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Aim. Toisolateand genotypeBorrelia burgdorferi genospeciesin serum samplesof Croatian patientswith erythemamigrans.

Methods. DNA isolates from sera of patients with erythema migrans were analyzed by nested polymerase chain reaction
(PCR), amplifying asegment of flagellin gene with primers encompassing the conserved region of the gene. To screen PCR
productsfor heterogeneity, we performed single-stranded conformation polymorphism (SSCP) andysis. The samples show-
ing differencesin SSCP patterns were sequenced, and the sequence compared in the GeneBank for sequence homology with
known Borrelia burgdorferi genospecies. We aso constructed phylogenetic tree of all known borrelial sequences.

Results. The nested PCR method using specially designed flagellin gene primers, achieved the sensitivity of 10 genome cop-
ies(0.01 pg of purified Borrdiaburgdorferi DNA from culture) by dilution analysis. The assay specificity was confirmed by
amplification of a part of the flagdllin gene from different bacteriad species. The primer pairs successfully amplified only
Borrdiaburgdorferi flagellin gene. Thegenomeof Borreliaburgdorferi sensulato wasdetected inthe seraof al 10 tested pa
tients with erythema migrans. Sequence data and phylogenetic analysis confirmed that al amplified samples belonged to
Borrelia afzdlii genospecies.

Conclusion. Phylogenetic tree analysis placed the borrdlial isolates together with Borrelia afzdii sequences into a single
group. Thisfinding wasadditionally supported by sequence homol ogy andysis, which produced ahomol ogy scoreof 99%. In
patients with erythemamigranswho come from the northwest Croatia, an endemic areafor Lymeborrdioss, Borrdia afzdii
was the cause of skin manifestations of Lyme borrdlioss.

Key words: bacterial gene proteins; bacterial typing techniques; biotyping, bacterial; Borrelia burgdorferi; Croatia; erythema
chronicum migrans; flagellin; gene products, bacterial; polymerase chain reaction; nested PCR

Borrelia burgdorferi (B. burgdorferi), a spirochete
mostly transmitted by ticks of the Ixodidae family,
causes Lyme borreliosis, amultisystemic disease that af-
fects the skin, joints, central nervous system, and heart
(1-3). Atypical and most common skin manifestation of
Lyme borreliosis is erythema migrans, whereas neuro-
logic symptoms, joint involvement, and chronic skin al-
terations can develop at later stages of the disease (4,5).

B. burgdorferi contains more than a hundred of vari-
ous proteins, which generate phenotypical variations of B.
burgdorferi isolates (6). The genetic variation of B.
burgdorferi isreflected in the macrorestrictional pattern of
linear chromosomes (7), and polymorphism of the 16 S
RNA and 55-23S rRNA genome regions (8). Analysis of
the B. burgdorferi protein composition by two-dimen-
siona electrophoresis, restriction of rRNA genes (9,10),
and monoclond antibody reactivity reveded 10 genomic
groupsto date (11-13). In Eurasia, they are B. burgdorferi

sensu stricto, B. garinii (group 20047) (9), B. afzdii
(group V$461) (9,10), B. valaisiana (groups VS116 and
M19) (8,14), B. lusitaniae (group PotiB2) (8,15), and B.
japonica (group F63B) (8,16). In North Americathey en-
compass B. burgdorferi sensu stricto (7), B. andersoni
(groups 21123 and 21038) (8,17-21), and B. bissetti
(groups DN 127, CA55 and 25015) (17-22).

The classification of B. burgdorferi sensu lato into
genomic groups has a clinical relevance for Lyme
borrelioss in Europe. The association of B. garinii with
neurologic symptoms, B. afzdii with skin manifestations,
and B. burgdorferi sensu dricto with arthritis has been
demongtrated in a number of studies (17,20,23). It seems
that B. japonica causes no disease in humans (24), whereas
the pathogenetic potential of B. valaisana, B. lusitaniae,
and B. andersonii has not yet been defined.
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The genome of the genus Borrdia is organized in the
linear centrd DNA and alinear plasmid (25). Thisis rarely
seen among eubacteria, which are generdly characterized by
circular DNA (26). Genetic restriction maps have been de-
signed and numerous genesisolated for most Borrdiagrains.,
To date, 162 genes have been identified. All B. burgdorferi
senau lato species have two proteins of aconstant molecular
meass of about 40 kDa (p60). In 1988, Hansen e d (27) de-
scribed protein p60 as an antigen of broad cross-reectivity.
Protein p41 (p23) or flagdlin, is one of the most numerous
antigens and the main flagellum congtituent locdized in the
periplasmatic flagellum, below the externd membrane (28).

