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Method for diagnosing early and late Lyme borreliosis

Field of the invention

The present invention relates to a method for detecting Borrelia burgdorferi sensu
lato infection or the presence of antibodies against Borrelia species in a body fluid
from a suspected infected or vaccinated human or other mammal, to a diagnostic kit
useful in said method and to an immunoassay method for diagnosing early and late
Lyme borreliosis (LB), especially for diagnosing erythema migrans (EM). The meth-
ods according to the invention are characterized in that recombinant BBK32 pro-
teins, other immunogenic borrelial proteins and/or their fragments are used as anti-

gens.

Background of the invention

LB is a tick-transmitted spirochetal infectious disease, caused by Borrelia burgdor-
feri, which is characterized by multistage skin, joint, neurologic and cardiac manifes-
tations [1]. The diagnosis of LB is based on clinical evaluation of the patients, but
serologic assays, most frequently the enzyme-linked immunosorbent assay (ELISA)
and Western blotting (WB), are often used to provide supporting evidence of infec-
tion with B. burgdorferi. In the current routine LB serodiagnostic tests, the antigens
predominantly used are borrelial flagellin protein or whole-cell lysate (WCL) of the
in vitro-cultured microbes. A two-step approach with ELISA and a confirmatory
WCL WB has been recommended by the Centers for Disease Control (USA) for
positive or borderline results [2]. Especially in Europe the applicability of this pro-
cedure has remained questionable [3], mainly due to the existence of three species of
B. burgdorferi sensu lato causing human LB, B. burgdorferi sensu stricto, B. afzelii,
and B. garinii [4]. One of the main reasons for these problems is the antigenic diver-
sity due to variations in the sequences and expression of immunogenic proteins in

these different borrelial species [3, 5].
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Several other difficulties complicate current LB serology. In LB patients with early
manifestations, e.g. erythema migrans (EM) and facial palsy, antibody responses to
the current antigens may be weak or delayed [6]. EM, which appears at the site of
the tick bite days to weeks after exposure, is the earliest and most common manifes-
tation of LB. Tick bites may easily be unrecognised, and the clinician has to rely on
the appearance of the skin lesion. In a routine clinical setting, EM is considered to be
pathognomonic for early LB. The classical appearance of EM is an enlarging, ring-
like erythema with a central clearing. However, early in the course of LB, atypical
lesions may occur and cause diagnostic problems. Recent reports from the US and
Europe have shown that during the first few days of infection the pathognomonic
expanding peripheral erythema with a central clearing appears to be far less common
than lesions with homogeneous redness [33, 34]. The gold standard for the diagnosis
of early LB is microbiologic confirmation of LB by culture from biopsies taken from
EM lesions and/or from blood. PCR-based methods can also be used to detect B.
burgdorferi DNA in skin biopsies. However, in routine clinical practice, these meth-
ods are not feasible. Serologic confirmation of early LB is also problematic due to
sensitivity problems of the current serodiagnostic assays. The sensitivity of the IgM
or IgG enzyme-linked immunosorbent assay (ELISA) using borrelial flagella or
whole-cell lysate antigens seldom exceeds 40-50% [6, 25]. Even at late stage LB, up
to 5-10 % of patients may not have elevated antibody levels [7]. Further, viral infec-
tions cause false positivity in several LB tests for IgM antibodies [8]. Furthermore,
in a subgroup of patients after a successful treatment of LB, antibody levels may stay

high even for prolonged periods.

The expression of borrelial proteins also varies at different stages in the life cycle of
Borrelia in ticks and in the mammalian hosts. Several genes, e.g. bbk32, bbk50, vis
and ospE/F homologs [9-11], have been shown to be selectively expressed in vivo.
Moreover, bbk32 expression is detectable in spirochetes during tick feeding even
before transmission to the host but not in unfed ticks [12]. In two previous studies,
antibodies to BBK32 were observed in the sera of B. burgdorferi sensu stricto -

infected mice and human patients with disseminated LB [9, 13]. So far, antigenic
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properties of the BBK32 proteins in other species of B. burgdorferi sensu lato are

not known.

The application of specific recombinant proteins of B. burgdorferi, such as outer
surface protein A (OspA), OspB, OspC, OspE, OspF, P22, P39, P100, VIsE, and
flagellin have improved the performance of ELISA assays [14-16]. However, the
immune responses of patients infected with different B. burgdorferi subspecies vary
greatly, and certain antigens may not always be expressed in hosts or be recognized
immunologically. Thus, the sensitivity with single recombinant antigens has remained
insufficient, so far. Another approach to improve the serodiagnosis of LB has been
the use of peptides from certain borrelial proteins as antigens, e.g. a C-terminal de-
capeptide from OspC [17] and a peptide corresponding to a central invariable region
in the VISE protein, invariable region 6, IR6 [18]. Very recently, chimeric proteins
comprising of epitopes of OspA, OspB, OspC, flagellin, and p93 have also been

suggested for serodiagnostic antigens [19].

In the literature, the BBK32 protein has also been called P35 [9, 13, 20] and 47
kilodalton fibronectin binding (FBP) protein [21].

Detailed description of the invention

The purpose of the inventors was to test the antigenic potential of borrelial protein
BBK32 and develop a reliable immunoassay method for the serodiagnosis of early
and disseminated LB, especially for the serodiagnosis of erythema migrans. In order
to cover all pathogenic borrelial species causing human LB, the inventors sequenced
and cloned the bbk32 from eight isolates of the three pathogenic borrelial species, B.
burgdorferi sensu stricto, B. afzelii, and B. garinii. The identity between the amino
acid sequences of BBK32s in B. burgdorferi sensu stricto, B. garinii, and B. afzelii
isolates was 71-100%. The respective variant BBK32 recombinant proteins were
tested in LB serology using serum samples from patients with early- and late-stage

LB. In IgG Western blotting (WB) or enzyme-linked immunosorbent assay
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(ELISA), up to 74% and 100% of acute and convalescent samples from 23 patients
with erythema migrans (EM) were positive for recombinant BBK32 protein from B.
afzelii. In the serology of disseminated LB, the three variant BBK32 antigens cross-
reacted. In total, the sensitivity of IgG ELISA reached 100%. The results show that
the BBK32 proteins are useful serodiagnostic antigens for early and disseminated
LB, but in order to cover all the relevant borrelial species variant BBK32 proteins or

fragments thereof should be used in parallel or combined in an immunoassay for LB.

Tt is therefore an object of the present invention to provide a novel method for detecting
Borrelia burgdorferi sensu lato infection or the presence of antibodies against Borrelia
species in a body fluid from a suspected infected or vaccinated human or other mammal,
in which method recombinant BBK32 proteins or their fragments containing antigenic
epitopes from one or more Borrelia species are used as antigens in an immunoassay. The
method according to the invention can be used for the serodiagnosis of early and late

Lyme borreliosis, especially for the serodiagnosis of erythema migrans.

Within the scope of this invention and this specification, a 'fragment' is intended to
mean a recombinantly produced fragment containing antigenic epitopes of the im-

munogenic protein(s) in question.

In a preferred embodiment according to the invention, recombinant BBK32 proteins
or their fragments together with any other immunogenic proteins or their fragments
derived from one or more Borrelia species are used as antigens in an immunoassay.
Examples of the other immunogenic borrelial proteins which can be used in the
method according to the invention include, but are not limited to, outer surface pro-
tein A (OspA), OspB, OspC, OspE, OspF, P22, P39, P100, VISE, DbpA, and/or
flagellin, preferably DbpA.

Preferably the recombinant BBK32 proteins, optional other immunogenic proteins,

or their fragments are derived from at least two Borrelia species selected from the
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group consisting of B. burgdorferi sensu stricto, B. afzelii, and B. garinii, more

preferably from all the three Borrelia species mentioned above.

It is apparent to those skilled in the art that instead of borrelial proteins or their
fragments, or together with them, also peptides or polypeptides (referred here as
peptides), 7.e. shorter amino acid stretches comprising at least two, usually several
amino acids, can be used as antigens in the method according to the invention. It is
also possible to take a combination of several fragments or peptides from various

immunogenic borrelial proteins and to use them as antigens.

The recombinant BBK32 proteins, optional other immunogenic proteins, or their
fragments are used as antigens either in parallel or combined in an immunoassay.
When recombinant BBK32 proteins are used as 'parallel' antigens, antibodies are
measured separately against the recombinant BBK32 antigens from different Borre-
lia species in the same assay. It is also possible to combine the recombinant BBK32,
other immunogenic borrelial antigens, or their fragments from different Borrelia
species and measure antibodies against the 'combined' BBK32 antigen. For example
in a parallel assay, three recombinant BBK32 protein antigens from three Borrelia
species are preferably used in the same assay. In a combined assay, preferably three
recombinant BBK32 proteins from three Borrelia species are combined to form the

combined BBK32 protein antigen.

Within the scope of this invention, an 'immunoassay' is intended to cover all immu-

noassay methods known to persons skilled in the art.

The method according to the invention for detecting Borrelia burgdorferi sensu lato
infection or the presence of antibodies against Borrelia species in a body fluid from
a suspected infected or vaccinated human or other mammal comprises preferably the
steps of

a) contacting the body fluid with recombinant BBK32 proteins, optional other

immunogenic proteins, or their fragments derived from one or more Borrelia
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species under conditions effective to allow the formation of antigen-antibody
complexes; and

b) detecting the complexes formed.

The body fluid is preferably a serum, plasma, whole blood, cerebrospinal fluid, or

synovial fluid sample.

The conditions effective to allow the formation of antigen-antibody complexes as
well as the means for detecting the complexes formed are chosen according to the -
antibodies and other reagents used in the assay and are known to a person skilled in

the art.

It is a further object of the invention to provide a diagnostic kit useful for detecting
Borrelia burgdorferi sensu lato infection or the presence of antibodies against Bor-
relia species in a body fluid from a suspected infected or vaccinated human or other
mammal, said kit comprising in a suitable container
a) recombinant BBK32 proteins, optional other immunogenic proteins, or their
fragments from one or more Borrelia species and a detectable label or
marker linked to said proteins and/or their fragments, or
b) recombinant BBK32 proteins, optional other immunogenic proteins, or their
fragments from one or more Borrelia species and a second antibody linked

to any detectable label or marker.

Detectable labels or markers and methods to link them to antigens or second anti-
bodies are well disclosed in the literature and are also known to persons skilled in

the art of immunoassays.

A further object of the invention is an immunoassay method for diagnosing early and
late Lyme borreliosis, especially for the serodiagnosis of erythema migrans, compris-

ing the steps of



5

10

15

20

25

30

WO 03/046561 PCT/F102/00951

a) contacting a body fluid from a human or other mammal with recombinant
BBK32 proteins, optional other immunogenic proteins, or their fragments
derived from one or more Borrelia species under conditions effective to al-
low the formation of antigen-antibody complexes; and

b) detecting the complexes formed.

A still further object of the invention is to provide a novel method for detecting Bor-
relia burgdorferi sensu lato infection or the presence of antibodies against Borrelia
species in a body fluid from a suspected infected or vaccinated human or other
mammal, in which method recombinant BBK32 proteins and recombinant decorin
binding protein As (DbpAs) from at least two, preferably three, Borrelia species are
used together as antigens in an immunoassay. Decorin binding protein A is a borre-
lial outer surface protein, which has been suggested to act as a species-specific se-
rodiagnostic antigen for LB. In a preferred embodiment according to the invention,
the recombinant BBK32 proteins and the recombinant DbpAs are derived from B.

burgdorferi sensu stricto, B. afzelii, and B. garinii.

Antibodies to the BBK32 protein seem to appear very early during human LB. In up
to 74% of the patients at acute-phase EM, IgG antibodies to BBK32 were detect~
able by ELISA and/or WB. At follow-up, after successful antibiotic treatment, all
the patients were anti-BBK32 antibody-positive. A recent study reported cloning of
the bbk32 from a B. burgdorferi sensu stricto isolate and showed early antibody
responses to the recombinant BBK32 protein during experimental murine borreliosis
[9]. Reverse transcriptase-PCR studies have also demonstrated bbk32 expression in
EM lesions of three patients, indicating that, during human LB, bbk32 is expressed
early [20]. However, antibody responses to BBK32 in patients with early local EM

have not previously been studied.

With the current LB serology based mainly on flagellin as an antigen, IgM and IgG
antibodies are not detectable by ELISA or immunoblot assays until 2-4 or 6-8 weeks

after the onset of the disease [6]. During early local LB, the sensitivity of IgM
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ELISA seldom exceeds 50% [6, 22-24]. A study on patients with culture-confirmed
EM showed that positive serology at presentation and the rate of seroconversion
correlated directly with disease duration [25]. If the EM lesion had emerged less
than 7 days prior to sampling, only 10% of the patients showed antibodies in
ELISA, whereas, of the patients whose EM had occurred 7 to 14 days earlier, 58%
had detectable antibodies. A recent study reporting on anti-BBK32 antibodies in
disseminated LB also showed IgG BBK32 antibodies in 84% of patients with EM
[13]. However, in these patients, the EM lesion had been present for 2 weeks to 3
months after disease onset, suggesting dissemination of LB. In the present series, the
time of occurrence of the EM lesion could not be accurately assessed. However,
given the low proportion of seropositivity to flagellin at presentation of EM (17~
26%) and the broad awareness of LB among the general population in regions
where LB is endemic in Finland, it can be presumed that, in most cases, the EM le-{
sions represented early disease. Hence, the present results imply that assessment of
IgG, although not of IgM antibodies, to BBK32 proteins affords a major improve-
ment in the serodiagnosis of early LB. The antibody response to the BBK32 protein
also seems to precede the humoral response to in vitro -grown microbes (WCL),

which do not necessarily synthesize this in vivo -expressed protein [9, 21].

Only a few studies have evaluated the antigenic properties of the BBK32 protein. In
these studies, the BBK32 proteins originated from American B. burgdorferi sensu
stricto strains [13, 20]. In a preferred embodiment of the present invention variant
recombinant proteins from the three pathogenic borrelial species, B. burgdorferi
sensu stricto, B. afzelii, and B. garinii, are used in the serodiagnosis of LB, espe-
cially in the serodiagnosis of erythema migrans. Recombinant BBK32 originating
from a local B. afzelii isolate appeared to be superior to the other rBBK32 proteins
for diagnosing EM. This finding agrees with the PCR results of the EM skin biop-
sies, where the majority of the infecting species proved to be B. afzelii. These obser-
vations are also in accord with two recent European studies, where over 90% of
Borrelia isolates from EM lesions were B. afzelii, less than 10% B. garinii, and

none were B. burgdorferi sensu stricto [26, 27]. The present results suggest that in
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diverse epidemiological situations, for the serodiagnosis of early local EM, variant

BBK32 proteins are preferred.

Although the immunoreactivity of EM patient sera to variant BBK32 proteins di-
verged, the three recombinant BBK32 antigens “cross-reacted” in the serology of
disseminated LB. Furthermore, the intensities of the serologic responses against
variant BBK32 proteins, as measured by OD values in ELISA, correlated well.
Therefore, these results indicate that variant BBK32 proteins may have both specific
and common antigenic epitopes. In European epidemiological studies, the most
prevalent Borrelia species have been B. afzelii and B. garinii [28], B. burgdorferi
sensu stricto occurring infrequently, especially in Scandinavia [27, 29]. In cerebro-
spinal fluid samples of European neuroborreliosis cases, the species predominantly
isolated has been B. garinii [30]. The hypothesis that epitope specificity varies in
early and late LB is in line with the analysis of BBK32 sequences of eight Finnish
isolates of B. burgdorferi sensu lato, showing over 90% identity between the se-
quences of B. burgdorferi sensu stricto and B. garinii. In contrast, the identity be-
tween the BBK32 sequences of B. afzelii strains and of other species was approxi-

mately 70%.

