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Ten atypical European Borrelia burgdorferi sensu lato (Borrelia spp.) strains were genetically characterized,
and the diversity was compared to that encountered among related Borrelia spp. from North America.
Phylogenetic analyses of a limited region of the genome and of the whole genome extend existing knowledge
about borrelial diversity reported earlier in Europe and the United States. Our results accord with the evidence
that North American and European strains may have a common ancestry.

In Europe, five species of Borrelia burgdorferi sensu lato have
been delineated so far. Three of them are pathogenic for
humans, i.e., B. burgdorferi sensu stricto, B. garinii, and B.
afzelii, whereas the pathogenicity for humans of the two species
B. valaisiana and B. lusitaniae remains uncertain (7). However,
some strains isolated recently from Ixodes ricinus ticks in Ger-
many (five strains) (10), Switzerland (four strains), and Russia
(one strain) are atypical on the basis of their rrf-rrl spacer
restriction patterns. Our aim was to further characterize these
strains by methods involving either a limited region of the
genome, specifically the rrf-rrl spacer and the rrs gene (4, 5), or
the whole genome as determined by pulsed-field gel electro-
phoresis (PFGE) and arbitrarily primed PCR (AP-PCR) (1, 2).
The observed genetic diversity was compared to that described
for Borrelia spp. from North America (5).

When analyzing the polymorphism of the rrf-r7l spacer, we
found that all atypical strains exhibited Msel patterns close to
and Dral patterns quite distinct from those of B31T (Table 1).
To further evaluate the polymorphism, the spacer regions of
the atypical strains and of 10 additional European strains iden-
tified earlier as B. burgdorferi sensu stricto were sequenced
(Table 1). Next, sequences available in databases were com-
pared with the sequences determined in this study. The phy-
logenetic analyses of rrf-rrl spacer sequences conducted by
neighbor joining and unpaired group mathematical averaging
distance methods yielded similar results (data not shown).
They revealed that the strains NE99 and NE271 belonged to B.
burgdorferi sensu stricto, confirming previous results (3). The
remaining European strains constituted separate clusters close
to the North American strains CA13 and CA28 (5). Sequences
obtained from strains NE581, NE49, and Ir-3519 had 100%
identity and only one nucleotide difference with the sequence
of the strain Z41493. However, sequences obtained from other
German strains exhibited 16 nucleotide differences from the
sequence of strain Z41493. The diversity deduced from rrf-rr
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spacer sequences of Borrelia spp. contrasts with the consider-
able homogeneity of B. burgdorferi sensu stricto sequences
noted before (5). Since the rf-r7l spacer sequence was hitherto
strictly correlated with the Borrelia species assignment (4, 5),
our results suggest that some atypical European and North
American strains might represent a new genomic group.

The rrs sequence comparison yielded similarity values rang-
ing from 99.5 to 99.7% for the three atypical European strains
NE49, 741293, and Z41493 and from 98.7 to 99.7% for these
three strains and representatives of the three pathogenic spe-
cies B. burgdorferi sensu stricto, B. garinii, and B. afzelii (data
not shown). The phylogenetic analysis of the rrs gene sequence
revealed that each atypical European strain clustered sepa-
rately within a large cluster comprising B. burgdorferi sensu
stricto and B. bissettii. The resolution power of rrs sequences
was low when closely related organisms were analyzed (8). At
the high level of rrs similarity values observed between Borrelia
spp., DNA relatedness values can either be low or approach
100%. Although our phylogenetic results suggest that Euro-
pean strains constitute at least one new genomic group, these
data are too inconclusive to definitively assign them to a sep-
arate group at this time.

AP-PCR fingerprints were obtained from six Borrelia spp.
strains from Europe and 14 Borrelia spp. strains from North
America (5) using five primers (2). For each strain, 74 poly-
morphic characteristics yielded a data matrix that was used to
draw phylogenetic trees. The results of the analysis by a par-
simony method (Fig. 1) coincided with those inferred from
distance analysis and confirmed the clustering deduced previ-
ously from rrf-rrl and rrs sequence analyses. Fingerprinting by
AP-PCR provides taxonomic information which accords with
species assignment based on DNA relatedness (6, 9). In the
present study, the paucity of AP-PCR characteristics shared by
strains reflects the high level of genetic divergence of Borrelia
spp. As observed for Leptospira strains (6), fingerprints differed
markedly between strains from different genomic groups. Ex-
cept for European strains that shared many arbitrarily primed
PCR markers, marked heterogeneity also was observed be-
tween strains within each genomic group. However, relation-
ships observed with AP-PCR data are consistent with the se-
quencing data. Atypical European strains were closely related
and constituted a single lineage, which suggests that they be-
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TABLE 1. B. burgdorferi sensu lato European isolates evaluated in this study
Strain ”j(c}:glls%zifr (’}Tgnglf:lfk Source Cour}nfy of Msel pat;erns Dral pat;erns
accession no. accession no.¢ origin (bp) (bp)

