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Abstract: The tick Ixodes ricinusmay carry microorganisms which cause serious
human and animal diseases, i.a., the Lyme disease (borreliosis), caused by the
spirochaeteBorrelia burgdorferisensu lato and babesiosis, induced by the protozoan
Babesia microti Both microbe species may co-occur in the same and other species of
the genus tick and produce a mixed infection in humans and animals. The major
objective of the study was to identify DNA 8f burgdorferiand B. microtiin thel.

ricinus ticks collected in spring and autumn 1999 from 6 sites in north-western Poland.
The microbial DNA was identified with polymerase chain reaction (PCR). The marker
used to detect thB. burgdorferis.l. DNA was a fragment of thiféa gene encoding the
protein flagellin, while theB. microti DNA was detected with a fragment of the gene
encoding 16S rRNA. A total of 550, 1,160, and 385 tick adults, nymphs, and larvae,
respectively, were examined. Among the 155 (7.8%burgdorferiinfected ticks and

the 130 (6.2%) infected witlB. microti mixed infection was detected in 0.6% of
individuals. The prevalence of coinfection differed between the tick developmental
stages. Coinfection was most prevalent (3.1%) in females, males and nymphs being less
affected (0.4 and 0.2%, respectively). No coinfection was revealed in the tick larvae.
The study described was the first of its kind to be conducted in the former District of
Szczecin. For the phenomenon of microbial co-occurrence and related mixed infections
to be properly evaluated, the research will be continued.
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INTRODUCTION At present, several thousand cases of borreliosis are
recorded in Europe each year. In Poland, for a few years
The Ixodes ticks are parasitic Acari feeding on thenow, each case of borelliasis has had to be reported and
blood of vertebrates, including humans. They may carthe number of cases has been steadily increasing. For
various pathogens and infect their hosts with them. Thexample, 784 and 1,850 cases were reported in 1998 and
most important tick in Europe, including Polandixisdes 2000, respectively (State Hygiene Inspection data).
ricinus[2]. The spirochaetBorrelia burgdorfer it carries Human babesiosis, caused Bgbesia microtiwas for
causes borreliosis, called also the Lyme disease after G first time recorded in 1968 in Massachusetts, USA
Lyme in Connecticut, USA, where the condition was ver{21]. A total of 14,000 cases had been reported in USA
frequent in the late 1970s. The disease has been knowruirtil 1994 [21] and in 1996 the case rate of human
Europe since at least the "™ &entury, but was intially babesiosis for all states within the United States was 524
misdiagnosed and classified as several different diseasgst 100.00 (Center for Disease Control and Prevention
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case reports). In Europe, the disease was first reported if®] & Borrelia burgdorferi
1957 from Yugoslavia [3, 19]. The extent of the condition 161 | Babesia microti
in Europe is not known in detail. 14
Our earlier studies on ticks collected in north-western 12
Poland showed the presenceBofburgdorferis.l. DNA

[12, 17, 18] and three genomic groups, Be.burgdorferi 109

%
sensu strictoB. afzelii, and B. garinii [22]. In a later 8

study, we identified DNA oB. microtiandB. divergens 6l
[13, 14, 15] and that of the HGE agent as well [10, 16].
This study was aimed at detecting the concurrent presence
of DNAs of B. microtiand B. burgdorferis.l. in various 2
individuals of I. ricinus. In addition, we attempted to o+
Dabie Gk—gbokle Goleniéw Pobierowo Insko Cho;na Total

identify the risk centres of borreliosis and babesiosis X ra« Porast
transmission from the areas studied.

Figure 1. Prevalence (%) ofl. ricinus infection with spirochaete

B. burgdorferis. |. and protozoaB. microtiat each collection site.
MATERIAL AND METHODS

Collection of ticks. I. ricinus ticks were collected in evaporate. The tick lysate was either used immediately for
the spring and autumn of 1999 at 6 sites in natur®ICR or stored at -24°C until used.
habitats, i.e., forests in the District of Szczecin (Tab. 1) by
dragging a 1 mpiece of flannel cloth over the vegetation Detection of DNAs ofB. microti and B. burgdorferi
cover. Immediately after collection, the ticks weresensu lato.Each of the tick lysates was used to detect
immersed in 70% ethanol and stored. Sex arfdNAs of both pathogens. For the amplification of the
developmental stage of each tick were determined. Of tBe microti DNA, we used a fragment of a gene encoding
total number of 2,095 specimens collected, 287, 268)e nuclear small-subunit ribosomal RNA (SS-rDNA) as a
1160, and 385 were classified as females, males, nymptesget. Primers Babl - Bab4 (the expected PCR product is
and larvae, respectively. Each tick was examined for ti838 bp in size) described by Persiegal. [9] were
presence ofB.burgdorferi sensu latoand B. microti applied. As a positive amplification control in each
DNAs. reaction, we used 1 ngf d. microti merozoite DNA

