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Sequence analysis of ospA genes shows homogeneity within
Borrelia burgdorferi sensu stricto and Borrelia afzelii strains but reveals
major subgroups within the Borrelia garinii species
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Abstract The genes coding for the outer surface protein
A (OspA) of 19 different Borrelia burgdorferi strains be-
longing to the seven OspA-serotypes 1-7, previously de-
scribed [Wilske et al. (1993) J Clin Microbiol, 31:
340-350], have been investigated. B. burgdorferi sensu
lato strains were chosen from various biological sources
(ticks, human skin and cerebrospinal fluid) as well as dif-
ferent geographical origins (Germany, Slovenia, Austria,
United States). The open reading frames of all ospA genes
consist of 819-825 nucleotides corresponding to proteins
of approximately 30 kDa. The ospA sequences obtained in
this study and previous published studies were compared
with the results from OspA serotyping with monoclonal
antibodies. The classification into the seven OspA sero-
types could be confirmed on a genetic basis (ospA geno-
types 1-7) for all strains analyzed so far (n=29). In addi-
tion, one strain without OspA expression could be assigned
to ospA genotype 2. Genetic stability could be proven for
the ospA gene of B. burgdorferi strain PWudl after inoc-
culation and reisolation from a gerbil. However, we found
evidence for intragenic recombination by cluster analysis
of ospA sequence data. Accordance of ospA genotype 1
strains with B. burgdorferi sensu stricto and ospA geno-
type 2 strains with B. afzelii, as well as the ospA genotype
strains 3—7 with B. garinii was confirmed by pulsed-field
gel electrophoresis of Mlul-digested genomic DNA. B. ga-
rinii is not only more heterogenous in respect to the OspA-
encoding genes, but shows moreover major subgroups
formed by genotypes 4, 5 and 6 and genotypes 3 and 7, re-
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spectively. The latter group has not been described previ-
ously and is specifically recognized by an OspA-specific
monoclonal antibody L32 1F7.
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Introduction

Lyme borreliosis is a global tick borne disease caused by
the spirochete Borrelia burgdorferi sensu lato [5, 11, 34].
The human disease is a multisystem disorder involving pre-
dominantly the skin, the nervous system and the joints [2,
34]. Lyme disease spirochetes have been reclassified into
three different species [3, 13]. B. burgdorferi sensu stricto
B. afzelii and B. garinii. In Asia B. japonica sp. nov. has
been described [43].

The majority of Lyme disease spirochetes express a ma-
jor plasmid-encoded outer surface protein A (OspA) [4, 6,
10] which varies considerably in phenotype and sequence
[1,7,17, 33,37, 39, 41, 45]. This protein is also a prom-
ising candidate for a vaccine [20, 32]. In a previous study
we found a clear correlation between the classification into
the different species and serotyping with monoclonal anti-
bodies against OspA. OspA serotype 1 and 2 corresponded
to two different species (B. burgdorferi sensu stricto and
B. afzelii, respectively). OspA serotypes 3-7 belonged to
a single species (B. garinii). In a limited number of strains,
partial ospA sequence analysis confirmed the OspA sero-
types [41].

OspA serotype 2 (B. afzelii) was primarily isolated from
European patients with skin manifestations [35, 39, 41].
This was confirmed by the preferential reactivity of this
type of strain with sera from patients with acrodermatitits
chronica atrophicans [38]. Cerebrospinal fluid CSF and
tick isolates are rather heterogeneous: B. garinii strains are
more often isolated than B. burgdorferi sensu stricto or
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B. afzelii [41]. In addition, skin isolates from patients with
signs of dissemination were primarily classified as B. burg-
dorferi sensu stricto or B. garinii [35]. It is still controver-
sially discussed whether strains causing neuroborreliosis
differ from tick strains in subtypes of B. garinii [18, 41].
Therefore, it appears important to find reliable methods for
subtyping strains within the species. The aim of this study
was to analyze a broad panel of isolates for the genetic di-
versity of OspA as a tool for classification, and to prove
whether there is an agreement of the ospA genotype with
the previously described OspA serotype [41].

Here, we report the results of ospA sequence analysis
of 19 strains including two representatives of all seven
OspA serotypes previously described. Cluster analysis of
the ospA genes revealed three main clusters corresponding
to the three species. The considerable diversity of the ospA
gene among B. garinii strains presented here, shows ma-
jor subgroups which are in accordance to OspA serotype
4, 5, and 6, respectively, and a subgroup comprising of
OspA serotype 3 and 7.

