher.)
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FIG. 4. Heterogeneous IgG reactivity of sera from Lyme borreliosis patients in the immunoblot with different strains
of B. burgdorferis.l as antigen. Strain PKa2 is B. burgdorferis.s., strain PKo is B. afzelii, and strain PBi is B. garinii. (Mod-
ified from Figure 2 in Hauser et al., 1997, with permission of the publisher.)

stricted to a narrower spectrum of Borrelia pro-
teins, compared with that shown by American
patients. Using different serum panels (first
serum panel from Germany, second serum
panel from various European countries),
Hauser et al. demonstrated in two studies that
strain-specific interpretation rules must be de-
fined (Hauser et al. 1997, Hauser et al. 1998).
Figure 4 shows that immunoblot antibody
binding patterns vary considerably by strain
used as antigen. Thus different interpretation
rules are required in order to achieve equal
sensitivity and specificity when different
genospecies of Borrelia are used in preparing
the blot antigen.

Interpretation criteria for the immunoblot
recommended by the DGHM are published
in the MiQ 12 Lyme-Borreliose (Wilske et al.
2000). These are if B. afzelii strain PKo is used
as antigen source the following: The IgG blot
is positive if =2 bands of the following are pre-
sent: p83/100, p58, p43, p39, p30, OspC, p21,

Osp17, p14; the IgM blot is positive if =1 band
of the following is present: p41l (strong), p39,
OspC, DbpA (Ospl7). Further interpretation
criteria (other strains, recombinant blot) are
available via internet (www.dghm.org/red/in-
dex.html?cname=MIQ). Borderline results are
reported if diagnostic bands are visible but the
criteria for a positive blot are not fulfilled. A
blot is negative if no diagnostic bands are vis-
ible.

Examples for IgM and IgG immunoblots are
shown in Figure 5. Patients with early mani-
festations of acute neuroborreliosis have an
immune response restricted to only a few pro-
teins. Patients with late disease such as acro-
dermatitis or arthritis have IgG antibodies to a
broad spectrum of antigens. Using recombi-
nant antigens for the immunoblot has several
advantages compared to the immunoblot us-
ing whole cell lysate antigen: (a) specific anti-
gens can be selected (i.e., p83/100, BmpA), (b)
homologous antigens derived from different


http://www.liebertonline.com/action/showImage?doi=10.1089/153036603322662200&iName=master.img-012.jpg&w=330&h=303
http://www.liebertonline.com/action/showImage?doi=10.1089/153036603322662200&iName=master.img-012.jpg&w=330&h=303
http://www.liebertonline.com/action/showImage?doi=10.1089/153036603322662200&iName=master.img-012.jpg&w=330&h=303
http://www.liebertonline.com/action/showImage?doi=10.1089/153036603322662200&iName=master.img-012.jpg&w=330&h=303

222 WILSKE
Neuroborreliosis Stage II Acrodermatitis
IgM IgG IgG
Diagnostic Diagnostic
bands bands
= - ! - = — p83/100 = — — pB3/100
- b — - -
Diagnostic M | S g pss — p58
bands a | z
. f - — P43
41 —
339-— - N | B — p39 — p39
- B P
—— -
, I — p30 l H — p30
| | ] ol ®
OspC  ~— - i -~ OspC — OspC
[ | — p21 — p21
Osp17 — l ' uhl - ospr7 h — Ospt7
- | B — p1s o — p14
=T s —
$1234567 1234567+ 1234567+
Sera: +, Reference serum (IgG); 1 - 7, sera from patients
Antigen: B. afzelii (strain PKo)
FIG. 5. Whole cell lysate immunoblot: IgM- and IgG immune response in patients with neuroborreliosis (lanes 1-7,

respectively), IgG immune response in patients with acrodermatitis (lanes 1-7). Lanes designated with + are IgG blots
to demonstrate a broad panel of diagnostic bands. (Modified from Figure 4 in Wilske et al., 2000, with permission of

the publisher.)