B. burgdorferi sensu stricto
NE99 AF090974¢ NA 1L ricinus Switzerland 107, 52, 40, 29, 28 146, 53, 29, 28
NE271 AF090973¢ NA Sciurus vulgaris Switzerland 107, 52, 40, 29, 28 146, 53, 29, 28
1P1 AF090977¢ NA Human France 107, 52, 38, 29, 28 144, 53, 29, 28
HII AF090978¢ NA Human Italy 107, 52, 38, 29, 28 144, 53, 29, 28
L5 AF090979¢ NA Human Austria 107, 52, 38, 29, 28 144, 53, 29, 28
DK7 AF090975¢ X85195 Human Denmark 107, 52, 38, 29, 28 144, 53, 29, 28
NE 56 AF090981¢ NA 1L ricinus Switzerland 107, 52, 38, 29, 28 144, 53, 29, 28
20006 AF090982¢ NA 1. ricinus France 107, 52, 38, 29, 28 144, 53, 29, 28
Espl AF090976“ NA 1L ricinus Spain 107, 52, 38, 29, 28 144, 53, 29, 28
35B808 AF090980“ NA 1. ricinus Germany 107, 52, 38, 29, 28 144, 53, 29, 28
212 L30121 NA L ricinus France 107, 52, 38, 29, 28 144, 53, 29, 28
751794 777167 NA 1. ricinus Germany 107, 52, 38, 29, 28 144, 53, 29, 28
775892 777166 NA 1L ricinus Germany 107, 52, 38, 29, 28 144, 53, 29, 28
MIL AF090971¢ NA 1. ricinus Slovakia 107, 52, 40, 29, 28 146, 53, 29, 28
7136 AF090972¢ NA 1L ricinus Germany 107, 52, 40, 29, 28 146, 53, 29, 28

Borrelia spp.
NE49 AF090984“ AJ224142¢ 1 ricinus Switzerland 107, 53, 38, 29, 26 144, 80, 29
NES81 AF090983¢ NA 1L ricinus Switzerland 107, 53, 38, 29, 26 144, 80, 29
Ir-3519 AF090985“ NA 1. ricinus Russia 107, 53, 38, 29, 26 144, 80, 29
741493 777172 AF(091368“ 1L ricinus Germany 107, 79, 38, 29 144, 80, 29
741293 777170 AF091367¢ 1. ricinus Germany 107, 52, 38, 29, 29 144, 82, 29
751094 777171 NA 1. ricinus Germany 107, 52, 38, 29, 29 144, 82, 29
752794 777169 NA 1. ricinus Germany 107, 52, 38, 29, 29 144, 82, 29
757394 777168 NA 1. ricinus Germany 107, 52, 38, 29, 29 144, 82, 29

“ Sequences determined in this study.
b Exact sizes were deduced from rrf-rrl spacer sequences.
¢ NA, not available.
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FIG. 1. The 50% majority-rule consensus of 32 trees obtained by maximum
parsimony analysis. The tree was generated from the AP-PCR matrix and was
solved by the heuristics method contained within the PAUP package.

long to the same genomic group, together with the North
American strain CA13. Borrelia spp. strains isolated in North
America exhibited greater diversity and were scattered on
three main branches, whereas B. bissettii strains constituted a
separate cluster.

PFGE permitted the resolution of Mlul and BssHII macro-
restriction fragments of the strains into a large number of
distinct types. Mlul restriction profiles of B. burgdorferi sensu
lato strains obtained with a pulse time ramped from 3 to 28 s
for 30 h are shown in Fig. 2. Lambda concatemers (A 48.5-kb
ladder) were used as size markers. Ten Mlul patterns were
recorded among 15 atypical strains. Despite a high degree of
polymorphism, all B. bissettii strains but the divergent strain
25015 shared a common Mlul pattern. Strains CA446 and
CA31 likewise shared a similar Mlul pattern, as did the three
European strains 252794, 741493, and NE49. Similar results
were obtained after restriction by BssHII (data not shown),
although the polymorphism was even larger, because 12
BssHII patterns were recorded among 15 strains.

AP-PCR and PFGE showed about the same discriminatory
power and produced comparable results. The existence of four
robust clusters was constant irrespective of the method. One
cluster comprised B. bissettii strains, the second comprised
strains CA29 and CAS, the third comprised strains CA443,
CA446, and CA31, and the last one comprised the European
strains. As demonstrated recently for B. bissettii, each of the
other three groups could constitute a new genomic species.
Regardless of the method used, a greater diversity was ob-
served among Borrelia spp. strains from North America, which
suggests a longer evolution time, as compared to European
strains. Some European strains genetically resembled Califor-
nian strains, however. Taken together, these observations sug-
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FIG. 2. Mlul restriction profiles of B. burgdorferi sensu lato strains obtained
with the BioRad apparatus with a pulse time ramped from 3 to 28 s for 30 h.



