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Aim. To iso late and ge no type Borrelia burgdorferi genospecies in se rum sam ples of Cro atian pa tients with er y thema migrans.
Methods. DNA iso lates from sera of pa tients with er y thema migrans were an a lyzed by nested poly mer ase chain re ac tion
(PCR), am pli fy ing a seg ment of flagellin gene with prim ers en com pass ing the con served re gion of the gene. To screen PCR
prod ucts for het er o ge ne ity, we per formed sin gle-stranded con for ma tion poly mor phism (SSCP) anal y sis. The sam ples show -
ing dif fer ences in SSCP pat terns were se quenced, and the se quence com pared in the GeneBank for se quence homology with
known Borrelia burgdorferi genospecies. We also con structed phylo gen etic tree of all known borrelial se quences.
Re sults. The nested PCR method us ing spe cially de signed flagellin gene prim ers, achieved the sen si tiv ity of 10 ge nome cop -
ies (0.01 pg of pu ri fied Borrelia burgdorferi DNA from cul ture) by di lu tion anal y sis. The as say spec i fic ity was con firmed by
am pli fi ca tion of a part of the flagellin gene from dif fer ent bac te rial spe cies. The primer pairs successfully am pli fied only
Borrelia burgdorferi flagellin gene. The ge nome of Borrelia burgdorferi sensu lato was de tected in the sera of all 10  tested pa -
tients with er y thema migrans. Se quence data and phylo gen etic anal y sis con firmed that all am pli fied sam ples be longed to
Borrelia afzelii genospecies.
Con clu sion. Phylo gen etic tree anal y sis placed the borrelial iso lates to gether with Borrelia afzelii se quences into a sin gle
group. This find ing was ad di tion ally sup ported by se quence homology anal y sis, which pro duced a homology score of 99%. In 
pa tients with er y thema migrans who come from the north west Croatia, an en demic area for Lyme borreliosis, Borrelia afzelii
was the cause of skin man i fes ta tions of Lyme borreliosis.
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Borrelia burgdorferi (B. burgdorferi), a spi ro chete
mostly trans mit ted by ticks of the Ixodidae fam ily,
causes Lyme borreliosis, a multisystemic dis ease that af -
fects the skin, joints, cen tral ner vous sys tem, and heart
(1-3). Atyp i cal and most com mon skin man i fes ta tion of
Lyme borreliosis is er y thema migrans, whereas neu ro -
logic symp toms, joint in volve ment, and chronic skin al -
ter ations can de velop at later stages of the dis ease (4,5).

B. burgdorferi con tains more than a hun dred of var i -
ous pro teins, which gen er ate phenotypical vari a tions of B.
burgdorferi iso lates (6). The ge netic vari a tion of B.
burgdorferi is re flected in the macro restrictional pat tern of 
lin ear chro mo somes (7), and poly mor phism of the 16 S
RNA and 5S-23S rRNA ge nome re gions (8). Anal y sis of
the B. burg dorferi pro tein com po si tion by two- dimen -
sional elec tro pho re sis, re stric tion of rRNA genes (9,10),
and monoclonal an ti body re ac tiv ity re vealed 10 geno mic
groups to date (11-13). In Eur asia, they are B. burgd orferi

sensu stricto, B. garinii (group 20047) (9), B. afzelii
(group VS461) (9,10), B. valaisiana (groups VS116 and
M19) (8,14), B. lusitaniae (group PotiB2) (8,15), and B.
ja pon ica (group F63B) (8,16). In North Amer ica they en -
com pass B. burg dorferi sensu stricto (7), B. andersoni
(groups 21123 and 21038) (8,17-21), and B. bissetti
(groups DN 127, CA55 and 25015) (17-22).

The clas si fi ca tion of B. burgdorferi sensu lato into
genomic groups has a clin i cal rel e vance for Lyme
borreliosis in Eu rope. The as so ci a tion of B. garinii with
neu ro logic symp toms, B. afzelii with skin man i fes ta tions,
and B. burgdorferi sensu stricto with ar thri tis has been
dem on strated in a num ber of stud ies (17,20,23). It seems
that B. ja pon ica causes no dis ease in hu mans (24), whereas
the pathogenetic po ten tial of B. valaisiana, B. lusitaniae,
and B. an der sonii has not yet been de fined.
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The ge nome of the ge nus Borrelia is or ga nized in the
lin ear cen tral DNA and a lin ear plasmid (25). This is rarely
seen among eubacteria, which are gen er ally char ac ter ized by
cir cu lar DNA (26). Ge netic re stric tion maps have been de -
signed and nu mer ous genes iso lated for most Borrelia strains. 
To date, 162 genes have been iden ti fied. All B. burgdorferi
sensu lato spe cies have two pro teins of a con stant mo lec u lar
mass of about 40 kDa (p60). In 1988, Hansen et al (27) de -
scribed pro tein p60 as an an ti gen of broad cross-reactivity.
Pro tein p41 (p23) or flagellin, is one of the most nu mer ous
an ti gens and the main flagellum con stit u ent lo cal ized in the
periplasmatic flagellum, be low the ex ter nal mem brane (28).

