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Molecular Characterization of Borrelia burgdorferi

sensu lato from Slovenia Revealing Significant
Differences between Tick and Human Isolates
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One hundred twenty-nine Slovenian isolates of Borrelia burgdorferi sensu lato derived
from patients (69 strains) or Ixodes ricinus ticks (60 strains) were characterized. All of
the strains were first- or second-passage isolates obtained in 1992 and 1993 from the
same endemic region. The technigues used for the molecular analysis of strains includ-
ed species-specific polymerase chain reaction (PCR) typing, and pulsed-field gel elec-
trophoretic separation of undigested and Miul-digested genomic DNA. Isolates were iden-
tified to the species level by large restriction fragment pattern (LRFP) analysis and the
results compared with the species-specific PCR result. Fifty-two patient isolates (75%)
were typed as Borrelia afzelii (LRFP MLa1), 6 (9%) as Borrelia garinii (LRFPs MLg1-4),
and 11 (16%) as Borrelia burgdorferi sensu stricto. The latter included 9 isolates (13%)
with a new LRFP that is not typical of Borrelia burgdorferi sensu stricto and for which
the designation MLx is suggested. In contrast, only 32 of 60 (53%) tick isolates were
typed as Borrelia afzelii, while 20 strains (33%) were typed as Borrelia garinii and 8 strains
(13%) as Borrelia burgdorferi sensu stricto. Three new LRFPs were found among the
Borrelia garinii (MLg5 and 6) and Borrelia burgdorferi sensu stricto (MLb15) tick isolates.
Large restriction fragment pattern analysis identified new groups of Borrelia burgdorferi
sensu lato and revealed an apparent difference in the isolation frequency of different

species from patients and ticks in the same endemic region.

Lyme borreliosis is a multisystem infection origi-
nally considered to be caused by a single bacteri-
al species, Borrelia burgdorferi (1, 2). Subse-
quently, in many separate studies of large numbers
of individual isolates of the spirochaete conduct-
ed using a variety of molecular and genetic crite-
ria (3-18), it was established that Borrelia burg-
dorferi comprised at least three distinct species (7).
These were designated Borrelia burgdorferi sen-
su stricto, Borrelia garinii (7), and Borrelia afzelii
(19). Whereas all three species were found in Eu-
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rope, only one species, Borrelia burgdorferi sen-
su stricto, was believed to be present on the
North American continent. However, two ge-
nomic groups were recently identified among
North American Borrelia burgdorferi sensu stric-
to isolates (20), and other Borrelia spp., isolated
from Ixodes ticks in Japan and North America,
have been described (21-23). These latter species
have not as yet been shown to be associated with
Lyme borreliosis.

The term Borrelia burgdorferi sensu lato (3) is cur-
rently used to describe patient and ixodid tick iso-

lates of Borrelia spp. that have not been identified
to species level.

Slovenia is a small, northern Adriatic country that
is endemic for Lyme borreliosis and its tick vec-
tor, Ixodes ricinus. Recent estimates based on the
culturing of ticks have shown that approximately
13% of nymphs and 27% of adult Ixodes ricinus
throughout Slovenia are infected with Borrelia
burgdorferi sensu lato, while in the Ljubljana re-
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Table 1: Borrelia species and strains shown in Figures 1 to 3

