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Abstract: Lyme borreliosis (LB) represents the most common vector-borne zoonotic
disease in the Northern Hemisphere. The infection is caused by the spirochetes of the
Borrelia burgdorferisensu lato (s.l.) complex which circulate between tick vectors and
vertebrate reservoir hosts. The complexBafrrelia burgdorferi s.l. encompasses at

least 12 species. Genetic variability within and between each species has a considerable
impact on pathogenicity, clinical picture, diagnostic methods, transmission mechanisms
and its ecology. The distribution of distinct genospecies varies with the different
geographic area and over a time. In recent years, new molecular assays have been
developed for direct detection and classification of diffeBmtelia strains. Profound
studies of strain heterogeneity initiated a new approach to vaccine development and
routine diagnosis of Lyme borreliosis in Europe. Although great progress has been
made in characterization of the organism, the present knowledge of ecology and
epidemiology ofB. burgdorferi s.l. is still incomplete. Further information on the
distribution of differenBorrelia species and subspecies in their natural reservoir hosts
and vectors is needed.
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INTRODUCTION 14-140 cases/100,000 inhabitants are reported in Europe
[5, 82]. The highest incidence of this disease is reported
Ixodes ricinusis the most important vector of tick- from Central-Eastern Europe. Based on the WHO reports,
borne zoonoses in Europe. It transmits viral (e.g. tickhe highest incidence of LB is in Slovenia and Austria
borne encephalitis virus), bacterial (e.dBorrelia with 120 and 130 cases per 100,000 inhabitants,
burgdorferi sensu latoAnaplasma phagocytophiljmas respectively. On the other hand, in Slovakia the incidence
well as protozoan pathogens (e.Babesia microti of LB is about 14 cases per 100,000 inhabitants [5]. This
Babesia divergensto humans and animals. In recenhumber, however, does not have to reflect the real
years, as a result of global warming, climatic changes amtidence of the disease due to the misdiagnosis and
human impact on the environment, the abundance of ticksufficient report system. LB is multisystemic
in Central Europe is increasing [38]. Consecutively thimflammatory disorder caused by spirochetes of the
leads to the emergence of the tick-transmitted diseases.Borrelia burgdorferisensu lato (s.l.) complex [10, 54]. In
Lyme borreliosis (LB) represents the most commonatural foci, B. burgdorferi s.l. circulates efficiently
disease transmitted by tieodes ricinus Annually, from through enzootic cycles involving ticks of tHgodes
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ricinus complex and a variety of vertebrate reservoir hosedult females of ticks can acquBerreliae when feeding
[33]. Clinical symptoms of human borreliosis commonlyon an infective competent reservoir host [3]. Uninfected
occur in stages, and may involve multiple organs artitks can also became infected when feeding together with
tissues. It usually starts in the skin at the site of the tiékfected vector ticks on a co-feeding basis in the absence
bite where typical erythema migrans develops in aboof disseminated infection in the host. This mechanism is
60% of patients. From the primary lesion, spirochetes cavell accepted for the tick-borne encephalitis virus [67].
disseminate causing multiple erythema migrans or it c&ern and Rais [36] experimentally proved co-feeding
affect other organ systems. Positive findingBofrelia transmission oB. burgdorferis.l. which seems to play an
infection have been detected in skin, blood, cerebrospirialportant route of transmission in some areas of England
fluid, urine, joints, endomyocardial and iris biopsies [1lwhere sheep feed all 3 staged.oficinus. Ticks acquire
26, 97, 105, 118]. infection while feeding next to the infected ticks since
At the time of its discovery, it was thought to be @heep are not competent reservoir host8.djurgdorferi
uniform organism [10]. Later, as the culture isolation o§.l. [83]. In previous studies, authors [36, 98] reported that
the spirochete became more efficient, numbers of isolatBs burgdorferi remains in the skin of a host before it
were obtained from ticks, reservoir animals and patientdisseminates. In some cases, it can take up to 4 weeks. If
Data from molecular and phenotypic studies of thedbe uninfected ticks (larvae, nymphs) feed at this site even
isolates revealed that the polymorphism is by faafter the infected tick (source of infection) finishes its
exceeding intraspecific variability. Based on morphologyhloodmeal they can acquiB. burgdorferi before the
antigen profile and molecular analysis of DNA it belongsystemic infection of a host develops - *“localized
to the genusBorrelia, family Spirochaetaceae and orderextended co-feeding” [36, 98]. In unfed ticlBorrelia is
Spirochaetales [54].B. burgdorferi s.I. complex is usually located in the midgut [8], although systemic
subdivided into 11 genospecieB. burgdorferi sensu infection affecting different organs of the tick may occur
stricto (s.s.),Borrelia garinii [6], Borrelia afzelii [12], [69]. B. burgdorferi s.I. in ticks is transtadially
Borrelia valaisiana [121], Borrelia lusitaniae [68], transmitted to the next instars. RareBprrelia can
Borrelia japonica Borrelia andersonii [74], Borrelia  migrate to the ovaries of a female tick with the systemic
tanukii, Borrelia turdae[32], Borrelia bissettii[96] and infection, which results in transovarial transmission to
Borrelia sinica [75]. Moreover Borrelia burgdorferi their larval progeny [50].
strain Al14S [120], (according to Richest al. [99] B. burgdorferis.l. have to face more changes in the tick
Borrelia spielmani sp. nov.), most likely the new environment related to the temperature and the blood
Borrelial genospecies was cultured from a erythemmeal. The migration of bacteria within the tick is
migrans of a patient and detected in ticks and smalbsociated with variable protein expression which, under
mammals [20, 29, 78, 99, 120]. A high level ofcertain circumstances, evokes the spirochete transmission
intraspecific variability was also observed [7, 20, 78, 104nto an animal host. In the unfed ticBorrelia are
125]. generally located in the midgut where they express outer
Borrelia specific associations with different clinical surface protein A (OspA) but not C (OspC), [28, 103]. On
manifestations have been detected in patients with Lynite surface, OspA possesses a receptor for plasminogen of
borreliosis [117]. a host organism. After the tick starts to feed on the host,
In addition, distinct genospecies are also considered jtasminogen changes into plasmin, which facilitates
be preferentially associated with different reservoir hosBorrelia migration through the midgut wall and
[50, 61, 63, 64]. Recent studies showed that variability Aaemocell [15]. During the blood meal, the synthesis of
lower hierarchic level is probably also an importan©OspC is upregulated and synthesis of OspA is
determinant of LB pathogenesis and ecology [7, 48, 104tHownregulated [84, 102, 103], forming the heterogeneous
Based on this knowledge, the surveillance of thpopulation ofBorrelia expressing both antigens in the
Borrelia prevalence in ticks and reservoir hosts, as well asidgut. It was thought thaorrelia with the OspC and
accurate identification and typing Bbrrelia burgdorferi  without the OspA expression enter salivary glands;
s.l., is the key factor for understanding the ecology arftbwever, Ohnishét al. [84] have shown that 80% of the
epidemiology of this disease as well as for thepirochetes in the tick salivary glands do not express
establishment effective preventive strategies. Furtheither of the proteins. The increased OspC expression is
information on the distribution of the differeBrrelia  associated with a host immune response in the early stage
species and subspecies in their natural reservoir hosts afdhe disease [4, 87, 88]. The switch from the OspA to

vectors is heeded. OspC expression is most likely related to the change in
temperature in the feeding tick [81, 103].