obtained from the University of Warsaw, Poland.

Preparation of tick samples for PCRL.I. ricinus ticks Negative amplification control, i.e., 5ul distilled water
were processed as described earlier [14, 15]. The tickdded to the PCR buffer, was also included in each PCR.
were removed from the ethanol solution, air dried, anBhe reactions for the detection of tBe microti DNA
boiled for 20 min. in 10Q 0.7 M ammonium hydroxide involved initial denaturation (1 min. at 94°C) followed by
to release the DNA. After cooling, the vial containing th&5 rounds of temperature cycling (94°C for 1 min., 55°C
lysate was left open for 10 min at 96°C for ammonia ttor 1 min., and 72°C for 2 min.).

Table 1. Frequency (PCR+, %) d@. burgdorferisensu lato (B. b.) anB. microti (B. m.) inl. ricinus ticks in relation to tick sex, developmental
stage, and collection site.

Collection site Total Females Males Nymphs Larvae

N  PCR positive N  PCRpositve N PCR positive N PCR positive N PCR positive
(N) (%) (N) (%) (N) (%) (N) (%) (%)

~
Z
=

Dabie Forest Park B.b. 518 88 17.0 142 49 345 119 7 59 166 21 12.7 91 11 12
B.m. 27 5.2 16 11.3 8 6.7 2 1.2 1 1.1
Goleniéw Forest B.b. 464 15 3.2 52 1 1.9 38 4 105 304 10 3.3 70 0 0
B.m. 59 12.7 21 40.4 5 13.2 29 9.5 4 57
Pobierowo B.b. 252 7 2.8 26 0 0 33 0 0 135 6 4.4 58 1 1.7
B.m. 14 5.6 1 3.8 8 24.2 5 3.7 0 0
Insko B.b. 432 23 5.3 14 0 0 19 0 0 287 18 6.3 112 5 4.5
B.m. 8 1.9 0 0 0 0 6 2.1 2 1.8
Chojna B.b. 220 11 5 30 4 13.3 32 0 0 124 4 3.2 34 3 8.8
B.m. 18 8.2 6 20 3 9.4 4 3.2 5 14.7
Glebokie B.b. 209 11 53 23 2 8.7 22 0 0 144 8 5.6 20 1 5
B.m. 4 1.9 0 0 1 4.5 3 2.1 0 0
Total B.b. 2,095 155 7.4 287 56 195 263 11 42 1160 67 58 385 21 5.5
B.m. 130 6.2 44 15.3 25 9.5 49 4.2 12 3.1
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Table 2. Occurrence oB. burgdorferis. |. andB. microtiDNAs in adult males and females as well as in nymphs and larvagoifus.

Collection site Total Females Males Nymphs Larvae

N  PCR positive N PCR positive N PCR positive N PCR positive N PCR positive

(N) (%) (N) (%) (N) (%) (N) (%) (N) (%)

Dabie Forest Park 518 6 1.2 142 5 35 119 1 0.8 166 - - 91 - -
Goleniéw Forest 464 2 0.4 52 1 19 38 - - 304 1 0.3 70 - -
Glebokie 209 - - 23 - - 22 - - 144 - - 20
Insko 432 1 0.2 14 - - 19 - - 287 1 0.3 112 -
Pobierowo 252 - - 26 - - 33 - - 135 - - 58 -
Chojna 220 3 14 30 3 10 32 - - 124 - - 34 -
Total 2,095 12 0.6 287 9 31 263 1 0.4 1,160 2 0.2 385 -