In the serodiagnosis of disseminated LB, the BBK32 antigen has been evaluated in a lim-
ited number of patients only, so far [9, 13]. Fikrig et al. [9] reported high IgG antibodies
to BBK32 in 3 of 3 patients with neuroborreliosis and in 3 of 7 patients with Lyme arthri-
tis. Akin et al. [13] showed IgG responses to BBK32 in 83-92% of 25 Lyme arthritis pa-
tients. The preferred embodiment of the present invention with the three variant BBK32
proteins as antigens improved the sensitivity of ELISA up to 100%. In the serodiagnosis
of neuroborreliosis, all but one case would have been detected irrespective of the origin of
the BBK32 antigen. Instead, especially in ELISA for Lyme arthritis, use of a single
BBK32 antigen would have left the sensitivity at 80-90%. The occasional discrepancies
between the results of WB and ELISA may be due to differences in the orientation of the

antigen and/or antigen-antibody complex formation.
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In summary, the inventors have shown that the BBK32 proteins are useful antigens
for both early and late LB serology. The BBK32 from B. gfzelii proved to be a sen-
sitive antigen of EM already at presentation. During the course of infection, the sen-
sitivity increased being up to 100% in convalescence samples for EM patients. How-
ever, it is evident that variant BBK32 proteins should be used either in parallel or
combined with an immunoassay for LB to cover all the relevant borrelial species,

whose prevalence differs regionally in Europe.

The following examples further illustrate the invention without, however, limiting the

same.

Examples

Bacterial strains.  Finnish borrelial strains were obtained from the National Public
Health Institute, Turku, Finland. B. burgdorferi sensu stricto strain ia (here referred to as
Bbia) was isolated from the cerebrospinal fluid of a Finnish patient with neuroborreliosis.
Of the B. afzelii strains, A91 and 1082 (referred to as BaA91 and Bal082) were isolated
from skin biopsy samples of Finnish patients with erythema migrans (EM), and 570 and
600 (referred to as Ba570 and Ba600) were isolated from ticks. B. garinii strains 40, 46,
and 50 (referred to as Bg40, Bg46, and Bg50, respectively) were isolated from skin bi-
opsy samples of Finnish patients with EM. The genotypes of culture-positive Borreliae
were confirmed by sequencing a fragment of the flagellin gene [29]. Borreliae were cul-

tivated in BSK-H (Barbour-Stoenner-Kelly) medium (Sigma, USA) at 33°C in 5% CO,.

The B. afzelii strain SK1 was used in an in-house ELISA for detecting antibodies against
borrelial WCL. Escherichia coli host cells for cloning and for expression of recombinant
proteins were INFoF (Invitrogen, Netherlands) and BL21 (Amersham Pharmacia Bio-
tech, Sweden), respectively. .

DNA purification.  Borrelial genomic DNA was purified with a Dneasy Tissue Kit
(Qiagen, Germany). Purified DNA was used in PCR and in cloning experiments.

Plasmid DNA was purified with a QIAprep-spin plasmid kit (Qiagen, USA).



10

15

20

WO 03/046561 PCT/F102/00951

11

PCR and DNA sequencing. A PCR-based approach was employed to amplify and
sequence the bbk32 alleles from eight different isolates of B. burgdorferi sensu lato.
Primers for bbk32 sequencing were designed on the basis of published bbk32 se-
quences (Table 1). Several primer pairs were designed and tested to ensure that the
entire coding sequence of the bb%32 was obtained. To eliminate possible errors
caused by Taq-polymerase, the two strands for each 56k32 were sequenced inde-
pendently at least twice. Expression primers for each strain encoding the mature
portion of the BBK32 protein after cysteine at the site of posttranslational acylation
were chosen from the sequences analyzed. For each borrelial strain, the bbk32 se-
quences were generated by PCR amplification of B. burgdorferi genomic DNA.
Approximately 1 ng of template DNA was used in standard PCR conditions: 30 cy-
cles of 94°C denaturing for 1 min, 50°C annealing for 1 min, and 72°C extension for
1 min 30 s with AmpliTaqGold DNA polymerase (Perkin Elmer, USA). The PCR-
amplified full-length or partial bbk32s were cloned to the pCR 2. 1-TOPO vector
(Invitrogen, Netherlands) for sequencing. DNA sequencing was performed at the
Core Facility of the Haartman Institute, University of Helsinki, with DyePrimer (T7,
M13Rev) cycle sequencing kit (Applied Biosystems Inc., USA). Sequencing reac-
tions were run and analyzed by the automated sequencing apparatus model 373A
(Applied Biosystems Inc., USA). DNA and protein sequences were analyzed with
Lasergene software (DNASTAR, USA). |
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TABLE 1.  Primers used for PCR amplification of the bbk32 genes

No. Species Primer 5’-3° Location Source

1 B.burgdorferi CAC CCT CTT GAT AGCACTTA -203 --184 B31(AF000788)
25 sensu stricto CTT TAA AGG AGA GAA AGC ATG -18-3 Bbia(AF472532)
3 CCG GAT CCG ATT TAT TCA TAA GAT ATG AAAT 60-82 Bbia

4 GCA ATC TGA GAC TAG AAA AG 329-348 Bbia

5 TGC AGT CTT TAC ACT TACTT 879-860 Bbia

6 CCC TCG AGA TTA GTA CCA AAC GCC ATT 1084-1065 Bbia

0 ACATAT TAT GTAGCCTGTTITA 1122-1101 B31

2 B. garinii CTT TAA AGG AGA GAA AGC ATG -18-3 Bbia

3 CCG GAT CCG ATT TAT TCA TAA GAT ATG AAAT 60-82 Bg40(AF472529)
4 GCA ATC TGA GAC TAG AAA AG 329-348 Bg40

5 TGC AGT CTT TAC ACT TACTT 879-860 Bg40

§ 5] CCC TCG AGA GTA CCA AAT GCC ATT CT 1084-1064 Bg40

7 ACA TAT TAT GTAGCCTGT TTT A 1122-1101 B31

2 B. afzelii CTT TAA AGG AGA GAA AGC ATG -18-3 Bbia

9 CCG GAT CCG ATT TAT TCA TAA GAG ATG AAAT 57-79 BaA91(AF472525)
10 TGA GCA TAA AAG GATGCTTC 369-387 BaAS1
20 GCAGTC CTT GCA CTC ACT 855-838 BaA91
12 CCC TCG AGC AAA GAT TAGTACCAAACAC 1065-1046 BaA91l
7 ACATAT TAT GTAGCCTGTTITA 1122-1101 B31

Restriction enzyme sites for BamHI and Xhol in expression primers are underlined
25 Primers 2 and 7 were used in all strains
Primers 3, 4, and 5 were used both inB. burgdorferi sensu stricto and B. garinii PCR amplifications
Cloning and expression of recombinant BBK32.  For expression of the recombi-
nant BBK32 (fBBK32), glutathione S-transferase (GST) fusion protein constructs
30  were generated. The PCR-amplified DNA encoding the mature portion of BBK32

was cloned into the pCR 2.1-TOPO plasmid (Invitrogen, Netherlands). The recom-

binant plasmid was purified and digested with BamHI and Xhol restriction enzymes.

The cleaved bbk32 was then ligated to a similarly digested pGEX-4T-1 expression

plasmid (Amersham Pharmacia Biotech, Sweden) and transformed into E. coli BL21
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host cells. The expression of recombinant GST-BBK32 protein was generated ac-
cording to the manufacturer’s instructions (Amersham Pharmacia Biotech, Sweden).
The expression and purity of the GST-rBBK32 fusion protein was confirmed by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE).

Western blotting. ~ GST-rBBK32s originating from Bbia, BaA91, and Bg40 (referred
to here as rBBK32pyp;s, rBBK32g.a01, or iBBK325,40, respectively) were fractionated in
10% SDS-PAGE and transferred to a nitrocellulose membrane (BioRad, 0.2 yum pore
size, USA) by semi-dry transfer with 40 mM glycine-50 mM Tris (pH 9.0)- 0.375%
(w/v) SDS- 20% (v/v) methanol buffer. Equal amounts of each GST-TBBK32 were used
for one 7-cm-wide nitrocellulose membrane. Two-mm strips of the nitrocellulose mem-
branes were soaked in 0.1% Tween 20, 0.9% NaCl. Serum samples were diluted in 0.1%
Tween 20, 0.9% NaCl, 0.1 g/l fat-free bovine milk powder (Valio, Finland). Samplés
were incubated at 1:100 dilution for 2 h. Afier four buffer rinses, the Western blots were
incubated with alkaline phosphatase-conjugated rabbit anti-human IgG (Jackson Immuno
Research Laboratories Inc., USA) at 1:5000 for 2 h. Afier washing, the bands were visu-
alized with 5-bromo-4-chloro-3-indolylphosphate nitro blue tetrazolium (Sigma Chemical
Co., USA). The reaction was terminated 10-15 min later by washing with distilled water.
The WB results were analyzed with MacBAS 2.5 (Fuji, Japan) software, and the cut-off
for a positive IgG WB result was defined as the mean + 3 standard deviations (SD) of
the values of healthy blood donors. For detection of GST, monoclonal anti-GST antibod-
ies (Sigma, USA) were used.

ELISA.  ELISA analyses for anti-flagellin antibodies were done as described ear-
lier [31]. Briefly, IgG antibodies against B. burgdorferi were measured with a com-
mercial flagellin-based ELISA kit (Dako, Denmark) modified by titrating the anti-
bodies. Sera were diluted serially in three-fold steps for the test and applied to the
plates for overnight incubation. The bound antibodies were detected with biotin-
labeled goat anti-human IgG (Zymed, USA). An end-point titer was obtained at an
optical density level determined by a cut-off control provided by the kit. The titer

limit for a positive IgG antibody level was 500. The cut-off control material con-
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formed with the level of the mean + 3 SD of the reference population living in cen-

tral Finland, an area with low prevalence of LB [31].

For ELISA assays measuring anti-BBK32 antibodies, the wells in a microtiter plate
were coated with 100 ul (2 ug/ml) of variant BBK32 recombinant proteins over-
night. After washing, 100 pl of diluted serum samples were added to the wells and
incubated overnight. Serum samples were diluted 1:10 (EM) or 1:100 (neurobor-
reliosis and Lyme arthritis) in 5 mg/ml bovine serum albumin (BSA) in 0.155 M
NaCl-0.04% Tween 20 buffer (BSA-NaCl-Tween). After washing, the wells were
incubated with alkaline phosphatase-conjugated rabbit anti-human IgG or IgM
(Jackson Immuno Research Laboratories Inc., USA) 1:5000 in BSA-NaCl-Tween
for 2 h. The reactions were visualized with 4-nitrophenylphosphate (Boehringen
Mannheim GmbH, Germany) 1 mg/ml in diethanolamine buffer pH 10.0. The optical
density (OD) measurements were made after 10 to 20 minutes at wavelength 405

nm using a Multiscan photometer (Thermo Labsystems, Finland).

Samples. 1. For serological analyses, human serum samples were collected from Fin-
nish patients with culture- or PCR-positive EM, with neuroborreliosis (NB), and with
Lyme arthritis (LA). Samples were collected from EM patients at diagnosis (acute) and 1
to 3 months after treatment (convalescent). Of the 23 patients with EM, genotyping by
PCR analysis [29] showed B. afzelii in 17, and B. garinii in 4 of the skin biopsies. In two
biopsies, genotyping was not feasible. In the patients with disseminated LB, the clinical
manifestations agreed with the CDC criteria for LB [32]. The clinical diagnosis was con-
firmed in ELISA by demonstrating serum antibodies (and CSF anti-flagellin antibodies in
NB patients) against flagellin and B. burgdorferi WCL. Serum samples from patients
with syphilis, Epstein-Barr virus (EBV) infection, systemic lupus erythematosus (SLE),
rheumatoid factor (RF) positivity, anti-streptolysin (ASO) positivity, and sera from
healthy blood donors were used as controls.

2. Serum samples were also collected from patients with clinically docu-
mented or culture- or PCR-confirmed EM from Germany, Slovenia, and USA. Ger-

man samples were collected in Northern Bavaria as part of a regional study on LB
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[35]. Sera were collected from 22 patients with physician-diagnosed EM at the time
of diagnosis and during the convalescence phase. The clinical diagnosis of EM was
confirmed by especially trained physicians. In addition, from 10 US patients with
culture-positive EM sera were collected at the time of diagnosis and during conva-
lescence 3-4 weeks after treatment [36]. Serum samples were available from 20
Slovenian patients in the acute stage of EM. Two out of 9 Slovenian patients from
whom skin biopsies were taken were culture-positive (B. burgdorferi sensu lato)

[37]. All patients with EM were treated with oral antimicrobials.

Serum samples from 40 Finnish healthy blood donors were used as negative controls

and to define the cut-off value for all ELISAs (cut-off = mean plus 3 SD).

Nucleotide sequence accession numbers.  The nucleotide sequences of the bbk32
were submitted to GenBank under accession numbers AF472525 for B. afzelii A91
(SEQ ID NO. 1), AF472527 for B. afzelii 1082 (SEQ ID NO. 5), AF472526 for B.
afzelii 570 (SEQ ID NO. 3), AF472528 for B. afzelii 600 (SEQ ID NO. 7),
AF472529 for B. garinii 40 (SEQ ID NO. 9), AF472530 for B. garinii 46 (SEQ ID
NO. 11), AF472531 for B. garinii 50 (SEQ ID NO. 13), and AF472532 for B.
burgdorferi sensu stricto ia (SEQ ID NO. 15).

Statistical analyses. ~ The Microsoft Excel 2000 program (Microsoft, USA) was

used for calculations of standard statistics.

Results

* Sequence analysis of BBK32 in the Finnish borrelial isolates.  The deduced

amino acid sequences of BBK32g,401, BBK3 25,1082, BBK325,570, BBK3 284600,
BBK32p,40, BBK32p,45, BBK32g,50, and BBK32g::, contained 352 to 360 residues.
The sequences of all the BBK32 proteins revealed a hydrophobic leader sequence of
18 to 19 residues and a phenylalanine-X-Y-cysteine motif, consistent with a lipopro-

tein. Characteristically for borrelial lipoproteins, the greater part of the mature por-
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tion of the BBK32 protein was hydrophilic (data not shown). The BBK32 leader
sequences in the B. garinii strains and the B. burgdorferi sensu stricto strain were
identical, but differed by three amino acids from the leader sequences in the identical
B. afzelii strains. The inter-species identity of the deduced amino acid sequences of
the BBK32 proteins ranged from 71 to 95% (Figure 1). The differences in the amino
acid sequences were distributed evenly along the sequence. The identity of the
BBK32 amino acid sequences within the borrelial subspecies ranged from 94 to
100%. The calculated molecular mass of the mature BBK32 proteins (without puta-

tive lipid acylation) ranged from 38.7 to 39.5 kDa.

Sequence analysis of BBK32 in B. afzelii strains.  The inventors sequenced the
bbk32 from two human (BaA91 and Bal082) and two tick isolates (Ba570 and
Ba600). The identity of the deduced amino acid sequences was from 99 to 100%.
The BBK32 sequences of the two human B. afzelii isolates were identical. In the
GenBank search, one bbk32 sequence from B. afzelii was found. The BBK32 se-
quence of the ACA1 strain (AF213179) is only partial, corresponding to the se-
quence between amino acid positions 34 and 336 of the deduced sequence of
BBK32g,401. In the matching regions of the four studied BBK32 sequences from B.
afzelii and the partial BBK32,ca; sequence, identity was from 99 to 100%.

Sequence analysis of BBK32 in B. garinii strains.  The deduced amino acid se-
quences of BBK32g.49 and BBK323,50 were identical, and BBK32g.4s was 94%
identical with them. In the GenBank search, one partial 56k32 sequence from B.
garinii strain Ip90 (AF213178) was found. This sequence matched the BBK32g449
sequence between amino acid residues 35 and 343, but in the BBK32y,9 sequence a
six amino acid deletion was observed from positions 201 to 206. Sequence identity
in the corresponding regions of the BBK32 sequences from B. garinii strains in this

study and the partial BBK32y,60 sequence was from 92 to 93%.

Sequence analysis of BBK32 in B. burgdorferi sensu stricto strains. ~ The bbk32

sequence from the local strain Bbia was compared with two sequences published in
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the GenBank. The bbk32 sequence of the B31 strain (AE000788) was complete and
that of strain N40 (U82107) was a partial sequence, lacking the first 86 amino acids.
The BBK32 amino acid sequences from Bbia and B31 were 96% identical. Identity
in the corresponding regions of BBK32 sequences of Bbia, B31, and N40 was from
91 to 94%. In the BBK32g3; sequence there was a six amino acid deletion at posi-
tions 201 to 206 of BBK32gy:.. In the same region, three tyrosine residues were de-

leted from the BBK32n40 sequence.