EPIDEMIOLOGY AND ECOLOGY The tick must be attached to the host for at least 24

OF LYME BORRELIOSIS hours before transmission starts. The most effective

transmission ofB. burgdorferi s.s. in North America
B. burgdorferi s.l. in transmission vectorsCurrently, occurs after 48 hour of the tick attachment [84, 94].
ticks of thel. ricinus complex are the only recognizedDifferent results obtained by researchers in Europe
vectors ofB. burgdorferis.l. [9]. Larvae, nymphs and indicate that the dynamics of the varidsrrelia species
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in . ricinus might be different. Systemically infectedincluding mammals, birds and reptiles [2]. Competent
unfed ticks withBorrelia present in salivary glands canreservoir host are the animal species that harbour the
transmit spirochetes to the host early after the attachmersthogen and present a long-term infection source for
[69]. Moreover,B. afzeliiwas detected in mice 24 hoursfeeding tick vectors. Ticks can become infected while
after the attachment of infected ticks [18]. having a blood meal on such an animal, as well as by the

The tick-host interaction is also an important factoalready mentioned co-feeding transmission when
influencing theBorrelia transmission. The attached tickspirochetes pass from infected to uninfected ticks which
secretes vasoactive mediators and immunomodulators tfegd simultaneously on the same host without systematic
facilitate the transmission of pathogen to the host [8dfection [33, 83].

124]. The tick saliva activates the transmission of viruses Gern et al, [33] reported that 9 small mammals, 7
[66]. This phenomenon, known as salivary activatethedium-sized mammals and 16 bird species were
transmission (SAT), was recently demonstrated also foompetent reservoirs &. burgdorferis.l. in Europe. The

B. afzelii[65, 89]. authors listed the methods that should be used for

Based on the review paper by Hubédlek and Halouzkdentification of the reservoir host. The most valuable
[47], the average infection prevalence of questing method is xenodiagnosis of captured animal with
ricinus in Europe was 1.9% (0-11%) for larvae, 10.8%ininfected larval ticks. However, this method is not
for nymphs (2-43%) and 17.4% for adults (3—58%). always feasible since some animals are difficult to

The infection prevalence varied geographically anthaintain under laboratory conditions. Collection of
according to the used method of detection [47]. A&ngorging or engorged larvae from wild animals can be
prevalence oBorrelia in I. ricinus from eastern Slovakia used as an alternative method. Detection of infection in
was studied by Petko et al, [92] during a 10-year period. unfed ticks along with blood meal analysis was developed
Over this period, average prevalence of infection wdsy Kirstein and Gray [57]. This method enables the
12.P%. The prevalence ranged from 2.1-41.7%. The l@dentification of hosts which have fed in a previous
year study showed a considerable local fluctuation in tlevelopmental stage. This methodological approach has a
infectious prevalence of ticks in the individual years, witltonsiderable potential. Competent rodent reservoirs
3-5 years periods of increased prevalence. The periodiclude the wood mousédpodemus sylvaticlyisyellow-
change inBorrelia prevalence in ticks was also detectedhecked field mouseApodemus flavicoll)s black striped
recently by authors in the same area during a 4-yeamouse Apodemus agrariys bank vole Clethrionomys
period. The highest prevalence, with 23.9% of tickglareolug, meadow vole Nlicrotus agrestiy [63, 116],
infected, was detected in 2001. During 2002 and 2003 tkdible dormouseQlis glis) [77], rats (Norway raRattus
prevalence decreased to 14.1% and 13.5%, respectivaigrvegicusand black raRattus rattuy [76] and squirrels
The following year, the percentage of infected ticks rodged squirrelSciurus vulgarisand grey squirreBciurus
to 15.3% (authors unpublished). This periodical change carolinensi$ [17, 49]. Among insectivores, the reservoir
occurrence oBorrelia in ticks from Slovakia was already competence has been demonstrated by shrews (European
pointed out by Kmetgt al.[59]. Stepanova-Tresowi al. water shrewNeomys fodiensEurasian pygmy shrew
[113] surveyed the prevalence Bf burgdorferis.l. inl.  Sorex minutusand Eurasian common shreBorex
ricinus during 4 years in 2 distinct geographical regionaraneu$ [116] and European hedgehoderifiaceus
of eastern Slovakia. The average prevalence rates iredropeu} [37]. Hares (brown harkepus europaeuand
consecutive years were 4.8%, 17.2%, 15.5%, 14.2%ountain hard.epus timidus[116] also contribute to the
respectively. maintenance oB. burgdorferis.l. in nature.

Besides ticks, mosquitoes [39], horseflies, flies from Several large-size mammals, such as roe deer
the family Stomoxydag71], fleas, lice and mites [93] (Capreolus capreolys red deer Cervus elaphys sika
were found to be infected witlBorrelia. Since no deer Cervus nipon yesoengismoose Alces alcel
experimental or field study proved their competence dallow deer Dama damy cattle Bos tauru¥ and sheep
vectors, they can only be considered as a carrier speci@vis ovi3 have been reported as non-significant
Carriers might be able to transrBibrrelia transstadially, reservoirs [116]. Even incompetent hosts can participate
but are unable to transmit the spirochetes to the host [5B]. the circulation ofB. burgdorferi s.l. via co-feeding
Moreover, the spirochetes detected or isolated from th&nsmission, which has been proved in sheep in Britain
carriers were not always reliably characterized a3. a [83].
burgdorferis.|. [35]. The importance of avian hosts for the maintenance of

Borrelial infection, especially the role of ground-foraging

B. burgdorferi s.l. in reservoir hosts.Identification of passerines, is now indisputable. It is also proposed that
the reservoir hosts participating inBarrelia circulation migratory birds contribute to the wide-spreading Bof
in natural foci is one of the most important components inurgdorferi s.I. spirochetes along their migration routes
understanding the ecology of Lyme borreliosis. ThE5]. Different Borrelia species have been detected in
vertebrate hosts that are necessary to maintain titikks (xodes ricinusandixodes uriag blood samples and
population might also serve as a source of infectioskin biopsies collected from several avian species
Ixodid ticks infest more than 300 different vertebratethroughout Europe [17, 42, 63, 85, 86, 115].
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Presence ofB. burgdorferi by PCR or antibody which is in accordance with the statement that deers are
response againsBorrelia has been reported also innot competent reservoir hosts ®rburgdorferis.l. [61].
domestic animals such as dogs [45, 108, 111], horses [730nce spirochetes appear in the mammalian host, they
110], cattle [109], and cats [72]. Isolation or detection afemain in the skin at the bite site for several days. Later,
Borrelia from host tissues indicates the host susceptibilitBorrelia disseminate to different tissues where they
to the infection but not ability to transmBorrelia to indicate inflammatory reaction8orrelia burgdorferis.|.
feeding ticks. Positive serological evidence confirms thgpecies have developed more adaptation strategies in
exposure to the infection; however, it also does natrder to escape the immune response of the vertebrate
demonstrate the survival oBorrelia in a host and host [4]. This protection involves, e.g. recombination of
consequent transmitting to the feeding ticks [33]. VISE protein, which results in wide antigenic