To amplify theB. burgdorferisensu lato DNA, we used 12 (3.1%) of them being identified as females, males,
the primers FLA1 and FLA2 (5' AGA GCA ACT TAC AGA nymphs, and larvae, respectively (Tab. 1).
CGA AAT TAAT 3'and 5; CAAGTC TAT TTT GGA AAG The spirochaet®. burgdorferis.l. and the protozoan
CAC CTA A 3') we constructed, in the conserved regionB. microtiwere found to co-occur in 12 (0.6%) individuals
of thefla gene. In each PCR run, DNA Bf burgdorferi  of the 155 (7.4%) ticks infected with the former and the
s.l., strain Bo-148c/2 was used as the positive control at80 (6.2%) ticks infected with the latter pathogen (Tab. 2,
distilled water as the negative. The samples were initiallyig. 1). The prevalence of coinfection was developmental
denatured for 3 min. at 95°C and 35 cycles performexfage-dependent: females proved to be most affected
(94°C for 30 s, 54°C for 45 s, 72°C for 45 s). The PCEB.1%), followed by males (0.4%) and nymphs (0.2%), no
products were examined on 2% agarose gels in 1 x TRI&-infection being recorded in the larvae. Coinfection was
buffer. To minimise contamination, the reagent setumgbsent from the 2 sites showing the lowBstmicroti
extraction and sample addition, and the PCR and sampievalence (Tab. 2, Fig. 1).
analysis were performed in 3 separate laboratories.

DISCUSSION
RESULTS
Human migrations, intensified during the last century,

In the spring and autum of 1999, a total of 2,09Besulted in a growing importance of ticks as pathogen
. ricinus individuals (550 adults, 1160 nymphs, and 385vectors. In response, dramatic progress has been made in
larvae) were collected at 6 sities in the District obroadening the knowledge of tick biology and the diseases
Szczecin. The average number of ticks per collection sitieey carry, particularly the tick-borne encephalitis, various
was 349 (ranging from 252-518). In the entire collectiorfprms of borreliosis, babesiosis, and human granulocytic
the nymphs occurred at the highest frequency (n = 116fnd monocytic ehrlichiosis.
55.3%), followed by larvae (n=385; 18.3%), females A phenomenon that has caused growing concern is
(n = 287; 13.6%), and males (n = 263; 12.5%). human coinfection wittB. microti and other tick-borne

All ticks were examined for the presencéBoburgdorferi  pathogenic agents, particulaBy burgdorferi[4]. Serosurveys
s.l. andB. microti DNAs by means of PCR'The DNA of allowed Benachet al. [1] and Krauseet al. [5, 6] to
B. burgdorferis.l. was identified in ticks collected at all 6estimate that as many as 13% of borreliosis patients in
sites (Tab. I). The prevalence of infection in the 2,09Babesiaendemic areas were coinfected wiBhmicroti
I. ricinus individuals examined was found to vary, dependinfn New York State, 23% of patients witB. microti
on the collection site, from 2.8% in Pobierowo to 17.0%nfection had evidence of concurrent borreliosis [8]. Initial
in the Dabie Forest Park (Tab. 1). symptoms in each separate infection, i.e., babesiosis and

Among the 2,095 ticks examined, tBeburgdorferis. borreliosis, are not specific. Both in babesiosis and in the
I. DNA was detected in 155 individuals, i.e., 7.4%; théyme disease, patients report fever, fatigue, and other flu-
prevalence of infection in females, males, nymphs, ariéte symptoms. Symptoms of tiig microti—B. burgdorferi
larvae was 19.5, 4.2, 5.8, and 5.5, respectively (Tab. 1). coinfection are more severe, the coinfection being fatal in

The B. microti DNA was identified inl. ricinus from some cases. Thé. burgdorferi DNA is much more
all the sites visited (Tab. 1). The prevelance of infectiopersistent in the blood of the coinfection-affected patients
ranged from 1.9% in Insko and Gfebokie to 12.7% in the than in those infected by a single pathogen only [6].
Golenidéw Forest (Tab. 1). Of the 20B5icinus individuals Krauseet al. [6] emphasise that the therapy applied to
examined, 130 (6.2%) tested positive for the presence adinfection-affected patients has to differ from that used
B. microti DNA, 44 (15.3%), 25 (9.5%), 49 (4.2%), andfor those with Lyme disease.
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So far, ticks have been tested for the presence of mored. Krause PJ, Telford SR 3rd, Pollack RJ, Ryan R, Brassard P, Zemel

; ; Spielman A: Babesiosis an underdiagnosed disease of children.
than one pathogenic agent mostly in USA [4, 20, 21]. | o diatrics1992.89, 1045-1048.