An ti bodies to flagellar an ti gen ap pear soon af ter in -
fec tion, so that flagellin an ti gen is con ve nient for
immunodiagnostic tests (29). Al though vari a tions have
been found among dif fer ent genomic groups, se quence
vari a tion of flagellin in B. burgdorferi sensu lato was
94-99% and in other Borrelia strains from 85 to 93%
(30). Ac cord ingly, flagellin ap pears to be ge nus spe cific.

In Croatia, B. burgdorferi was first iso lated in 1991,
at the De part ment of Dermatovenerology, Zagreb Uni ver -
sity Hos pi tal Cen ter, from the skin of a pa tient with er y -
thema migrans, and was named P1 Zagreb. Elec tro pho -
retic analysis of the B. burg dorferi pro teins showed six
most im por tant pro teins of dif fer ent mo lec u lar mass
(OspA, OspB, OspC, p41, p60, and p100), clas si fy ing
the iso late to B. burgdorferi sensu lato group (31).

In the north west Croatia, an en demic area for Lyme
borreliosis, four genomic B. burgdorferi sensu lato groups 
were iden ti fied in the Ixodes ricinus ticks: B. afzelii, B.
garinii, B. valaisiana (group VS116), and B. burgdorferi
sensu stricto (32).

Low num ber of B. burgdorferi in patho logic le sions
and tis sue flu ids, low an ti gen level, and the abil ity of B.
burgdorferi to es cape the host’s im mune re sponse re sult in 
slow, poor, and un re li able for ma tion of spe cific an ti bod ies 
(33). That is why the use of poly mer ase chain re ac tion
(PCR) has proved very use ful in the di ag no sis of Lyme
borreliosis (34-36).

In pa tients with Lyme borreliosis-associated skin al ter -
ations (er y thema migrans and acrodermatitis chro nica
atrophicans), borrelia DNA was de tected in 75-92% of skin
bi op sies (37) and in the se rum (38). PCR is also used for B.
burgdorferi sensu lato de ter mi na tion, to gether with ad di -

tional meth ods such as hy brid iza tion, se quence spe cific prim -
ers (SSP) am pli fi ca tion, and DNA re stric tion frag ment length
poly mor phism (RFLP) (20,39-41). Di rect se quenc ing of par -
tic u lar genes is a highly pre cise and ac cu rate tech nique of
geno typ ing B. burgdorferi sensu lato iso lates.

The aim of this study was to iso late and ge no type B.
burgdorferi genospecies in se rum sam ples of pa tients with 
er y thema migrans from the north west Croatia, an en demic 
area for Lyme borreliosis.

Ma te rial and Methods

The study was car ried out at the De part ment of
Dermatovenerology, Zagreb Uni ver sity Hos pi tal Cen ter, and Cro atian 
In sti tute of Trans fu sion Med i cine in Zagreb. The study in cluded anal -
y sis of sera from 40 pa tients with er y thema migrans. Bac te rial strains
used for PCR spec i fic ity test ing were ob tained by the cour tesy of Pro -
fes sor Z. Modriæ from the In sti tute of Mi cro bi ol ogy, Zagreb Uni ver -
sity School of Vet er i nary Med i cine. B. burgdorferi sensu lato iso lated 
and cul tured at the De part ment of Dermatovenerology, Zagreb Uni -
ver sity Hos pi tal Cen ter, was used as a pos i tive con trol.