Species Strain designation Large restriction Biological origin2
fragment pattern

B. burgdorferi sensu stricto 297 (ATCC 53899) MLb2 cerebrospinal fluid

B. burgdortferi sensu stricto SL-6 MLb2 skin (EM)

B. burgdorferi sensu stricto SL-16 MLb8 skin (EM)

B. burgdorferi sensu stricto Ro-1 MLb8 tick®

B. burgdorferi sensu stricto Ro-2 MLb15 tick

B. burgdorferi sensu stricto Ro-6 MLb15 tick

B. burgdorferi sensu stricto Ko-34 MLb15 tick

B. burgdorferi sensu stricto Ko-40 MLb15 tick

B. garinii 20047 MLg1 tick

B. garinii PBi MLg2 cerebrospinal fluid

B. garinii SL-9 MLg1 skin (EM)

B. garinii SL-36 MLg2 skin (EM)

B. garinii SL-56 MLg3 skin (EM)

B. garinii SL-63 MLg4 skin (EM)

B. garinii Ko-9 MLg2 tick

B. garinii Ko-10 MLg2 tick

B. garinii Ko-11 MLg2 tick

B. garinii Ko-12 MLg2 tick

B. garinii Ko-13 MLg5 tick

B. garinii Ko-15 MLg3 tick

B. garinii Ko-18 MLg2 tick

B. garinii Ko-19 MLg4 tick

B. garinii Ko-26 MLg1 tick

(B. burgdorferi sensu stricto)/B. garinii Ko-28 MLg6é tick

B. garinii Ko-33 MLg2 tick

B. afzelii PGau MLa1 skin (ACA)

B. afzelii SL-3 MLat skin (ACA)

B. afzelii SL-11 MLa1 skin (EM)

B. afzelii SL-39 MLa1 skin (EM)

B. afzelii SL-46 MLa1 skin (EM)

B. afzelii SL-51 MLa1 skin (EM)

B. afzelii SL-53 MLa1 skin (EM)

B. afzelii SL-64 MLa1 skin (EM)

B. afzelii SL-72 MLa1 skin (EM)

B. afzelii Ko-14 MLa1 tick

B. afzelii Ko-30 MLai tick

B. afzelii Ko-41 MLa1 tick

B. afzelii Rs-1 MLa1 tick

B. afzelii BI-5 MLa1 tick

B. burgdorferi sensu lato® SL-73 MLX skin (EM)

B. burgdorferi sensu lato® SL-74 MLX skin (EM status post)

B. burgdorferi sensu lato® SL-75 MLX skin (EM status post)

B. burgdorferi sensu lato® SL-76 MLX skin (EM)

B. burgdorferi sensu lato® SL-78 MLX lymphocytoma (breast)

aThe geographic origin of all isolates was Slovenia with the exception of the following strains: 297 (ATCC 53899), USA; 20047, France; PBi,

PGau, Germany.
PAll tick isolates were derived from Ixodes ricinus.

ClIsolates that were typed as Borrelia burgdorteri sensu stricto by species

ACA, acrodermatitis chronica atrophicans; EM, erythema migrans.

gion these figures rise to 21% and 30% respective-
ly (24). We considered it of interest to perform a
comparative molecular analysis of Borrelia burg-
dorferi sensu lato isolated in Slovenia from either
patients or ticks over the same time period. We
sought to compare the genetic and antigenic pro-
files of low-passage isolates with the aim of iden-
tifying differences between the two spirochaete
populations and discovering correlations that
might provide insight into the pathogenetic
mechanisms of the disease process.

-specific PCR but possessed the atypical MLX LRFP.

Since the elucidation of the diverse genetic nature
of Borrelia burgdorferi, investigators have tried
to find associations between the infecting species
and the varied clinical manifestations of the dis-
ease. Some evidence for such associations has
been uncovered (25-29). We also aimed to find
further support for such relationships through
our studies of patient isolates and considered that
a detailed molecular characterization of strains
might provide more information than species
identification alone.

-
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Figure 1: Pulsed-field gel electrophoretic separation of re-
striction enzyme Milul-digested genomic DNA from 8. burg-
dorferi sensu lato isolates obtained from (A) patients, and (B)
Ixodes ricinus ticks. Representatives of the different LRFPs
encountered are presented in comparison to some reference
strains. Strain designations are listed above their respective
lanes. Lane M contains DNA molecular size markers [A\DNA
concatamers of 48.5-485 kb (first lane) or high molecular
weight markers of 8.3-48.5 Kb (last lane)].

We therefore chose to study Borrelia spp. isolates
using pulsed-field gel electrophoretic (PFGE)
separation of (i) the genomic complement (plas-
mids and chromosome), and (i) chromosomal
DNA fragments generated by digestion of the ge-
nome with an infrequently cutting restriction en-
donuclease. Preliminary experiments with sever-
al such enzymes, identifiable from the restriction
enzyme map of the Borrelia burgdorferi chromo-
some (30), showed that the enzyme MIul might be
the most useful. In the course of this work,
Belfaiza et al. (31) published similar studies using
this enzyme and devised the term “large restric-
tion fragment pattern” (LRFP) to describe the
characteristic fragment patterns generated. For
ease of comparison with their findings, we have re-
tained their nomenclature. This study extends
the catalogue of LRFPs associated with Borrelia
burgdorferi sensu stricto and Borrelia garinii.
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Figure 2: Pulsed-field gel electrophoresis of (A) undigested
and (B) Miul-digested genomic DNA of Borrelia burgdorferi
sensu lato isolates obtained from ticks. In three strains be-
longing to LRFP MLb15 (Ko-34, Ro-2, Ro-6) very large plas-
mids were encountered (1 large plasmid in Ko-34 and mul-
tiple large plasmids in strains Ro-2 and Ro-6). Strain
designations are shown above their respective lanes. Lane
M, DNA molecular size markers: high molecular weight
markers of 8.3-48.5 kb (gel A) or ADNA concatamers of
48.5-485 kb (gel B). Chr >, the position of the 950 kb chro-
mosome; «, the position of the very high molecular weight
plasmids; D >, diffuse band of varying intensity representing
randomly sheared, chromosomal breakdown products; LLFP,
the position of the more usual 49-56 kb largest linear plas-
mids.