strains can be combined (i.e., DbpA (Ospl7),
OspC, BmpA), (c) truncated antigens with
higher specificity can be designed (internal fla-
gellin fragments), and (d) antigens primarily
expressed in vivo can be used (i.e., DbpA, VIsSE)
(Heikkild et al. 2002, Schulte-Spechtel et al.
2002, Wilske et al. 1999). Commercial recombi-
nant antigen immunoblots are better standard-
ised than the conventional ones. If a broad
panel of recombinant antigens (including the
recently described VISE) is used the recombi-
nant blot is at least as sensitive as the conven-
tional one. An in house recombinant IgG im-
munoblot (Wilske et al. 1999) shown in Figure
6 could be significantly improved by addition

of recombinant VIsE and an additional DbpA
homologue (Schulte-Spechtel et al.2003). Puri-
fied proteins and immunoblot reactivity with
sera from patients with acute neuroborreliosis
are shown in Figure 7. By addition of VIsE and
the DbpA homologue, sensitivity increased
from 52.7% to 86.1% in 36 cases of neuroborre-
liosis stage II, while specificity remained un-
changed. Sensitivity was also increased com-
pared to the whole cell lysate immunoblot
(86.1% versus 63.8%). Thus the new recombi-
nant immunoblot is a considerable step to-
wards better standardisation and in addition is
more sensitive than the whole cell lysate blot
since homologous proteins from different
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Recombinant antigens (strains):

p83/100 (PKo)

p39 (PKa2, PKo, PBi)
OspC (PKa2, PKo, PBi)
p41i (PKo, PBi)

Recombinant antigens (strains):
P58 (PB1)
Osp17=DbpA (PKo)

FIG. 6. Recombinant IgG immunoblot with sera from patients with neuroborreliosis stage II (old immunoblot); top
and bottoms panels are the same. (Modified from Figure 2 in Wilske et al., 1999, with permission of the publisher.)

strains (especially those with low sequence
identities as DbpA, see Table 1) and in vivo ex-
pressed proteins (as VISE) are used as antigens.

Determination of the CSF/serum index

Methods taking into account potential dys-
function of the blood-CSF barrier are suitable
for the detection of intrathecal antibody pro-
duction (Wilske et al. 1986, Hansen et al. 1990,
Hansen et al. 1991). Determination of the
CSF/serum index should be performed if neu-
roborreliosis is considered, since a positive
CSF/serum index confirms involvement of the
CNS. It may be positive in some cases when
serum antibody tests are negative or equivocal,
especially if the patient’s illness has been of
short duration (Wilske et al. 2000). Depend-
ing on the time elapsed since the first mani-
festation of neurological symptoms, the IgG
CSF/serum index is positive for 80-90% of pa-
tients (8—41 days after onset of the disease) up
to 100% of patients (>41 days after onset)
(Hansen et al. 1991). Detection of intrathecally

(a)
VISE DbpA
97 —
66 — -
: - (©) 123
TRe 8
26— 5
21 — .o " visE
A B A B o
(b) VIsE DbpA
97 —
66 —
39 —
2% — - DbpA
21 —
A B A B
FIG. 7. New recombinant antigens for an improved im-

munoblot: VISE from B. burgdorferi s.s. strain PKa2 and
DbpA from B. garinii strain PBr. (a) SDS- PAGE: A—re-
combinant E. coli whole cell lysate; B—purified protein. (b)
Immunoblot with immune serum against E. coli, antigens as
in a. (¢) Immunoblot with sera from three patients with acute
neuroborreliosis. (Modified from Figures 1 and 3 in Schulte-
Spechtel et al., 2003, with permission of the publisher.)
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produced IgM antibodies shows a high degree
of sensitivity in neuroborreliosis with short du-
ration of symptoms, especially in children
(Christen et al. 1993, Hansen et al. 1991).