Table 1 Borrelia burgdorferi sensu lato strains analyzed for ospA
genotype and comparison with OspA serotype. PWudl/6 was reiso-
lated from gerbil; species was determinated by pulsed-field gel elec-
trophoresis; OspA serotypes were determined as described [41]

Strain Biological Geo- Species ospA- OspA-
source graphic geno- Sero-
source type type
PKa CSF Germany B. burgdorferis.s. 1 1
PBre Skin Germany B. burgdorferis.s. 1 1
T255 Tick Germany B. burgdorferis.s. 1 1
297 CSF USA B. burgdorferis.s. 1 1
PWudl  Skin Germany B. afzelii 2 2
PWudl/6  Gerbil Germany B. afzelii 2 2
PLe Skin Germany B. afzelii 2 2
PLud Skin Germany B. afzelii 2 2
PHo CSF Germany B. afzelii 2 2
PL;j7 Skin Slovenia B. afzelii 2 2
PBo CSF Germany B. afzelii 2 0
PBr CSF Germany B. garinii 3 3
PTrob Skin Solvenia B. garinii 4 4
PHei CSF Germany B. garinii 5 5
WABSou Skin Austria  not done 5 5
PWUdII  Skin Germany B. garinii 6 6
TN Tick Germany B. garinii 6 6
TIs1 Tick Germany B. garinii 6 6
T25 Tick Germany B. garinii 7 7

Material and methods
Borrelia spp. strains and cultivation

All B. burgdorferi strains were cultivated in MKP medium [27] at
33°C. Designation and origin of B. burgdorferi sensu lato strains
used in this study are given in Table 1.

Nucleic acid techniques

B. burgdorferi sensu lato strains were grown to a cell density of
10°/ml. Cultures were harvested by centrifugation. Genomic DNA
was isolated without fractionating plasmid and chromosomal DNA
using the method of Langenberg et al. [23]. Total DNA of Burgdor-
Seri sensu lato strains was analyzed by pulsed-field gel electropho-
resis (PFGE) as described by Busch et al. [12]. For cloning and ex-
pression procedures E. coli strain JM109 [44] and plasmid pUCI18
[36] were used. Cells were grown in L-broth at 37°C, plasmid cont-
aining strains were grown in media supplemented with ampicillin
(50 mg/ml). Restriction enzyme digest, DNA ligation, transforma-
tion of competent cells, plasmid isolation, agarose gel electrophore-
sis and Southern blotting onto nitrocellulose membrane (Schleicher
& Schuell) were performed by conventional techniques as described
[31].

Oligonucleotides were synthesized on a “gene-assembler plus”
(Pharmacia, Freiburg) and were purified on NAP10 columns (Phar-
macia) as suggested by the manufacturer. PCR amplifications (50 ut
volume) were carried out as described by the manufacturer (Ce-
tus/Perkin-Elmer, Langen) using two different 5 primers in combi-
nation with one 3 primer [45] to obtain the coding sequences for the
genes with and without leader sequence; 25 cycles (DNA denatura-
tion at 94°C for 2 min, primer annealing at 45°C for 2 min and prim-
er extension at 73°C for 4 min) were performed. Analysis of the PCR
products was performed by gel electrophoresis (1.5% agarose gel
containing 0.5 pg/ml ethidium bromide), ospA-positive PCR prod-
ucts were digested with appropriate restriction enzymes and ligated
into pUC18 vector after extraction with chloroform and precipita-
tion with ethanol. Recombinant plasmids were sequenced by the di-
desoxy chain-termination method using the dye Terminator-Taq cy-
cle sequencing kit according to the instructions of the manufacturer
(ABI 373 DNA-sequencer, Applied Biosystems GmbH, Weiter-

stadt). The cloning and sequencing of ospA genes of strains PKo and
PBI has been described previously [45], their ospA-coding regions
were PCR amplified and sequenced for internal control. For DNA
sequencing, ospA-specific primers were used derived from sequenc-
es previously obtained.

Sequence analysis and nucleotide sequence accession numbers
of ospA

For comparison of sequences the GCG (Vers. 7.0) software [16] was
used. The amplified ospA nucleotide sequences of the B. burgdorfe-
ri sensu lato strains have been assigned the following EMBL/Gen-
Bank accession numbers: PKal (X80182), PBo (X80183), PWudl
(X80184), PWudl/6 (X80185), PTrob (X80186), PHei (X80251), TN
(X80252), PWudlIl (X80253), T25 (X80254), PBr (X80256), PLud
(X85439), PHo (X85437), PBre (X85739), T255 (X855443), 297
(X85442), PLj7 (X85438), WABSou (X85441), TIs1 (X85440), and
PLe (X85982).