The aims of the study were (i) to assess differenc-
es, if any, in the molecular profiles (plasmid pro-
files and chromosomal restriction fragment pat-
terns) of isolates derived from ticks and humans,
and (ii) to look for associations between recogniz-
able molecular characteristics of patient isolates
(derived from the molecular profiling studies)
and disease manifestation.

Materials and Methods

Bacterial Strains and Growth Conditions. The Borrelia burg-
dorferi sensu lato isolates shown in Figures 1 to 3 and men-

T
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Figure 3: Pulsed-fieid gel electrophoresis of (A) undigested
and (B) Mlul-digested genomic DNA of Borrelia burgdorferi
sensu lato isolates obtained from patients. For five strains
belonging to LRFP MLx (SL-75, SL-74, SL-73, SL-786, SL-78)
the size of the largest linear plasmids of these isolates is
shown in contrast to those of Borrelia afzelii (MLa1) (strains
SL-11, SL-39, SL-64, SL-72, SL-53, SL-46, SL-51) and Bor-
relia garinii [strains SL-63 (MLg4), SL-56 (MLg3)]. Strain des-
ignations are shown above their respective lanes. Lane M,
DNA molecular size markers: high molecular weight mark-
ers of 8.3-48.5 Kb (gel A) or ADNA concatamers of
48.5-485 kb (gel B). Chr >, the position of the 950 kb chro-
mosome; D >, diffuse band of varying intensity representing
randomly sheared, chromosomal breakdown products; LLP,
the position of the largest linear plasmids.

tioned in the text are listed in Table 1. Culture of patient and
tick isolates was performed as described previously (24. 32).
The reference strains, Borrelia burgdorferi sensu stricto strain 297
(ATCC 53899) and Borrelia garinii strain 20047, were ob-
tained from Dr. Ira Schwartz, New York Medical College,
Valhalla, New York, USA. The source of other reference
strains has been described previously (11). A complete list of
tick isolates, as well as the gender and stage of development
of ticks from which the isolates were obtained. has been re-
ported elsewhere (24).

Species Identification of Borrelia Isolates by Polymerase
Chain Reaction. Polymerase chain reaction primers (33) de-
signed to differentiate Borrelia burgdorferi sensu stricto, Bor-
relia garinii, and Borrelia afzelii were used as described pre-
viously (34).

Pulsed-Field Gel Electrophoresis and Digestion of DNA in
Agarose. Preparation of high molecular weight genomic
DNA, PFGE, and restriction endonuclease digestion were
performed as described previously (34). ADNA concatamers
used as molecular size markers in Figures 1 to 3 were pur-
chased from FMC Bioproducts, USA. The monomer size of
these markers is 48.5 kb, resulting in bands of the following
approximate sizes: 49, 97, 146, 194, 243,291, 340, 388, 437. and
485 kb. The high molecular weight markers (Gibco-BRL Life
Technologies, USA) used in Figures 1 to 3 produced bands of
the following sizes: 8.3, 8.6, 10.1, 12.2, 15.0. 17.1, 19.4, 22.6,
24.8,29.9, 33.5, 38.4, and 48.5 kb.

Statistical Analysis. The X2 test of homogeneity was used to
determine whether there was a significant difference between
patients and ticks with regard to the numbers of isolates of
each species obtained. A p value of < 0.01 was taken as being
indicative of statistical significance.