Results obtained from the studies on reservohreterogeneity and probably help tBerrelia to persist in
competence for differer®. burgdorferis.l. from various the infected organism [70]. The other mechanism is based
geographic areas indicate that distinct genospeci€s of on the inhibition of the complement cascade via exported
burgdorferi s.I. are associated with different reservoirepeated proteins (Erps), e.g. OspE and OspF [79].
hosts [41, 42, 49, 50, 51, 52, 68]. afzeliiis associated Additionally, Borrelia start expressing several proteins
with rodents [41, 52], whild. garinii andB. valaisiana after spirochaete transmission to the host or even during a
circulates in birds [42, 51, 63]. However, the invasivéick engorgement. These proteins, including fibronectin-
strains ofB. garinii which belong to the OspA type 4 arebinding protein (Bbk32) [27] and decorin binding proteins
associated with rodents as reservoir hosts [48]. RecentbpA and DbpB [30], seem to be important for the
Richteret al, [99] reported very specific association of alissemination and localisation of the spirochetes within
newly described specieB. spielmani with garden an infected animal. VISE, Bbk32 and DbpA are useful
dormice Eliomys quercings which might explain the antigens in the serology of LB [70]. The function of all
local findings of this species in the areas where thproteins expressed during the infection, however, has not
reservoir host is abundant. Contrary to tBisburgdorferi been completely explained.

s.s. does not seem to show the unambiguous relationship

to the specific reservoir host. In Switzerland. Distribution of B. burgdorferis.l. in Europe.Over the
burgdorferis.s. together witB. afzeliiwere isolated from past 2 decades, a number of studies have been published
squirrels and the ticks that fed on them [49]. In Englandn B. burgdorferi s.I. prevalence and its genetic
Kurtenbachet al, [63] detectedB. burgdorferi s.s. in variability in Europe [1, 13, 14, 20, 21, 25, 40, 41, 47, 53,
1.3% of ticks that fed on rodents. Moreover, Kurtenbach6, 57, 59, 60, 90, 91, 92, 106, 107, 113, 126]. Lyme
et al, [64] showed that experimentally infected pheasant®rreliosis is present all over Europe, except in the hot
are able to transmB. burgdorferis.s. on xenodiagnostic south (Sicily, Southern Spain) and in the cold north
ticks. Hanincova, PhD thesis [40] identified. (northern Scandinavia and northern Russia), [123].
burgdorferi s.s. in 2.2% of the infected larvae collected The geographic distribution oB. burgdorferi s.I.
from A. flavicollisin western Slovakia. NB. burgdorferi genospecies in Europe is very variable. In the review
s.s. was detected in ear biopsies from these mice. Téwicle of Hubalek and Halouzka [46], information on
hypothesized origin of such specific associations 5263 isolates oB. burgdorferis.l. from 26 European
attributed to the host serum complement. The complemestuntries was provided. 501 isolates were classifie8l. as
can lysate the differerBorrelial genospecies dependinggarinii (39.7%), 469 aB. afzelii (37.1%), 201 asB.

on the resistance or sensitivity of particular genospecieshiargdorferis.s. (15.9%), 85 &. valaisiana(6.7%) and 7

the complement of particular host [61]. According to thigas B. lusitaniae(0.6%). Currently, the boundaries of the
theory, B. afzelij B. garinii (NT29 ribotype, OspA type distribution areas of each genospecies are repeatedly
4), B. japonicaandB. bissettiiare resistant to the rodentrevised as a result of the increased number of prevalence
complement, that makes rodents appropriate reservsiudies and gradual implementation of more performing
hosts for these genospeciBs.garinii (except the above- molecular toolsB. garinii andB. afzelij occur alternately
mentioned strains) anB. valaisianaare resistant to the as a dominant genospecies in most of the studied
bird complementB. burgdorferis.s. has an intermediateEuropean countries [13, 20, 25, 46, 62]; however,
resistance to both bird and rodent complement and oftdistribution of Borrelial genospecies can vary even over
seem to be infectious to birds and rodents [61]. Irelatively small areas as well as over the time period [25,
addition, the complement of the host can lydaterelia 40, 41, 115]. Presence Bf garinii in southern Norway is
that is already present in a feeding tick. For example, ifuery rare [53]; on the other hand, in neighbouring Sweden
nymph infected withB. afzeliifeeds on a bird host, the it was found in 31% of positive ticks [31]. In Slovakiz,
complement can lysate thHRorrelia within the feeding garinii predominates over a 4-year period in ticks from
tick [61]. This was proven in experimentally infectedsome areas of eastern Slovakia [authors, unpublished
pheasantsB. garinii, B. burgdorferis.s. and. valaisiana results, 113]. In contrast, in western SlovaRiaafzeliiis
survived in ticks that had taken the blood meal othe predominant genospecies [34, 41, &]burgdorferi
pheasants whild®. afzelii did not [64]. The deer serum s.s. has been previously reported mostly from western
has Borreliacidal activity against all the genospeciesEuropean countries, with rare isolation or detection from
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eastern Europe [46, 95]. However, further studies have VACCINE FOR EUROPE
shown the presence &. burgdorferis.s. inl. ricinus
ticks from the Czech Republic [19, 20, 112], Slovak A wide heterogeneity within th&. burgdorferi s.l.
Republic [34, 62, 113], Poland [106, 126], Bulgaria [14tomplex has been shown to be a crucial problem for the
and Russia [1]. development of an effective vaccine for Europe [125].
B. valaisiana for the first time isolated in the The only approved human vaccine was brought out in the
Switzerland [90], was originally thought to be the les§JSA in 1998. It was withdrawn from the market 4 years
prevalent genospecies, with the exception of Irelandfter its release, mostly due to unsatisfactory demand
where it was the most frequently detected genospecigel]l. The immunisation worked on blocking the
[57]. According to recent studieB, valaisianabelongs to transmission oBorrelia from directly in the tick midgut
the 3 most prevalent genospecies ofBhéurgdorferis.. by OspA antibodies produced in the mammalian host
complex in Europe [20, 34, 56, 62, 126]. [22]. However, this vaccine would probably be less
B. lusitaniaehas been isolated or detected.imicinus effective in Europe since it is derived from the
ticks less frequently in a few European countries [13, 3ipmologous strain dB. burgdorferis.s. Contrary to this,
41, 95, 126] with the exception of the Iberian Peninsul@a, European vaccine should represent a cocktail of
where in some areas it represents the only genospecieglifferent strains present in our region [125]. The
the B. burgdorferis.l. complex [21, 62]B. spielmanihas candidates for successful immunization could be, e.g.
been detected ih ricinus ticks from the Czech Republic polyvalent OspC-based vaccines or vaccines including
[20], Germany [78, 99], and France [99], so far. decorin-binding protein A (DbpA) [43, 44, 101]. Research
on this issue is still in progress, though.