Results
Determination of the species by PFGE

PFGE after Mlul digestion allowed the classification of ge-
nomic DNA of all investigated B. burgdorferi sensu lato
strains into the different B. burgdorferi sensu lato species
(B. burgdorferi sensu stricto B. afzelii and B. garinii) ac-
cording to their characteristic large restriction fragment
pattern (LRFP) (see Table 1) as described by Belfaiza et
al. [9]. Mlul-digested genomic DNA of B. burgdorferi
sensu stricto isolates PKal and PBre showed a character-
istic DNA band with size of 135 kb, whereas B. afzelii iso-



Fig. 1 Pulsed-field gel electro-
phoresis of Miul restriction di-
gest of whole Borrelia DNA.
Lane M Lambda concatemer,
48.5 kb; B. burgdorferi sensu
stricto strains PKal and PBre
(lanes 1 and 2); B. afzelii
strains PWudl and PLud (lanes
3 and 4); B. garinii strains PBr,
PBi, PTrob, PHei, PWudll,
TIs1 and T25 (lanes 5-11, re-
spectively). Characteristics
bands for B. garinii (80, 220
kb) are indicated on the right.
On the left side, characteristic
bands for B. afzelii (90, 320,
460 kb) and for B. burgdorferi
sensu stricto (135 kb) are
marked

lates PWudl and PLud are indicated by 90-, 320- and 460-
kb bands. In contrast, B. garinii isolates PBr (OspA sero-
type 3), PBi (serotype 4), PTrob (serotype 4), PHei (sero-
type 5), PWudlIl (serotype 6), TIsl (serotype 6), and T25
(serotype 7), were characterized by DNA bands of 80 and
220 kb (Fig. 1).

Cloning and sequencing of the ospA genes

The ospA genes of 19 different B. burgdorferi sensu lato
strains (listed in Table 1) have been PCR amplified, cloned
and sequenced. Their open reading frames consist of
822-825 nucleotides, which corresponds to proteins of
272-273 amino acids (aa), respectively (Fig. 2).

The ospA sequences of all investigated B. burgdorferi
sensu stricto (OspA serotype 1) and B. afzelii (serotype 2)
type strains showed a gap of 3 nucleotides at position
521-523 (PKo numbering) if compared to B. garinii
strains. A similar 3-bp deletion was detectable in the ospA
of B. garinii OspA serotype 4 strains (PBi and PTrob) at
position 518-520 (PKo numbering) and B. garinii OspA
serotype 5 strains (PHei and WABSou) at position
622-624. In contrast, B. garinii serotype 3 (PBr), serotype
6 (PWudlIl, TN, TIs1) and serotype 7 (T25) strains did not
show any characteristic deletion within the overall se-
quence of ospA.
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Analysis of the deduced aa sequences

The deduced aa sequences (overall sequence) of the vari-
ous ospA genes investigated in this study share identities
between 74.7-100% (Table 2). Within the B. burgdorferi
sensu stricto and B. afzelii group OspA nearly reaches ho-
mogeneity (98.5-100%), whereas among strains of the B.
garinii group (OspA serotypes 4-7) OspA appeared to be
heterogenous (79.6-100%). In detail, B. garinii-type
strains of the same OspA serotype share a striking identity
on the molecular level of the OspA sequences presented
here (99.3% within OspA serotype 4, 99.3% within OspA
serotype 5 and 96.7-100% within OspA serotype 6
strains). Highest diversity (78.4-82.1%) was observed
with OspA of B. garinii strains PBr and T25 (OspA sero-
type 3 and 7, respectively); they differ clearly if compared
to the other B. garinii stains. These results show agreement
between ospA genotypes (presented here in this study) and
their respective phenotypes (OspA serotypes), as previ-
ously determined with monoclonal antibodies [41]. For
ease of presentation and due to identities observed within
the OspA aa sequences, the alignment to create Fig. 2 was
carried out only with a set of 12 of the 19 investigated
strains covering typical representatives of all three species
and all seven OspA sero/genotypes (Fig. 2, OspA serotype
in parentheses).