Results

Identification of Distinct Large Restriction Frag-
ment Patterns and Determination of Fragment
Sizes. The results of species-specific PCR typing
and LRFP analysis for the isolates used in this
study are listed in Tables 1 and 2. Figures 1 to 3
present examples of each of the LRFPs found
among the 69 Slovenian patient (Figures 1A and
3B) and 60 Slovenian tick (Figures 1B and 2B) iso-
lates. Four reference strains (Borrelia burgdorferi
sensu stricto strain 297, Borrelia garinii strains
20047 and PBI, and Borrelia afzelii strain PGau)
were included in the gels of Figure 1 for compar-
ison. The sizes of fragments obtained from Miul
digestion of total genomic DNA for all the
LRFPs encountered are presented in Table 3. Al-
though we found the fragment patterns of estab-
lished LRFPs to be the same as those published
previously by Belfaiza et al. (31), our determina-
tions of band sizes for certain fragments were dif-
ferent. Most of these differences were minor.
However, we have previously commented upon
one major difference associated with the LRFPs
of Borrelia burgdorferi sensu stricto (34). This con-
cerns the 145 kb band of MLbs 1-5. 8, and 10 that
we calculated to be 160 kb. On the basis of the re-
sults of our PFGE analyses, we also believe that
the largest fragment of LRFP MLg3 (220 kb) is a
doublet. This is suggested by the PFGE-Miul
profile of strain SL-56 (in Figure 1A) and strain
Ko-15 (in Figure 2B). We measured the size of
these two bands to be about 225 and 220 kb.

Among the patient isolates, strains with PEGE-
Miul digestion profiles characteristic of the
LRFPs MLb2 (strain SL-6), MLbS (strain SL-16),
MLg1 (strain SL-9), MLg2 (strain SL-36), MLg3
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Table 2: Frequency of isolation of different large restriction fragment patterns (LRFPs) from patients

and ticks.
Group Species LRFP No. of patient No. of tick
isolates isolates

| B. afzelii MLal 52 32

I B. garinii MLg5 o 1
MLg1 1 2
MLg2 2 12
MLg4 2 2
MLg3 1 1
MLg6 0 2

I B. burgdorferi sensu stricto MLb2 1 0
MLb8 1 2
MLb15 0 6

\% B. burgdorferi sensu lato* MLX 9 0

Total 69 60

"Isolates that were typed as B. burgdorferi sensu stricto by species-specific polymerase chain reaction but pos-

sessed the atypical MLX LRFP.

(strain SL-56), MLg4 (strain SL-63), and MLal
(strains SL-3, SL-11, SL-39, SL-46, SL-51, SL-53,
SL-64, SL-72) are shown (Figures 1A and 3B). The
tick isolates included representatives of LRFPs
MLbS (strain Ro-1), MLg1 (strain Ko-26), MLg2
(strains Ko-9, Ko-10, Ko-11, Ko-12, Ko-18, Ko-
33), MLg3 (strain Ko-15), MLg4 (strain Ko-19),
and MLal (strains Ko-14, Xo-30, Ko-41, Rs-1,
BI-5) (Figures 1B and 2B). In addition, four new
LRFPs were encountered among the tick and pa-
tient isolates that have not previously been de-
scribed.

Two new LRFPs were found among Borrelia ga-
rinii isolates derived from ticks. These are illustrat-
ed by the PFGE-MIul digestion profiles of
strains Ko-13 and Ko-28 shown in Figures 1B and

2B. Like the other four MLg LRFPs described to
date, they were characterized by fragments of 220
kb and 80 kb. We propose that these new LREPs
be designated MLg5 and MLg6, respectively.
These LRFPs were very similar to the LRFPs
MLg1 and MLg3. Thus, MLgl1 differs from MLg5
by the lack of a single 100 kb band; MLg6 differs
from MLg3 in the same manner (see Table 3). This
also describes the relationship between MLg4
and MLg2. Thus, the six MLg LRFPs form three
related pairs.

Another new LRFP was found among tick isolates
typed as Borrelia burgdorferi sensu stricto using
species-specific PCR. These strains also pos-
sessed the 140 kb fragment considered typical for
the species (31). Three of these isolates are

Table 3: Sizes of bands obtained with Miul digestion of DNA from Slovenian Borrelia burgdorferi sensu lato isolates.

LRFP  Isolates shown in Figures 1 to 3

Presence of band with the following sizes (kb)

440 410 390 320 310 300 260 225 220 210 170 160 140 110 100 90 80

MLb2 297 [ATCC 53899], SL-6 +
MLb8  SL-16, Ro-1
MLb15 Ro-2, Ro-6, Ko-34, Ko-40

Mix SL-78, SL-74, SL-75, SL-76, SL-78 +

MLgS  Ko-13

MLg! 20047, SL-9, Ko-26 :

MLg2  PBi, SL-36, Ko-9, Ko-10, Ko-11, +

Ko-12, Ko-18, Ko-33
MLg4  SL-63, Ko-19 +

MLg3  SL-56, Ko-15
MLg6  Ko-28

MLal  PGau, SL-3, SL-11, SL-39, SL-46, +
SL-51, SL-53, SL-64, SL-72,
Ko-14, Ko-30, Ko-41, Rs-1, BI-5