DNA Iso la tion
One mil li li ter of se rum was cen tri fuged for 10 min at 15,000

rpm at room tem per a ture to con cen trate the frac tion with bac te ria.
The pre cip i tate was washed with 1 ml PBS buffer, pH 7.0, and cen tri -
fuged at 12,000 rpm at room tem per a ture for 5 min. To the pre cip i tate
200 µL buffer II (100 µL NaCl 5 mol/L; 150 µL 10% so dium dodecyl 
sul fate; 2750 µL TE buffer, pH 8.0) and 10 µL proteinase K (10
mg/mL), were added and in cu bated for 2 h at 50  °C and for 10 min at 
95 °C. Upon cool ing down, 400 µL of a mix ture of phe nol, chlo ro -
form, and isoamyl al co hol were added and stirred for 5 min, then cen -
tri fuged for 10 min at 12000 rpm at room tem per a ture. The aque ous
phase was sep a rated and DNA pre cip i tated with a dou ble vol ume of
100% eth a nol at -20 °C overnight. DNA pre cip i tate was washed with
70% eth a nol, dried in a vac uum cen tri fuge for 5 min, dis solved in 30
µL wa ter with 1 h in cu ba tion at 37  °C, and stored at 4 °C.

Primer De sign
Two seg ments of the Borrelia spe cies ge nome, one en cod ing ri -

bo somal 16S RNA and chro mo somal gene for flagellin pro tein, were
cho sen as tar gets of am pli fi ca tion.

The seg ment of ri bo somal 16S RNA gene is highly pre served and
broad spe cific (BS) for eubacteria, and the se lected prim ers have been
de scribed in the lit er a ture (34).

The prim ers for BS 16S RNA gene am pli fied a re gion of 215
base pairs (Ta ble 1). This am pli fi ca tion was used to con trol the yield
and qual ity of DNA iso la tion (34).

The prim ers for flagellin gene were cre ated on the ba sis of mul ti -
ple com par i son of the se quences ob tained from GenomeNet-DNA Da ta -
base of the Na tional In sti tute of Ge net ics, Kyoto, Ja pan, us ing the
BLAST soft ware for an op ti mal com par i son of two se quences and the
ClustalW soft ware for mul ti ple se quence com par i son, which also pro -
vides out put data for phylo gen etic anal y sis based on se quence vari a tion
(42).

In or der to in crease the method sen si tiv ity, nested PCR, re quir -
ing the syn the sis of two primer pairs, ex ter nal and in ter nal, was cho -
sen. The ex ter nal and in ter nal primer se quences, shown in Ta ble 1,
gen er ated a fi nal PCR prod uct of 535 bp.

DNA Am pli fi ca tion
The fi nal com po nents of the PCR in cluded 50 mmol/L KCl; 10

µmol/L tris (hydroxymethyl) amino methane pH 8.3; 1.5 µmol/L MgCl2;
0.1% (wt/vol) gel a tin; 100 µmol/L each dATP, dGTP, dCTP and dTTP;
2.5 U Amplitaq DNA Poly mer ase (Perkin-Elmer, Branchburg, USA),
and 20 pmol of each primer.

The fol low ing con di tions were used for am pli fi ca tion of ri bo -
somal 16S RNA gene: ini tial de na tur ation at 94 °C for 3 min, de na tur -
ation at 94 °C for 30s, an neal ing at 42 °C for 30s and ex ten sion at 72 °C 
for 30s for 35 cy cles, and fi nal ex ten sion at 72 °C for 7 min, on the
ther mal cycler GeneAmp 2400 (Perkin-Elmer, Branchburg, NJ, USA).

The con di tions for flagellin gene am pli fi ca tion were: ini tial de -
na tur ation at 94 C for 3 min, de na tur ation was per formed at 94 °C for
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Ta ble 1. Primers used in the study

Flagellin primersa

BAF 51  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 S rRNA primersb

BS1   5’ – GAGGAAGGTGGGGGATGA - 3’
BS2   5’ – GCCCGGGAACGGATTCAC - 3’

aThe size of the am pli fi ca tion prod uct was 728 bp for the first am pli fi ca -
tion, and 535 bp for the sec ond am pli fi ca tion.
bThe size of the am pli fi ca tion prod uct was 215 bp.



30s, an neal ing at 50 °C for 30s, ex ten sion at 72  °C for 30s, 30 cy cles,
and fi nal ex ten sion at 72 °C for 7 min.

As the flagellin gene was sub mit ted to dou ble am pli fi ca tion, 5
µL of the first PCR prod ucts were used in an other round of am pli fi ca -
tion with new in ter nal prim ers, un der the same am pli fi ca tion con di -
tion.