soy
-Sep se ge [eonuop! ‘sjutod se pojuasatd . _po-y---3--- -Y--------

-0 o1e suonsod proe outwe SUISSIUI “S9S  _ . _p_ . _y(--qo- -3mom-----
-oyuared ur pajeoipur s adKjouag oros S U

ydsQ ‘surens 1 jo souanbas poe oupwe - He-qmm - ~Memmmmmmme
vdsQ peonpop oy JoyuoumdTy ¢34 00 e
|||||||||||||| U= =~ =

..... T---Y3--- -5---3--Uu-

..... T---33--- -S--~-Y--U-

---e--€--p---¥ ds---3---3
-~--B---B-p-~-¥ ds---eu--1

vLT
ALAFDSMSIN MSTIALDAEMA -TLIMDAVVT
||||||| T-~ --—fA---=3- ¥Y---------
....... T-- --=A----3- Y-----~=-~
IIIIIIIIIIIIIIIIII “I Vﬁlllllllll
.................. Fm Ammmmmm e
...... ud-y ---A--~-3- Y-~--"----
llllll ud-y§ ---A----3- H-~--"---~
....... -8 -—----=-=--- B--A-"-U-A
||||||| B-® ---------- ®--A-'-U-A
N B e T Aw-=--"==]-
B T TS A-=-==-"=-=-]-
|||||| B--= =-=-----©9- 3-}-9---3-
.................. 3- 3-3-9-6p3-
00z
HALINSTIAAY ILIAASIAd AADHTADSON
|||||||||| ——--A--=--] -=-=-3----
IIXIU ||||| N N T [ R
.......... ——=eA-==-]} ----=Q----
.......... =A== ==-]} —=-=-Q----
||||||||| S —-mmeeeee8 memmme -
lllllllllllllllllll m Ill||“||||
IIIIIIIIIIIIIIIIIIII IUIIIIIIII
|||||||||||||||||||| I”Illl'lll
-~--bB---8 ~---A----€ -A--------
----bb---- ----A----® ~A--------
R B > BR -A---—--- -
----bu--bg --------- B —-mmmm e -

Y 00T

™~

LOATLA -MTA ANTADLOASA

|||||| p--- ---=--8----
|||||| pP--- -----8----
IIIIII .ﬂu!ll IIIIII.VHIII
IIIIII UII| llIIIl.VHIII
----B-P--® ~-----—-—-
R = R
-mm-- U--- ==--—=-==-
M----- U--- ==mm—mm=
- -A-S--- —---- S----
B O - T S----
|||||| S--- -----g--ub
B -T R S--u-

N TYNMTHEQTINIHA YIOFINLOVYS JTAMOALILAH MLAATOMINA

[ |
U S,
......... b
......... b
--b-~-=--- u-
--b-ww-- u-
U---~-=--- u-
u-u----- u-
0s¢
IALASTILON
Ww----- A==
W----- -
......... P
......... 2
0sT
DMIMIEASAT
[ § )
U~ - -
0s

SNASILTLSL ASAMYDIMNL YOLIALANTY

..... U---b ----mmmeee e Yoo - -8-P--
..... U---b --eceeeeen oY - -g-p--
||||||||| b x-3------- b---3-5--u B'ss~--p--
||||||||| 3 I-------- B---3-s--u B'gs---p--
e 1 S U-----~=- ---SUsS---9
R 4 S U---~---~ ---sus---9°
|||||| Qrmm mmmmmmmme s e mmem e e U -
|||||| R e e L * L
..... p---- ---3------ b-u--€---- -egg-----2
..... p---- ---3------ B-u--€---- -BEg-----9
......... b --------- ----3-8--p -d-----3-2
....... d-b --3------- p-3}-9----p -d--------

T0C
TALILAISTH OMENANHHLS SMMISIAMNAS ATIADATAAT
——A----- T- ~---mm - e R
--A----- e mmmm e m - el R
S T- —mmmmmm - - R R
—-A---== T- ——-mmm - e R
- - ——e--- - T- -----~ U-mme —mmm e -
- --B----- T- -==-- Ummmm mmmmmem oo
- -W--B-=-w -—=w- W---- J--m=8-=d- -—m---m=mn 1
9--W--B--- -—---- W---- J----G--T~ -—m=--—=un 1
me e T A mmmmmmmm e e m e oo B-rm mmmmm oo
|I|lﬂl||>| ||||||||||||||||||||||||||||||
B e G e TP
B e U--J- ~=—=-=m=mm—

TO0T

(9)
(9)
(9)
(S}
(%)
(%)
(T)
(T)
(1)
(1)
(L)
(€)

(9)
(9)
{(9)
(s)
(%)
(%)
()
()
(T)