+ 0+ 4
+ + 0+ 4+ o+
+ + 4 + o+
+ +
+ + + + +
+ + + +
¥e + +
- +
+ o+ + + +
w3l + +
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Table 4: Relationship between site of isolation and clinical syl
and large restriction fragment pattern (LRFP).

mptoms for the groups of isolates (I-V) based on genospecies

Group No. of isolates by site? No. of patients with clinical symptoms
no. -
Skin CSF Local Systemic Other major .
N EM LC ACA Mild Severe moeiRison
I 1 0 0 1 0
45¢ 24 21 7 1
4 3 1 3 2
1l 6 5 1 4 2
1 2 2 | 1 1
v 2 1 1 1 2
3 3 1 0 0
1 1 1 0 0
3 0 0 3 3

@8N, normal appearing skin at the site of a previous tick bite and EM rash; EM, erythema migrans; LC, lymphocytoma; ACA, acrodermatitis

chronica atrophicans; CSF, cerebrospinal fluid.
bOther major manifestation of Lyme borreliosis (36).

°Dual isclates were obtained from two patients with multiple EM. Only one isolate from each patient is considered for the purposes of this table.

shown in Figure 2B (Ro-2, Ro-6, and Ko-34) and
one is shown in Figure 1B (Ko0-40). The fragment
sizes we measured for this LRFP were 210, 160,
140, 100, and 90 kb. This pattern of fragments does
not resemble that of any of the 14 Borrelia burg-
dorferi sensu stricto LRFPs that have been de-
scribed to date (31, 34). We therefore propose the
designation MLb15 for this new LRFP.

Nine patient isolates were found to possess a new
LRFP that we have previously encountered in the
analysis of North American tick and mouse iso-
lates from Millbrook, New York (strain 25015),
and Cook County, Illinois (strain CT39) (34).
The PFGE-MIul digestion profiles of five strains
of this type (SL-73, SL-74, SL-75, SL-76, and SL-
78) are shown in Figure 3B. All 11 strains (9 pa-
tient isolates, strain 25015 and strain CT39) were
typed as Borrelia burgdorferi sensu stricto using
species-specific PCR primers but possessed an
atypical LRFP that lacked the 140 kb fragment
thus far found in all isolates of Borrelia burgdor-
ferisensu stricto (31, 34). This LRFP is superficial-
ly very similar to the MLal LRFP of Borrelia af-
zelii. It is characterized by fragments of 440, 300,
and 100 kb whereas the corresponding fragment
sizes for the MLal LRFP are 440, 320, and 90 kb
(see Table 3). ;

The 11 strains were also distinguishable from
Borrelia afzelii by their possession of a large
(presumably linear) plasmid that is considerably
smaller in size than that found in Borrelia afzelii
isolates (i.e. 56 kb; see Figure 3A) and more
closely approximates the 49 kb linear plasmid
found in Borrelia burgdorferi sensu stricto. Since
the LRFP of these strains is not typical for Bor-

relia burgdorferi sensu stricto and it has been
shown that strains 25015 and CT39 bear a periph-
eral relationship to strains of the latter species (17,
35), we have proposed that the LRFP be designat-
ed MLx until the taxonomic status of this group
of isolates has been decided (34).

In two other instances, we also found a discrep-
ancy between the results of species-specific PCR
typing and LRFP analysis. One patient isolate was
unusual in that it produced an amplified band of
DNA with both the Borrelia burgdorferi sensu
stricto and Borrelia afzelii PCR primers. However,
the band produced with the latter primers was
more intense than with the former. The LRFP of
this isolate was clearly MLal. Also, three strains
isolated from ticks (1 MLg2 and 2 MLg6 isolates)
produced bands with both the Borrelia garinii and
Borrelia burgdorferi sensu stricto PCR primers.
These latter isolates have been described in detail
elsewhere (24).

Plasmids Associated with Borrelia burgdorferi
sensu stricto MLb15. In addition to their unique
LRFP, the six MLb15 isolates possessed another
distinctive property. Figure 2 shows the PFGE pro-
file of both undigested (Figure 2A) and Mlul-
digested (Figure 2B) genomic DNA from three of
these isolates (Ko34, Ro2, Ro6). It is apparent
from Figure 2A that instead of the typical 49 kb
largest linear plasmid of Borrelia burgdorferi
sensu stricto, these isolates contain two plasmids
of undetermined structure and size (see Discus-
sion) but of very high molecular mass. The pos-
session of such plasmids was a feature shared by
all six MLb15 strains. We encountered such large
plasmids in only one other Slovenian strain: the
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Borrelia afzelii (MLal) tick isolate Ko-14 (shown
in Figure 2A). None of the patient isolates was
found to possess this characteristic.