Impact of Borrelial diversity on pathogenicity and

clinical symptomatics. Currently, 3 genospecies within CONCLUSION
the B. burgdorferis.l. complex are clearly established as ) . .
pathogenic to humansB. afzelii B. garinii and B. Based on this knowledge, surveillance of Barelia

burgdorferi s.s. [11, 117]. Hoverer, based on recerffreévalence in ticks and reservoir hosts, as well as accurate

publications,B. valaisianaand B. lusitaniaepreviously —identification and typing oBorrelia burgdorferis.l., is
considered as non-pathogenic might cause disease as Wef. key factor for understanding the ecology and
B. valaisianawas detected by PCR in erythema migrang§Pidemiology of this disease, as well as for the
(EM) of patients [100], and caused inflammation of joint§Stablishment of the effective preventive strategies.
in experimentally infected mice [24]. Moreover recentIyFurther information on the distribution of the different
DNA of B. valaisianawas detected in the cerebrospinaBo”e”a species and subspecies in their natural reservoir
fluid of a patient with chronic neuroboreliosis in Greec&0Sts and vectors of different geographic areas is
[23]. B. lusitaniae was isolated from a patient with Continuously needed.
suspected Lyme borreliosis in Portugal [16]. Pathogenicril}k/
of B. bissettiiin North America was not proven, although/*cknowledgements

isolates from EM of patients with genotypic and The work was supported partially by Grants SPVV 2003SP
phenotypic similarities t®. bissetti[96] were cultured in  51/028 08 03/2003 and VEGA No. 2/3213/23 of the Slovak
Slovenia [114]. In addition, Wangt al, [120] isolated Republic.

strain A14S from EM of patient in Netherlands, and only

recently 4 human isolates were recognized in Germany REFERENCES

[29]- This strain had a unique DNA fing_erpri.nt pattern, 1. Alekseev AN, Dubinina HV, van de Pol I, Schouls L:
and different from the otheB. burgdorferis.|. isolates. |gentification ofEnhrlichia spp. andBorrelia burgdorferiin Ixodes ticks
The closest relative iB. spielmani recently detected in in the Baltic regions of Russia.Clin Microbiol 2001,39, 2237-2242.
ticks and rodents [20,78, 9. afzelij B. burgdorferis.s. 2-19/;?‘1?5203[‘334':’ Epizootiology of Lyme borreliosgzand J Infect

.. . . . LS is 77, 23-34.

fandB._garml are associated W|tr_1_ different clinical symptomg 3. Anderson JF, Duray PH, Magnarelli LiBorrelia burgdorferi

in patients [117, 122]B. afzeliiseems to be associatedand Ixodes damminii prevalence in the greater Philadelphiahhetct
with acrodermatitis chronica athrophicans (ACB),garinii  Dis 1990,161, 181-182. o _ _
with neuroborreliosis anB. burgdorferis.s. with arthritis e%r“g-d oAr?e%‘iJi';athi ti':E‘;r:]Cdkth"gthaE‘gE”aﬁihgggmg“mmﬁ?&feggv

[6, 12, 117, 122]. However, the clinical spectrum cause =">- 493.504

by differentBorrelia species can largely overlap [122]. 5. Avdicova M, Kontroova S, Ko§tanova Z: Occurrence of natural

Furthermore, different levels of pathogenicity werdoci zoonoses and selected epidemiological characteristics of tick-borne
recently described among distinct genetic clones withﬁ?cephahtlsh and lyme borreliosis ddunng 1997f-200¥bstragts Orzoo
: . . onoses, their causative agents and vectors conference, 4-6 Apri 5,
single genospecies. On_Iy 4 clone_s of _21 major OSpSy, ojenice, Slovakia (in Slovak).
groups of B. burgdorferi s.s. are invasive and cause 6. Baranton G, Postic D, Saint Girons I, Boerlin P, Piffaretti JC,
systemic infection [104]. Barantoat al. [7] analyzed Assous M, Grimont PA: Delineation dBorrelia burgdorferi sensu
OspC sequences of other pathog@ucrelia species. Out stricto, Borrelia garinii sp. nov., and group VS461 associated with
. .. Lyme borreliosisint J Syst Bacteriol 992,42, 378-383.

of a total of 58 deflngd__groups,_ only_2 gr(_)upsBoiafzeIn 7. Baranton G, Seinost G, Theodore G, Postic D, Dykhuizen D:
and 4 groups dB. garinii cause invasive disease Distinct levels of genetic diversity &orrelia burgdorferiare associated



170 Derdakova M, Len¢akova D

with different aspects of pathogenicifges Microbiol2001,152 149- the inhibition of spirochete transmissiah.immunol2000,164, 5344-

156. 5451.
8. Barbour AG, Hayes SF: Biology ®&orrelia speciesMicrobiol 28. Fingerle V, Hauser U, Liegl G, Petko B, Preac-Mursic V, Wilske
Rev1986,50, 381-400. B: Expression of outer surface proteins A and Gafrelia burgdorferi
9. Barbour AG, Fish D: The biological and social phenomenon af Ixodes ricinusJ Clin Microbiol 1995,33, 1867-1869.
Lyme diseaseSciencel993,260, 1610-1616. 29.Fingerle V, Schulte-Spechtel U, Gottner G, Hizo-Teufel C,
10. Burgdorfer W, Barbour AG, Hayes SF: Lyme disease - Hofmann H, Pfister K, Leonhard S, Weber K, Wilske B: Detection of
tickborne spirochaetosistiencel 982,216, 1317-1319. the new Borrelia burgdorferi s.I. genospecies A14S from patient

11.Busch U, Hizo-Teufel C, Boehmer R, Fingerle V, Nitschko Hmaterial in ticks. Programme and Compendium of Abstracts, VIII
Wilske B, Preac-Mursic V: Three speciesBrrelia burgdorferisensu  International Potsdam Symposium on Tick-borne Diseases, 10-12
lato B. burgdorferisensu strictoB. afzeliji andB. garinii) identified ~ March 2005
from cerebrospinal fluid isolates by pulsed-field gel electrophoresis and 30. Fischer JR, Parveen N, Magoun L, Leong JM: Decorin-binding
PCR.J Clin Microbiol 1996,34, 1072-1078. proteins A and B confer distinct mammalian cell type-specific

12. Canica MM, Nato F, du Merle L, Mazie JC, Baranton G, Postiattachment byBorrelia burgdorferj the Lyme disease spirochefeNatl
D: Monoclonal antibodies for identification &orrelia afzelii sp. nov. Acad Sci USR003,100, 7307-7312.
associated with late cutaneous manifestations of Lyme borreliosis. 31. Fraenkel CJ, Garpmo U, Berglund J: Determination of novel
Scand J Infect Di4993,25, 441-448. Borrelia genospecies in Swediskodes ricinusticks. J Clin Microbiol

13. Casati S, Bernasconi MV, Gern L, Piffaretti JC: Diversity within2002,40, 3308-3312.

Borrelia burgdorferi sensu lato genospecies in Switzerland by recA 32.Fukunaga M, Hamase A, Okada K, NakadBdrrelia tanukii sp.
gene sequenceEMS Microbiol Lett2004,238 115-123. nov. andBorrelia turdaesp. nov. found from ixodid ticks in Japan: rapid

14. Christova |, Schouls L, van de Pol |, Park J, Panayotov Species identification by 16S rRNA gene-targeted PCR analysis.
Lefterova V, Kantardjiev T, Dumler JS: High prevalence of granulocytidicrobiol Immunol1996,40, 877-881.