Antibodiesto flagellar antigen appear soon after in-
fection, so that flagellin antigen is convenient for
immunodiagnostic tests (29). Although variations have
been found among different genomic groups, sequence
variation of flagellin in B. burgdorferi sensu lato was
94-99% and in other Borrelia strains from 85 to 93%
(30). Accordingly, flagellin appearsto be genus specific.

In Croatia, B. burgdorferi was first isolated in 1991,
at the Department of Dermatovenerology, Zagreb Univer-
sty Hospital Center, from the skin of a patient with ery-
thema migrans, and was named P1 Zagreb. Electropho-
retic analysis of the B. burgdorferi proteins showed six
most important proteins of different molecular mass
(OspA, OspB, OspC, p4l, p60, and pl00), classifying
the isolate to B. burgdorferi sensu lato group (31).

In the northwest Croatia, an endemic areafor Lyme
borreliosis, four genomic B. burgdorferi sensu lato groups
were identified in the Ixodes ricinus ticks. B. afzdii, B.
garinii, B. valaisiana (group VS116), and B. burgdorferi
sensu stricto (32).

Low number of B. burgdorferi in pathologic lesions
and tissue fluids, low antigen level, and the ability of B.
burgdorferi to escape the host’ simmune responseresult in
dow, poor, and unreliable formation of specific antibodies
(33). That is why the use of polymerase chain reaction
(PCR) has proved very useful in the diagnosis of Lyme
borreliosis (34-36).

In patients with Lyme borreliosis-associated skin alter-
ations (erythema migrans and acrodermatitis chronica
atrophicans), borrelia DNA was detected in 75-92% of skin
biopsies (37) and in the serum (38). PCR isaso used for B.
burgdorferi sensu lato determination, together with addi-

Table 1. Primers used in the study

Flagellin primers:
BAF51 5 —GCTGCTGGCATGGGGGTTTCT -3

(128-149)
BAF 31 5 —CAATAGCATACTCAGTACTATTCT -3
(832-856)
BAF 52 5’- CAGACAACAGAAGGGAATTTAAATG-3
(219-244)
BAF 32 5 —CAAGTGATGTATTAGCATCAACTG-3
(729-754)

16 SrRNA primers

BS1 5 —-GAGGAAGGTGGGGGATGA -3
BS2 5 —GCCCGGGAACGGATTCAC-3

aThe size of the amplification product was 728 bp for the first amplifica-
tion, and 535 bp for the second amplification.

bThe size of the amplification product was 215 bp.

tiona methods such as hybridization, sequence pecific prim-
ers (SSP) amplification, and DNA restriction fragment length
polymorphism (RFLP) (20,39-41). Direct sequencing of par-
ticular genes is a highly precise and accurate technique of
genotyping B. burgdorferi sensu lato isolates.

The aim of this study was to isolate and genotype B.
burgdorferi genospeciesin serum samplesof patientswith
erythemamigransfrom the northwest Croetia, an endemic
areafor Lyme borrelioss.

Material and M ethods

The study was caried out a the Depatment of
Dermatovenerology, Zagreb University Hospita Center, and Croatian
Ingtitute of Transfusion Medicinein Zagreb. The study included anal-
ysis of serafrom 40 patients with erythema migrans. Bacteria strains
used for PCR specificity testing were obtained by the courtesy of Pro-
fessor Z. Modrigefrom the Ingtitute of Microbiology, Zagreb Univer-
sity School of Veterinary Medicine. B. burgdorferi sensu lato isolated
and cultured at the Department of Dermatovenerology, Zagreb Uni-
versity Hospital Center, was used as a positive control.