Western blofting. In IgG Western blots using rBBK32 proteins from B. afzelii .
(BaA91) as antigen with serum samples from Finnish patients with culture- or PCR-
positive EM, 10/15 (67%) at the acute and 15/15 (100%) at the convalescent phase
were positive (Figure 2). With rBBK32pg40 as an antigen, 4/15 and 8/15, and with
BBK32gs:,, 7/15 and 3/15 were positive at the acute and convalescent phases, re-
spectively. Of the 10 control patients (five with syphilis and five healthy blood do-
nors), one with syphilis had a weak antibody response to rBBK32g.401 (data not
shown). In ELISA for anti-flagellin antibodies (Dako, Denmark), 6/15 patients had
IgG or IgM antibodies at the acute or convalescent phase (Figure 2). One patient
had IgM antibodies in the in-house ELISA (WCL as antigen).

In another WB experiment, serum samples from 10 patients with NB and 10 with
LA were analyzed for the presence of anti-BBK32 IgG antibodies. All 20 patients
with disseminated LB reacted positively with the three rBBK32 proteins as deter-
mined with the MacBAS program, using the blood donors’ mean + 3 SD as a cut-off
value (Table 2). Minor differences were observed in the immunoreactivity of serum
samples against different rBBK32 proteins. Specifically, in four serum samples,
weaker reactivities were observed against rBBK32p,40; than against the other
fBBK32s (data not shown). A few of the control samples were low positives (Table

2). None of the patient or control sera recognized pure GST (data not shown).
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TABLE 2.  IgG Western blotting reactivity against recombinant BBK32 proteins
from B. afzelii (BaA91), B. garinii (Bg40), and B. burgdorferi sensu
stricto (Bbia) of LB patients and controls. The intensities of WB
bands were analyzed with MacBas 2.5 software.

No. of positive samples/ no. of samples

Patient/control recombinant BBK32

group BaA9l Bg40 Bbia
Neuroborreliosis 10/10 10/10 10/10
Lyme arthritis 10/10 10/10 10/10
Syphilis 1/5 0/5 2/5
Positive for RF* 0/5 0/5 1/5
Blood donors 0/5 0/5 0/5

* RF, rheumatoid factor

ELISA. 1. Serum samples from Finnish LB patients and controls were tested in
IgG ELISA, using all three rBBK32 proteins individually as antigens. In patients
with NB, 14/14, 13/14, and 14/14 samples were positive when rBBK32g,491,
BBK325440, and rBBK32p,, respectively, were used as antigens. In serum samples
from patients with LA, these figures were 12/15, 11/15, and 14/15, respectively. In
total, 14 of 14 (100%) samples from patients with NB, and 15 of 15 (100%) samples
from patients with LA were positive for one or more rBBK32 proteins (Figure 3).
The ELISA OD values of NB patients correlated well between variant BBK32 pro-
teins as antigens, the correlation coefficients being 0.91, 0.78, and 0.83, between
BBK32 from BaA91 and Bg40, BaA91 and Bbia, and Bg40 and Bbia, respectively.

In LA patients, the respective correlation coefficients were 0.89, 0.90, and 0.93.

Serum samples from patients with EM were analyzed in both IgG and IgM ELISA.
In IgG ELISA with rBBK32g.a0; as an antigen, 17/23 (74%) samples taken at the
acute and 15/23 (65%) at the convalescent phase were positive (Figure 4). On the
other hand, when rBBK32p40 and rBBK32g;;, were used as antigens, 6/23 (26%)
and 5/23 (22%) of acute samples, and 7/23 (30%), and 4/23 (17%) of convalescent

samples, respectively, were positive. Of the control samples, 2/10 with syphilis, 2/8
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RF-positive, 4/10 EBV-positive, and 2/20 healthy blood donor samples showed low
positive OD values. In IgM ELISA with samples from EM patients, 4 to 13% of the
acute or convalescent samples were positive, depending on the rBBK32 antigen

used.

In the ELISA tests for anti-flagellin antibodies, 6/23 (26%) patients had IgG anti-
bodies in either acute or convalescent samples. In IgM ELISA assays for anti-

flagellin antibodies, 4/23 (17%) were positive.

2. Antibodies in EM patients from different countries. At presentation of EM, 65 of
the 75 (87%) patients (Finnish, German, Slovenian, and American patients included)
had IgG antibodies to one or more variants of rBBK32, 29/75 (39%) to flagella, and
29/75 (39%) to the IRs peptide antigen (Table 3, Figure 5). In samples from differ-
ent regions, reactivity to the rBBK32 variants diverged. The majority of patients
from Finland had antibodies to rBBK32 from B. afzelii, whereas, in the German and
Slovenian sera, the most sensitive antigen was tBBK32 from B. garinii. All 10 sam-
ples from the USA reacted positively with BBK32 from B. burgdorferi sensu stricto

and from B. garinii.

Tn the different regions, the proportion of patients with IgM anti-flagella antibodies
at the time of diagnosis varied from 13% to 45%. Of the total of 75 patients, 29%
had IgM anti-flagella antibodies. IgM and/or IgG anti-flagella antibodies were de-
tected in 46% of the patients.

Antibodies in the convalescent phase of EM patients. Forty of the 55 patients (73%)
in the convalescent phase had IgG antibodies to one or more rBBK32s, 25/55 (45%)
to flagella and 19/55 (35%) to the IRs peptide. The pattern of seropositivity to vari-
ant rBBK32s in the convalescent and the acute sera was similar. In the convales-
cence samples from Finland and Germany, the overall rate of IgG antibody positivity

to rBBK32s had slightly decreased from that at diagnosis (Table 3, Figure 5).
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The study with sera from epidemiologically diverse regions provides supporting evi-
dence that the BBK32 proteins may be useful antigens in EM serology. At presenta-
tion of EM, the sensitivity of the BBK32 ELISAs appeared better than the anti-
flagella or the new anti-IRg tests.
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Antibodies to BBK32 in cerebrospinal fluid (CSF) samples. Antibodies to BBK32
have also been measured in the cerebrospinal fluid (CSF). CSF samples were ob- -
tained from 85 patients who had been treated for neuroborreliosis. The clinical diag-
nosis of neuroborreliosis was based on the clinical guidelines for diagnosis presented
by the Centers for Disease Control and Prevention, USA. As a control assay, CSF
antibodies to purified intact flagella of B. afzelii (Dako, Denmark) were determined.
The CSF samples had also been studied for pleocytosis. Based on the anti-flagella
antibodies and CSF findings, the patients were divided into three groups: confirmed
(elevated anti-flagella IgG antibodies and pleocytosis in CSF), probable (elevated
anti-flagella IgG antibodies but no pleocytosis in CSF), and possible (no anti-flagella
IgG antibodies in CSF but either serum anti-flagella antibodies or pleocytosis in
CSF) neuroborreliosis. In the classification, CSF anti-flagella antibodies were de-
fined as significant if the IgG anti-flagella antibody titer in the CSF was higher than
that of the serum divided by 400 (the approximate serum IgG/CSF IgG ratio in
healthy persons). According to this definition, CSF anti-flagella antibody titers > 20
were regarded as significant. Furthermore, patients were defined to have neurobor-
reliosis of short duration if the symptoms had lasted less than 3 months and of long
duration if the symptoms had lasted longer than 3 months. As controls, we used CSF
samples from 14 patients with syphilis, from 32 patients with other neurological dis-
eases such as confirmed viral meningitis or convulsions/epilepsy, and from 20 pa-
tients without any proven infection. All the CSF samples from the-controls were

negative for anti-flagella antibodies.

IgG ELISAs were performed with tBBK32 antigens, including three variants origi-
nating from B. burgdorferi sensu stricto, B. afzelii, and B. garinii, as described
above. For rBBK32 ELISA, each well was coated overnight at +4°C with 200 ng of
protein, rBBK32 diluted in 3 M urea. The CSF samples were used at 1:10 dilution in
NaCl-0.04% Tween 20 buffer (BNT). Samples of 20 CSF controls without proven

infection were used to define the cutoff value (mean plus 3 SD).
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Of all the 85 patients, 70% had CSF antibodies to rBBK32, whereas anti-flagella
antibodies were observed in 53% of the patients. Of the 40 patients with negative or
borderline anti-flagella antibodies (possible neuroborreliosis), 43% had anti-BBK32
antibodies (Figure 6).

Of the 60 patients with duration of the disease < 3 months, 73% had CSF antibodies
to rBBK32. Of the 25 patients with disease of longer duration (> 3 months), 58%
had antibodies to rBBK32, mostly at low level (Figure 7). In the patients with a
longer duration of the disease, the antibody levels to rBBK32 in the CSF were lower
than in the patients with a short duration (p<0.012) (Figure 7).

Recombinant BBK 32 fragment as an antigen. In another experiment, a 91-
amino acid hydrophilic fragment of the BBK32 protein (from B. afzelii) (fragment)
was initially cloned and expressed as a recombinant fusion protein (GST-fusion pro-
tein), purified and subsequently tested as an antigen in ELISA. As a comparison,
antibodies to the BBK32 whole protein (GST-fusion protein) and to a commercial
whole cell lysate antigen (Institut Virion/Serion GmbH, Germany) were assessed.
The serum samples were from culture- or PCR-positive EM patients (n=23) or from
patients with Lyme arthritis (n=7), neuroborreliosis (n=7) or acrodermatitis chronica
atrophicans (n=3) and from control patients (syphilis, rheumatoid factor positive-
patients, salmonella-, yersinia-infection, anti-streptolysin positive patients). In the
serology of disseminated borreliosis, the performance of the BBK32 fragment in
ELISA was as good as the BBK32 whole protein and whole cell lysate antigen but
in the serology of erythema migrans, ELISA with the BBK32 fragment performed
better than the control assays (Table 4).
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TABLE 4.

IgG lgG
BBK32 | fragment | Virion, IgG | Virion, IgM
4

Brief description of the figures

Figure 1. Identities of deduced amino acid sequences of BBK32 among the isolates
of Finnish B. burgdorferi sensu stricto (Bbia), B. garinii (Bg40, Bg46, and Bg50),
and B. afzelii (BaA91, Ba1082, Ba570, and Ba600). The identities (%) were calcu-
lated from the sequences of the entire proteins including the leader peptides with

Multiple sequence alignment, Jotun Hein method, Lasergene software.
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Figure 2. Evaluation of sensitivity of BBK32 in IgG Western blotting (WB) for se- .
rodiagnosis of early Lyme borreliosis. Serum samples were collected from culture or
PCR-positive patients with erythema migrans at diagnosis (acute) and 1-3 months
after antibiotic treatment (convalescent). Immunoreactivity was assessed by densi-
tometry with MacBas 2.5 software. The cut-off for positive WB was defined as the
mean value plus 3 SD of 5 healthy blood donors. InIgM and IgG anti-flagellin ELISA
(Dako, Denmark), the cut-off value was based on the mean OD plus 3 SD of healthy
controls. Ba = B. afzelii, Bg = B. garinii; ND = not performed. +,- = positive or

negative WB or ELISA, respectively, by the method indicated.

Figure 3. IgG ELISA OD values with recombinant BBK32 as an antigen from B.
afzelii (panel A), B. garinii (panel B), and B. burgdorferi sensu stricto (Bbia, panel
C) with serum samples from patients with neuroborreliosis (NB) or Lyme arthritis
(LA). Control samples were from patients with syphilis (SY), systemic lupus erythe-
matosus (SLE), Epstein-Barr virus (EBV) infection, positive rheumatoid factor
(RF+), positive for anti-streptolysin (ASO), and samples from healthy blood donors
(BD). The cut-off level (mean + 3 SD of BD samples) is indicated with a line.

Figure 4. IgG ELISA OD values with recombinant BBK32 as an antigen from B.
afzelii (panel A), B. garinii (panel B), and B. burgdorferi sensu stricto (Bbia, panel
C) with serum samples from erythema migrans patients at the acute (EM I) and con-
valescent (EM II) phases. Control samples were from patients with syphilis (SY), Ep-
stein Barr virus (EBV) infection, positive rheumatoid factor (RF-+), and samples from
healthy blood donors (BD). The cut-off level (mean + 3 SD of BD samples) is indi-

cated with a line.

Figure 5. ELISA OD/cut-off values of patients with erythema migrans from Finland
(FIN), Germany (GER), USA, and Slovenia (SLO). Serum samples were drawn at
diagnosis (a) and after antibiotic treatment in convalescence (c). IgG antibodies to

BBK32 from B. afzelii (BBK32-afz), B. garinii (BBK32-gar), B. burgdorferi sensu
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stricto (BBK32-sensu stricto), and to IRs peptide were assessed. Control samples
(CO) were from 40 healthy blood donors. The level of positivity for OD/cut-off val-

ues (>1) is indicated with a horizontal line.

Figure 6. IgG antibodies (ELISA) to the recombinant BBK32 in the CSF of patients
with confirmed, probable or possible neuroborreliosis, and of controls, including
patients with syphilis, other neurological diseases, and with no proven infection.
The level of positivity for OD/cutoff values (>1) is indicated by horizontal lines. The
highest OD value of individual CSF sample with the BBK32 variants in ELISAs was

used in the analyses.

Figure 7. IgG antibodies to the recombinant BBK32 in the CSF of patients with
duration of neurologic symptoms < 3 months (acute) and > 3 months (chronic). The
level of positivity for the OD/cutoff values (>1) is indicated by a horizontal line. The
highest OD value of individual CSF sample with the BBK32 variants in ELISAs was

used in the analyses.
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Claims

1. A method for detecting Borrelia burgdorferi sensu lato infection or the presence of
antibodies against Borrelia species in a body fluid from a suspected infected or vacci-
nated human or other mammal, characterized in that recombinant BBK32 proteins or
fragments thereof from one or more Borrelia species are used as antigens in an immu-

noassay.

2. The method according to claim 1 for the serodiagnosis of early and late Lyme bor-

reliosis.
3. The method according to claim 2 for the serodiagnosis of erythema migrans.

4. The method according to any one of claims 1 to 3, characterized in that recombi-
nant BBK32 proteins or their fragments and any other immunogenic protein(s) or
their fragments from one or more Borrelia species are used as antigens in an immuno-

assay.

5. The method according to claim 4, characterized in that recombinant BBK32 pro-
teins or their fragments and recombinant decorin binding protein As (DbpAs) or their

fragments from one or more Borrelia species are used as antigens in an immunoassay.

6. The method according to any one of claims 1 to 5, characterized in that the recom-
binant BBK32 proteins, optional other immunogenic proteins, or their fragments are
derived from at least two Borrelia species selected from the group consisting of B.

burgdorferi sensu stricto, B. afzelii, and B. garinii.

7. The method according to claim 6, wherein the recombinant BBK32 proteins, op-
tional other immunogenic proteins, or their fragments are derived from B. burgdorferi

sensu stricto, B. afzelii, and B. garinii.
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8. The method according to claim 7 wherein the recombinant BBK32 proteins, op-
tional other immunogenic proteins, or their fragments are used as antigens either in

parallel or combined in an immunoassay.

9. The method according to claim 8 wherein borrelial peptides are used instead of or
together with recombinant BBK32 proteins, optional other immunogenic proteins, or

their fragments.

10. The method according to any one of the preceding claims, comprising the steps of
a) contacting the body fluid with recombinant BBK32 proteins, optional other
immunogenic proteins, or their fragments derived from one or more Borrelia
- species under conditions effective to allow the formation of antigen-antibody
complexes; and

b) detecting the complexes formed.

11. The method according to claim 10, characterized in that the body fluid is a serum,

plasma, whole blood, cerebrospinal fluid, or synovial fluid sample.

12. A diagnostic kit useful for detecting Borrelia burgdorferi sensu lato infection or
the presence of antibodies against Borrelia species in a body fluid from a suspected
infected or vaccinated human or other mammal, said kit comprising in a suitable con-
tainer
a) recombinant BBK32 proteins or their fragments and optionally other immuno-
genic proteins or their fragments from one or more Borrelia species and a de-
tectable label or marker linked to said proteins and/or fragments, or
b) recombinant BBK32 proteins or their fragments and optionally other immuno-
genic proteins or their fragments from one or more Borrelia species and a

second antibody linked to any detectable label or marker.