Frequency of Isolation of Different Large Restric-
tion Fragment Patterns from Patients and Ticks. On
the basis of species-specific PCR typing and
LRFP analysis we were able to classify the 69 pa-
tient and 60 tick isolates into four groups. The
data are summarized in Table 2. Group I comprised
strains typed as Borrelia afzelii using species-
specific PCR primers and possessing the MLal
LRFP that typifies this species (31). This group
comprised 52 of 69 patient isolates (75%) and 32
of 60 tick isolates (53%). Group II comprised
strains typed as Borrelia garinii using species-
specific PCR primers and possessing one of the
MLg LRFPs typical of this species (31). This
group comprised 6 of 69 patient isolates (9% ) and
20 of 60 tick isolates (33%). Among the tick iso-
lates, we found strains with LRFPs (MLg5 and
MLg6) that appeared to be variants of the two pre-
viously described LRFPs MLgl and MLg3 (31).
Group III comprised strains typed as Borrelia
burgdorferi sensu stricto using species-specific
primers and possessing one of the typical MLb
LRFPs described for this species (31, 34). Two of
69 patient isolates (3%) (1 MLb2 and 1 MLb8)
and 8 of 60 tick isolates (13%) (2 MLb8 and 6
MLb15) were included in this category. The
MLb15 category alone comprised 10% of the tick
isolates. Group IV comprised the nine patient iso-
lates that typed as Borrelia burgdorferi sensu
stricto using species-specific PCR primers but
possessed the MLx LRFP (34). These strains
comprised 9 of 69 patient isolates (13%). No
strains of this type were encountered among our
tick isolates from the same region.

Statistical Analysis. The numbers and percentag-
es of the four groups of isolates obtained from pa-
tients and ticks may be summarized as follows:
from patients, 52 Borrelia afzelii (75.4%), 6 Bor-
relia garinii (8.7%), 2 Borrelia burgdorferi sensu
stricto (2.9%), 9 MLx (13%); from ticks, 32 Bor-
relia afzelii (53.3%), 20 Borrelia garinii (33.3%),
8 Borrelia burgdorferi sensu stricto (13.3%), 0
MLx (0%). When the x2 test of homogeneity was
used to analyze these data, a significant difference
(p <0.001) was found between the numbers of iso-
lates of each species obtained from ticks and pa-
tients.

Clinical Manifestations Associated with the Differ-
ent Large Restriction Fragment Patterns. The
clinical symptoms of patients associated with the
four groups of isolates delineated by LRFP typ-

ing are summarized in Table 4. Local and system-
ic symptoms were present in 58% and 70% of pa-
tients, respectively. Local symptoms included
itching, burning sensations, and/or pain; systemic
symptoms included fatigue, headache, myalgias,
arthralgias, and/or fever. Other major manifesta-
tions (36) of Lyme borreliosis were present in 16%
of patients. These included meningoradiculitis
(with or without peripheral facial palsy) and ar-
thritis. The majority of patients had erythema mi-
grans (EM) lesions. In three patients (1 from
group I and 2 from group IV) isolates were ob-
tained from biopsies of normal-appearing skin at
the site of a previous tick bite and EM rash (32).
Four patients had acrodermatitis chronica
atrophicans. In three patients with central nervous
system involvement, one patient had lymphocyt-
ic meningitis while two patients had neurologic in-
volvement with CSF findings that were unre-
markable.

Discussion

We characterized 129 isolates of Borrelia burg-
dorferi sensu lato derived from patients and the
indigenous tick population in Slovenia, a region of
Europe endemic for Lyme borreliosis. All of the
strains were low-passage isolates, derived from the
same, relatively small, geographic area (Slovenia
is a small country of 20,251 square kilometers and
approximately 2 million inhabitants) in 1992 and
1993. The study includes the largest collection of
human isolates analyzed by PFGE to date. We
have also extended the previous catalogue of
LRFPs associated with Borrelia garinii (31) to 6
and Borrelia burgdorferi sensu stricto (31, 34) to
15 and 1dentified a new group of patient isolates
that are distinguishable on the basis of their char-
acteristic MLx LRFP (34).