Ehrlichiae and Borrelia burgdorferi sensu lato ifnxodes ricinusticks 33.Gern L, Estrada-Pena A, Frandsen F, Gray JS, Jaenson TG,
from Bulgaria.J Clin Microbiol 2001,39, 4172-4174. Jongejan F, Kahl O, Korenberg E, Mehl R, Nuttall PA: European
15. Coleman JL, Gebbia JA, Piesman J, Degen JL, Bugge Tkeservoir hosts oBorrelia burgdorferisensu latoZentralbl Bakteriol

Benach JL: Plasminogen is required for efficient dissemination dfyg1998,28, 196-204.
Borrelia burgdorferiin ticks and for enhancement of spirochetemia in  34.Gern L, Hu CM, Kocianova E, Vyrostekova V, Rehacek J:
mice.Cell 1997,89, 1111-1119. Genetic diversity oBorrelia burgdorferi sensu lato isolates obtained

16. Collares-Pereira M, Couceiro S, Franca |, Kurtenbach K, Schaf'om Ixodes ricinusticks collected in SlovakigEur J Epidemiol1999,

SM, Vitorino L, Goncalves L, Baptista S, Vieira ML, Cunha C: First15, 665-669.
isolation ofBorrelia lusitaniaefrom a human patienfl Clin Microbiol 35. Gern L, Humair PF: Ecology Bbrrelia burgdorferisensu lato in
2004,42, 1316-1318. Europe. In: Gray JS, Kahl O, Lane RS, Stanek G (Edsyme

17. Craine NG, Nuttall PA, Marriott AC, Randolph SE: Role of greyborreliosis: Biology, Epidemiology and Controll49-174. CAB

squirrels and pheasants in the transmissiddoofelia burgdorferisensu  International, Vallingford/Oxon, 2002.

lato, the Lyme disease spirochaete, in the B#lia Parasit 1997,44, 36.Gern L, Rais O: Efficient transmission Bbérrelia burgdorferi
155-160. between co feedindgxodes ricinusticks (Acari: Ixodidae).J Med
18.Crippa M, Rais O, Gern L: Investigations on the mode anBntomol1996,33, 189-192.
dynamics of transmission and infectivity Bbrrelia burgdorferisensu 37.Gern L, Rouvinez E, Toutoungi LN, Godfroid E: Transmission
stricto and Borrelia afzelii in Ixodes ricinusticks. Vector Borne cycles ofBorrelia burgdorferisensu lato involvingxodes ricinusand/or
Zoonotic Dis2002,2, 3-9. I. hexagonusicks and the European hedgehBgnaceus europaeys
19. Danielova V, Daniel M, Rudenko N, Golovchenko M: Prevalenceuburban and urban areas in Switzerl&ulia Parasit1997,44, 309-314.
of Borrelia burgdorferi sensu lato genospecies in host-seekxugles 38. Gray JS: Biology ofxodesspecies ticks in relation to tick-borne
ricinus ticks in selected South Bohemian locations (Czech RepublicdoonosesWien Klin Wochensch2002,114, 473-478.
Cent Eur J Public Healt004,12, 151-156. 39. Halouzka J, Postic D, Hubélek Z: Isolation of the spirochaete

20. Derddkova M, Beati L, Pet'ko B, Stanko M, Fish D: GenetiBorrelia afzelii from the mosquitd®edes vexan® the Czech Republic.
variability within Borrelia burgdorferi sensu lato genospecies Med Vet Entomal998,12, 103-105.
established by PCR-single-strand conformation polymorphism analysis 40. Hanincova K:Ecological aspects of Borrelia burgdorferi sensu
of therrfA-rrlB intergenic spacer itxodes ricinugdicks from the Czech lato. PhD Thesis. Institute of Zoology, Slovak Academy of Sciences,
Republic.Appl Environ Microbiol2003,69, 509-516. Bratislava 2002.
21.De Michelis S, Sewell HS, Collares-Pereira M, Santos-Reis M, 41.Hanincova K, Schifer SM, Etti S, Sewell HS, Taragelova V, Ziak
Schouls LM, Benes V, Holmes EC, Kurtenbach K: Genetic diversity dd, Labuda M, Kurtenbach K: Association &orrelia afzelii with
Borrelia burgdorferisensu lato in ticks from mainland PortughlClin  rodents in Europd?arasitology2003,126, 11-20.
Microbiol 2000,38, 2128-2133. 42 Hanincova K, Taragelova V, Ko&i J, Schifer, SM, Hails R,
22.de Silva AM, Telford SR Ill, Brunet LR, Barthold SW, Fikrig E: Ullmann AJ, Piesman J, Labuda M, Kurtenbach K: Association of
Borrelia burgdorferi OspA is an arthropod-specific transmission-Borrelia garinii and B. valaisianawith songbirds in SlovakiaAppl
blocking Lyme disease vaccineExp Medl996,183 271-275. Environ Microbiol2003,69, 2825-2830.
23.Diza E, Papa A, Vezyri E, Tsounis S, Milonas |, Antoniadis A: 43.Hanson MS, Cassatt DR, Guo BP, Patel NK, McCarthy MP,
Borrelia valaisianain cerebrospinal fluidEmerg Infect Dis2004,10, Dorward DW, Hook M: Active and passive immunity agaiBstrelia
1692-1693. burgdorferidecorin binding protein A (DbpA) protects against infection.
24.Escudero R, Barral M, Perez A, Vitutia MM, Garcia-Perez AL|nfect Immunl998,66, 2143-2153.
Jimenez S, Sellek, RE, Anda P: Molecular and pathogenic 44.Hanson MS, Edelman R: Progress and controversy surrounding
characterization dBorrelia burgdorferisensu lato isolates from Spain. vaccines against Lyme diseaB&pert Rev Vaccinez003,2, 683-703.
Clin Microbiol 2000,38, 4026-4033. 45. Hovius JW, Hovius KE, Oei A, Houwers DJ, van Dam AP:
25. Etti S, Hails R, Schéafer SM, De Michelis S, Sewell HS, BormanAntibodies against specific proteins of and immobilizing activity against
A, Donaghy M, Kurtenbach K: Habitat-specific diversity Bérrelia  three strains ofBorrelia burgdorferi sensu lato can be found in
burgdorferisensu lato in Europe, exemplified by data from Latapl  symptomatic but not in infected asymptomatic dah<€lin Microbiol
Environ Microbiol2003,69, 3008-3010. 2000,38, 2611-2221.
26.Exner MM, Lewinski MA: Isolation and detection Bbrrelia 46.Hubalek Z, Halouzka J: Distribution d@orrelia burgdorferi
burgdorferiDNA from cerebral spinal fluid, synovial fluid, blood, urine, sensu lato genomic groups in Europe, a review. J Epidemioll1997,
and ticks using the Roche MagNA Pure system and real-time PCE3, 951-957.
Diagn Micr Infec Dis2003,46, 235-240. 47.Hubalek Z, Halouzka J: Prevalence rateBafelia burgdorferi
27.Fikrig E, Feng W, Barthold SW, Telford SR 3rd, Flavell RA:sensu lato in host-seekimgodes ricinusticks in EuropeParasitol Res
Arthropod- and host-specifigorrelia burgdorferibbk32 expression and 1998,84, 167-172.