DNA Isolation

One milliliter of serum was centrifuged for 10 min at 15,000
rpm a room temperature to concentrate the fraction with bacteria.
The precipitate was washed with 1 ml PBS buffer, pH 7.0, and centri-
fuged at 12,000 rpm at room temperature for 5 min. To the precipitete
200 m buffer 1 (100 nL. NaCl 5mol/L; 150 ni. 10% sodium dodecyl
sulfate; 2750 mL TE buffer, pH 8.0) and 10 L proteinase K (10
mg/mL), were added and incubated for 2 hat 50 °C and for 10 min at
95 °C. Upon cooling down, 400 L of a mixture of phenal, chloro-
form, and isoamy! acohol were added and stirred for 5 min, then cen-
trifuged for 10 min at 12000 rpm at room temperature. The agqueous
phase was separated and DNA precipitated with a double volume of
100% ethanol at -20 °C overnight. DNA precipitate was washed with
70% ethanol, dried in a vacuum centrifuge for 5 min, dissolved in 30
L water with 1 hincubation at 37 °C, and stored at 4 °C.

Primer Design

Two segments of the Borrelia species genome, one encoding ri-
bosomal 16S RNA and chromosoma gene for flagellin protein, were
chosen as targets of amplification.

The segment of ribosomal 16S RNA geneis highly preserved and
broad specific (BS) for eubacteria, and the sdected primers have been
described in the literature (34).

The primers for BS 16S RNA gene amplified a region of 215
base pairs (Table 1). This amplification was used to contral the yield
and quality of DNA isolation (34).

The primers for flagellin gene were cregted on the basis of multi-
ple comparison of the sequences obtained from GenomeNet-DNA Data
bese of the Nationd Indtitute of Genetics, Kyoto, Jgpan, usng the
BLAST software for an optima comparison of two sequences and the
ClustalW software for multiple sequence comparison, which aso pro-
vides output data for phylogenetic analysis based on sequence variation
(42).

In order to increase the method sensitivity, nested PCR, requir-
ing the synthesis of two primer pairs, external and internal, was cho-
sen. The externa and internal primer sequences, shown in Table 1,
generated afina PCR product of 535 bp.

DNA Amplification

The find components of the PCR included 50 mmol/L KClI; 10
mmol/L tris (hydroxymethyl) aminomethane pH 8.3; 1.5 mmol/L MgCl,;
0.1% (wt/vol) gelatin; 100 mmol/L each dATP, dGTP, dCTPand dTTP,
25 U Amplitag DNA Polymerase (Perkin-Elmer, Branchburg, USA),
and 20 pmol of each primer.

The following conditions were used for amplification of ribo-
soma 16S RNA gene: initid denaturation a 94 °C for 3 min, denatur-
aionat 94 °Cfor 30s, annealing at 42 °C for 30sand extenson at 72 °C
for 30s for 35 cycles, and find extenson a 72 °C for 7 min, on the
thermal cycler GeneAmp 2400 (Perkin-Elmer, Branchburg, NJ, USA).

The conditions for flagellin gene amplification were; initia de-
naturation a 94 C for 3 min, denaturation was performed at 94 °C for
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30s, annedling a 50 °C for 30s, extension a 72 °C for 30s, 30 cycles,
and find extenson a 72 °C for 7 min.

As the flagellin gene was submitted to double amplification, 5
ni of thefirst PCR products were used in another round of amplificar
tion with new internal primers, under the same amplification condi-
tion.

To test the specificity of PCR primers used in this study, DNA
isolates from the following bacterid strains were tested: B.
burgdorferi sensu lato and B. afzelii, Saphylococcus aureus,
Enterococcus sp., Saphylococcus epidermidis, Sarcina  Iutea,
Klebsiella oxytoca, Escherichia coli, Proteus mirabilis, Yersinia sp.,
Salmonella enteritidis, Shigella sonnei, Pseudomonas aeruginosa,
Bacillus subtilis, Bacillus cereus, Treponema pallidum, and
Leptospira interrogans.

