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THE AGENTS OF LYME BORRELIOSIS
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SUMMARY

Several species within the Borrelia burgdorferi complex responsible for Lyme borreliosis have been
delineated, namely B. burgdorferi sensu stricto, B. garinii and B. afzelii. This genetic diversity is also revealed
at the phenotypic level. Correlation of each species with different clinical traits has been made. The genome
of Borrelia burgdorferi is unusual. In contrast to most bacteria, its chromosomes as well as several plasmids

are linear.
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1. INTRODUCTION

Cutaneous symptoms and epidemiological traits of
what is now named Lyme borreliosis have been
described since the beginning of the century in
Europe. However, some symptoms such as erythema
migrans (EM) (1), acrodermatitis chronica atrophicans
(ACA) (2), or lymphadenosis benigna cutis (LBC)
(3), had been separately described. These entities
were connected only in the fifties (4). The bacterial
nature of the infectious agent and its transmission
by ticks were obvious at this time. Interest was
aroused in the New World by clustered cases of

arthritis in a wooded area around the small town of
Lyme (5). This turned out to represent a new
aspect for this “old disease”. In 1982, W. Burgdorfer
isolated a spirochete from Ixodes ticks from the
USA (6). Spirochetes were also isolated from
European ticks (7).

This spirochete was classified as belonging to the
Borrelia genus. A new species (burgdorferi) was created
on both genomic and phenotypic criteria (8). A
multiplicity of Borrelia species and hematophagous
vectors had been described and each bacterial species
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was usually associated with a vector species. However,
surprisingly, Hyde and Johnson demonstrated that
B. parkeri, B. turicatae and B. hermsii, responsible
for North American recurrent fever, constituted a
unique genomic species (9) although transmitted by
three Ornithodoros species. In the same report, -they
showed that Borrelia burgdorferi consists of a single
species although transmission was achieved by different
Ixodes vector species. Indeed, vectors differ from
one continent to another but also on the same
continent (i.e. I ricinus in Europe; I dammini
(identical to I scapularis) and I pacificus in North
America).

The following paragraphs arc dealing with the
agents of Lyme disease within the Borrelia burgdorferi
complex. The question of the correlation of each
species with different clinical traits in various continents
is addressed (10). The genome organization of this
human pathogen is compared to that of other
spirochetes and procaryotes in general.

2. PHENOTYPIC AND GENETIC
DIVERSITY OF B. BURGDORFERI

Many epidemiological and clinical features suggested
that B. burgdorferi strains are extremely heterogeneous.
Different vectors harbored B. burgdorferi isolates,
mainly Ixodes within the “ricinus complex”. However,
B. burgdorferi isolates were extracted from other
Ixodes spp. non included in the latter group such as
I ovatus in Japan, I neotomae in California.
Differences in pathogenicity for mammals have been
observed depending on strains: some I. damini isolates
were found of low pathogenicity (11), as well as
some I ovatus isolates (12). Geographical distribution
of the bacterial agent spanned at least three continents.
The pleiomorphous symptomatology is associated
with a non homogeneous geographical distribution:
predominance of arthritis in the U.S.A., of neurological
forms in western Europe, of late cutaneous symptoms
in Scandinavia (not found in U.S.A.).

Protein profiles and monoclonal antibodies (Mabs)
reactivity led A. Barbour (13) and B. Wilske (14) to
define serogroups or serotypes among B. burgdorferi.
European strains were shown to be more hete-
rogeneous than U.S. strains and a certain homogeneity
could be recognized among European strains when
classified by their organotropism (15).

Genotypic methods revealed that B. burgdorferi
was highly polymorphic at the genetic level. Among

the methods used, some had a taxonomical significance.
Those either explored the whole genome (DNA/
DNA relatedness (8, 9, 16), Arbitrarily Primed
Polymerase Chain Reaction (AP-PCR) (17), Pulsed
Field Gel Electrophoresis (PFGE) (18), or several
chromosomal polyallelic genes (Multilocus Enzyme
Electrophoresis) (19), or conserved genes such as
rDNA genes (ribotyping) (16) and fla gene sequencing
(20, 21) or rRNA sequencing (22, 23). The results
of these different approaches lead to reconsider the
somewhat surprising results of species uniqueness
for the agent of Lyme borreliosis.

3. A TAXONOMIC BASIS FOR A
NEW NOMENCLATURE

Since 1987, the delineation of a bacterial species
is based upon DNA/DNA hybridization studies and
ATm determination (24). Two isolates belong to the
same species if DNA relatedness is higher than
70% and the ATm is lower than 5%. The rationale
for the first whole DNA/DNA relatedness study (9),
mentioned in the introduction, was mainly to
demonstrate that the I dammini spirochete was
responsible for human disease and also to measure
the extent of divergence between a [ ricinus European
isolate (IRS) and a I dammini US isolate. Another
study (25), including a larger number of US isolates
and a single European isolate (the same IRS strain),
confirmed B. burgdorferi homogeneity. Since more
isolates were described as phenotypically heterogeneous,
it was necessary to study numerous isolates mainly
from Europe. A study of a large number of isolates,
relying on the bacterial species concept (26) led to
the delineation of at least three species: B. burgdorferi
sensu stricto, B. garinii and B. afzelii (27) within the
nomenspecies B. burgdorferi sensu lato. Another
genomic species was reported in Asia (28) (Table).
Evidence for new species in Europe or in the
U.S.A is quite likely.