13. The diagnostic kit according to claim 12 for the serodiagnosis of early and late

Lyme borreliosis, especially for the serodiagnosis of erythema migrans.
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14. The diagnostic kit according to claim 12 or 13, wherein the kit comprises recom-

binant decorin binding protein As (DbpAs).

15. The diagnostic kit according to any one of claims 12 to 14 wherein the recombi-
nant BBK32 proteins, optional other immunogenic proteins, or their fragments are
derived from at least two Borrelia species selected from the group consisting of B.

burgdorferi sensu stricto, B. afzelii, and B. garinii.

16. An immunoassay method for diagnosing early and late Lyme borreliosis compris-
ing the steps of
a) contacting a body fluid from a human or other mammal with recombinant
BBK32 proteins or their fragments and optionally with other immunogenic
proteins or their fragments derived from one or more Borrelia species under
conditions effective to allow the formation of antigen-antibody complexes; and

b) detecting the complexes formed.

17. The immunoassay method according to claim 16 for the serodiagnosis of erythema

migrans.

18. The immunoassay method according to claim 16 or 17, wherein recombinant
BBK32 proteins and recombinant decorin binding protein As (DbpAs) are used as

antigens.

19. The immunoassay method according to any one of claims 16 to 18, wherein the
recombinant BBK32 proteins, optional other immunogenic proteins, or their frag-
ments are derived from at least two Borrelia species selected from the group consist-

ing of B. burgdorferi sensu stricto, B. afzelii, and B. garinii.



WO 03/046561

Figure 1.

Bbia
Bg40
Bg46
Bg50
BaA91
Bal082
Ba570
Ba600

Bbia Bgd0 Bgd6

95.3

92.5
93.9

1/6

Bg50
95.3
100
93.9

BaA91 Bal082 Ba570

73.1
71.7
72.2
71.7

73.1
71.7
72.2
71.7
100

72.8
71.4
72.5
71.4
99.2
99.2

PCT/F102/00951

Ba600
73.1
71.7
72.8
71.7
99.4
99.4
99.7



WO 03/046561 PCT/F102/00951

2/6

Patlent # '1h234'5678 9 10 11 12 13 14 15
acute

BBE321gG

convalescent

BEBE32IgG

PCR

Fla Igl acute T A
Fla Igl comvalescexs + + + - - - - + - - - - - - &
Fla Ighfacute e S
Fla Igbd commalescent - - - - - - + - - - - - - - &

Fig. 2



WO 03/046561

oD

oD

oD

2.51

2.0+

3/6

Tt otutomtouou i

NB

LA

SY SLE RF+ ASO EBV BD

1.5 « .
: .0
1.0 .
05{ed, b o .

L oA oélne *ates '-::\o ":‘:. st

0.0

NB LA SY SLE RF+ ASO EBV BD
2.59
204 .
15 », . .
O] st *i .
[y N .
0.5 . .::.. » c:o- s 0:.:0 !.(QY

NB

LA

SY SLE RF+ ASO EBV BD

Fig. 3

PCT/F102/00951



WO 03/046561

4/6

0.54

0.0

.
.
'..
L
. .
.
o* .
L
.
.
L) 3 .
L4
. (254 . (344
LSS ) - .
(L1] * :. .
L roerey e o o8 [ 3334
°® o* M v vee
. . Seeng
L] .®
.
o®

2.01

1.54

EMIO SY RF+ EBV

0.59

0.0

.
.
. .
L4
L4 Ld .
- .
L] LTS 'Y -
. L]
(X34 .
. [ 2] [ 34
u”:’ [ * e v eele '.:'8-'
8:.' Srnoner Hp L 1 d R4t
. LY 1)

EMI

EMIO SY RF+ EBV

BD

0.0

. . .
".. .. 'Y .-.
LH 44 v e "
. . L4 LN
3 et 'l::' *tee® .:. oot f:ms
Soo . . o,
d ...

EMI

EMII SY RF+ EBV

Fig. 4 -

PCT/F102/00951



PCT/F102/00951

WO 03/046561

5/6

e o e 0 e o)
0D OIS ¥SN VSN HIDHAO NId

e
Nid

) . hd -” IOP

odl ~0¢
e ) e ] e o) e

00 OIS VSN VSN EA9 HI9 Nid Nid 0
CHEES . Y

* uuu . . Y ] oy b e
ol R el %o 8
0’ ”o * ., oo

. -C

leBb-zeMdad -€

H#0-In0/Ao

-Ind3/Ao

Ho

) 2 e 2 e )

G bi4

00 OIS VSN VSN dd4od39 NId Nid

0)0l]S Nsuss-zZeMdad €
e 9] e o] e o] e
02 078 VSN VSN ¥ADYIAD Nid NI .
o\o [ X4 L] °
g @ Bk e

Zje-¢eMdd




WO 03/046561 PCT/F102/00951

6/6
20-
rBBK32
uq: 15‘
Q .
5 o*
L 10- : *
=) oo .
o oo .
5- o:. .
0 o
Confirmed Probable Possible Controls
FIGURE 6.
20
18 . rBBK32
16+
"‘5 14 .
s 12-_ :
= 107 . .
o 8 e
6-_ %0
4 o .
2- [} .:. ® tanar
. RS II XTI L, SO
0
Acute Chronic

FIGURE 7.



WO 03/046561 PCT/F102/00951

SEQUENCE LISTING
<110> Bortech Oy
<120> Method for diagnosing early and late Lyme borreliosis
<130> 38916

<140>
<141>

<160> 16
<170> PatentIn Ver. 2.1

<210> 1

<211> 1059

<212> DNA

<213> Borrelia burgdorferi

<220>
<221> CDS
<222> (1)..{1059)

<400> 1
atg aaa att aaa agt aaa tgc tta gct ttg gga ttg ctt ttt ggt ttt 48
Met Lys Ile Lys Ser Lys Cys Leu Ala Leu Gly Leu Leu Phe Gly Phe

1 5 10 15

atc agt tgt gat tta ttc ata aga gat gaa ata aaa gag aaa tct ctt 96
Ile Ser Cys Asp Leu Phe Ile Arg Asp Glu Ile Lys Glu Lys Ser Leu
20 25 30

ggc ttg tgt gat gag gaa agt tct att tta gag act ggt gac aaa tct 144
Gly Leu Cys Asp Glu Glu Ser Ser Ile Leu Glu Thr Gly Asp Lys Ser
35 40 45

gtt aaa aag tct ctt aat aag aaa ggc aaa gat aag gtt gct aga aag 192
Val Lys Lys Ser Leu Asn Lys Lys Gly Lys Asp Lys Val Ala Arg Lys
50 55 60

aaa gtt gaa ggt aat gct gtt aaa aaa gac ccg ttt aat cat cat gta 240
Lys Val Glu Gly Asn Ala Val Lys Lys Asp Pro Phe Asn His His Val
65 70 75 80

aag agg gag tct gtt aat aat agt aat cta tca caa aaa aat gtg ata 288
Lys Arg Glu Ser Val Asn Asn Ser Asn Leu Ser Gln Lys Asn Val Ile
85 90 95

tcg gaa gaa gaa att ttg aaa act aaa tta tta aga gaa cga cct gag 336
Ser Glu Glu Glu Ile Leu Lys Thr Lys Leu Leu Arg Glu Arg Pro Glu
100 105 110

act aga aaa gaa gaa ata caa aaa cag caa gat gag cat aaa agg atg 384
Thr Arg Lys Glu Glu Ile GIln Lys Gln Gln Asp Glu His Lys Arg Met
115 i20 125

ctt caa gga agt tta agt ttt ctt agt ggt gaa agt ggt gaa ttg aag 432

Leu Gln Gly Ser Leu Ser Phe Leu Ser Gly Glu Ser Gly Glu Leu Lys
130 135 140

121
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gat.act att gaa agc aat gaa att gat ttt act ata gat tect gat tta 480
Asp Thr Ile Glu Ser Asn Glu Ile Asp Phe Thr Ile Asp Ser Asp Leu
145 150 155 160

aga ccg aag agt gat tta caa gct att tca ggc tca aat tct att tca 528
Arg Pro Lys Ser Asp Leu Gln Ala Ile Ser Gly Ser Asn Ser Ile Ser
165 170 175

cat act gat gaa ata gaa gaa gaa gat tat gat cag tat tct tta gaa 576
His Thr Asp Glu Ile Glu Glu Glu Asp Tyr Asp Gln Tyr Ser Leu Glu
180 185 190

gaa gat tat tat tat gat gag gaa aca aga tta agt aat aga tat gaa 624
Glu Asp Tyr Tyr Tyr Asp Glu Glu Thr Arg Leu Ser Asn Arg Tyr Glu
195 200 205

tct tat cta gag ggt gtt aaa tat aat gta agt tca gca att aaa aca 672
Ser Tyr Leu Glu Gly Val Lys Tyr Asn Val Ser Ser Ala Ile Lys Thr
210 215 220

att gtt aag ata tat gat aat tat acc tta ctt tca aca aag caa acc 720
Tle Val Lys Ile Tyr Asp Asn Tyr Thr Leu Leu Ser Thr Lys Gln Thr
225 230 235 240

caa atg tat tct aca cgt ctt gac aac ctt gct aaa gcc aaa gect aga 768
Gln Met Tyr Ser Thr Arg Leu Asp Asn Leu Ala Lys Ala Lys Ala Arg
245 250 255

gaa gaa gct aaa aag ttt aca aaa gaa gaa ctt gaa aaa gat ctt aag 816
Glu Glu Ala Lys Lys Phe Thr Lys Glu Glu Leu Glu Lys Asp Leu Lys
260 265 270

acc tta ttg aac tat att caa gtg agt gca agg act gcg aca aat ttt 864
Thr Leu Leu Asn Tyr Ile Gln Val Ser Ala Arg Thr Ala Thr Asn Phe
275 280 285

gta tat gca aga gaa ata tat tca aaa aga aaa tta gat gcec att gaa 912
Val Tyr Ala Arg Glu Ile Tyr Ser Lys Arg Lys Leu Asp Ala Ile Glu
290 295 300

aca gaa ata aaa aat tta att tta aag atc aaa gga caa tct gat tta 960
Thr Glu Ile Lys Asn Leu Ile Leu Lys Ile Lys Gly Gln Ser Asp Leu
305 310 315 320

tac gag gca tat aaa gca ata gta agg tca atc tta tta atg aaa gat 1008
Tyr Glu Ala Tyr Lys Ala Ile Val Arg Ser Ile Leu Leu Met Lys Asp
325 330 335

tct ctt aaa ata atc gaa ata gtc att gat aag aat ggt gtt tgg tac 1056
Ser Leu Lys Ile Ile Glu Ile Val Ile Asp Lys Asn Gly Val Trp Tyr
340 345 350

taa 1059

<210> 2

<211> 352

<212> PRT

<213> Borrelia burgdorferi
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<400> 2

Met
1
Ile
Gly
Val
Lys
65
Lys
Ser
Thr
Leu
Asp
145
Arg
His
Glu
Ser
Ile
225
Gln
Glu
Thr
val
Thr
305
Tyr

Ser

Lys
Ser
Leu
Lys

50
Val
Arg
Glu
Arg
Gln
130
Thr
Pro
Thr

Asp

Tyr
210

Val
Met
Glu
Leu
Tyr
230
Glu

Glu

Leu

<210> 3
<211> 1059
<212> DNA
<213> Borrelia burgdorferi

<220>
<221> CDS

<222>

<400> 3
atg aaa att aaa agt aaa tgc tta gct ttg gga ttg ctt ttt ggt ttt 48
Met Lys Ile Lys Ser Lys Cys Leu Ala Leu Gly Leu Leu Phe Gly Phe

Ile
Cys
Cys

35
Lys
Glu
Glu
Glu
Lys
115
Gly
Ile
Lys
Asp
Tyr
195
Leu
Lys
Tyr
Ala
Leu
275
Ala
Ile
Ala

Lys

Lys
Asp

20
Asp
Ser
Gly
Ser
Glu
100
Glu
Ser
Glu
Ser
Glu
180
Tyr

Glu

Ile
Ser
Lys
260
Asn
Arg
Lys
Tyr

Ile
340

Ser
Leu
Glu
Leu
Asn
Val

85
Ile
Glu
Leu
Ser
Asp
165
Ile
Tyr

Gly

Tyr
Thr
245
Lys
Tyr
Glu
Asn
Lys

325
Ile

(1)..(1059)

Lys
Phe
Glu
Asn
Ala

70
Asn
Leu
Ile
Ser
Asn
150
Leu
Glu
Asp
Val
Asp
230
Arg
Phe
Ile
Ile
Leu
310
Ala

Glu

Cys
Ile
Ser
Lys

55
Val
Asn
Lys
Gln
Phe
135
Glu
Gln
Glu

Glu

Lys
215

Asn
Leu
Thr
Gln
Tyr
295
Ile

Ile

Ile

Leu
Arg
Ser

40
Lys
Lys
Ser
Thr
Lys
120
Leu
Ile
Ala
Glu
Glu
200
Tyr
Tyr
Asp
Lys
val
280
Ser
Leu

Val

Val

Ala
Asp

25
Ile
Gly
Lys
Asn
Lys
105
Gln
Ser
Asp
Ile
Asp
185
Thr

Asn

Thr
Asn
Glu
265
Ser
Lys
Lys
Arg

Ile
345

Leu

10
Glu
Leu
Lys
Asp
Leu

90
Leu
Gln
Gly
Phe
Ser
170
Tyr
Arg

Val

Leu
Leu
250
Glu
Ala
Arg
Ile
Ser

330
Asp

321

Gly
Ile
Glu
Asp
Pro

75
Ser
Leu
Asp
Glu
Thr
155
Gly
Asp
Leu
Ser
Leu
235
Ala
Leu
Arg
Lys
Lys
315

Ile

Lys

Leu
Lys
Thr
Lys

60
Phe
Gln
Arg
Glu
Ser
140
Ile
Ser
Gln

Ser

Ser
220

Ser
Lys
Glu
Thr
Leu
300
Gly

Leu

Asn

Leu
Glu
Gly

45
Val
Asn
Lys
Glu
His
125
Gly
Asp
Asn
Tyxr
Asn
205
Ala
Thr
Ala
Lys
Ala
285
Asp
Gln

Leu

Gly

Phe
Lys

30
Asp
Ala
His
Asn
Arg
110
Lys
Glu
Ser
Ser
Ser
190
Arg

Ile

Lys
Lys
Asp
270
Thr
Ala
Ser

Met

Val
350

Gly

15
Ser
Lys
Arg
His
Val

95
Pro
Arg
Leu
Asp
Ile
175
Leu

Tyr

Lys

Gln
Ala
255
Leu
Asn
Tle
Asp
Lys

335
Trp
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Phe
Leu
Ser
Lys
Val

80
Ile
Glu
Met
Lys
Leu
160
Ser
Glu
Glu
Thr
Thr
240
Arg
Lys
Phe
Glu
Leu
320

Asp

Tyr
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atc agt tgt gat tta ttc ata aga gat gaa ata aaa gag aaa tct ctt 96
Ile Ser Cys Asp Leu Phe Ile Arg Asp Glu Ile Lys Glu Lys Ser Leu
20 25 30

ggc ttg tgt gat gag gaa agt tct att tta gag act ggt gac aaa tct 144
Gly Leu Cys Asp Glu Glu Ser Ser Ile Leu Glu Thr Gly Asp Lys Ser
35 40 45

gtt aaa aag tct ctt aat aag aaa ggc aaa gat aag gtt gct aga aag 192
Val Lys Lys Ser Leu Asn Lys Lys Gly Lys Asp Lys Val Ala Arg Lys
50 55 60

aaa gtt gaa ggt aat gct gtt aaa aaa gac ccg ttt aat cat cat gta 240
Lys Val Glu Gly Asn Ala Val Lys Lys Asp Pro Phe Asn His His Val

aag agg gag tct gtt aat aat agt aat cta tca caa aaa aat gtg ata 288
Lys Arg Glu Ser Val Asn Asn Ser Asn Leu Ser Gln Lys Asn Val Ile
85 90 95

tcg gaa gaa gaa att ttg aaa act aaa tta tta aga gaa cga cct gag 336
Ser Glu Glu Glu Ile Leu Lys Thr Lys Leu Leu Arg Glu Arg Pro Glu
100 105 110