For PCR andysis, blank controls containing 10 . of water
substituted for DNA were used. As a positive control, B. burgdorferi
sensu lato DNA isolated from culture of the control strain was runin
parallel with each amplification assay.

Product Detection

For the detection of PCR products, 2.5% agarose gels in TBE
buffer with ethidium bromide (2 n./100 mL buffer) were used. The
gel was photographed by a Polaroid camera.

Single-Stranded Conformation Polymor phism (SSCP) Analysis

SSCP analysis (43) was performed using a 10% MiniClean ge
system (Pharmacia, Uppsala, Sweden) under conditions recommended
by the manufacturer. Specific PCR product (4-6 m_) was mixed with 2
volumes of formamide-dye solution (88% formamide, 10 mmol/L
EDTA, 0.01% xylene cyanol), hest-denatured at 95 °C for 5 min, and
cooled rapidlydh ice water (0 °C, 5 min). Eight microliters of the dena
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Figure 1. Specificity of primersamplifying the part of flagellin
gene tested on DNA isolates from different bacteria strains.
NC, negative control; M, molecular marker. (A) PCR products
amplified with primers specific for highly preserved part of the
16S rRNA gene (product size: 215 bp). (B) PCR products am-
plified with primers specific for borrelial flagellin gene (product
size: 535 bp).

tured DNA solution was loaded onto a 10% polyacrylamide MiniClean
gel. The dectrophoresis conditionswere 10 minat 200V, 10 mA, 5W
and2ha 375V, 15mA, 10 W, al a 15 °C. The gels were silver
stained (43,44).

Subcloning of PCR Products

PCR products were separated by agarose gd eectrophoresis usng
low melting point agarose (Gibco-BRL, Eggenstein, Germany). Gl dices
containing flagdlin fragments of the expected sze were excised and
agarose pieces removed by microcentrifugation. The supernatant was used
for subcloning with the ad of a SureClone ligation kit (Pharmacia
Biotech, Freiburg, Germany). Competent Escherichia coli XL1-Blue bac-
teriawere used for transfection. Plasmid DNA wasisolated using aQiagen
Plaamid isolation kit (Qiagen GmBH, Hilden, Germany).

Sequencing

PCR products of the flagellin gene were sequenced by the
dideoxy chain-termination method (45) using an AutoRead sequencing
kit (Pharmacia Biotech) and fluorescent universal and reverse primers
annedling to the multiple cloning stes of the pUC18 vector. Se-
quencing was carried out by on a A.L.F. DNA sequencer (Pharmacia
Biotech).

Computer Analysis

The data obtained by the reading of the sequence reaction were
processed on the appropriate Apple Macintosh computer. The se-
quences were analyzed using the MacVector program (International
Biotechnologies, Tecnomara, Fernwald, Germany) and the Genetics
Computer Group seguence analysis software package (version 7.2,
1992; Genetics Computer Group, University Research Park, Madi-
son, USA).

In the ClustalW program, we combined the sequences obtained
with other flagellin gene sequences derived from the GeneBank.

The Drawtree program was transferred from the software base
adong with the complete PHYLIP software (Phylogeny Inference
Package), available free over the Internet, distributed by the author J.
Felsenstein, Department of Genetics, University of Washington, Seat-
tle, USA, for the genome phylogenetic analysis. All sequences of the
genus Borredia were used (B. afzdlii, B. andersonii, B. anserina, B.
barbouri, B. burgdorferi sensu stricto, B. parkerii, B. coriaceae, B.
crocidurae, B. duttonii, B. hermsii, B. hispanica, B. lonestarii Texas,
B. garinii, B. bisseti, B. lonestarii New Jersey, B. lusitaniae, B.
miyamotoi, B. recurrentis, B. tanukii, B. theileri, B. turdae, B.
turicatae, B. valaisana, as well as the sequences of B. burgdorferi
sensu lato strains: B. afzdlii, B. japonica, B. andersoni, B. lusitaniae,
B. bissettii, B. garinii, B. burgdorferi sensu dtricto, and B. valaisiana).