Some of our determinations of fragment sizes for
the different LRFPs differ by small increments
from those published previously (31). However,
with few exceptions, the overall pattern of the
fragments present in established LRFPs was the
same as in the previous study (31). The major dif-
ferences have been described in the Results sec-
tion, and one of these (the 160 kb fragment of Bor-
relia burgdorferi sensu stricto) has been dis-
cussed previously (34). The precise molecular
size of fragments remains to be determined.

Six isolates of Borrelia burgdorferi sensu stricto
with the MLb15 LRFP were found among the tick
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population but were not isolated from patients.
This is suggestive of a lack of human pathogenic
potential, but more strains of this type need to be
isolated to support this hypothesis. Another inter-
esting property of these strains was their plasmid
content. We detected no apparent correlation be-
tween the plasmid content of strains and their
LRFP type, except for these six MLb15 isolates.
They lacked the typical 49 kb linear plasmid of
Borrelia burgdorferi sensu stricto but possessed in-
stead two plasmids of very high molecular mass.
At present, it is not known whether these plasmids
are linear or supercoiled, and the molecular size
of plasmids cannot be assessed by comparison with
linearized molecular size standards, regardless of
their conformation (37). In pulsed-field gels they
migrate with a relative mobility less than that of
the 146 kb X molecular size standard (unpublished
data). We therefore conclude that they are 146 kb
or more in size. We have also encountered very
large plasmids of this type in a Borrelia burgdor-
feri sensu stricto tick isolate from Illinois, USA,
which possessed another hitherto undescribed
LRFP (MLb13) (34). However, other Illinois iso-
lates with the same LRFP did not possess similar
plasmids of high molecular mass.

The nine patient isolates which were typed as Bor-
relia burgdorferi sensu stricto by species-specific
PCR but possessed the atypical MLx LRFP com-
prise the most interesting group of strains. On the
basis of LRFP, protein, and plasmid profile anal-
ysis, they were found to resemble closely two
North American isolates derived from an Ixodes
scapularis tick (25015) and a white-footed mouse
(CT39) (34). In addition to possessing the MLx
LRFP, all 11 strains expressed major proteins
that were indistinguishable in size from the OspA
and OspB proteins of Borrelia afzelii [32 kDa and
35 kDa respectively (7, 25)] (data not shown).
Also, all nine patient MLx isolates expressed a
prominent protein that co-migrated with the 22
kDa proteins of strains 25015 and CT39 (data not
shown). We have recently shown that the 22 kDa
proteins of these latter strains are homologs of
OspC (34). Discrepancies between species-
specific PCR typing and LRFP analysis were also
found in the case of four other strains. These iso-
lates (1 patient isolate and 3 tick isolates) gener-
ated bands with more than one set of species-spe-
cific PCR primers. Possible explanations for
these anomalous results have been discussed in de-
tail elsewhere (24). However, it may be noted that
our findings are compatible with sequence varia-
tion at the PCR-primer annealing site or mixed in-
fections in which one species predominates. We

have already noted one instance of mixed infec-
tion in ticks (34), and the simultaneous presence
of different species in biological fluids from
Lyme borreliosis patients has also been reported
(38).

Several European study groups have reported
correlations between the different clinical mani-
festations of Lyme borreliosis and the infecting
species of Borrelia burgdorferi sensu lato
(25-29). These studies suggest a predominant as-
sociation of Borrelia afzelii with cutaneous man-
ifestations of the disease in that the majority of iso-
lates from erythema migrans and acrodermatitis
chronica atrophicans lesions were found to be of
this species. In contrast, isolates from more dis-
seminated disease such as neuroborreliosis or ar-
thritis were found to be Borrelia garinii or Borre-
lia burgdorferi sensu stricto. Qur results are
broadly in agreement with these previous findings
for Borrelia afzelii. Thus, we found that 52 of 66
isolates from skin typed as Borrelia afzelii. Of the
six Borrelia garinii isolates and two Borrelia
burgdorferi sensu stricto isolates that we ob-
tained, all were derived from erythema migrans le-
sions, and only two of the eight patients manifest-
ed extracutaneous symptoms associated with dis-
seminated disease (one patient had menin-
goradiculoneuritis and the other arthritis). How-
ever, it should be pointed out that the majority of
our isolates were from patients manifesting
symptoms of “early” Lyme borreliosis; we do not
know how many of these patients would have
eventually gone on to develop severe disseminat-
ed disease if left untreated. Also, the association
of Borrelia afzelii with cutaneous symptoms was
not exclusive since at least one patient had a ma-
jor neurologic manifestation of the disease and
two of the four acrodermatitis chronica atrophi-
cans patients had other major extracutaneous
manifestations at the time of biopsy. Wilske et al.
(25) have reported the isolation of three strains of
Borrelia afzelii from CSF; presumably these pa-
tients had symptoms consistent with neuroborre-
liosis.

