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ABSTRACT 

 

A reverse transcriptase – polymerase chain reaction based assay for Borrelia species detection in ticks 

was developed. The method was based on amplification of 552 nucleotide bases long sequence of 16S 

rRNA, targeted by Borrelia specific primers. In the present study, total RNA extracted from Ixodes 

ricinus ticks was used as template. The results showed higher sensitivity for Borrelia detection as 

compared to standard dark-field microscopy. Method specificity was confirmed by cloning and 

sequencing of obtained 552 base pairs long amplicons. Phylogenetic analysis of obtained sequences 

showed that they belong to B. lusitaniae and B. afzelii genospecies. RT-PCR based method presented in 

this paper could be very useful as a screening test for detecting pathogen presence, especially when in 

investigations is required extraction of total RNA from ticks. 
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RESUMO 

 
Para a detecção de espécies de Borrelia em carrapatos, desenvolveu-se a técnica da transcrição reversa, 

seguida da reação em cadeia da polimerase (RT-PCR). A técnica baseou-se na amplificação de 552 

bases de nucleotídeos de 16S rRNA, utilizando-se primers específicos de Borrelia. O RNA total extraído 

de amostras de carrapatos Ixodes ricinus foi usado como modelo. Verificou-se maior sensibilidade da 

RT-PCR, para a detecção de Borrelia, em comparação com a microscopia de campo escuro padrão. A 

especificidade da técnica foi confirmada por clonagem e sequenciamento dos 552 pares de base obtidos. 

A análise filogenética das sequências obtidas revelou que pertencem a B. lusitaniae e genospecies B. 

afzelii. A RT-PCR apresentada neste trabalho poderá ser muito útil como teste de triagem para detectar 

a presença do patógeno. Especialmente quando em investigações, é necessária a extração total de RNA 

de carrapatos. 
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INTRODUCTION 

 

The genus Borrelia consists of many species of 

spirochetal bacteria that are human and animal 

pathogens. These organisms are responsible for 

two important disease groups: lyme borreliosis 

and relapsing fevers. With the exception of 

louse-borne B. recurrentis, causative agent of 

epidemic relapsing fever, Borrelia species are 

transmitted by ticks. Hard ticks of the genus 

Ixodes are vectors of B. burgdorferi sensu lato, 

species complex comprising 15 genospecies, 

some of which cause lyme borreliosis. On the 

other hand, the majority of endemic relapsing 

fever Borrelia species are vectored by soft ticks, 

while B. miyamotoi, B. theileri, and B. lonestari 

represent exceptions that are transmitted by hard 

tick species. 

 

Since the only natural way for Borrelia infection 

is the bite of infected vector, the prevalence of 

these pathogens in ticks represents an important 

risk indicator for human populations. Studies on 

prevalence of lyme disease spirochetes in Ixodes 

ticks are particularly numerous (Stafford III et 

al., 1998; Hubálek and Halouzka, 1998; Rauter 

and Hartung, 2005). Generally used methods for 

detection of Borrelia in ticks are BSK medium 

cultivation, dark-field and phase-contrast 

microscopy, direct and indirect 

immunofluorescence, and PCR based assays. 

PCR is the most often used method because of its 

high sensitivity. Primary targets for PCR 

detection of Borrelia specific DNA sequences in 

ticks are genes encoding the major outer surface 

proteins, flagellin, and 16S rRNA (Persing et al., 

1990). Development of nested-PCR and 

especially of real-time PCR based methods 

significantly increased sensitivity of Borrelia 

detection in ticks (Johnson et al., 1992; Wang et 

al., 2003). Ornstein and Barbour (2006) 

developed very sensitive 16S rRNA based RT 

real-time PCR assay for detection and 

quantification of B. burgdorferi spirochetes in 

ticks. 

 

Some authors reported that activity of Ixodid 

ticks is changed under the influence of Borrelia 

infection (Lefcort and Durden, 1996; Alekseev et 

al., 2000; Radulović et al., 2004). Besides, 

pathogen-induced expression of genes encoding 

antimicrobial peptides has been described in 

several tick species (Macaluso et al., 2003; 

Hynes et al., 2005; Rudenko et al., 2005). 

Application of simple and fast assays for 

pathogen species specific sequences detection in 

nucleic acids extracted from ticks is very 

important for these kind of researches. The aim 

of the present study was to develop a method for 

testing ticks for borreliae presence by detection 

of Borrelia-specific sequences in total RNA 

extracted. Owing to differential expression of 

some borrelial genes encoding proteins during 

tick life cycle phases (Gilmore et al., 2001), the 

target was 16S rRNA. 

 

 

MATERIAL AND METHODS 

 

Field collected unfed host-seeking adult Ixodes 

ricinus ticks were used for this study. Ticks were 

sampled by flagging vegetation in several 

localities in Serbia. Live ticks were kept 

individually in tubes containing a piece of damp 

paper until assay. 