This new nomenclature for the agents of Lyme
borreliosis allowed to unify the various terminologies
already used for a given group (i.e. serogroup II
(29) serotype 4 (15), group 3 (20), class 2 (30)
correspond to B. garinii). Furthermore a reference
strain was designated for each member of the B.
burgdorferi complex (Table). B31 remains the type
strain for B. burgdorferi sensu stricto, 20047 represents
B. garinii while VS461 is the type strain for B.
afzelii (27). F63B is the type strain for the non
pathogenic genospecies (28).
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4. A LINEAR GENOME FOR THE
LYME DISEASE AGENTS

A living organism is ultimately characterized through
determination of the whole DNA sequence which
constitutes its genomic inheritage. Development of
new techniques have very recently allowed the
sequencing of whole genomes. The first step towards
sequencing the thousands of genes of a medium-
sized procaryotic genome is the establishment of a
genetic map. Identified genes are localized on these
maps relative to one another on graphic repre-
sentations of chromosomes or plasmids which constitute
the genome. These representations allow the archi-
tecture of a genome to be judged. However, for
organisms for which genetics knowledge is limited,
physical maps of genomes may be constructed. They
are based on organization of large DNA fragments
generated by restriction endonucleases.

The presence of linear plasmids in B. burgdorferi
was demonstrated in 1987 (31). In 1989, the linear
nature of the chromosome of B. burgdorferi was
discovered (32, 33). The telomeres of the linear
plasmids are covalently closed (31), while the
architecture of the ends of the chromosome is not
known. The physical and genetical map of B.

burgdorferi sensu stricto has been constructed and is
consistent with the linearity of the chromosome (34,
35). The physical maps of B. burgdorferi sensu
stricto, B. garinii and B. afzelii are quite different
although the genetic maps are quite similar (Davidson,
Ojaimi, Old and Saint Girons, unpublished results).

Genome linearity is not a characteristic of spiro-
chetes. The chromosome of 7. pallidum although of
the same small size as that from Borrelia burgdorferi
(1 Mbp) is circular (36). The genome of Leptospira
interrogans consists of two circular chromosomes
(4.5 and 0.35 Mbp) (37, 38, 39). The chromosome
of Borrelia spp. was the first to be shown as linear.
However, recently other linear chromosomes have
been reported among eubacteria such as Rhodococcus
fascians (40), Streptomyces lividans (41) Agrobacteriurn
tumefaciens (Allardet-Servant et al, unpublished results).

5. CLINICAL AND EPIDEMIOLOGICAL
IMPLICATIONS OF SEVERAL SPECIES
RESPONSIBLE FOR LYME DISEASE

The main criticism addressed to taxonomic changes
is the following: is there a correlation between a
species and epidemiology or clinics? Sera from

Table. Schematic epidemiological and clinical distinctions between the members of the B. burgdorferi sensu

lato complex

Type strain Ixodes vector Geographical Preferred evolutive
location symptom?
B. burgdorferi B 31 1L dammini U.S.A. Arthritis
sensu stricto 1 ricinus Europe
B. garinii 20047 L ricinus Eurasia Neurological
L persulcatus manifestations
B. afzelii VS461 L ricinus Eurasia Late cutaneous symptoms
L. persulcatus A.CA.
F63B group F63 B 1. ovatus Japan No pathogenicity®

a) as inferred from preferential reactivity of sera from patients against representatives of the Lyme borreliosis

agents

b) no pathogenicity of I ovatus for human has been reported
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patients suffering from different clinical presentations
were analyzed by western-blot against representatives
of each Lyme borreliosis agents (10) (42). A relative
preferential reactivity associated arthritis with B.
burgdorferi sensu stricto, neurological forms with B.
garinii and mainly ACA with B. afzelii. Furthermore,
it could be observed that the geographical distribution
of isolates belonging to a given species was correlated
with the locally predominant symptoms associated
with the latter. Another indirect evidence for asso-
ciation of a clinical symptom with a given species
was the identification of strains isolated from a
given organ or cutaneous lesion. For example, using
Mabs reactivities (27) and nucleotide sequencing
(43), it could be observed that most of the ACA
isolates belonged to B. afzelii.

Several questions remain unsolved: how to explain
why a closer similarity is sometimes found between
two isolates, one from Europe, the other from
U.S.A., than among US strains or European strains
belonging to B. burgdorferi sensu stricto? Geographic
isolation, as well as transmission by different vectors,
should have led to bacterial specification on each
side of the Atlantic. In addition, the relatively

recent discovery of Lyme borreliosis in the US.A.,,
as well as the finding of B. burgdorferi sensu stricto
but not the other species suggested the anteriority
of presence of Borrelia in Eurasia. However since B.
burgdorferi sensu stricto seems absent from Asia,
how did this species settle in the U.S.A.?

4. CONCLUSION

The genetic diversity of B. burgdorferi sensu lato
lead to reconsider the taxonomic status of this
human pathogen. It also allowed to define peculiar
organotropisms and geographical predominance of
each of the new species thus delineated.

However, there is probably another aspect which
could be of interest in this strain diversity, namely
the problem of cross protection. The major outer
membrane protein OspA is considered as a vaccine
candidate (44) in spite of low cross-protection offered
by some strains. Since it was observed that OspA
gene sequence variations are as high as 20 % (45),
an extensive study of bacterial diversity seems to be
a prerequisite to analyze the levels of cross protection.
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