(L)
(€)

hE=1i(olg]
ISIL
IIpnMd
nosgvm
I9HA
qoiLd
Tdad
LL1g
IpnMd
2a1dd
L6T
szl
agd

:1si{ele}
TSIL
IIPNMd
nosgyM
ToHd
qoaxrd
Tad
LC1a
IpnmMd
3add
L6T
SZTL
1gd

t8SU0D
ISIL
IIpnMd
NOSHYM
TSHA
qoxld
Tdd
Ll1a
IpnMd

Sadd
L6z

SZL
add



Table 2 OspA amino acid sequence identities (in %) of the 19 Borrelia burgdorferi sensu lato strains investigated in this study. Strains of the same species are boxed

1

Genotype

T25

PBi PTrob PHei WAB- PWudll TN TiIsl
Sou

PLud PHo PLj7 PBo Wudl/6 PBr

PKo PWudl PLe

T255 297

PKal PBre

Strain

87.2
78.8
78.3
80.2
80.6
82.1
82.1
81.0

879 89.0
87.6 88.7
90.8 92.7
91.6 934
96.7
96.7

79.6 80.3

100

79.6
87.9
87.6
90.8
91.6

80.6
85.7
85.3
99.2

80.2
86.0
85.7

79.9
99.2

71.3
100

77.3
76.9
76.9
77.7

77.3
76.9
76.9
71.1

75.8
75.5
75.5
76.2

76.9
76.6
76.6
77.2

713 769
76.9 76.6
769 176.6

71.1_71.3

100 |[77.3
98.9 769
99.2176.9

71.7

98.2

99.6

WABSou

PKal
PBre
T255
297
PKo
PWudl
PLe
PLud
PHo
PLj7
PBo
Wudl/6
PBr
PBi
PTrob
PHei
PWudll
TN
TIs1
T25
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All OspA protein sequences are almost identical within
the N terminus (aa 1-36), except the B. afzelii strains
(genotype 2) which show a change from valine to aspara-
gine at position 30 (see Fig.2). OspA sero/genotype 5
strains (PHei and WABSou) are characterized by a dele-
tion of an aa at position 209, OspA serotype 1, 2 and 4
strains by a deletion at aa 175 (Fig. 2). Comparison of the
aa sequences of B. garinii OspA sero/genotypes if com-
pared with OspA of the other strains. In the region between
aa 130-274, sequence motif characteristics are clearly vis-
ible corresponding to each of the seven sero/genotypes in-
vestigated. By this method, the ospA genotype of B. ajfze-
lii strain PBo, which does not express OspA, could be de-
termined. It corresponds to ospA genotype 2. This was re-
confirmed as OspA pheno/serotype 2 after analysis of rec-
ombinantly expressed PBo-OspA with monoclonal anti-
bodies (data not shown).

The genetic stability of the ospA gene could be demon-
strated for the B. afzelii strain PWudl. After infection of
gerbil with this strain and reisolation of the Borrelia or-
ganism after 1 week, the ospA gene was isolated, cloned
and sequenced. The DNA sequence of the reisolate (des-
ignated as Wudl/6) showed 100% identity to the ospA gene
of the original infecting strain PWudl. This finding con-
firms earlier described investigations which were made in
immunocompetent mice [8, 26]. Sequence analysis of the
ospA genes of B. afzelii strain PKo and B. garinii strain
PBi from early (PKo: 5; PBi: 7) and late passages (PKo:
302; PBi: 298) confirmed this stability also in the in vitro
system (data not shown).

Cluster analysis of the ospA gene of all 19 strains in-
vestigated in this study and ospA sequences described ear-
lier [10, 14, 17, 20, 22, 37, 45] shows the strong homoge-
neity of ospA within the B. burgdorferi sensu stricto group
(sero/genotype 1) and the B. afzelii group (sero/genotype
2) (Fig. 3). The heterogeneity within the ospA of B. gari-
nii type strains is clearly visible. Separation of strains PBr
and T25 (sero/genotype 3 and 7, respectively), PBi and
PTrob (sero/genotype 4) and PHei and WABSou (both
sero/genotype 5) demonstrates the striking heterogeneity
within this group. The high diversity of ospA of strains PBr
and T25 delimits these from all other B. garinii-type
strains. Following these results, the B. garinii group delin-
eates into major subgroups (Fig. 3) covering the OspA
sero/genotype 3, 7 pair and OspA sero/genotype 4, 5, and
the remainder 6-type strains.