To test the spec i fic ity of PCR prim ers used in this study, DNA
iso lates from the fol low ing bac te rial strains were tested: B.
burgdorferi sensu lato and B. afzelii, Staph y lo coc cus aureus,
Enterococcus sp., Staph y lo coc cus epidermidis, Sarcina lutea,
Klebsiella oxytoca, Esch e richia coli, Pro teus mirabilis, Yersinia sp.,
Sal mo nella enteritidis, Shigella sonnei, Pseu do mo nas aeruginosa,
Ba cil lus subtilis, Ba cil lus ce reus, Treponema pallidum, and
Leptospira interrogans.

For PCR anal y sis, blank con trols con tain ing 10 µL of wa ter
sub sti tuted for DNA were used. As a pos i tive con trol, B. burgdorferi
sensu lato DNA iso lated from cul ture of the con trol strain was run in
par al lel with each am pli fi ca tion as say.

Prod uct De tec tion 
For the de tec tion of PCR prod ucts, 2.5% agarose gels in TBE

buffer with ethidium bro mide (2 µL/100 mL buffer) were used. The
gel was pho to graphed by a Po lar oid cam era.

Sin gle-Stranded Con for ma tion Poly mor phism (SSCP) Anal y sis
SSCP anal y sis (43) was per formed us ing a 10% Mini Clean gel

sys tem (Pharmacia, Uppsala, Swe den) un der con di tions rec om mended
by the man u fac turer. Spe cific PCR prod uct (4-6 µL) was mixed with 2
vol umes of formamide-dye so lu tion (88% formamide, 10 mmol/L
EDTA, 0.01% xylene cyanol), heat-denatured at 95 °C for 5 min, and
cooled rap idly in ice wa ter (0 °C, 5 min). Eight microliters of the de na -

tured DNA so lu tion was loaded onto a 10% polyacrylamide MiniClean 
gel. The elec tro pho re sis con di tions were 10 min at 200 V, 10 mA, 5 W
and 2 h at 375 V, 15 mA, 10 W, all at  15 °C. The gels were sil ver
stained (43,44).

Subcloning of PCR Prod ucts
PCR prod ucts were sep a rated by agarose gel elec tro pho re sis us ing

low melt ing point agarose (Gibco-BRL, Eggenstein, Ger many). Gel slices
con tain ing flagellin frag ments of the ex pected size were ex cised and
agarose pieces re moved by microcentrifugation. The supernatant was used 
for subcloning with the aid of a Sure-Clone li ga tion kit (Pharmacia
Biotech, Frei burg, Ger many). Com pe tent Esch e richia coli XL1-Blue bac -
te ria were used for transfection. Plasmid DNA was iso lated us ing a Qiagen 
Plasmid iso la tion kit (Qiagen GmBH, Hilden, Ger many).

Se quencing
PCR prod ucts of the flagellin gene were se quenced by the

dideoxy chain-termination method (45) us ing an AutoRead se quenc ing 
kit (Pharmacia Biotech) and flu o res cent uni ver sal and re verse prim ers
an neal ing to the mul ti ple clon ing sites of the pUC18 vec tor. Se -
quencing was car ried out by on a A.L.F. DNA se quencer (Pharmacia
Biotech).

Com puter Anal y sis
The data ob tained by the read ing of the se quence re ac tion were

pro cessed on the ap pro pri ate Ap ple Ma cintosh com puter. The se -
quences were an a lyzed us ing the MacVector pro gram (In ter na tional
Bio techno logies, Tecnomara, Fernwald, Ger many) and the Ge net ics
Com puter Group se quence anal y sis soft ware pack age (ver sion 7.2,
1992; Ge net ics Com puter Group, Uni ver sity Re search Park, Mad i -
son, USA).

In the ClustalW pro gram, we com bined the se quences ob tained 
with other flagellin gene se quences de rived from the GeneBank.

The Drawtree pro gram was trans ferred from the soft ware base
along with the com plete PHYLIP soft ware (Phy log eny In fer ence
Pack age), avail able free over the Internet, dis trib uted by the au thor J.
Felsenstein, De part ment of Ge net ics, Uni ver sity of Wash ing ton, Se at -
tle, USA, for the ge nome phylo gen etic anal y sis. All se quences of the
ge nus Borrelia were used (B. afzelii, 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 Jer sey, B. lusitaniae, B.
miyamotoi, B. recurrentis, B. tanukii, B. theileri, B. turdae, B.
turicatae, B. valaisiana, as well as the se quences of B. burgdorferi
sensu lato strains: B. afzelii, B. ja pon ica, B. andersoni, B. lusitaniae,
B. bissettii, B. garinii, B. burgdorferi sensu stricto, and B. valaisiana).