Ecological aspects of Lyme borreliosis in Europe 171

48.Huegli D, Hu CM, Humair PF, Wilske B, Gern L: Apodemus 69.Leuba-Garcia S, Kramer MD, Wallich R, Gern L:
species mice are reservoir hostsBaoirelia garinii OspA serotype 4 in Characterization oBorrelia burgdorferiisolated from different organs

SwitzerlandJ Clin Microbiol 2002,40, 4735-4737. of Ixodes ricinudicks collected in natur&entralbl Bakteriol1994,280,
49. Humair PF, Gern L: Relationship betwdgorrelia burgdorferi  468-475.
sensu lato species, red squirrédgi(rus vulgaris andlxodes ricinusin 70.Liang FT, Alvarez AL, Gu Y, Nowling JM, Ramamoorthy R,
enzootic areas in Switzerlandicta Trop1998,69, 213-227. Philipp MT: An immunodominant conserved region within the variable
50. Humair PF, Gern L: The wild hidden face of Lyme borreliosis imlomain of VISE, the variable surface antigerBofrelia burgdorferi J
Europe.Microbes Infec2000,2, 915-922. Immunol1999,163 5566-5573.

51.Humair PF, Postic D, Wallich R, Gern L: An avian reservoir 71.Magnarelli LA, Anderson JF: Ticks and biting insects infected
(Turdus merulof the Lyme borreliosis spirochet@entralbl Bakteriol ~ with the etiologic agent of Lyme disea®nrrelia burgdorferi J Clin
Hyg 1998,287, 521-538. Microbiol 1988,26, 1482-1486.

52. Humair, PF, Rais O, Gern L: TransmissionBafrrelia afzelii 72.Magnarelli LA, Anderson JF, Levine HR, Levy SA: Tick
from Apodemusnice andClethrionomysvoles tolxodes ricinusticks:  parasitism and antibodies Borrelia burgdorferiin cats.J Am Vet Med
differential transmission pattern and overwintering maintenancéssocl990,197, 63-66.

Parasitology1999,118 33-42. 73. Magnarelli LA, ljdo JW, Van Andel AE, Wu C, Padula SJ, Fikrig
53.Jenkins A, Kristiansen BE, Allum AG, Aakre RK, Strand L,E: Serologic confirmation oEhrlichia equi and Borrelia burgdorferi

Kleveland EJ, van de Pol |, SchoulsRorrelia burgdorferisensu lato infections in horses from the northeastern United Stdtésn Vet Med

and Ehrlichia spp. in Ixodes ticks from southern NorwayJ Clin  Asso0c2000,217, 1045-1050.

Microbiol 2001,39, 3666-3671. 74.Marconi RT, Liveris D, Schwartz I: ldentification of novel
54.Johnson RC, Schmid GP, Hyde FW, Steigerwalt AG, Berennarsertion elements, restriction fragment length polymorphism patterns

DJ: Borrelia burgdorferisp. nov.: etiologic agent of Lyme diseas#.J  and discontinuous 23S rRNA in Lyme disease spirochetes: phylogenic

Syst Bacteriol 984,34, 496-497. analyses of rRNA genes and their intergenic spacer8amelia
55.Kahl O, Gern L, Eisen L, Lane R.S: Ecological Research gaponica sp. nov. and genomic group 2103Bof(relia andersoniisp.

Borrelia burgdorferisensu lato: Terminology and some methodologicahov.) isolates] Clin Microbiol 1995,30, 2427-2434.

pitfalls. In: Gray JS, Kahl O, Lane RS, Stanek G (Edsyme 75.Masuzawa T, Takada N, Kudeken M, Fukui T, Yano Y, Ishiguro
borreliosis: Biology, Epidemiology and Control29-46. CAB F, Kawamura Y, Imai Y, Ezaki TBorrelia sinica sp. nov., a Lyme
International, Vallingford/Oxon 2002. disease-relatedorrelia species isolated in Chindnt J Syst Evol

56. Kampen H, Rotzel DC, Kurtenbach K, Maier WA, Seitz HM:Microbiol 2001,51, 1817-1824.

Substantial rise in the prevalence of Lyme borreliosis spirochetes in a76. Matuschka FR, Endepols S, Richter D, Ohlenbusch A, Eiffert H,
region of western Germany over a 10-year peridgpl Environ Spielman A: Risk of urban Lyme disease enhanced by the presence of
Microbiol 2004,70, 1576-1582. rats.J Infect Dis1996,174, 1108-1111.

57. Kirstein F, Gray JS: A molecular marker for the identification of 77.Matuschka FR, Allgower R, Spielman A, Richter D:
the zoonotic reservoirs of Lyme borreliosis by analysis of the bloo@haracteristics of garden dormice that contribute to their capacity as
meal in its European vectdkodes ricinus Appl Environ Microbiol reservoirs for Lyme disease spirochet&spl Environ Microb1999,65,
1996,62, 4060-4065. 707-711.

58. Kirstein F, Rijpkema S, Molkenboer M, Gray JS: The distribution 78. Michel H, Wilske B, Hettche G, Gottner G, Heimerl C, Reischl
and prevalence d8. burgdorferigenomospecies ikxodes ricinugticks U, Schulte-Spechtel U, Fingerle V: An ospA-polymerase chain
in Ireland.Eur J Epidemioll997,13, 67-72. reaction/restriction fragment length polymorphism-based method for

59.Kmety E, Rehagek J, Vyrostekova V, Kocianovéa E, Gury&ovéa D: sensitive detection and reliable differentiation of all Eurof@amelia
Infestation of ticks wittBorrelia burgdorferiandFrancisella tularensis  burgdorferisensu lato species and OspA typded Microbiol Immunol
in Slovakia.Brat Med Lett1990,91, 251-266. (Berl) 2004,193 219-226. Epub 2003 Sep 12.