 

Ticks were tested for Borrelia infection by dark-

field microscopy as previously described 

(Radulović et al., 2006). After dissection, body 

and internal organ parts of each individual tick 

were removed from physiological saline and 

immerged into RNAlater reagent (Ambion, 

Austin, TX, USA). Extraction of total RNA from 

dissected ticks was done using the Trizol reagent 

(Invitrogen, Carlsbard, CA, USA), following the 

protocol of the manufacturer. 

 

Two new primers were designed, based on 

comparison of GenBank 16S rRNA gene 

sequences of the following Borrelia species: B. 

burgdorferi sensu stricto (M89938, X85195, 

U03396), B. afzelii (D67019, L46697, X85197), 

B. garinii (AB007450, D67018, X85198), B. 

lusitaniae (AB091822, X98226, X98228), B. 

valaisiana (AB022143, AB091463, EU135597), 

B. tanukii (AB030751, D67023, NR025874), B. 

japonica (L40597, L46695, L46696), B. bissettii 

(AJ224138, AJ224139, AJ224141), B. 

andersonii (L46688, L46701), B. turdi (D67022, 

D67024, NR025873), B. recurrentis (AF107367, 

DQ346813, U42300), B. crocidurae (DQ057989, 

U42302), B. duttonii (AF107366, AF107364, 

U42293), B. persica (U42297), B. hispanica 

(DQ057988, U42294), B. parkeri (AF307100, 

U42296), B. turicatae (AY604974, U42299), B. 

hermsii (DQ855529, DQ855530, U42292), B. 

lonestari (AY166715, AY682921), B. miyamotoi 

(GQ253925, NR025861), and B. coriceae 
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(M60970, U42286). Primers were designed to 

target 552 base pairs long sequence. Forward 

primer (5’-GGC TTA GAA CTA ACG CTG 

GCA GTG C-3’) was designed to match with 

Borrelia specific sequence of 16S rRNA. On the 

other hand, reverse primer (5’-CCC TTT ACG 

CCC AAT AAT CCC GA-3’) was designed to 

match with 16S rRNA sequence conserved in 

Borrelia, Anaplasma, and Ehrlichia species. 

There was one nucleotide mismatch in the 

forward primer sequence in B. japonica and B. 

hermsii, and one in the reverse primer in B. 

hermsii, B. lonestari, and B. miyamotoi. 

Sequence alignment and oligonucleotide analysis 

were performed by Vector NTI Advance 10 

software (Invitrogen, Carlsbard, CA, USA). 

 

The RT-PCR assay was performed in 25μL 

volume comprising 1μL of RNA sample, 2μL of 

each primer (10μM), and adequate amounts of 

components of SuperScript(tm) One-Step RT-

PCR System for Long Templates (Invitrogen, 

Carlsbard, CA, USA). Reverse transcription was 

carried out for 30 minutes at 45˚C, followed by 

an initial PCR activation step for 2 minutes at 

94˚C and then 40 cycles for 15 seconds at 94˚C, 

30 seconds at 54˚C and one minute at 68˚C. A 

final extension step was performed at 72˚C for 

seven minutes. Following amplification, 15μL of 

each PCR product was loaded onto 2% agarose 

gel containing ethidium bromide and separated in 

TAE buffer by 100V for 30 minutes. Bands 

containing 552 base pairs long sequences were 

cut out and cDNA was extracted by StrataPrep 

DNA Gel Extraction Kit (Stratagene, La Jolla, 

CA, UCA). Cloning of recovered cDNA was 

performed by using pGEM-T Vector System I 

(Promega, Madison, WI, USA) and DH5α 

Competent Cells (Invitrogen, Carlsbard, CA, 

USA). After transformation procedure, bacterial 

cells were spread on X-Gal agar plates with 

ampicillin and incubated overnight at 37˚C. 

Analysis of four to six white colonies from each 

plate, for the presence of the 552 base pairs long 

DNA insert, was performed by colony PCR. 

Colonies containing a DNA of interest were 

inoculated into 3mL of LB broth with ampicillin 

and incubated for 12 hours at 37˚C with shaking 

at 220 rotation per minute. Plasmid DNA from 

culture was extracted using Wizard Plus SV 

Mini-Prep (Promega, Madison, WI, USA). 

Sequencing reactions were performed with the 

BigDye Terminator v3.1 Cycle Sequencing Kit 

and run on an 3730xl sequencer (Applied 

Biosystems, Foster City, CA, USA). New 

sequences were identified using NCBI BLAST 

homology search. 

 

The GenBank accession numbers for the 

sequences reported in this paper are GU247968 – 

GU247974. Phylogenetic analysis was 

performed with the ClustalW algorithm included 

within the MegaAlign module of the Lasergene 

software package (DNASTAR, Madison, WI, 

USA).  

 

 

RESULTS 

 

A total of 115 I. ricinus ticks were examined for 

the presence of Borrelia spp. by dark-field 

microscopy. Out of this number, 52 ticks were 

infected. Number of Borrelia spp. was low in 29 

examined ticks, while infection rate was medium 

and high in 16 and seven, respectively.  