The phylo gen etic trees were con structed by the neigh -
bor-joining method of Saitou and Nei (46), us ing the PHYLIP pack -
age.

Re sults

PCR Re ac tion Sen si tiv ity and Spec i fic ity
The sen si tiv ity of the PCR as say was de termined us ing

B. burgdorferi sensu lato DNA sam ples iso lated from cul -
ture (32) and se ri ally di luted in wa ter. Due to the scar city of
or gan isms in clin i cal sam ples, it was very im por tant to de -
velop a PCR method with a very high sen si tiv ity. This was
pos si ble by us ing the nested PCR, which re vealed a de tec -
tion limit of 5 to 10 borrelial genomes per PCR re ac tions.
The as say spec i fic ity was as sessed by PCR am pli fi ca tion
with dif fer ent B. burgdorferi spe cies and dif fer ent bac te rial
strains. Un der iden ti cal ex per i men tal con di tions, spe cific
am pli fi ca tion oc curred only with Borrelia burgdorferi
flage llin gene (Fig. 1). The ef fi cacy of DNA iso la tion was
con trolled by am pli fi ca tion of 16S rRNA gene with prim ers 
con served (BS1/BS2) among all eubacteria (Fig. 1).

Fig ure 2 shows suc cess fully am pli fied flage llin gene
frag ment, iso lated from sera of 5 pa tients with er y thema
migrans in com par i son with a pos i tive con trol. In an other 
5 tested pa tients we also de tected bor relial flagellin gene
(data not shown). A DNA iso late from B. bur gdorferi
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Fig ure 1. Spec i fic ity of prim ers am pli fy ing the part of flagellin
gene tested on DNA iso lates from dif fer ent bac te rial strains.
NC, neg a tive con trol; M, mo lec u lar marker. (A) PCR prod ucts
am pli fied with prim ers spe cific for highly pre served part of the
16S rRNA gene (prod uct size: 215 bp). (B) PCR prod ucts am -
pli fied with prim ers spe cific for borrelial flagellin gene (prod uct
size: 535 bp).



sensu lato cul ture grown in 1991 at the De part ment was
used as pos i tive con trol (32).

Sin gle-Stranded Con for ma tion
Poly mor phism
The flagellin gene am pli fi ca tion prod ucts of pos i -

tive sam ples were an a lyzed by SSCP (43), to de ter mine
the pos si ble DNA chain het er o ge ne ity, point ing to dif fer -
ences among PCR prod ucts. Two am pli fied DNA sam -
ples and the con trol sam ple re vealed the pres ence of dif -
fer ent chains within a sin gle prod uct, form ing
heteroduplexes, and all other sam ples showed an iden ti -
cal SSCP pat tern (Fig. 3).

Se quencing and Phylo gen etic Anal y sis
SSCP anal y sis was used for the se lec tion of PCR

prod ucts to be se quenced.
A to tal of 8 PCR sam ples were se quenced, among

them sam ples with a mixed strand type on SSCP and sam -
ples with a sin gle strand type. Using all se quences of the
Borrelia spe cies avail able, we con structed a phylo gen etic
tree de pend ing on the flagellin gene sim i lar ity to the pub -
lished se quences. Dis tances (per cent of di ver gence) be -
tween all pairs of se quences from mul ti ple align ments
were cal cu lated. Neigh bor-joining method (46), was ap -
plied to the dis tance ma trix giv ing an unrooted tree. In our
case, branch length corr esponding to ex act ge netic dis -
tances have been omit ted and we con structed the tree in
which par tic u lar se quence po si tions cor re spond to ge -
netic dis tance in rel a tive man ner, pro duc ing the fi nal tree
with a max i mum like li hood method which re pet i tively
gave the tree with the same to pol ogy (Figs. 4 and 5).

Phylo gen etic anal y sis re vealed that B. afzelii was
pres ent in 10 pa tients sam ples. Com par i son on the
BLAST server com puter yielded a 99-100% homology
with B. afzelii, con firm ing the re sults of phylo gen etic
anal y sis. The homology with the spe cies B. tanukii was
93%, and with B. garinii, B. ja pon ica, B. andersonii, B.
burgdorferi sensu stri cto, B. lusitaniae and B. valaisiana

it was 91-92%. The iso late of con trol strain B.
burgdorferi sensu lato was also de fined as B. afzelii.