act aga aaa gaa gaa ata caa aaa cag caa gat gag cat aaa agg atg 384
Thr Arg Lys Glu Glu Ile Gln Lys Gln Gln Asp Glu His Lys Arg Met
115 120 125

ctt caa gga agt tta agt ttt ctt agt ggt gaa agt ggt gaa ttg aag 432
Leu Gln Gly Ser Leu Ser Phe Leu Ser Gly Glu Ser Gly Glu Leu Lys
130 135 140

gat act att gaa agc aat gaa att gat ttt act ata gat tct gat tta 480
Asp Thr Ile Glu Ser Asn Glu Ile Asp Phe Thr Ile Asp Ser Asp Leu
145 150 155 160

aga ctg aag agt gat tta caa gct att tca ggc tca aat tet att tca 528
Arg Leu Lys Ser Asp Leu Gln Ala Ile Ser Gly Ser Asn Ser Ile Ser
165 170 175

tat act gat gaa ata gaa gaa gaa gat tat gat cag tat tct tta gaa 376
Tyr Thr Asp Glu Ile Glu Glu Glu Asp Tyr Asp Gln Tyr Ser Leu Glu
180 185 190

gaa gat tat tat tat gat ggg gaa aca aga tta agt aat aga tat gag 624
Glu Asp Tyr Tyr Tyr Asp Gly Glu Thr Arg Leu Ser Asn Arg Tyr Glu
195 200 205

tet tat cta gag ggt gtt aaa tat aat gta agt tca gca att aaa aca 672
Ser Tyr Leu Glu Gly Val Lys Tyr Asn Val Ser Ser Ala Ile Lys Thr
210 215 220

att gtt aag ata tat gat aat tat acc tta ctt tca aca aag caa acc 720
Ile Val Lys Ile Tyr Asp Asn Tyr Thr Leu Leu Ser Thr Lys Gln Thr
225 230 235 240

caa atg tat tct aca cgt ctt gac aac ctt get aaa gce aaa gct aga 768

Gln Met Tyr Ser Thr Arg Leu Asp Asn Leu Ala Lys Ala Lys Ala Arg
245 250 255
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gaa gaa gct aaa aag ttt aca aaa gaa gaa ctt gaa aaa gat ctt aag 8l6
Glu Glu Ala Lys Lys Phe Thr Lys Glu Glu Leu Glu Lys Asp Leu Lys
260 265 270

acc tta ttg aac tat att caa gtg agt gca agg act gecg aca aat ttt 864
Thr Leu Leu Asn Tyr Ile Gln Val Ser Ala Arg Thr Ala Thr Asn Phe
275 280 285

gta tat gca aga gaa ata tat tca aaa aga aaa tta gat gcc att gaa 912
Val Tyr Ala Arg Glu Ile Tyr Ser Lys Arg Lys Leu Asp Ala Ile Glu
290 295 300

aca gaa ata aaa aat tta att tta aag atc aaa gga caa tct gat tta 960
Thr Glu Ile Lys Asn Leu Ile Leu Lys Ile Lys GLy Gln Ser Asp Leu
305 310 315 320

tac gag gca tat aaa gca ata gta agg tca atc tta tta atg aaa gat 1008
Tyr Glu Ala Tyr Lys Ala Ile Val Arg Ser Ile Leu Leu Met Lys Asp
325 330 335

tct ctt aaa ata atc gaa ata gtc att gat aag aat ggt gtt tgg tac 1056
Ser Leu Lys Ile Ile Glu Ile Val Ile Asp Lys Asn Gly Val Trp Tyr
340 345 350

taa 1059

<210> 4

<211> 352

<212> PRT

<213> Borrelia burgdorferi

<400> 4
Met Lys Ile Lys Ser Lys Cys Leu Ala Leu Gly Leu Leu Phe Gly Phe
1 5 10 15
Ile Ser Cys Asp Leu Phe Ile Arg Asp Glu Ile Lys Glu Lys Ser Leu
20 25 30
Gly Leu Cys Asp Glu Glu Ser Ser Ile Leu Glu Thr Gly Asp Lys Ser
35 40 45
Val Lys Lys Ser Leu Asn Lys Lys Gly Lys Asp Lys Val Ala Arg Lys
50 55 60 .
Lys Val Glu Gly Asn Ala Val Lys Lys Asp Pro Phe Asn His His Val
65 70 75 80
Lys Arg Glu Ser Val Asn Asn Ser Asn Leu Ser Gln Lys Asn Val Ile
85 90 95
Ser Glu Glu Glu Ile Leu Lys Thr Lys Leu Leu Arg Glu Arg Pro Glu
100 105 110
Thr Arg Lys Glu Glu Ile Gln Lys Gln Gln Asp Glu His Lys Arg Met
115 120 125
Leu Gln Gly Ser Leu Ser Phe Leu Ser Gly Glu Ser Gly Glu Leu Lys
130 135 140
Asp Thr Ile Glu Ser Asn Glu Ile Asp Phe Thr Ile Asp Ser Asp Leu
145 150 155 160
Arg Leu Lys Ser Asp Leu Gln Ala Ile Ser Gly Ser Asn Ser Ile Ser
165 170 175
Tyr Thr Asp Glu Ile Glu Glu Glu Asp Tyr Asp Gln Tyr Ser Leu Glu
180 185 190
Glu Asp Tyr Tyr Tyr Asp Gly Glu Thr Arg Leu Ser Asn Arg Tyr Glu
195 200 205

521
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Ser Tyr Leu Glu Gly Val Lys Tyr Asn Val Ser Ser Ala Ile Lys Thr
210 215 220
Ile Val Lys Ile Tyr Asp Asn Tyr Thr Leu Leu Ser Thr Lys Gln Thr
225 230 235 240
Gln Met Tyr Ser Thr Arg Leu Asp Asn Leu Ala Lys Ala Lys Ala Arg
245 250 255
Glu Glu Ala Lys Lys Phe Thr Lys Glu Glu Leu Glu Lys Asp Leu Lys
260 265 270
Thr Leu Leu Asn Tyr Ile Gln Val Ser Ala Arg Thr Ala Thr Asn Phe
275 280 285
Val Tyr Ala Arg Glu Ile Tyr Ser Lys Arg Lys Leu Asp Ala Ile Glu
290 295 300
Thr Glu Ile Lys Asn Leu Ile Leu Lys Ile Lys Gly Gln Ser Asp Leu
305 310 315 320
Tyr Glu Ala Tyr Lys Ala Ile Val Arg Ser Ile Leu Leu Met Lys Asp
325 330 335
Ser Leu Lys Ile Ile Glu Ile Val Ile Asp Lys Asn Gly Val Trp Tyr
340 345 350

<210> 5

<211> 1059

<212> DNA

<213> Borrelia burgdorferi

<220>
<221> CDS
<222> (1)..(1059)

<400> 5
atg aaa att aaa agt aaa tgec tta gct ttg gga ttg ctt ttt ggt ttt 48
Met Lys Ile Lys Ser Lys Cys Leu Ala Leu Gly Leu Leu Phe Gly Phe

1 5 10 15

atc agt tgt gat tta ttc ata aga gat gaa ata aaa gag aaa tct ctt 96
Ile Ser Cys Asp Leu Phe Ile Arg Asp Glu Ile Lys Glu Lys Ser Leu
20 25 30

ggc ttg tgt gat gag gaa agt tct att tta gag act ggt gac aaa tct 144
Gly Leu Cys Asp Glu Glu Ser Ser Ile Leu Glu Thr Gly Asp Lys Ser
35 40 45

gtt aaa aag tct ctt aat aag aaa ggc aaa gat aag gtt gct aga aag 192
Val Lys Lys Ser Leu Asn Lys Lys Gly Lys Asp Lys Val Ala Arg Lys
50 55 60

aaa gtt gaa ggt aat get gtt aaa aaa gac ceg ttt aat cat cat gta 240
Lys Val Glu Gly Asn Ala Val Lys Lys Asp Pro Phe Asn His His Val
65 70 75 80

aag agg gag tct gtt aat aat agt aat cta tca caa aaa aat gtg ata 288
Lys Arg Glu Ser Val Asn Asn Ser Asn Leu Ser Gln Lys Asn Val Ile
85 90 95

tcg gaa gaa gaa att ttg aaa act aaa tta tta aga gaa cga cct gag 336
Ser Glu Glu Glu Ile Leu Lys Thr Lys Leu Leu Arg Glu Arg Pro Glu
100 105 110

act aga aaa gaa gaa ata caa aaa cag caa gat gag cat aaa agg atg 384
Thr Arg Lys Glu Glu Ile Gln Lys Gln Gln Asp Glu His Lys Arg Met
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115 120 125

ctt caa gga agt tta agt ttt ctt agt ggt gaa agt ggt gaa ttg aag 432
Leu Gln Gly Ser Leu Ser Phe Leu Ser Gly Glu Ser Gly Glu Leu Lys
130 135 140

gat act att gaa agc aat gaa att gat ttt act ata gat tct gat tta 480
Asp Thr Ile Glu Ser Asn Glu Ile Asp Phe Thr Ile Asp Ser Asp Leu
145 150 155 160

aga ccg aag agt gat tta caa gct att teca ggc tca aat tct att tca 528
Arg Pro Lys Ser Asp Leu Gln Ala Ile Ser Gly Ser Asn Ser Ile Ser
165 170 175

cat act gat gaa ata gaa gaa gaa gat tat gat cag tat tct tta gaa 576
His Thr Asp Glu Ile Glu Glu Glu Asp Tyr Asp Gln Tyr Ser Leu Glu
180 185 190

gaa gat tat tat tat gat gag gaa aca aga tta agt aat aga tat gaa 624
Glu Asp Tyr Tyr Tyr Asp Glu Glu Thr Arg Leu Ser Asn Arg Tyr Glu
195 200 205

tet tat cta gag ggt gtt aaa tat aat gta agt tca gca att aaa aca 672
Ser Tyr Leu Glu Gly Val Lys Tyr Asn Val Ser Ser Ala Ile Lys Thr
210 215 220

att gtt aag ata tat gat aat tat acc tta ctt tca aca aag caa acc 720
Tle Val Lys Ile Tyr Asp Asn Tyr Thr Leu Leu Ser Thr Lys Gln Thr
225 230 235 240

caa atg tat tct aca cgt ctt gac aac ctt gct aaa gcc aaa gct aga 768
Gln Met Tyr Ser Thr Arg Leu Asp Asn Leu Ala Lys Ala Lys Ala Arg
245 250 255

gaa gaa gct aaa aag ttt aca aaa gaa gaa ctt gaa aaa gat ctt aag 816
Glu Glu Ala Lys Lys Phe Thr Lys Glu Glu Leu Glu Lys Asp Leu Lys
260 265 270

acc tta ttg aac tat att caa gtg agt gca agg act gcg aca aat ttt 864
Thr Leu Leu Asn Tyr Ile Gln Val Ser Ala Arg Thr Ala Thr Asn Phe
275 280 285

gta tat gca aga gaa ata tat tca aaa aga aaa tta gat gcc att gaa 912
Val Tyr Ala Arg Glu Ile Tyr Ser Lys Arg Lys Leu Asp Ala Ile Glu
290 295 300

aca gaa ata aaa aat tta att tta aag atc aaa gga caa tct gat tta 960
Thr Glu Ile Lys Asn Leu Ile Leu Lys Ile Lys Gly Gln Ser Asp Leu
305 310 315 320

tac gag gca tat aaa gca ata gta agg tca atc tta tta atg aaa gat 1008
Tyr Glu Ala Tyr Lys Ala Ile Val Arg Ser Ile Leu Leu Met Lys Asp
325 330 335
tct ctt aaa ata atc gaa ata gtc att gat aag aat ggt gtt tgg tac 1056
Ser Leu Lys Ile Ile Glu Ile Val Ile Asp Lys Asn Gly Val Trp Tyr
340 345 350

taa 1059
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<210> 6

<211>
<212>
<213>

<400> ©

Met
1
Tle
Gly
Val
Lys
65
Lys
Ser
Thr
Leu
Asp
145
Arg
His
Glu
Ser
Ile
225
Gln
Glu
Thr
Val
Thr
305
Tyr

Ser

Lys
Ser
Leu
Lys

50
Val
Arg
Glu
Arg
Gln
130
Thr
Pro
Thr
Asp
Tyr
210
Val
Met
Glu
Leu
Tyxr
290
Glu

Glu

Leu

<210> 7
<211> 1059
<212> DNA
<213> Borrelia burgdorferi

<220>
<221> CDS

352
PRT
Borrelia burgdorferi

Ile
Cys
Cys

35
Lys
Glu
Glu
Glu
Lys
115
Gly
Ile
Lys
Asp
Tyr
195
Leu
Lys
Tyr
Ala
Leu
275
Ala
Ile

Ala

Lys

Lys Ser

5

Asp Leu
20

Asp Glu

Ser Leu
Gly Asn

Ser Val
85

Glu Ile

100

Glu Glu

Ser Leu
Glu Ser

Ser Asp
165

Glu Ile

180

Tyr Tyr

Glu Gly
Ile Tyr

Ser Thr
245
Lys Lys
260
Asn Tyr

Arg Glu
Lys Asn
Tyr Lys

325

Ile Ile
340

Lys
Phe
Glu
Asn
Ala

70
Asn
Leu
Ile
Ser
Asn
150
Leu
Glu
Asp
Val
Asp
230
Arg
Phe
Ile
Ile
Leu
310
Ala

Glu

Cys
Ile
Ser
Lys

55
Val
Asn
Lys
Gln
Phe
135
Glu
Gln
Glu
Glu
Lys
215
Asn
Leu
Thr
Gln
Tyr
295
Ile
Ile

Ile

Leu
Arg
Ser

40
Lys
Lys
Ser
Thr
Lys
120
Leu
Ile
Ala
Glu
Glu
200
Tyr
Tyr
Asp
Lys
Val
280
Ser
Leu

Val

Val

Ala
Asp

25
Ile
Gly
Lys
Asn
Lys
105
Gln
Ser
Asp
Ile
Asp
185
Thr
Asn
Thr
Asn
Glu
265
Ser

Lys

Lys

Arg

Ile
345

Leu

10
Glu
Leu
Lys
Asp
Leu

90
Leu
Gln
Gly
Phe
Sex
170
Tyrx
Arg
vVal
Leu
Leu
250
Glu
Ala
Arg
Tle
Ser

330
Asp
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Gly
Ile
Glu
Asp
Pro

75
Ser
Leu
Asp
Glu
Thr
155
Gly
Asp
Leu
Ser
Leu
235
Ala
Leu
Arg
Lys
Lys
315
Ile

Lys

Leu
Lys
Thr
Lys

60
Phe
Gln
Arg
Glu
Ser
140
Ile
Ser
Gln
Ser
Ser
220
Ser
Lys
Glu
Thr
Leu
300
Gly

Leu

Asn

Leu
Glu
Gly

45
Val
Asn
Lys
Glu
His
125
Gly
Asp
Asn
Tyr
Asn
205
Ala
Thr
Ala
Lys
Ala
285
Asp

Gln

Leu

Phe
Lys

30
Asp
Ala
His
Asn
Arg
110
Lys
Glu
Ser
Ser
Ser
190
Arg
Ile
Lys
Lys
Asp
270
Thr
Ala
Ser

Met

Val
350

Gly

15
Ser
Lys
Arg
His
Val

95
Pro
Arg
Leu
Asp
Ile
175
Leu
Tyr
Lys
Gln
Ala
255
Leu
Asn
Ile
Asp
Lys

335
Trp

PCT/F102/00951

Phe
Leu
Ser
Lys
Val

80
Ile
Glu
Met
Lys
Leu
160
Ser
Glu
Glu
Thr
Thr
240
Arg
Lys
Phe
Glu
Leu
320
Asp

Tyr
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<222> (1)..(1059)

<400> 7
atg aaa att aaa agt aaa tgc tta gct ttg gga ttg ctt ttt ggt ttt 48
Met Lys Ile Lys Ser Lys Cys Leu Ala Leu Gly Leu Leu Phe Gly Phe