The phylogenetic trees were constructed by the neigh-
bor-joining method of Saitou and Nei (46), using the PHY LIP pack-
age.

Results

PCR Reaction Sensitivity and Specificity

The sengtivity of the PCR assay was determined using
B. burgdorferi sensu lato DNA samples isolated from cul-
ture (32) and seridly diluted in water. Dueto the scarcity of
organismsin clinical samples, it was very important to de-
velop a PCR method with avery high sengtivity. Thiswas
possible by using the nested PCR, which reveded a detec-
tion limit of 5 to 10 borrelid genomes per PCR reactions.
The assay specificity was assessed by PCR amplification
with different B. burgdorferi species and different bacteria
strains. Under identical experimental conditions, specific
amplification occurred only with Borrelia burgdorferi
flagdllin gene (Fig. 1). The efficacy of DNA isolation was
controlled by amplification of 16S5rRNA genewith primers
conserved (BS1/BS2) among al eubacteria (Fig. 1).

Figure 2 shows successfully amplified flagellin gene
fragment, isolated from sera of 5 patients with erythema
migransin comparison with apositive control. In another
5 tested patients we also detected borrelial flagellin gene
(data not shown). A DNA isolate from B. burgdorferi

49



Situm et al: PCR Detection of Borrelia burgdorferi DNA

Croatian Med J2000;41:47-53

sensu lato culture grown in 1991 at the Department was
used as positive control (32).

Sngle-Sranded Conformation

Polymor phism

The flagellin gene amplification products of posi-
tive samples were analyzed by SSCP (43), to determine
thepossible DNA chain heterogeneity, pointing to differ-
ences among PCR products. Two amplified DNA sam-
ples and the control sample revealed the presence of dif-
ferent chains within a single product, forming
heteroduplexes, and al other samples showed an identi-
cal SSCP pattern (Fig. 3).

Sequencing and Phylogenetic Analysis

SSCP analysis was used for the selection of PCR
products to be sequenced.

A total of 8 PCR samples were sequenced, among
them sampleswith amixed strand type on SSCP and sam-
ples with a single strand type. Using all sequences of the
Borrelia species available, we constructed a phylogenetic
tree depending on the flagellin gene similarity to the pub-
lished sequences. Distances (percent of divergence) be-
tween al pairs of sequences from multiple aignments
were calculated. Neighbor-joining method (46), was ap-
plied to the distance matrix giving an unrooted tree. In our
case, branch length corresponding to exact genetic dis-
tances have been omitted and we constructed the treein
which particular sequence positions correspond to ge-
netic distance in relative manner, producing thefinal tree
with a maximum likelihood method which repetitively
gave the tree with the same topology (Figs. 4 and 5).

Phylogenetic analysis revedled that B. afzelii was
present in 10 patients samples. Comparison on the
BLAST server computer yielded a 99-100% homology
with B. afzelii, confirming the results of phylogenetic
analysis. The homology with the species B. tanukii was
93%, and with B. garinii, B. japonica, B. andersonii, B.
burgdorferi sensu stricto, B. lusitaniae and B. valaisiana

123456738 910KM

Figure 2. PCR results of the flagellin gene amplification in pa-
tient samples and controls. Lanes 1, 2, 4, and 9; negative con-
trols. Lanes 3 and 5-8, amplification products with primers for
flagellin gene (fragment size of 535 bp). K, positive control
(culture of B. burdgorferi sensu lato); M, molecular marker.

it was 91-92%. The isolate of control strain B.
burgdorferi sensu lato was also defined as B. afzdlii.