Discussion

The outer surface protein A OspA has been investigated in
many aspects. It was the first outer surface protein de-
scribed [6] and its immunological diversity has been in-
tensively studied [5, 33, 40, 41]. There is a growing body
of evidence that OspA is involved in the pathogenesis of
Lyme borreliosis. OspA may play a role in invasion of ex-
tracellular matrices, adhesion processes and as a factor
stimulating the production of cytokines [15, 21, 24]. In ad-
dition, variation of this protein may be involved in evasion
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Fig. 3 Cluster analysis of ospA DNA sequences (from position
70-822/825 omitting the coding region for the signal sequence) from
19 strains analyzed in this study and 23 sequences already published
[10, 14, 17, 20, 22, 37, 45]

of the borrelia from the host’s immunoresponse [25, 28,
30]. Sequence analysis of ospA has been used as a tool for
classification [14, 17, 22, 41, 45] or investigation of pos-
sible recombination events [17].

In the study presented here, the seven OspA serotypes
previously described [41] could be confirmed on the mo-
lecular basis by sequence analysis of the complete ospA
genes. The sequence data obtained in our laboratory added
another 19 ospA sequences to the 21 sequences already
published. This allowed cluster analysis of ospA with a sig-
nificantly higher number of strains. Using this comprehen-
sive analysis we found the following points.

The ospA tree forms three main clusters which are in
agreement with grouping into the three species B. burg-
dorferi sensu stricto, B. afzelii and B. garinii as derived
from PFGE pattern of Miul-digested DNA. This corrobo-
rates earlier studies with fewer strains performed by Wal-

lich at al. [37] and Dykhuizen et al. [17], and also recon-
firms our results previously obtained with strains analyzed
for ospA partial sequences and 16SrRNA [41].

The B. garinii group turned out to be very heterogene-
ous in contrast to the homogeneity of B. burgdorferi sensu
stricto and B. afzelii (Fig. 3). Two strains included in this
study (PBr and T25) formed a new subgroup within the
B. garinii cluster. Interestingly, OspA of these two strains
is specifically recognized by monoclonal antibody L32
1F7. However, they differ considerably in their ospA gen-
otype, which confirms the immunological classification
into two different serotypes (3 and 7). Strains PBi and
PTrob form another group more related to the other B. ga-
rinii strains than to PBr and T25. Strains PBi and PTrob,
previously assigned to OspA serotype 4, are specifically
recognized by monoclonal antibody L32 1G3 and they
form a separate cluster within the B. garinii group. Of note
was that this was also shown by sequence analysis of the
p 83/100 gene [29].

OspA sero/genotype 5 strains PHei and WABSou form
another special group. The ospA sequence analysis per-
formed by Dykhuizen et al. [17] suggested that ancestors
of PHei underwent intragenic recombination. We found an-
other strain, WABSou, with nearly the same ospA sequence
as PHei, thus showing the same evidence of a recent re-
combination event. These two strains have been both
isolated from human tissue, but from different geogra-
phic regions (Gottingen, Germany; Vienna, Austria). The
question arises as to whether this type of recombination
occurred at different places, or prior to the geographic dis-
tribution of the strains. Our findings and those of Dykhu-
izen et al. confirm that recombination of ospA do not only
take place under laboratory conditions, as previously
shown by Rosa et al. [28]. Thus, recombination events may
occur more often than expected, adding another problem
for development of a OspA vaccine in addition to OspA
heterogeneity.

The possible association of certain OspA types with dif-
ferent disease manifestations is another important aspect.
In Europe, strains isolated from skin belong primarily to
the species B. afzelii, whereas strains isolated from CSF
are very hetergeneous [13, 18, 35, 39, 41]. An open ques-
tion is whether the heterogeneity of CSF isolates simply
reflects the heterogeneity of tick strains [18] or whether
strains with certain OspA types (i.e., type 4) are more prone
to cause neuroborreliosis than others [41]. However, since
there is a close relationship between the OspA- and Ospc
type, the type of OspC may also play a role in pathogene-
sis of the disease [42]. The same may be true for Osp pro-
teins. The finding of Fuchs et al. [21] that OspA is a plas-
minogen receptor indicates an important role of OspA for
dissemination of the borrelia in the host. Thus, molecular
differences of OspA may be associated with different po-
tentials to disseminate, implicating the importance of mo-
lecular and immunological analysis of OspA for identifi-
cation of factors involved in pathogenicity. In addition, our
results have important implications for the development of
diagnostic antigens concerning OspA on the one hand and
for ospA as a target for PCR on the other.
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