 

Results obtained by the RT-PCR assay for 

amplification of 552 bases long 16S rRNA 

sequence showed the presence of borrelial RNA 

in total RNA extracted from ticks that had been 

indicated as infected by dark-field microscopy. 

Besides, amplification of 552 bases long 

sequence was detected in eight ticks that had 

been indicated as Borrelia uninfected (Fig. 1). 

  

Fifteen 552 base pairs long amplicons obtained 

by RT-PCR assay, including eight amplicons 

originating from ticks that had been indicated as 

Borrelia uninfected by dark-field microscopy, 

were submitted to cloning and sequencing 

procedures, yielding seven different sequences. 

All obtained sequences, according to BLASTN 

searches against GenBank nucleotide databases, 

showed high homology with gene encoding 16S 

rRNA of B. burgdorferi sensu lato genospecies. 

Phylogenetic tree indicated that five newly 

reported 552 base pairs long borrelial 16S rRNA 

gene nucleotide sequences arranged with B. 

lusitaniae sequences, while two remaining 

sequences were similar to B. afzelii (Fig. 2). 
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Figure 1. RT-PCR amplification of 552 bases long sequence of borrelial 16S rRNA in a total RNA 

extracted from Ixodes ricinus ticks. Lane 1: molecular weight marker; lanes 4 and 6: low infected ticks; 

lane 9: medium infected tick; lane 13: highly infected tick; lanes 2, 3, 5, 7, 8, 11, and 12: Borrelia 

uninfected ticks; lanes 10 and 14: ticks that had been indicated as Borrelia uninfected by dark-field 

microscopy, but with borrelial RNA detected by RT-PCR; lane 15: positive control; lane 16: negative 

control.  
, 

 

 
Figure 2. Phylogenetic tree based on 552 base pairs long sequence of borrelial gene encoding 16S rRNA. 

Accession numbers of newly reported sequences are in bold. 
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DISCUSSION 

 

Borrelia species have a single gene for 16S 

rRNA per genome (Schwartz et al., 1992). In 

culture grown B. burgdorferi, the number of 16S 

rRNA copies is 100-1,000 times greater than that 

of gene copies (Ornstein and Barbour, 2006). 

Therefore, targeting 16S rRNA instead of gene 

encoding 16S rRNA increases method 

sensitivity, as previously described in some other 

bacterial pathogens (Rhodes et al., 1998; Felek et 

al., 2001). In the present study, borrelial rRNA 

was detected in 60 Borrelia-infected ticks, 

including 29 with less than 10 spirochetes per 

tick and eight without observed spirochetes by 

dark-field microscopy. The last indicated has 

been expected owing to higher sensitivity of 

PCR based methods for Borrelia detection as 

compared to dark-field microscopy (Wittenbrink 

et al., 1994). Nonspecific amplification as a 

possibility is excluded by sequencing the 

revealed amplicons. Homology of newly 

reported 552 base pairs long sequences with 

borrelial gene encoding 16S rRNA confirmed the 

specificity of the presented method. 

 

Ixodes ricinus tick is generally known as a vector 

of Lyme disease Borrelia species: B. burgdorferi 

sensu stricto, B. afzelii, B. garinii, B. valaisiana, 

B. lusitaniae, and B. spielmanii. Detection of 

sequences similar to 16S rRNA gene of B. 

burgdorferi sensu lato in examined I. ricinus 

ticks fulfilled previous expectations. 

Phylogenetic analysis of these sequences showed 

that they are similar to those of B. lusitaniae and 

B. afzelii. These results are in line with recently 

published results of Milutinović et al. (2008), 

who found five Borrelia genospecies in host-

seeking adult I. ricinus ticks collected in Serbia, 

whereby B. lusitaniae was the most frequent. 

The phylogenetic relationships of Borrelia 

species are commonly estimated on the basis of 

flaB or 16S rRNA gene sequences (Rich et al., 

2001). Ribosomal RNA sequence, focused on in 

this study, could be useful for borreliae 

phylogenetic relatedness analysis. 

 

Analysis of Borrelia species 16S rRNA gene 

sequences, targeted by each of primers designed 

during this study, showed its very high 

homology. Strong sequence conservation of 

these regions among Borrelia species points to 

possibility of using presented RT-PCR based  

 

method for the detection of relapsing fever 

borreliae, which has not been demonstrated in 

this study. In contrast to Borrelia specific 

forward primer, reverse primer sequence is also 

similar to Anaplasma and Ehrlichia 16S rRNA 

gene sequences. Therefore, this method could be 

a good starting point for the development of 

multi RT-PCR based assay for simultaneous 

detection of two or more tick-borne pathogens.  

 

 

CONCLUSIONS 

 

RT-PCR based method presented in this paper 

could be very useful as a screening test for 

detecting pathogen presence, especially when in 

investigations is required extraction of total RNA 

from ticks. This results showed suitable 

sensitivity and specificity of RT-PCR. 
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