The most surprising finding of this study was the
noticeable difference in the frequency of isolation
of Borrelia afzelii and Borrelia garinii from pa-
tients and ticks. All the isolates used in this study
were obtained from ticks collected in Slovenia or
patients residing in Slovenia. None of the patients
reported acquiring a tick bite outside of Slovenia.
Thus, the tick isolates that we obtained were rep-
resentative of the tick and spirochaete populations
to which patients were exposed. Our results show

)
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that the frequency of isolation of Borrelia afzelii
appears to be over-represented in the patient
population (75%) and under-represented in the
tick population (53%). In contrast, Borrelia gari-
nii appears to be over-represented among the
ticks (33%) and under-represented among pa-
tients (9%). These differences were found to be
statistically significant (p < 0.001). Moreover, the
relative percentages of Borrelia afzelii and Borre-
lia garinii isolates present in ticks (53% and 33%,
respectively) are derived from Slovenia as a
whole (comprising 6 separate collection sites). At
some of these collection sites the numbers of iso-
lates obtained were very small and therefore pre-
sumably susceptible to a sampling bias. In the one
area where Borrelia burgdorferi sensu lato was cul-
tured from ticks in sizeable numbers, the ratio of
Borrelia afzelii to Borrelia garinii isolates was
more similar (43% and 40%, respectively) (24). Fi-
nally, the Borrelia garinii isolates were not only
more numerous among the tick population than
the human population, but also more varied.
Thus, only MLg classes 1 to 4 were isolated from
patients, whereas MLg classes 1 to 6 were found
among ticks. Of the latter, MLg2 strains were the
most numerous, comprising 12 (63% ) of the 19 to-
tal tick isolates. Results with some similarities to
the above have been reported previously (25).
This study utilized an OspA serotyping scheme to
classify and differentiate groups of tick and patient
isolates. Comparison of the results from this
study with our results is not straightforward since
only three strains are common to both reports
[Borrelia burgdorferi sensu stricto strain 297
(serotype 1), Borrelia garinii strain PBi (serotype
4), and Borrelia afzelii strain PGau (serotype 2)].
In agreement with our findings, the authors con-
cluded that Borrelia afzelii (OspA serotype 2) was
the most prevalent skin isolate among European
strains. However, the interpretation of findings for
Borrelia garinii is more difficult since this species
was found to comprise five OspA serotypes (3 to
7) and the relationship of these five serotypes to
our six MLg LRFPs is, at present, unknown.

The differences that we encountered in the rate
of isolation of Borrelia afzelii and Borrelia garinii
from ticks and humans are intriguing. Since Bor-
relia garinii of MLg classes 1 to 4 were found
among the patient isolates, they are clearly able
to cause Lyme borreliosis. However, it is not
clear why an organism that is widespread within
the tick population should be isolated so infre-
quently from patients and, therefore, apparently
cause so few cases of disease. It could be argued
that the spirochaetes isolated from patients rep-

resent the most rapidly growing variants of an in-
itially mixed spirochaete population, thus biasing
the results in favour of one species, i.e. Borrelia
afzelii. However, our isolation rate from ticks did
not suggest that Borrelia garinii spirochaetes
have a lesser potential for growth in artificial me-
dia. We did observe gross differences in the
growth rate of original isolates from both patients
and ticks. However, the primary cultures used for
the isolation of strains described in this study were
incubated for three months before being discard-
ed and, while some isolates were recovered only
after such long incubation times, this did not cor-
relate with species or tick versus human origin. We
therefore do not believe that differences in
growth rate between isolates can explain our re-
sults. Alternatively, it is possible that the findings
reflect differences between Borrelia afzelii and
Borrelia garinii in the number of organisms
present in human skin (since the majority of our
isolations were from cutaneous lesions). This
could in turn affect the recovery rate and might
also reflect the natural tropisms of the different
species.

In conclusion, the principal finding of this study
is an apparent difference in the distribution of
Borrelia burgdorferi sensu lato species in patients
and ticks. An association between infecting spe-
cies and disease manifestations is less clear. We
also conclude that LRFP analysis is a useful
method of species identification that provides ad-
ditional information concerning the genotypic
characteristics of strains and permits the recogni-
tion of distinct subgroups within species.
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