CSF/serum index determination is espe-
cially important for diagnosis of chronic neu-
roborreliosis. A positive IgG CSF/serum index
is essential for the diagnosis of chronic borre-
liosis of the central nervous system (see
EUCALB case definitions, Stanek et al. 1996),
whereas chronic peripheral polyneuropathy is
usually negative for intrathecal antibody pro-
duction (Kristoferitsch et al. 1993).

Serological findings in various
stages of the disease

Interpretation of serological test results must
always be done in context with clinical data
(Table 3). Here case definitions are helpful
(Stanek et al. 1996, Wilske et al. 2000). In stage I
(erythema migrans), only 20-50% of the patients
are seropositive for IgM and/or IgG antibodies
(Asbrink et al. 1985b, Hansen and Asbrink 1989,
Weber et al. 1990). IgM antibodies usually pre-
vail. An exception might be the immune re-
sponse against the recently detected VISE. In
American patients with erythema migrans IgG
responses against VISE are observed earlier than
IgM responses (in acute erythema migrans, in
44% versus 19%, in convalescent erythema mi-
grans in 59% versus 43%) (Bacon et al. 2003). In
European patients with erythema migrans, an
early IgG response to VISE was observed in
20 of 23 (87%) culture-confirmed EM cases, the
IgM response has not been investigated (Liang
et al. 2000). In stage II (acute neuroborreliosis)
seropositivity (IgM and/or IgG antibodies) in-
creases to 70-90% (Hansen et al. 1988, Wilske et
al. 1993a). In principle, patients with early man-

WILSKE

ifestations may be seronegative especially in case
of short duration of symptoms. Then serological
follow-up is recommended. Six weeks or more
after onset of symptoms, 100% of the patients
with stage II neuroborreliosis were seropositive
(Hansen et al.1988). In cases with late disease
(stage III, acrodermatis and arthritis), IgG anti-
bodies were detectable in all patients tested
(Hansen and Asbrink 1989, Johnson et al. 1996,
Wilske et al. 1993a). A negative IgG test argues
against late Lyme borreliosis. Thus, a positive
IgM test without a positive IgG test is not diag-
nostic for late disease manifestations (Wilske et
al. 2000). An exception could be the situation of
a patient who received inadequate antibiotic
therapy for early disease, but sufficient drug to
abrogate IgM to IgG class switch or very short
duration of clinical symptoms. Since serological
findings vary considerably and antibodies may
persist for long time in successfully treated indi-
viduals, serological follow up is not suitable for
determining whether further antibiotic therapy
is warranted. The presence of specific antibodies
does not prove the presence of disease; a posi-
tive antibody test may also be due to clinical or
subclinical infections in the past. The more non-
specific the symptoms, the lower is the predic-
tive value of a positive serological test. Seropos-
itivity in the normal healthy population varies
with age and increased outdoor activities (e.g.,
in one study in Bavaria <5% up to 20%) (Reimer
et al. 1999).

METHODS WHICH ARE NOT
RECOMMENDED FOR
MICROBIOLOGICAL DIAGNOSIS

Recently, various methods have been used in
commercially oriented laboratories that are not

TABLE 3. SENSITIVITY OF ANTIBODY DETECTION METHODS
IN THE DiaGNoOsis OF LYME DISEASE

Stage Sensitivity Remarks

I 20-50% Predominance of IgM

II 70-90% In cases of short disease duration
predominance of IgM, in cases of long
disease duration predominance of IgG

111 Nearly 100% Usually solely IgG?

aThe presence of IgM antibodies without IgG antibodies is not diagnostic for
late disease; for possible exceptions, see text.
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sufficiently evaluated for diagnostic purposes.
Among them are the antigen tests in body flu-
ids, PCR of urine, and lymphocyte transfor-
mation tests. These tests are not recommended
for microbiological diagnosis. They are unreli-
able and some of them are in addition very ex-
pensive, especially if used for therapy control
(Brettschneider et al. 1998, Kalish et al. 2003,
Klempner et al. 2001).
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