1 5 10 15

atc agt tgt gat tta ttec ata aga gat gaa ata aaa gag aaa tct ctt 96
Ile Ser Cys Asp Leu Phe Ile Arg Asp Glu Ile Lys Glu Lys Ser Leu
20 25 30

ggc ttg tgt gat gag gaa agt tct att tta gag act ggt gac aaa tct 144
Gly Leu Cys Asp Glu Glu Ser Ser Ile Leu Glu Thr Gly Asp Lys Ser
35 40 45

gtt aaa aag tct ctt aat aag aaa ggc aaa gat aag gtt gct aga aag 192
Val Lys Lys Ser Leu Asn Lys Lys Gly Lys Asp Lys Val Ala Arg Lys
50 55 60

aaa gtt gaa ggt aat gct gtt aaa aaa gac ccg ttt aat cat cat gta 240
Lys Val Glu Gly Asn Ala Val Lys Lys Asp Pro Phe Asn His His Val
65 70 75 80

aag agg gag tct gtt aat aat agt aat cta tca caa aaa aat gtg ata 288
Lys Arg Glu Ser Val Asn Asn Ser Asn Leu Ser Gln Lys Asn Val Ile
85 90 95

tcg gaa gaa gaa att ttg aaa act aaa tta tta aga gaa cga cct gag 336
Ser Glu Glu Glu Ile Leu Lys Thr Lys Leu Leu Arg Glu Arg Pro Glu
100 105 110

act aga aaa gaa gaa ata caa aaa cag caa gat gag cat aaa agg atg 384
Thr Arg Lys Glu Glu Ile Gln Lys Gln Gln Asp Glu His Lys Arg Met
115 120 125

ctt caa gga agt tta agt ttt ctt agt ggt gaa agt ggt gaa ttg aag 432
Leu Gln Gly Ser Leu Ser Phe Leu Ser Gly Glu Ser Gly Glu Leu Lys
130 135 140

gat act ata gaa agc aat gaa att gat ttt act ata gat tct gat tta 480
Asp Thr Ile Glu Ser Asn Glu Ile Asp Phe Thr Ile Asp Ser Asp Leu
145 150 155 160

aga ctg aag agt gat tta caa gct att tca ggc tca aat tct att tca 528
Arg Leu Lys Ser Asp Leu Gln Ala Ile Ser Gly Ser Asn Ser Ile Ser
165 170 175

tat act gat gaa ata gaa gaa gaa gat tat gat cag tat tct tta gaa 576
Tyr Thr Asp Glu Ile Glu Glu Glu Asp Tyr Asp Gln Tyr Ser Leu Glu
180 185 190

gaa gat tat tat tat gat gag gaa aca aga tta agt aat aga tat gaa 624
Glu Asp Tyr Tyr Tyr Asp Glu Glu Thr Arg Leu Ser Asn Arg Tyr Glu
195 200 205

tct tat cta gag ggt gtt aaa tat aat gta agt tca gca att aaa aca 672
Ser Tyr Leu Glu Gly Val Lys Tyr Asn Val Ser Ser Ala Ile Lys Thr
210 215 220

att gtt aag ata tat gat aat tat acc tta ctt tca aca aag caa acc 720
Ile Val Lys Ile Tyr Asp Asn Tyr Thr Leu Leu Ser Thr Lys Gln Thr
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225 230 235 240

caa atg tat tct aca cgt ctt gac aac ctt gct aaa gcc aaa gect aga 768
Gln Met Tyr Ser Thr Arg Leu Asp Asn Leu Ala Lys Ala Lys Ala Arg
245 250 255

gaa gaa gct aaa aag ttt aca aaa gaa gaa ctt gaa aaa gat ctt aag 816
Glu Glu Ala Lys Lys Phe Thr Lys Glu Glu Leu Glu Lys Asp Leu Lys
260 265 270

acc tta ttg aac tat att caa gtg agt gca agg act gcg aca aat ttt 864
Thr Leu Leu Asn Tyr Ile Gln Val Ser Ala Arg Thr Ala Thr Asn Phe
275 280 285

gta tat gca aga gaa ata tat tca aaa aga aaa tta gat gcc att gaa 912
Val Tyr Ala Arg Glu Ile Tyr Ser Lys Arg Lys Leu Asp Ala Ile Glu
290 295 300

aca gaa ata aaa aat tta att tta aag atc aaa gga caa tct gat tta 960
Thr Glu Ile Lys Asn Leu Ile Leu Lys Ile Lys Gly Gln Ser Asp Leu
305 310 315 320

tac gag gca tat aaa gca ata gta agg tca atc tta tta atg aaa gat 1008
Tyr Glu Ala Tyr Lys Ala Ile Val Arg Ser Ile Leu Leu Met Lys Asp
325 330 335

tct ctt aaa ata atc gaa ata gtc att gat aag aat ggt gtt tgg tac 1056
Ser Leu Lys Ile Ile Glu Ile Val Ile Asp Lys Asn Gly Val Trp Tyr
340 345 350

taa 1059

<210> 8

<211> 352

<212> PRT

<213> Borrelia burgdorferi

<400> 8
Met Lys Ile Lys Ser Lys Cys Leu Ala Leu Gly Leu Leu Phe Gly Phe
1 ) 5 10 15
Ile Ser Cys Asp Leu Phe Ile Arg Asp Glu Ile Lys Glu Lys Ser Leu
20 25 30
Gly Leu Cys Asp Glu Glu Ser Ser Ile Leu Glu Thr Gly Asp Lys Ser
. 35 40 45
Val Lys Lys Ser Leu Asn Lys Lys Gly Lys Asp Lys Val Ala Arg Lys
50 55 60

Lys Val Glu Gly Asn Ala Val Lys Lys Asp Pro Phe Asn His His Val
65 70 75 80

Lys Arg Glu Ser Val Asn Asn Ser Asn Leu Ser Gln Lys Asn vVal Tle

85 , 90 95
Ser Glu Glu Glu Ile Leu Lys Thr Lys Leu Leu Arg Glu Arg Pro Glu
100 105 110
Thr Arg Lys Glu Glu Ile Gln Lys Gln Gln Asp Glu His Lys Arg Met
115 120 125
Leu Gln Gly Ser Leu Ser Phe Leu Ser Gly Glu Ser Gly Glu Leu Lys
130 135 140

Asp Thr Ile Glu Ser Asn Glu Ile Asp Phe Thr Ile Asp Ser Asp Leu

145 150 155 160

Arg Leu Lys Ser Asp Leu Gln Ala Ile Ser Gly Ser Asn Ser Ile Ser
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165 170 175
Tyr Thr Asp Glu Ile Glu Glu Glu Asp Tyr Asp Gln Tyr Ser Leu Glu
180 185 190
Glu Asp Tyr Tyr Tyr Asp Glu Glu Thr Arg Leu Ser Asn Arg Tyr Glu
195 200 205
Ser Tyr Leu Glu Gly Val Lys Tyr Asn Val Ser Ser Ala Ile Lys Thr
210 215 220
Ile Val Lys Ile Tyr Asp Asn Tyr Thr Leu Leu Ser Thr Lys Gln Thr
225 230 ‘ 235 240
Gln Met Tyr Ser Thr Arg Leu Asp Asn Leu Ala Lys Ala Lys Ala Arg
245 250 255
Glu Glu Ala Lys Lys Phe Thr Lys Glu Glu Leu Glu Lys Asp Leu Lys
260 265 270
Thr Leu Leu Asn Tyr Ile Gln Val Ser Ala Arg Thr Ala Thr Asn Phe
275 280 285
Val Tyr Ala Arg Glu Ile Tyr Ser Lys Arg Lys Leu Asp Ala Ile Glu
290 295 300
Thr Glu Ile Lys Asn Leu Ile Leu Lys Ile Lys Gly Gln Ser Asp Leu
305 310 315 320
Tyr Glu Ala Tyr Lys Ala Ile Val Arg Ser Ile Leu Leu Met Lys Asp
325 330 335
Ser Leu Lys Ile Ile Glu Ile Val Ile Asp Lys Asn Gly Val Trp Tyr
340 345 350

<210> 9

<211> 1083

<212> DNA

<213> Borrelia burgdorferi

<220>
<221> CDSs
<222>-(1)..(1083)

<400> 9
atg aag aaa gtt aaa agt aaa tat tta get ttg gga tta ctt ttt ggt 48
Met Lys Lys Val Lys Ser Lys Tyr Leu Ala Leu Gly Leu Leu Phe Gly

1 5 10 15

ttt ata agt tgt gat tta ttc ata aga tat gaa atg aaa gag gaa tcc 96
Phe Ile Ser Cys Asp Leu Phe Ile Arg Tyr Glu Met Lys Glu Glu Ser
20 ’ 25 30

cct gge tta ttt gat aag gga aac tct att tta gag act agc gag gaa 144
Pro Gly Leu Phe Asp Lys Gly Asn Ser Ile Leu Glu Thr Ser Glu Glu
35 40 45

tet att aaa aag cct atg aat aag aaa ggc aaa ggt aag att gecc aga 192
Ser Ile Lys Lys Pro Met Asn Lys Lys Gly Lys Gly Lys Ile Ala Arg
50 . 55 60

aag aac gga aaa agc aag gtt tct gga aaa gaa ccg ttt att cat agt 240
Lys Asn Gly Lys Ser Lys Val Ser Gly Lys Glu Pro Phe Ile His Ser
65 70 75 80
ttt aaa aga gac gct gct aat aaa agc aat ttt tta caa aaa aat gta 288
Phe Lys Arg Asp Ala Ala Asn Lys Ser Asn Phe Leu Gln Lys Asn Val
85 90 95

atg tta gag gaa gaa agt tta aaa act gaa tta tta aaa gag caa tct 336
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Met Leu Glu Glu Glu Ser Leu Lys Thr Glu Leu Leu Lys Glu Gln Ser
100 105 110

gag act aga aaa gaa aaa ata caa aaa caa caa gat gaa tat aaa ggg 384
Glu Thr Arg Lys Glu Lys Ile Gln Lys Gln Gln Asp Glu Tyr Lys Gly
115 120 125

atg act aaa gga agt tta aat tecc ctt age ggt gaa agt ggt gaa ttg 432
Met Thr Lys Gly Ser Leu Asn Ser Leu Ser Gly Glu Ser Gly Glu Leu
130 135 140

aag gag act att gaa agc aat gaa att gat att act ata gat tct gat 480
Lys Glu Thr Ile Glu Ser Asn Glu Ile Asp Ile Thr Ile Asp Ser Asp
145 150 155 160

tta agg cca aag agt tcc tta caa gac att gca gga tca aac tet att 528
Leu Arg Pro Lys Ser Ser Leu Gln Asp Ile Ala Gly Ser Asn Ser Ile
165 170 175

tca tac act gat gaa ata gag gaa gag gat tat gct cgg tat tat tta 576
Ser Tyr Thr Asp Glu Ile Glu Glu Glu Asp Tyr Ala Arg Tyr Tyr Leu
180 185 190

gat gaa gat gat gaa gat gat gaa tat tat gaa gat gat tat gag gaa 624
Asp Glu Asp Asp Glu Asp Asp Glu Tyr Tyr Glu Asp Asp Tyr Glu Glu
195 200 205

ata aga tta agc aat cga tat caa tct tat cta gaa ggt gtt aaa tat 672
Ile Arg Leu Ser Asn Arg Tyr Gln Ser Tyr Leu Glu Gly Val Lys Tyr
210 215 220

aat gta gat tca gca att aac aca att aat aag ata tat gat act tat 720
Asn Val Asp Ser Ala Ile Asn Thr Ile Asn Lys Ile Tyr Asp Thr Tyr
225 230 235 240

aca tta ttc tca aca aag cta acc caa atg tat tct aca cgc ctt gac 768
Thr Leu Phe Ser Thr Lys Leu Thr Gln Met Tyr Ser Thr Arg Leu Asp
245 250 255

aac ctt gct aaa gcc aaa gct aaa gaa gaa gct gca aag ttt aca aaa 816
Asn Leu Ala Lys Ala Lys Ala Lys Glu Glu Ala Ala Lys Phe Thr Lys
260 265 270

gaa gac ctt gaa aaa aat ttc aag acc tta ttg aat tac att caa gta 864
Glu Asp Leu Glu Lys Asn Phe Lys Thr Leu Leu Asn Tyr Ile Gln Val
275 280 285

agt gta aag act gca aca aat ttt gta tac ata aat gaa atg cat gca 912
Ser Val Lys Thr Ala Thr Asn Phe Val Tyr Ile Asn Glu Met His Ala
290 295 300

aaa agg aaa tta gag aac att gaa gca aaa ata aaa act tta att gca 960
Lys Arg Lys Leu Glu Asn Ile Glu Ala Lys Ile Lys Thr Leu Ile Ala
305 310 315 320
aag atc aaa gaa aaa tct aat tta tac tca gca tat aaa gca ata gta 1008
Lys Ile Lys Glu Lys Ser Asn Leu Tyr Ser Ala Tyr Lys Ala Ile Val

325 . 330 335

agt tca atc tta tta atg agg gat tct ctt aaa gaa gtg caa tat gcc 1056

12/21



WO 03/046561 PCT/F102/00951

Ser Ser Ile Leu Leu Met Arg Asp Ser Leu Lys Glu Val Gln Tyr Ala
340 345 350

att gac aag aat ggc att tgg tac taa 1083
Ile Asp Lys Asn Gly Ile Trp Tyr
355 360

<210> 10

<211> 360

<212> PRT

<213> Borrelia burgdorferi

<400> 10
Met Lys Lys Val Lys Ser Lys Tyr Leu Ala Leu Gly Leu Leu Phe Gly
1 5 10 15
Phe Ile Ser Cys Asp Leu Phe Ile Arg Tyr Glu Met Lys Glu Glu Ser
20 25 30
Pro Gly Leu Phe Asp Lys Gly Asn Ser Ile Leu Glu Thr Ser Glu Glu
35 40 45

Ser Ile Lys Lys Pro Met Asn Lys Lys Gly Lys Gly Lys Ile Ala Arg

50 55 60
Lys Asn Gly Lys Ser Lys Val Ser Gly Lys Glu Pro Phe Ile His Ser
65 70 75 80
Phe Lys Arg Asp Ala Ala Asn Lys Ser Asn Phe Leu Gln Lys Asn Val
85 90 95
Met Leu Glu Glu Glu Ser Leu Lys Thr Glu Leu Leu Lys Glu GIn Ser
100 105 110
Glu Thr Arg Lys Glu Lys Ile Gln Lys Gln Gln Asp Glu Tyr Lys Gly
115 120 125
Met Thr Lys Gly Ser Leu Asn .Ser Leu Ser Gly Glu Ser Gly Glu Leu
130 135 140
Lys Glu Thr Ile Glu Ser Asn Glu Ile Asp Ile Thr Ile Asp Ser Asp
145 150 155 160
Leu Arg Pro Lys Ser Ser Leu Gln Asp Ile Ala Gly Ser Asn Ser Ile
165 170 175
Ser Tyr Thr Asp Glu Ile Glu Glu Glu Asp Tyr Ala Arg Tyr Tyr Leu
180 185 190
Asp Glu Asp Asp Glu Asp Asp Glu Tyr Tyr Glu Asp Asp Tyr Glu Glu
195 200 205
Ile Arg Leu Ser Asn Arg Tyr Gln Ser Tyr.lLeu Glu Gly Val Lys Tyr
210 215 220
Asn Val Asp Ser Ala Ile Asn Thr Ile Asn Lys Ile Tyr Asp Thr Tyr
225 230 235 240
Thr Leu Phe Ser Thr Lys Leu Thr Gln Met Tyr Ser Thr Arg Leu Asp
245 250 255
Asn Leu Ala Lys Ala Lys Ala Lys Glu Glu Ala Ala Lys Phe Thr Lys
260 265 270
Glu Asp Leu Glu Lys Asn Phe Lys Thr Leu Leu Asn Tyr Ile Gln Val
275 280 285
Ser Val Lys Thr Ala Thr Asn Phe Val Tyr Ile Asn Glu Met His Ala
290 295 300
Lys Arg Lys Leu Glu Asn Ile Glu Ala Lys Ile Lys Thr Leu Ile Ala
305 310 315 320
Lys Ile Lys Glu Lys Ser Asn Leu Tyr Ser Ala Tyr Lys Ala Ile Val
325 330 335
Ser Ser Ile Leu Leu Met Arg Asp Ser Leu Lys Glu Val Gln Tyr Ala
340 345 350
Ile Asp Lys Asn Gly Ile Trp Tyr
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355 360