Dis cus sion

PCR meth ods for the de tec tion of DNA from B.
burgdorferi sensu lato were eval u ated by anal y sis of sera 
from 40 pa tients with er y thema migrans. The method us -
ing a com bi na tion of flagellin BAF51/BAF31 and
BAF52/BAF32 prim ers as nested PCR achieved high
sen si tiv ity and spec i fic ity. Good sen si tiv ity ob tained by
nested PCR of the borrelial flagellin gene in clin i cal sam -
ples has been re ported (47,48), how ever, no data on the
use of iden ti cal primer pairs could be found in avail able
lit er a ture. Anal y sis of var i ous bac te rial strains was used to 
ver ify the method spec i fic ity. Our study dem on strated that 
the de signed flagellin gene prim ers, be ing lo cal ized in the
preserved gene re gions, suc cess fully am pli fied the tar get
se quence of B. afzelii and B. burgdorferi sensu stricto,
which dif fer in the flagellin gene se quence by 8% to 10%.
The com bi na tion of BS1/BS2 prim ers for the pre served
seg ment of 16S ri bo somal gene proved sen si tive enough
for the con trol of DNA iso la tion. As they am plify the pre -
served re gion and yield prod ucts in the pres ence of DNA
of other bac te ria that may be found in the sam ple, they
have been rec om mend as con trols (34).

The tech nique of SSCP is suit able for rapid screen -
ing of se quence iden tity (43,44). In the pres ent study,
SSCP proved valu able in am pli fied DNA preselection
for se quenc ing, as all sam ples with iden ti cal SSCP pat -
terns also pos sessed iden ti cal se quences.

The phylo gen etic tree re vealed the clus ter ing of the
borrelial iso lates with B. afzelii se quences into the same
group, in di cat ing that borrelial iso lates from 10 pa tients
with er y thema chronicum migrans and from the B.
burgdorferi sensu lato cul ture be long to the same
genospecies. This find ing is sup ported by se quence
homology anal y sis that pro duced the homology score of
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Fig ure 2. PCR re sults of the flagellin gene am pli fi ca tion in pa -
tient sam ples and con trols. Lanes 1, 2, 4, and 9; neg a tive con -
trols. Lanes 3 and 5-8, am pli fi ca tion prod ucts with prim ers for
flagellin gene (frag ment size of 535 bp). K, pos i tive con trol
(cul ture of B. burdgorferi sensu lato); M, mo lec u lar marker. 

Fig ure 3. SSCP anal y sis of pos i tive PCR prod ucts. Lane K
(con trol, B. burgdorferi sensu lato cul ture) and 9 and 10 (2 out
of 10 tested sam ples) con tained hetero duplexes, whereas other
sam ples showed iden ti cal strands. ds DNA, dou ble-stranded
DNA; hd, hetero duplexes; ss DNA, sin gle-stranded DNA.



99% be tween borrelial iso lates and B. afzelii se quence
data from the GeneBank.

B. afzelii was de tected in all SSCP pre se lected and
se quenced sam ples. As er y thema migrans pa tients were
from north west Croatia, which is considered an en demic
area for Lyme borreliosis, this find ing was not un usual.
Golubiæ et al (49) re ported on the dis tinct pre dom i nance of
B. afzelii in ticks from north west Croatia, where it was iden -
ti fied in 37 out of 56 (66%) ticks. B. afzelii is the most com -
mon cause of skin man i fes ta tions of Lyme borre liosis, pri -
mar ily er y thema migrans (4,10).

Our study com prised spe cific en demic ar eas of
Lyme dis ease in Croatia, and our re sults con firmed that
B. afzelii is the main caus ative agent of er y thema
chronicum migrans in the stud ied group from that area.
As sim i lar stud ies have not been made in other parts of
Croatia, there is a di lemma whether B. afzelii is the caus -
ative agent of the most fre quent man i fes ta tion of the
Lyme dis ease – er y thema chronicum migrans in other
parts of Croatia too. This re search should be ex panded by
stud ies on the dis eased from other clin i cal types of Lyme
dis ease (lyme ar thri tis, neuroborreliosis), in or der to de ter -
mine whether other Borrelia burgdorferi genospecies are
also in cluded in the eti o l ogy of extracutaneous types of
Lyme dis ease.
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