Europe, Schoulet al. [11] studied the co-occurrence of “g «rayse PJ, Telford SR 3rd, Spielman A, Sikand V, Ryan R,

the B. burgdorferiand human granulocytic ehrlichiosis cChristianson D, Burke G, Brassard P, Pollack R, Peck J, Persing DH:

agent DNAs in Dutch and Leuteneggaral. [7] and in Concurrentd Iayme disfeelalse and bages;osis. Evidggge for increased
; ; i severity and duration of illnes$AMA 1996,275,1657-1660.

Swiss populations df ricinus. 7. Leutenegger CM, Pusterla N, Mislin CN, Weber R, Lutz H:
Telford et al. [20] reported the coprevelance rate Ofojecular evidence of coinfection of ticks wiBorrelia burgdorferi

B. burgdorferiand the HE agent as 4%, no simultaneousnsu lato and the human granulocytic ehrlichiosis agent in Switzerland.

infection withB. burgdorferiandB. microtibeing observed J Clin Microbiol 1999,37, 3390-3391.

in I. scapularisin Massachusetts (USA). Veree al. [21] 8. Meldrum SC, Birkhead GS, White DJ, Benach JL, Morse DL: Human

L . besiosis in patient after splenectoivgd Clin1992,15, 1019-1023.
conducted a similar study in New Jersey (USA) where 1%9. Persing DH: PCR detection Bfabesia microtiln: Persing DH,

out of 100 ticks examined proved coinfected with 2 ofmith TF, Tenover FC, White TJ (EdBjagnostic Molecular Microbiology.
those 3 pathogens. Principles and applications175-479. American Society for Microbiology,

; Washington 1993.
In our study, the DNAs ofB. burgdorferi s.|. and 10. Rymaszewska A: Ehrlichiozanewe zagrozenie ze strony kleszczy.

B. microti were found in ticks from all the 6 sities visitedp st mikrobiol2000,2, 189-198.
(Tab. 1, 2). For this reason, each of those sites poses a riski. Schouls LM, Van De Pol I, Rijokema SG, Schot CS: Detection
of being a centre of borreliosis and babesiosis transmissiend identification ofEhrlichia, Borrelia burgdorferi sensu lato, and

; ; ; Bartonellaspecies in Dutclixodes ricinugticks.J Clin Microbiol 1999,
The number of ticks housing ttige burgdorferis.l. DNA 37 2215.2222.

was higher than that of ticks with tI‘_BE microti DNA 12. Skotarczak BBorrelia burgdorferisensu lato occurrence in ticks
(Tab. 1); 12 out of the 15B. burgdorferis.l-affected ticks Ixodes ricinusby polymerase chain reaction (PCRyiad Parazytol
proved also to b&. microti vectors (Tab. 2, Fig. 1). As 2000,46, 93-99. _ , o

the pathogens’ DNAs were detected in the adult tick 13. Skotarczak B, Cichocka A: PCR detectiorBabesia microtand

h dl h ith d | ‘aﬁesia divergenim ticks.J Protozool Res Japa2001 (in press).
nymphs, and larvae, human contact with any developmental 4 syotarczak B, Cichocka A: Ribosomal DNA probe for detection

stage ofl. ricinusis potentially hazardous. This is the firstof Babesia microtiby polymerase chain reaction in tickolia Biol
study of this kind to be carried out in the former Distric2001,49, 247-250.

of Szczecin. For the phenomenon of microbial co- 15. Skotarczak B, Cichocka A: Isolation and amplification by
’ olymerase chain reaction DNA dBabesia microtiand Babesia

occurrence and related mixed infections to be propetiergensn ticks in PolandAnn Agric Environ Me@001,8, 187-189.
evaluated, the research will be continued. 16. Skotarczak B., Rymaszewska A: Wst badania czynnika
etiologicznego ludzkiej ehrlichiozy (HGE) w kleszczach z zachodnio-
potnocnej Polski. Wiad ParazytoR001,47, 18-24.
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