<210> 11

<211> 1083

<212> DNA

<213> Borrelia burgdorferi

<220>
<221> CDSs
<222> {(1)..(1083)

<400> 11
atg aag aaa gtt aaa agt aaa tat tta gct ttg gga tta ctt ttt ggt 48
Met Lys Lys Val Lys Ser Lys Tyr Leu Ala Leu Gly Leu Leu Phe Gly

1 5 10 15

ttt ata agt tgt gat tta ttc ata aga tat gaa atg aaa gag gaa tcc - 96
Phe Ile Ser Cys Asp Leu Phe Ile Arg Tyr Glu Met Lys Glu Glu Ser
20 25 30

cct ggc tta ttt gat aag gaa aac tct att tta gag act ggc gag gaa 144
Pro Gly Leu Phe Asp Lys Glu Asn Ser Ile Leu Glu Thr Gly Glu Glu
35 40 45

tect att aaa aag cct atg aat aag aaa gat aaa ggt aag att gcc aga 192
Ser Ile Lys Lys Pro Met Asn Lys Lys Asp Lys Gly Lys Ile Ala Arg
50 55 60

aad aaa ggc aaa agc aag gtt tect gga aaa gaa cca tct att cat agt 240
Lys Lys Gly Lys Ser Lys Val Ser Gly Lys Glu Pro Ser Ile His Ser
65 70 75 80

tta aaa agg gac tct gct aat aaa age aat ttt tta caa aaa aat gta 288
Leu Lys Arg Asp Ser Ala Asn Lys Ser Asn Phe Leu Gln Lys Asn Val
85 90 95

atg tta gag gaa gaa agt tta aaa act gaa tta tta aaa gag caa tct 336
Met Leu Glu Glu Glu Ser Leu Lys Thr Glu Leu Leu Lys Glu Gln Ser
100 105 110

gag act aga aaa gaa aaa ata caa aaa caa caa gat gaa tat aaa ggg 384
Glu Thr Arg Lys Glu Lys Ile Gln Lys Gln Gln Asp Glu Tyr Lys Gly
115 120 125

atg act aaa gga agt tta aat tcc ctt age ggt gaa agt ggt gaa ttg 432
Met Thr Lys Gly Ser Leu Asn Ser Leu Ser Gly Glu Ser Gly Glu Leu
130 135 140

aag gag act att gaa agt aat gaa att gat att act ata gat tct gat 480
Lys Glu Thr Ile Glu Ser Asn Glu Ile Asp Ile Thr Ile Asp Ser Asp
145 150 155 160

tta agg cta aaa agt gcc tta caa ggc att gca gga tca aac tct att 528
Leu Arg Leu Lys Ser Ala Leu Gln Gly Ile Ala Gly Ser Asn Ser Ile
165 170 175

tca tac act gat gaa ata gag gaa dag gat tat gat cgg tat tat tta 576

Ser Tyr Thr Asp Glu Ile Glu Glu Glu Asp Tyr Asp Arg Tyr Tyr Leu
180 185 190
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gaa gaa tat gat gaa gat gtt gaa tat tat gaa gat gat tat gag gaa 624
Glu Glu Tyr Asp Glu Asp Val Glu Tyr Tyr Glu Asp Asp Tyr Glu Glu
195 200 205

ata aga tta agc aat cga tat caa tct tat cta gaa ggt gtt aaa tat 672
Ile Arg Leu Ser Asn Arg Tyr Gln Ser Tyr Leu Glu Gly Val Lys Tyr
210 215 220

aat gta gat tca gca att aaa aca att aat aag ata tat gat act tat 720
Asn Val Asp Ser Ala Ile Lys Thr Ile Asn Lys Ile Tyr Asp Thr Tyr
225 230 235 240

aca tta ttt tca aca aag cta acc caa atg tat tct aca cgc ctt gac 768
Thr Leu Phe Ser Thr Lys Leu Thr Gln Met Tyr Ser Thr Arg Leu Asp
245 250 255

aac ctt gct aaa gcc aaa gct aaa gaa gaa tct geca aag ttt aca aaa 8le
Asn Leu Ala Lys Ala Lys Ala Lys Glu Glu Ser Ala Lys Phe Thr Lys
260 265 270

gaa gac ctt gaa aaa aat ttc aag acc tta ttg aat tac att caa gta 864
Glu Asp Leu Glu Lys Asn Phe Lys Thr Leu Leu Asn Tyr Ile Gln Val
275 280 285

agt gta aag act gca aca aat ttt gta tac ata aat gac acg acc gca 912
Ser Val Lys Thr Ala Thr Asn Phe Val Tyr Ile Asn Asp Thr Thr Ala
290 295 300

aaa agg aaa tta gag aac att gaa aca aaa ata aaa act tta att gca 960
Lys Arg Lys Leu Glu Asn Ile Glu Thr Lys Ile Lys Thr Leu Ile Ala
305 310 315 320

aag atc aaa gaa aaa tct aat tta tac tca gca tat aaa gca ata gta 1008
Lys Ile Lys Glu Lys Ser Asn Leu Tyr Ser Ala Tyr Lys Ala Ile Val
325 330 335

agt tca atc tta tta atg agg gat tet ctt aaa gaa gtg caa agt gcc 1056
Ser Ser Ile Leu Leu Met Arg Asp Ser Leu Lys Glu Val Gln Ser Ala
340 345 350

att gac gag aat ggc att tgg tac taa 1083
Ile Asp Glu Asn Gly Ile Trp Tyr
355 360

<210> 12

<211> 360

<212> PRT

<213> Borrelia burgdorferi

<400> 12
Met Lys Lys Val Lys Ser Lys Tyr Leu Ala Leu Gly Leu Leu Phe Gly
1 5 10 15
Phe Ile Ser Cys Asp Leu Phe Ile Arg Tyr Glu Met Lys Glu Glu Ser
20 25 30
Pro Gly Leu Phe Asp Lys Glu Asn Ser Ile Leu Glu Thr Gly Glu Glu
35 40 45
Ser Ile Lys Lys Pro Met Asn Lys Lys Asp Lys Gly Lys Ile Ala Arg
50 55 60

Lys Lys Gly Lys Ser Lys Val Ser Gly Lys Glu Pro Ser Ile His Ser
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65 70 75 80
Leu Lys Arg Asp Ser Ala Asn Lys Ser Asn Phe Leu Gln Lys Asn Val
85 90 95
Met Leu Glu Glu Glu Ser Leu Lys Thr Glu Leu Leu Lys Glu Gln Ser
100 105 110
Glu Thr Arg Lys Glu Lys Ile Gln Lys Gln Gln Asp Glu Tyr Lys Gly
115 120 125
Met Thr Lys Gly Ser Leu Asn Ser Leu Ser Gly Glu Ser Gly Glu Leu
130 135 140
Lys Glu Thr Ile Glu Ser Asn Glu Ile Asp Ile Thr Ile Asp Ser Asp
145 150 155 160
Leu Arg Leu Lys Ser Ala Leu Gln Gly Ile Ala Gly Ser Asn Ser Ile
165 170 175
Ser Tyr Thr Asp Glu Ile Glu Glu Glu Asp Tyr Asp Arg Tyr Tyr Leu
180 185 130
Glu Glu Tyr Asp Glu Asp Val Glu Tyr Tyr Glu Asp Asp Tyr Glu Glu
195 200 205
Ile Arg Leu Ser Asn Arg Tyr Gln Ser Tyr Leu Glu Gly Val Lys Tyr
210 215 . 220
Asn Val Asp Ser Ala Ile Lys Thr Ile Asn Lys Ile Tyr Asp Thr Tyr
225 230 235 240
Thr Leu Phe Ser Thr Lys Leu Thr Gln Met Tyr Ser Thr Arg Leu Asp
245 250 255
Asn Leu Ala Lys Ala Lys Ala Lys Glu Glu Ser Ala Lys Phe Thr Lys
260 265 270
Glu Asp Leu Glu Lys Asn Phe Lys Thr Leu Leu Asn Tyr Ile Gln Val
275 280 285
Ser Val Lys Thr Ala Thr Asn Phe Val Tyr Ile Asn Asp Thr Thr Ala
290 295 300
Lys Arg Lys Leu Glu Asn Ile Glu Thr Lys Ile Lys Thr Leu Ile Ala
305 310 315 320
Lys Ile Lys Glu Lys Ser Asn Leu Tyr Ser Ala Tyr Lys Ala Ile Val
325 330 335
Ser Ser Ile Leu Leu Met Arg Asp Ser Leu Lys Glu Val Gln Ser Ala
340 345 350
Ile Asp Glu Asn Gly Ile Trp Tyr
355 360

<210> 13

<211> 1083

<212> DNA

<213> Borrelia burgdorferi

<220>
<221> CD3
<222> (1)..(1083)

<400> 13
atg aag aaa gtt aaa agt aaa tat tta gct ttg gga tta ctt ttt ggt 48
Met Lys Lys Val Lys Ser Lys Tyr Leu Ala Leu Gly Leu Leu Phe Gly

1 5 10 15

ttt ata agt tgt gat tta ttc ata aga tat gaa atg aaa gag gaa tcc 96
Phe Ile Ser Cys Asp Leu Phe Ile Arg Tyr Glu Met Lys Glu Glu Ser
20 25 30

cct ggc tta ttt gat aag gga aac tct att tta gag act agc gag gaa 144

Pro Gly Leu Phe Asp Lys Gly Asn Ser Ile Leu Glu Thr Ser Glu Glu
35 40 45
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tct att aaa aag cct atg aat aag aaa ggc aaa ggt aag att gcc aga 192
Ser Ile Lys Lys Pro Met Asn Lys Lys Gly Lys Gly Lys Ile Ala Arg
50 55 60

aag aac gga aaa agc aag gtt tet gga aaa gaa ccg ttt att cat agt 240
Lys Asn Gly Lys Ser Lys Val Ser Gly Lys Glu Pro Phe Ile His Ser
65 70 75 80

ttt aaa aga gac gct gect aat aaa age aat ttt tta caa aaa aat gta 288
Phe Lys Arg Asp Ala Ala Asn Lys Ser Asn Phe Leu Gln Lys Asn Val
85 90 95

atg tta gag gaa gaa agt tta aaa act gaa tta tta aaa gag caa tct 336
Met Leu Glu Glu Glu Ser Leu Lys Thr Glu Leu Leu Lys Glu Gln Ser
100 105 110

gag act aga aaa gaa aaa ata caa aaa caa caa gat gaa tat aaa ggg 384
Glu Thr Arg Lys Glu Lys Ile Gln Lys Gln Gln Asp Glu Tyr Lys Gly
115 120 125

atg act aaa gga agt tta aat tecec ctt agc ggt gaa agt ggt gaa ttg 432
Met Thr Lys Gly Ser Leu Asn Ser Leu Ser Gly Glu Ser Gly Glu Leu
130 135 140

aag gag act att gaa agc aat gaa att gat att act ata gat tct gat 480
Lys Glu Thr Ile Glu Ser Asn Glu Ile Asp Ile Thr Ile Asp Ser Asp
145 150 155 160

tta agg cca aag agt tcc tta caa gac att gca gga tca aac tct att 528
Leu Arg Pro Lys Ser Ser Leu Gln Asp Ile Ala Gly Ser Asn Ser Ile
165 170 175

tca tac act gat gaa ata gag gaa gag gat tat gct cgg tat tat tta 576
Ser Tyr Thr Asp Glu Ile Glu Glu Glu Asp Tyr Ala Arg Tyr Tyr Leu
180 185 190

gat gaa gat gat gaa gat gat gaa tat tat gaa gat gat tat gag gaa 624
Asp Glu Asp Asp Glu Asp Asp Glu Tyr Tyr Glu Asp Asp Tyr Glu Glu
195 200 205

ata aga tta agc aat cga tat caa tct tat cta gaa ggt gtt aaa tat 672
Ile Arg Leu Ser Asn Arg Tyr Gln Ser Tyr Leu Glu Gly Val Lys Tyr
210 215 220

aat gta gat tca gca att aac aca att aat aag ata tat gat act tat 720
Asn Val Asp Ser Ala Ile Asn Thr Ile Asn Lys Ile Tyr Asp Thr Tyr
225 230 235 240

aca tta ttc tca aca aag cta acc caa atg tat tct aca cgc ctt gac 768
Thr Leu Phe Ser Thr Lys Leu Thr Gln Met Tyr Ser Thr Arg Leu Asp
245 250 255

aac ctt gct aaa gecc aaa gct aaa gaa gaa gct gca aag ttt aca aaa 816
Asn Leu Ala Lys Ala Lys Ala Lys Glu Glu Ala Ala Lys Phe Thr Lys
260 265 270

gaa gac ctt gaa aaa aat ttc aag acc tta ttg aat tac att caa gta 864

Glu Asp Leu Glu Lys Asn Phe Lys Thr Leu Leu Asn Tyr Ile Gln Val
275 280 285
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agt gta aag act gca aca aat ttt gta tac ata aat gaa atg cat gca 912
Ser Val Lys Thr Ala Thr Asn Phe Val Tyr Ile Asn Glu Met His Ala
290 295 300

aaa agg aaa tta gag aac att gaa gca aaa ata aaa act tta att geca 960
Lys Arg Lys Leu Glu Asn Ile Glu Ala Lys Ile Lys Thr Leu Ile Ala
305 310 315 320

aag atc aaa gaa aaa tct aat tta tac tca gca tat aaa gca ata gta 1008
Lys Ile Lys Glu Lys Ser Asn Leu Tyr Ser Ala Tyr Lys Ala Ile Val
325 330 335

agt tca atc tta tta atg agg gat tet ctt aaa gaa gtg caa tat gcc 1056
Ser Ser Ile Leu Leu Met Arg Asp Ser Leu Lys Glu Val Gln Tyr Ala
340 345 350

att gac aag aat ggc att tgg tac taa 1083
Ile Asp Lys Asn Gly Ile Trp Tyr
355 360

<210> 14

<211> 360

<212> PRT

<213> Borrelia burgdorferi

<400> 14
Met Lys Lys Val Lys Ser Lys Tyr Leu Ala Leu Gly Leu Leu Phe Gly
1 5 10 15
Phe Ile Ser Cys Asp Leu Phe Ile Arg Tyr Glu Met Lys Glu Glu Ser
20 25 30
Pro Gly Leu Phe Asp Lys Gly Asn Ser Ile Leu Glu Thr Ser Glu Glu
35 40 45
Ser Ile Lys Lys Pro Met Asn Lys Lys Gly Lys Gly Lys Ile Ala Arg
50 55 60
Lys Asn Gly Lys Ser Lys Val Ser Gly Lys Glu Pro Phe Ile His Ser
65 70 75 80
Phe Lys Arg Asp Ala Ala Asn Lys Ser Asn Phe Leu Gln Lys Asn Val
85 90 95
Met Leu Glu Glu Glu Ser Leu Lys Thr Glu Leu Leu Lys Glu Gln Ser
100 105 110
Glu Thr Arg Lys Glu Lys Ile Gln Lys Gln Gln Asp Glu Tyr Lys Gly
115 120 125
Met Thr Lys Gly Ser Leu Asn Ser Leu Ser Gly Glu Ser Gly Glu Leu
130 135 140
Lys Glu Thr Ile Glu Ser Asn Glu Ile Asp Ile Thr Ile Asp Ser Asp
145 150 155 160
Leu Arg Pro Lys Ser Ser Leu Gln Asp Ile Ala Gly Ser Asn Ser Ile
165 170 175
Ser Tyr Thr Asp Glu Ile Glu Glu Glu Asp Tyr Ala Arg Tyr Tyr Leu
180 185 190
Asp Glu Asp Asp Glu Asp Asp Glu Tyr Tyr Glu Asp Asp Tyr Glu Glu
195 200 205
Ile Arg Leu Ser Asn Arg Tyr Gln Ser Tyr Leu Glu Gly Val Lys Tyr
210 215 220
Asn Val Asp Ser Ala Ile Asn Thr Ile Asn Lys Ile Tyr Asp Thr Tyr
225 230 235 240
Thr Leu Phe Ser Thr Lys Leu Thr Gln Met Tyr Ser Thr Arg Leu Asp
245 250 255
Asn Leu Ala Lys Ala Lys Ala Lys Glu Glu Ala Ala Lys Phe Thr Lys
260 265 270
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Glu Asp Leu Glu Lys Asn Phe Lys Thr DLeu Leu Asn Tyr Ile Gln Val
275 280 285
Ser Val Lys Thr Ala Thr Asn Phe Val Tyr Ile Asn Glu Met His Ala
290 295 300
Lys Arg Lys Leu Glu Asn Ile Glu Ala Lys Ile Lys Thr Leu Ile Ala
305 310 315 320
Lys Ile Lys Glu Lys Ser Asn Leu Tyr Ser Ala Tyr Lys Ala Ile Val
325 330 335
Ser Ser Ile Leu Leu Met Arg Asp Ser Leu Lys Glu Val Gln Tyr Ala
340 345 350
Ile Asp Lys Asn Gly Ile Trp Tyr
355 360