Discussion

PCR methods for the detection of DNA from B.
burgdorferi sensu lato were evaluated by analysisof sera
from 40 patients with erythemamigrans. The method us-
ing a combination of flagellin BAF51Y/BAF31 and
BAF52/BAF32 primers as nested PCR achieved high
sensitivity and specificity. Good sensitivity obtained by
nested PCR of the borrelia flagellin genein clinical sam-
ples has been reported (47,48), however, no data on the
use of identical primer pairs could be found in available
literature. Analysis of variousbacteria strainswas used to
verify the method specificity. Our study demonstrated that
the designed flagellin gene primers, being localized in the
preserved gene regions, successfully amplified the target
sequence of B. afzdlii and B. burgdorferi sensu dtricto,
which differ in the flagellin gene sequence by 8% to 10%.
The combination of BSL/BS2 primers for the preserved
segment of 16S ribosomal gene proved sensitive enough
for the control of DNA isolation. Asthey amplify the pre-
served region and yield products in the presence of DNA
of other bacteria that may be found in the sample, they
have been recommend as controls (34).

The technique of SSCP is suitable for rapid screen-
ing of sequence identity (43,44). In the present study,
SSCP proved valuable in amplified DNA preselection
for sequencing, as all samples with identical SSCP pat-
terns also possessed identical sequences.

The phylogenetic tree revealed the clustering of the
borrelial isolates with B. afzelii sequencesinto the same
group, indicating that borrelia isolates from 10 patients
with erythema chronicum migrans and from the B.
burgdorferi sensu lato culture belong to the same
genospecies. This finding is supported by sequence
homology analysisthat produced the homology score of

S ---‘-ﬁPE.SSDNA

Figure 3. SSCP analysis of positive PCR products. Lane K
(control, B. burgdorferi sensu lato culture) and 9 and 10 (2 out
of 10 tested samples) contained heteroduplexes, whereas other
samples showed identical strands. ds DNA, double-stranded
DNA; hd, heteroduplexes; ss DNA, single-stranded DNA.
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Figure4. A phylogenetic tree designed on the basis of similar-
ity of the flagellin gene sequences of the sequenced samples
and published sequences of various borrelial species. For con-
venience, the length of particular branches is approximative
and does not correspond to the respective phylogenetic dis-
tance. K, isolate from the culture B. burgdorferi sensu lato; 44,
57, 64, 148, 184, and 214, sequences of the tested samples.

99% between borrelia isolates and B. afzdlii sequence
data from the GeneBank.

B. afzdii was detected in al SSCP preselected and
sequenced samples. As erythema migrans patients were
from northwest Croatia, which is considered an endemic
area for Lyme borrdioss, this finding was not unusua.
Golubizeet a (49) reported on the digtinct predominance of
B. afzdii inticksfrom northwest Croatia, whereit wasiden-
tified in 37 out of 56 (66%) ticks. B. afzdii isthe most com-
mon cause of skin manifestations of Lyme borrdioss, pri-
marily erythemamigrans (4,10).

Our study comprised specific endemic areas of
Lyme disease in Croatia, and our results confirmed that
B. afzdlii is the main causative agent of erythema
chronicum migrans in the studied group from that area.
As similar studies have not been made in other parts of
Crogtia, thereisadilemmawhether B. afzelii isthe caus-
ative agent of the most frequent manifestation of the
Lyme disease — erythema chronicum migrans in other
parts of Croatiatoo. Thisresearch should be expanded by
studies on the diseased from other clinical types of Lyme
disease (lymearthritis, neuroborreliosis), in order to deter-
mine whether other Borrdia burgdorferi genospecies are
also included in the etiology of extracutaneous types of
Lyme disease.

valaisiana

Lusitanioe

japonica

garinii

pissetti
garnii2

b. burgdorferi sensu stricto2

b. afzelii and samples 44, 57, 64, 148, 149, 184, 214, K

Figure5. A phylogenetic tree designed on the basis of similar-
ity of the flagellin gene sequences of the sequenced samples
and published sequences of B. burgdorferi sensu lato. Contrary
to Fig. 4, the length of particular branches corresponds algor-
ithmically to sequence differences. For convenience, theillus-
tration has been adjusted by PC Paintbrush software due to the
great similarity of 10 sequencesin asingle branch. The length
of linesisidentical tothoseinthe original Drawtreetree. K, iso-
late from the culture B. burgdorferi sensu lato; 44, 57, 64, 148,
184, and 214, sequences of the tested samples.
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