60. KosikBogacka D, Kuzna-Grygiel W, Bukowska K: The 79. Miller JC, von Lackum K, Babb K, McAlister JD, Stevenson B:
prevalence of spirocheforrelia burgdorferisensu lato in tickixodes  Temporal analysis ofBorrelia burgdorferi Erp protein expression
ricinus and mosquitoefedesspp. within a selected recreational area inthroughout the mammal-tick infectious cyclafect Immun2003, 71,
the city of SzczecinAnn Agric Environ Me@004,11, 105-108. 6943-6952.

61. Kurtenbach K, De Michelis S, Etti S, Schafer SM, Sewell HS, 80.Nuttall PA, Paesen GC, Lawrie CH, Wang H: Vector-host
Brade V, Kraiczy P: Host associationBdrrelia burgdorferisensu lato  interactions in disease transmissidnMol Microbiol Biotechnol2000,

- the key role of host complemefitends Microbiol2002,10, 74-79. 2, 381-386.

62. Kurtenbach K, De Michelis S, Sewell HS, Etti S, Schafer SM, 81.0Obonyo M, Munderloh UG, Fingerle V, Wilske B, Kurtti TJ:
Hails R, Collares-Pereira M, Santos-Reis M, Hanincova K, Labuda MBorrelia burgdorferiin tick cell culture modulates expression of outer
Bormane A, Donaghy M: Distinct combinationsBxdrrelia burgdorferi  surface proteins A and C in response to temperaiu@in Microbiol
sensu lato genospecies found in individual questing ticks from Europe999,37, 2137-2141.

Appl Environ Microb2001,67, 4926-4929. 82.0'Connell S, Granstrom M, Gray JS, Stanek G: Epidemiology of

63. Kurtenbach K, Peacey M, Rijpkema G, Hoodles AN, Nuttall PAEuropean Lyme borreliosiZentralbl Bakteriol1998,287, 229-240.
Randolph SE: Differential transmission of the genospecieBoatelia 83.0gden NH, Nuttall PA, Randolph SE: Natural Lyme disease
burgdorferisensu lato by game birds and small rodents in Enghgppal.  cycles maintained via sheep by co-feeding tidRarasitology 1997,
Environ Microb1998,64, 1169-1174. 115 591-599.

64. Kurtenbach K, Schafer SM, Sewell HS, Peacey M, Hoodless A, 84.Ohnishi J, Piesman J, de Silva AM: Antigenic and genetic
Nuttall PA, Randolph SE: Differential survival of Lyme borreliosisheterogeneity oBorrelia burgdorferipopulations transmitted by ticks.
spirochetes in ticks that feed on biriigect Immur2002,70, 5893-5895. Proc Natl Acad Sci US2001,98, 670-675.

65.Kuthejlova M, Kopecky J, Stépanova G, Macela A: Tick salivary 85.0lIsen B, Duffy DC, Jaenson TG, Gylfe A, Bonnedahl J,
gland extract inhibits killing oBorrelia afzelii spirochetes by mouse Bergstrom S: Transhemispheric exchange of Lyme disease spirochetes
macrophagednfect Immur2001,69, 575-578. by seabirdsJ Clin Microbiol 1995,33, 3270-3274.

66. Labuda M, Jones LD, Williams T, Nuttall PA: Enhancement of 86.0OIsen B, Jaenson TG, Bergstrom S: Prevalenc8oofelia
tick-borne encephalitis virus transmission by tick salivary gland extractsurgdorferi sensu lato-infected ticks on migrating birdgpl Environ
Med Vet Entomal993a.2, 193-196. Mikrob 1995,61, 3082-3087.

67.Labuda M, Nuttall PA, Kozuch O, Ele¢kova E, Williams T, 87.Pal U, de Silva AM, Montgomery RR, Fish D, Anguita J,
Zuffova E, Sabo A: Non-viraemic transmission of tick-borne encephalitis Anderson JF, Lobet Y, Fikrig E: Attachment Bbrrelia burgdorferi
virus: a mechanism for arbovirus survival in natlEgperiential993, within Ixodes scapularisnediated by outer surface protein A.Clin
49, 802-805. Invest2000,106, 561-569.

68. LeFleche A, Postic D, Giradet K, Peter O, Baranton G: 88.Pal U, Yang X, Chen M, Bockenstedt LK, Anderson JF, Flavell
Characterization oBorrelia lusitaniaesp. nov. by 16S ribosomal DNA RA, Norgard MV, Fikrig E: OspC facilitateBorrelia burgdorferiinvasion
sequence analysist J Syst Bacteriol 997,47, 921-925. of Ixodes scapularisalivary glands] Clin Invest2004,113 220-230.



172 Derdakova M, Len&akova D

89.Pechova J, Stépanova G, Kovat L, Kopecky J: Tick salivary gland 108.Stefanéikova A, Skardové I, Petko B, Janovska D, Cyprichova
extract-activated transmission d@orrelia afzelii spirochetes.Folia  V: Antiboréliové protilatky 1gG u psov z regionu KoSitet Med Czech
Parasit2002,49, 153-159. 1996,41, 83-86

90. Peter O, Bretz AG, Bee D: Occurrence of different genospecies of 109.Stefancikova A, Stepanova G, Derdakovd M, Petko B,

Borrelia burgdorferisensu lato in ixodid ticks of Valais, Switzerland. Kyselova J, Ciganek J, Strojny L, Cislikova L, Travnicek M:

Eur J Epidemioll 995,11, 463-467. Serological evidence fdBorrelia burgdorferiinfection associated with
91.Petko B, Siuda K, Stanko M, Tresova G, Karbowiak G, FriCova clinical signs in dairy cattle in Slovaki¥et Res Commug002, 26,

J: Borrelia burgdorferisensu lato in thixodes ricinusticks in Southern  601-611.

Poland. Ann Agric Environ Med 997 4, 263-269. 110.Stefangikova A, Stepanovda G, Petko B, Nadzamova D,
92.Petko B, Stefancikova A, Tresova G, Peterkova J, Skardova I, Szestakova E, Skardova I: Antibodies |gG Borrelia burgorferi in

Prokopéakovéa H, Cislakova L: Sheep tick (Ixodes ricinu, is a vector of  horses from East Slovakidelminthologial999,36, 22.

the agent causing Lyme borreliosis in humans and dogs in Slo%dtva. 111.Stefandikova A, Tresova G, Petko B, Skardova I, Szestakova E:

Vet J1996,21, 131-318. ELISA comparison of three whole-cell antigensBafrrelia burgdorferi
93.Petko B, Tresova G, Stefandikova A, Peterkova J, Prokop&ikova sensu lato in serological study of dogs from area of KoSice, Eastern

H, Cisldkova L, Stanko M, Fridova J, Skardova |, Sesztadkova E, Slovakia.Ann Agric Environ Med998,5, 25-30.

Nadzamova D: Epidemiology of Lyme borreliosis in Slovakia. 112.Stepanova-Tresova G, Kopecky J, Kuthejlova M: Identification

Wiadomosci Parazytologiczne 1998,44, 391. of Borrelia burgdorferi sensu strictoBorrelia garinii and Borrelia
94. Piesman J: Dynamics ®&orrelia burgdorferi transmission by afzeliiin Ixodes ricinugicks from Southern Bohemia using monoclonal
nymphallxodes damminticks.J Infect Dis1993,167, 1082-1085. antibodiesZentralbl Bakteriol2000,289, 797-806.