<210> 15

<211> 1083

<212> DNA

<213> Borrelia burgdorferi

<220>
<221> CDsS
<222> (1)..(1083)

<400> 15
atg aaa aaa gtt aaa agt aaa tat ttg gct ttg gga tta ctt ttt ggt 48
Met Lys Lys Val Lys Ser Lys Tyr Leu Ala Leu Gly Leu Leu Phe Gly

1 5 10 15

ttt ata agt tgt gat tta ttec ata aga tat gaa atg aaa gag gaa tcc 96
Phe Ile Ser Cys Asp Leu Phe Ile Arg Tyr Glu Met Lys Glu Glu Ser
20 25 30

cct ggc tta ttt gat aag gga aac tet att tta gag act agc gag gaa 144
Pro Gly Leu Phe Asp Lys Gly Asn Ser Ile Leu Glu Thr Ser Glu Glu
35 40 45

tct att aaa aag cct atg aat aag aaa ggt aaa ggt aag att gct aga 192
Ser Ile Lys Lys Pro Met Asn Lys Lys Gly Lys Gly Lys Ile Ala Arg
50 55 60

aag aaa ggc aaa agc aag gtt tct aga aaa gaa ccg tat att cat agt 240
Lys Lys Gly Lys Ser Lys Val Ser Arg Lys Glu Pro Tyr Ile His Ser
65 70 75 80

tta aaa agg gac tct gct aat aaa agc aat ttt tta caa aaa aat gta 288
Leu Lys Arg Asp Ser Ala Asn Lys Ser Asn Phe Leu Gln Lys Asn Val
85 90 95

att tta gag gaa gaa agt tta aaa act gaa tta tta aaa gag caa tct 336
Ile Leu Glu Glu Glu Ser Leu Lys Thr Glu Leu Leu Lys Glu Gln Ser
100 105 110

gag act aga aaa gaa aaa ata caa aaa caa caa gat gaa tat aaa ggg 384
Glu Thr Arg Lys Glu Lys Ile Gln Lys Gln Gln Asp Glu Tyr Lys Gly
115 120 125

atg act caa gga agt tta aat tcc ctt agc ggt gaa agt ggt gaa ttg 432

Met Thr Gln Gly Ser Leu.Asn Ser Leu Ser Gly Glu Ser Gly Glu Leu
130 135 140
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aag gag act att gaa agc aat gaa att gat att act ata gat tct gat 480
Lys Glu Thr Ile Glu Ser Asn Glu Ile Asp Ile Thr Ile Asp Ser Asp
145 150 155 160

tta agg cca aag agt tcc tta caa gac att gca gga tca aac tct att 528
Leu Arg Pro Lys Ser Ser Leu Gln Asp Ile Ala Gly Ser Asn Ser Ile
165 170 175

tca tac act gat gaa ata gag gaa gag gat tat gct cgg tat tat tta 576
Ser Tyr Thr Asp Glu Ile Glu Glu Glu Asp Tyr Ala Arg Tyr Tyr Leu
180 185 190

gat gaa gat gat gaa gat gat gaa tat tat gaa gat gat tat gag gaa 624
Asp Glu Asp Asp Glu Asp Asp Glu Tyr Tyr Glu Asp Asp Tyr Glu Glu
195 200 205

ata aga tta agc aat cga tat caa tct tat cta gaa ggt gtt aaa tat 672
Ile Arg Leu Ser Asn Arg Tyr Gln Ser Tyr Leu Glu Gly Val Lys Tyr
210 215 220

aat gta gat tca gca att aac aca att aat aag ata tat gat act tat 720
Asn Val Asp Ser Ala Ile Asn Thr Ile Asn Lys Ile Tyr Asp Thr Tyr
225 230 235 240

aca tta ttc tca aca aag cta acc caa atg tat tct aca cgc ctt gac 768
Thr Leu Phe Sér Thr Lys Leu Thr Gln Met Tyr Ser Thr Arg Leu Asp
245 250 255

aac ctt gct aaa gcc aaa gct aaa gaa gaa gct gca aag ttt aca aaa 816
Asn Leu Ala Lys Ala Lys Ala Lys Glu Glu Ala Ala Lys Phe Thr Lys
260 265 270

gaa gac ctt gaa aaa aat ttc aag acc tta tta aat tat att caa gta 864
Glu Asp Leu Glu Lys Asn Phe Lys Thr Leu Leu Asn Tyr Ile Gln Val
275 280 285

agt gta aag act gca gca aat ttt gta tac ata aat gac acg cat gca 912
Ser Val Lys Thr Ala Ala Asn Phe Val Tyr Ile Asn Asp Thr His Ala
290 295 300

aaa agg aaa tta gag aac att gaa gca gaa ata aaa act tta att gca 960
Lys Arg Lys Leu Glu Asn Ile Glu Ala Glu Ile Lys Thr Leu Ile Ala
305 310 315 320

aag atc aaa gaa caa tct aat tta tac gaa gca tat aaa gca ata gta 1008
Lys Ile Lys Glu Gln Ser Asn Leu Tyr Glu Ala Tyr Lys Ala Ile Val
325 330 335

acg tca atc tta tta atg agg gat tct ctt aaa gaa gtg caa ggt atc 1056
Thr Ser Ile Leu Leu Met Arg Asp Ser Leu Lys Glu Val Gln Gly Ile
340 345 350

att gac aag aat ggc gtt tgg tac taa 1083
Ile Asp Lys Asn Gly Val Trp Tyr
355 360

<210> 16

<211> 360

<212> PRT

<213> Borrelia burgdorferi
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<400> 16
Met Lys Lys Val Lys Ser Lys Tyr Leu Ala Leu Gly Leu Leu Phe Gly
1 5 10 15
Phe Ile Ser Cys Asp Leu Phe Ile Arg Tyr Glu Met Lys Glu Glu Ser
20 25 30
Pro Gly Leu Phe Asp Lys Gly Asn Ser Ile Leu Glu Thr Ser Glu Glu
35 40 45
Ser Ile Lys Lys Pro Met Asn Lys Lys Gly Lys Gly Lys Ile Ala Arg
50 55 60
Lys Lys Gly Lys Ser Lys Val Ser Arg Lys Glu Pro Tyr Ile His Ser
65 70 75 80
Leu Lys Arg Asp Ser Ala Asn Lys Ser Asn Phe Leu Gln Lys Asn Val
85 90 95
Ile Leu Glu Glu Glu Ser Leu Lys Thr Glu Leu Leu Lys Glu Gln Ser
100 105 110
Glu Thr Arg Lys Glu Lys Ile Gln Lys Gln Gln Asp Glu Tyr Lys Gly
115 120 125
Met Thr Gln Gly Ser Leu Asn Ser Leu Ser Gly Glu Ser Gly Glu Leu
130 135 140
Lys Glu Thr Ile Glu Ser Asn Glu Ile Asp Ile Thr Ile Asp Ser Asp
145 150 155 160
Leu Arg Pro Lys Ser Ser Leu Gln Asp Ile Ala Gly Ser Asn Ser Ile
165 170 175
Ser Tyr Thr Asp Glu Ile Glu Glu Glu Asp Tyr Ala Arg Tyr Tyr Leu
180 185 190
Asp Glu Asp Asp Glu Asp Asp Glu Tyr Tyr Glu Asp Asp Tyr Glu Glu
195 200 205
Ile Arg Leu Ser Asn Arg Tyr Gln Ser Tyr Leu Glu Gly Val Lys Tyr
210 215 220
Asn Val Asp Ser Ala Ile Asn Thr Ile Asn Lys Ile Tyr Asp Thr Tyr
225 230 235 240
Thr Leu Phe Ser Thr Lys Leu Thr Gln Met Tyr Ser Thr Arg Leu Asp
245 250 255
Asn Leu Ala Lys Ala Lys Ala Lys Glu Glu Ala 'Ala Lys Phe Thr Lys
260 265 270
Glu Asp Leu Glu Lys Asn Phe Lys Thr Leu Leu Asn Tyr Ile Gln Val
275 280 285
Ser Val Lys Thr Ala Ala Asn Phe Val Tyr Ile Asn Asp Thr His Ala
290 295 300
Lys Arg Lys Leu Glu Asn Ile Glu Ala Glu Ile Lys Thr Leu Ile Ala
305 310 315 320
Lys Ile Lys Glu Gln Ser Asn Leu Tyr Glu Ala Tyr Lys Ala Ile Val
325 330 335
Thr Ser Ile Leu Leu Met Arg Asp Ser Leu Lys Glu Val Gln Gly Ile
340 345 350
Ile Asp Lys Asn Gly Val Trp Tyr
355 360

21/21



INTERNATIONAL SEARCH REPORT Intert........al application No.
PCT/FI 02/00951

A. CLASSIFICATION OF SUBJECT MATTER

IPC7: GOIN 33/53 // GOIN 33/569

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC7: GOIN

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

SE,DK,FI,NO classes as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-INTERNAL, WPI DATA, PAJ, BIOSIS, MEDLINE

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*| Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X Abstracts of the General meeting of the American 1-4,6-13,
Society of Microbiology, Volume 100, 2000, A.P. Van 15-17,19
Dam et al, "V-12. BBK32 is an Important Diagnostic
Antigen in Lyme Borreliosis", page 661, abstract

Y 5,14,18
X Immunity, Volume 6, 1997, Erol Fikrig et al, 1-4,6-13,
"Borrelia burgdorferi P35 and P37 Proteins, 15-17,19

Expressed In Vivo, ETlicit Protective Immunity",
pages 531-539, abstract

Y 5,14,18

Further documents are listed in the continuation of Box C. I_jl See patent farnily annex.

¥ Special categories of cited documents: “T”  later document published after the international filing date or pricrity

“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
ng» : : : : . -
E ?_leltirggerdzgghcauon or patent but published on or after the international “X”  document of particular relevance: the claimed invention cannot be

considered novel or cannot be considered to involve an inventive

“L”  document which may throw doubts on priority claim(s} or which is step when the document is taken alone
cited to establish the publication date of another citation or other "
special reason {as specified) Y” document of particular relevance: the claimed invention cannot be .

considered to involve an inventive step when the document is

” " : : 1 ves
o S&C;nrg ent referring 1o an oral disclosure, use, exhibition or other go;nbin}e]d' with one or more other such documents, su¢h combination
. . . . cing obvi : illed i
“P” document published prior to the international filing date but later than " on & ous to & person skilled in the art
the priority date claimed . &” document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report

1 -pz-
5 March 2003 1 05- 2003

Name and mailing address of the ISA/ Authorized officer

Swedish Patent Office

Box 5055, §-102 42 STOCKHOLM TERESE PERSSON/BS
Facsimile No. +46 8 666 02 86 Telephone No. 446 8 782 25 00

Form PCT/ISAJ210 (second sheet) (July 1998)



INTERNATIONAL SEARCH REPORT

Internauwaal application No.

PCT/FI 02/00951

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category*| Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 9742325 AL (YALE UNIVERSITY), 13 November 1997 1-4,6~13,
(13.11.97) 15-17,19
Y 5,14,18
X WO 0120325 A1 (IMMUNETICS, INC.), 22 March 2001 1-4,6-13,
(22.03.01), page 15, 1ine 7 ~ line 15 15-17,19
Y 5,14,18
A 1-19
X J. Med. Microbiol, Volume 50, 2001, Louis A. 1-4,6-13,
Magnarelli et al, "Reactivity of dog sera to 15-17,19
whole-cell or recombinant antigens of Borrelia
burgdorferi by ELISA and immunoblot analysis®,
pages 889-895, abstract; page 893, column 1,
last paragraph
Y 5,14,18
X Journal of Clinical Microbiology, Volume 35, No. 1, 1-4,6-13,
1997, Robert D. Gilmore et al, "Molecular 15-17,19
Characterization of a 35-Kilodalton Protein of
Borrelia burgdorferi, an Antigen of Diagnostic
Importance in Early Lyme Disease",
pages 86-91, abstract, discussion
Y 5,14,18
X Journal of Clinical Microbiology, Volume 38, No. 5, 1-4,6-13,
2000, Louis A. Magnarelli et al, "Serologic 15-17,19
Diagnosis of Lyme Borreliosis by Using
Enzyme-Linked Immunosorbent Assays with Recombinant
Antigen", pages 1735-1739, abstract, page 175,
column 2, paragraph 3
Y 5,14,18

Form PCT/ISA/210 (continuation of second sheet) (July 1998)




INTERNATIONAL SEARCH REPORT

Internanonal application No.

PCT/FI 02/00951

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

P,X

P,Y

P,X

P,Y

Infection and Immunity, Volume 69, No. 6, 2001,
William S. Probert et al, "Mapping the
Ligand-Binding Region of Borrelia burgdorferi
Fibronectin-Binding Protein BBK32",
pages 4129-4133, page 1738, column 1, lines
21-24

WO 0077041 A2 (THE TEXAS A & M UNIVERSITY SYSTEMS),
21 December 2000 (21.12.00), page 26,
line 14 - line 23

Infection and Immunity, Volume 67, No. 1, 1999,
Evren Akin et al, "The Immunoglobulin (IgG)
Antibody Response to OspA and OspB Correlates with
Severe and Prolonged Lyme Arthritis and the IgG
Response to P35 Correlates with Mild and Brief
Arthritis®, pages 173-181

Journal of Clinical Microbiology, Volume 37, No.
12, 1999, M.B. Lawrenz et al, "Human Antibody
Responses to VIsE Antigenic Variation Protein of
Borrelia burgdorferi”, pages 3997-4004

Journal of Clinical Microbiology, Volume
40, No. 4, 2002, Tero Heikkila et al,
"Recombinant BBK32 Protein in Serodiaghosis of
Early and Late Lyme Borreliosis", pages 11741180

WO 0220046 A1l (THE TEXAS A & M UNIVERSITY SYSTEM),
14 March 2002 (14.03.02)

1-4,6-13,
15-17,19

5,14,18

5,14,18

1-19

1-19

5,14,18

1-4,6~13,
15-17,19

5,14,18

Form PCT/ISA/210 (continuation of second sheet) (July 1998)




INTERNATIONAL SEARCH REPORT Infer nal application No,
PCT/FI02/00951

Box 1 Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. X] ClaimsNos:4,6-13,15-17 and 19 (all partially)
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

see next sheet

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box 11 Observations where unity of invention is lacking (Continuation of item 2 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all
searchable claims. ’ )

As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

L]

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees wetre accompanied by the applicant’s protest.

l:] No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (1)) (July1998)



INTERNATIONAL SEARCH REPORT Intem application No.
PCT/FI02/00951

Present claims 4, 6-13, 15-17 and 19 relate to a large number of
possible proteins due to the expression “immunogenic proteins”.
Support within the meaning of Article 6PCT and disclosure within the
meaning of Article 5 PCT is to be found, however, for only a very ‘
small proportion of the immunogenic proteins. In the present case,
the claims so lack support, and the application so lacks disclosure,
that a meaningful search over the whole of the claimed scope is
impossible.

Consequently, the search has been carried out for those parts of the
claims which appear to be supported and disclosed, namely those
parts related to the immunogenic proteins disclosed in the present
application at page 4, line 25-27.

The applicant's attention is drawn to the fact that claims relating
to inventions in respect of which no international search report has
been established will not be the subject of an international
preliminary examination (Rule 66.1(e) PCT). This is the case
irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter II procedure.

Additional remark,;

Having consulted the applicant’s agent by telephone, 6 March 2003,
the present claim 9 has been interpreted to relate to “borrelia
peptides of BBK32” instead of “borrelia peptides”.
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