95. Postic D, Korenberg E, Gorelova N, Kovalevski YV, Bellenger E, 113. Stepanovaiesova G, Petko B, Stefan¢ikova A, Nadzamova D:
Baranton GBorrelia burgdorferisensu lato in Russia and neighbouringOccurrence oBorrelia burgdorferisensu strictoBorrelia garinii and
countries: high incidence of mixed isolatees Microbioll997,148 691-702. Borrelia afzelii in thelxodes ricinusticks from Eastern Slovaki&ur J

96. Postic D, Ras NM, Lane RS, Hendson M, Baranton G: Expand&gidemiol2000,16, 105-109.

diversity among Californian borrelia isolates and descriptiddoofelia 114. Strle F, Picken RN, Cheng Y, Cimperman J, Maraspin V, Lotric-
bissettii sp. nov. (formerlyBorrelia group DN127).J Clin Microbiol =~ Furlan S, Ruzic-Sabljic E, Picken MM: Clinical findings for patients
1998,36(12) 3497-3504. with Lyme borreliosis caused orrelia burgdorferisensu lato with

97. Preac-Mursic V, Pfister HW, Spiegel H, Burk R, Wilske B,genotypic and phenotypic similarities to strain 250Chn Infect Dis
Reinhardt S, Bohmer R: First isolation Bérrelia burgdorferifrom an  1997,25, 273-280.
iris biopsy.J Clin Neuroophtall 993,13, 155-161. 115.Taragel’ova V: Circulation of Borrelia burgdorferi sensu lato in

98.Randolph SE, Gern L, Nuttall PA: Co-feeding ticks:nature with the impact on birds as a reservoir ho®&D. Thesis.
epidemiological significance for tick-borne pathogen transmissionnstitute of Zoology. Slovak Academy of Sciences, Bratislava. 2005.
Parasitol Todayl996,12, 472-479. 116. Talleklint L, Jaenson TG: TransmissionBafrrelia burgdorferi

99. Richter D, Schlee DB, Allgower R, Matuschka FR: Relationshig.l. from mammal reservoirs to the primary vector of Lyme borreliosis,
of a novel Lyme disease spirocheBeyrelia spielmanisp. nov., with its  Ixodes ricinus(Acari: Ixodidae), in Swederd Med Entomoll994,31,

hosts in central EuropAppl Environ Microb2004,70, 6414-6419. 880-886.
100. Rijpkema SG, Tazelaar DJ, Molkenboer MJ, Noordhoek GT, 117.van Dam AP, Kuiper H, Vos K, Widjojokusumo A, de Jongh
Plantinga G, Schouls LM, Schellekens JF: DetectioBafelia afzelii, BM, Spanjaard L, Ramselaar AC, Kramer MD: Different genospecies of

Borrelia burgdorferisensu strictdBorrelia garinii and group VS116 by Borrelia burgdorferiare associated with distinct clinical manifestations

PCR in skin biopsies of patients with erythema migrans and acrof Lyme borreliosisClin Infect Dis1993,17, 708-717.

dermatitis chronica atrophicar@lin Microbiol Infect1997,3, 109-116. 118. Vasiliu V, Herzer P, Rossler D, Lehnert G, Wilske B:
101. Scheiblhofer S, Weiss R, Durnberger H, Mostbock Sileterogeneity oBorrelia burgdorferi sensu lato demonstrated by an

Breitenbach M, Livey Thalhamer J: A DNA vaccine encoding the outesspA-type-specific PCR in synovial fluid from patients with Lyme

surface protein C frorBorrelia burgdorferiis able to induce protective arthritis.Med Microbiol Immurl998,187, 97-102.

immune responseMicrobes InfecR003,5, 939-946. 119. Wahlberg P: Vaccination against Lyme borreliosisn Med
102. Schwan TG, Piesman J: Temporal changes in outer surfat®99,31, 233-235.

proteins A and C of the Lyme disease-associated spirodBeteslia 120. Wang G, VanDam AP, Dankert J: Phenotypic and genetic

burgdorferi during the chain of infection in ticks and mick.Clin  characterization of a novBlorrelia burgdorferisensu lato isolate from a

Microbiol 2000,38, 382-388. patient with Lyme borreliosisl Clin Microbiol 1999a,37, 3025-3028.

103. Schwan TG, Piesman J, Golde WT, Dolan MC, Rosa PA: 121.Wang G, VanDam AP, Le Fleche A, Postic O, Peter O,
Induction of an outer surface protein Barrelia burgdorferiduring tick ~ Baranton G, de Boer R, Spanjaard L, Dankert J: Genetic and phenotypic

feeding.Proc Natl Acad Sci USA995,92, 2909-2913. analysis ofBorrelia valaisianasp. nov.Int J Syst Bacterioll997,47,
104. Seinost G, Dykhuizen DE, Dattwyler RJ, Golde WT, Dunn J326-932.
Wang IN, Wormser GP, Schriefer ME, Luft BJ: Four cloneBaifrelia 122. Wang G, van Dam AP, Schwartz |, Dankert J: Molecular typing
burgdorferi sensu stricto cause invasive infection in humanfect of Borrelia burgdorferi sensu lato: taxonomic, epidemiological, and
Immun1999,67, 3518-3524. clinical implications Clin Microbiol Rev1999,12, 633-653.
105. Stanek G, Klein J, Bittner R, Glogar D: IsolationBafrrelia 123. Weber K: Aspects of Lyme borreliosis in Europar J Clin
burgdorferi from the myocardium of a patient with longstandingMicrobiol Infect Dis2001,20, 6-13.
cardiomyopathyNew Engl J Med 990,322, 249-252. 124. Wikel SK: Tick modulation of host immunity: an important
106.Stanczak J, Gabre RM, Kruminis-Lozowska W, Racewicz M,  factor in pathogen transmissidnt J Parasitol1999,29, 851-859.
Kubica-Biernat B:Ixodes ricinusas a vector oBorrelia burgdorferi 125. Wilske B, Busch V, Fingerle V, Jauris-Heipke S, Preac-Mursic
sensu latoAnaplasma phagocytophilusnd Babesia microtiin urban  V, Rossler D, Will G: Immunological and molecular variability of ospA
and suburban forest&nn Agric Environ Me@004,11, 109-14. and ospC. Implications foBorrelia vaccine developmentnfection
107. Staczak J, Kubica-Biernat B, Racewicz M, Kruminis- 1996,24, 208-212.
Lozowska W, Kur J: Detection of three genospecies of Borrelia 126. Wodecka B, Skotarczak B: First isolatiorBafrelia lusitaniae

burgdorferi sensu lato inlxodes ricinusticks collected in different DNA from Ixodes ricinusticks in PolandScand J Infect Di2005,37,
regions of Polandnt J Med Microbiol2000,290, 559-566. 27-34.



