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Abstract
Background. Infections of Borrelia burgdorferi sensu lato reveal clinical manifestations affecting numerous organs 
and tissues. The standard diagnostic procedure of these infections is quite simple if a positive history of tick expo-
sure or typical erythema migrans appears. Lack of unequivocal clinical symptoms creates the necessity for further 
evaluation with laboratory tests.
Objectives. This study discusses the utility of a novel, improved, well-optimized, sensitive and highly specific quan-
titative real-time PCR assay for the diagnostics of infections caused by Borrelia burgdorferi sensu lato.
Material and Methods. We designed an improved, specific, highly sensitive real-time quantitative polymerase 
chain reaction (RQ-PCR) assay for the detection and quantification of all Borrelia burgdorferi genotypes. A wide 
validation effort was undertaken to ensure confidence in the highly sensitive and specific detection of B. burgdor-
feri.
Results. Due to high sensitivity and great specificity, as low as 1.6 × 10² copies of Borrelia per mL of whole blood 
could be detected. As much as 12 (3%) negative ELISA IgM results, 14 (2.8%) negative results of Line blot IgM,  
11 (3.1%) and 7 (2.7%) of negative ELISA IgG and Line blot IgG results, respectively, were positive in real-time PCR.
Conclusions. The data in this study confirms the high positive predictive value of real-time PCR test in the detec-
tion of Borrelia infections (Adv Clin Exp Med 2015, 24, 4, 663–670).
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Lyme disease (LD), recognized as a multisys-
tem infection, was primarily described in the late 
20th century  [1]. It is caused by the bite of a  Ix-
odes ricinus complex tick infected with Borrelia 
burgdorferi sensu lato  [2]. Infections of Borrelia 
burgdorferi sensu lato reveal clinical manifesta-
tions affecting numerous organs and tissues, de-
pendent on the different species of Borrelia [3–6]. 
The group of spirochetes, usually called Borrelia 
burgdorferi sensu lato, includes 11 different geno-
species, from which 3 are frequently observed in 
Europe: B. burgdorferi sensu stricto, Borrelia af-
zelii and Borrelia garinii [7, 8]. All 3 genospecies 
of Borrelia are pathogenic in Europe and can be 
a  potential infection agent for specific high risk 

subjects such as foresters [6, 8, 9]. The most com-
mon clinical manifestation (80% of infected sub-
jects) of early infection of Borrelia burgdorferi sen-
su lato is localized erythema migrans, which may 
be followed by disseminated infection affecting 
the skin, nervous system, heart or joints before 
late infection [1, 4, 10, 11]. Nevertheless, LD may 
also be latent, without unequivocal clinical symp-
toms or may present unspecific symptoms such 
as headache, myalgia, arthralgias or fever [12, 13]. 
The standard diagnostic procedure of these infec-
tions is quite simple if a  positive history of tick 
exposure or typical erythema migrans (clinical 
hallmark) appears. Further laboratory testing in 
these cases is not required. Genetic diversity and 
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differential expression of B. burgdorferi sensu la-
to genes in subjects have important implications 
for the development of molecular assays and se-
rologic tests in the laboratory diagnosis of LB. Se-
rological testing is based mainly on the detection 
of antibodies class IgM and IgG using ELISA, EIA 
and line blot tests [14–17]. Nevertheless, serolog-
ic tests are often unsuitable or insufficient as they 
present high cross-reactivity with antigens of oth-
er bacteria, viruses and mammalian tissues; they 
cannot distinguish between primary or recurrent 
infections and are not useful during the “window 
period”. Moreover, serological tests can be on-
ly use in subjects not vaccinated against Borrelia 
spp. [11]. Therefore, attempts are being made to 
introduce some new diagnostic tests for the de-
tection and monitoring of infections with Borrel-
ia burgdorferi sensu lato around the world. There 
are some reports confirming the utility of PCR as-
says in the detection of Borrelia spp. in cerebro-
spinal fluid (CSF), synovial fluid, skin bioptates 
and urine samples  [18–20]. Taking into account 
that the etiologic agent of LD, Borrelia burgdorferi 
sensu lato, was recovered first from the tick Ixo-
des dammini in the year 1982 [2] and then from 
a  skin biopsy, CSF and blood specimens of pa-
tients with LB around the world  [2, 21–25], the 
main aim of this study was to discuss the utility 
of introduction of a well-optimized, sensitive and 
highly specific quantitative real-time PCR assay 
into the diagnostics of Borrelia burgdorferi sensu 
lato infections.

Material and Methods

Clinical Samples
Five hundred seventy seven subjects partici-

pated in this study. All of the subjects belonged to 
the group at high risk of developing Lyme disease 
due to infection of Borrelia burgdorferi sensu la-
to. Five hundred sixty seven of them were wood 
workers and 10 subjects could be potentially affect-
ed by the infection on the basis of medical history. 
A written informed consent was obtained from the 
subjects for the collection of blood samples. The 
study was approved by the local Ethics Committee 
of Wroclaw Medical University (KB: 371/2008). 
The study subjects were informed about the pur-
pose and principles of this study. All subjects were 
screened by ELISA, Western blot (the confirma-
tion test) and real-time PCR tests for the detection 
of exposure/presence of the pathogen.

Whole blood (EDTA and for serum separa-
tion) was collected from the subjects. Samples of 
the whole blood for isolation of DNA were frozen 

immediately after collection in –20°C. Samples of 
the whole blood for serological testing were centri-
fuged 10 min 2500 × g and tested immediately af-
ter collection or frozen in aliquots in –20°C.

Screening Examination  
of Serum Samples
Serum samples collected from all subjects were 

screened for the presence of antibodies against 
Borrelia spp. in class IgM and IgG. The antibod-
ies were detected using Anti-Borrelia plus VIsE 
ELISA (IgG) and Anti-Borrelia ELISA (IgM) (Eu-
roimmun, Wrocław, Poland). Positive results were 
verified using Line blot tests (Euroline Borrelia- 
-RN-AT test, Euroimmun), according to the man-
ufacturer’s instructions. The IgG line blot used 
included the native antigens p83, OspC (Ba, Bb, 
Bg) antigens, p39, flagellin and recombinant VIsE 
(Bb) antigens from different species of Borrelia 
(B.  afzelii, burgdorferi, garninii), 2 extracted lipid 
fractions and selected recombinant antigens p58, 
p21, p20, p19 and p18, while the corresponding 
ELISA tests used detergent extracts of all 3 species 
with additional VIsE of B. burgdorferi. Evaluation 
of the test strips was performed using the fully au-
tomated EUROLineScan software (Euroimmun).

Isolation of DNA  
from Clinical Samples
DNA was extracted from the whole blood us-

ing spin columns from the QIAamp DNA Mini 
Kit (Qiagen, Hilden, Germany), according to the 
manufacturer’s recommendations. From a  start-
ing amount of 200  µL of whole blood, 200  µL of 
extracted DNA was collected. The extracted DNA 
was frozen at –20°C until testing. The DNA ob-
tained from the whole blood samples was analyzed 
for detection of Borrelia burgdorferi sensu lato by 
means of real-time PCR assay.

Real-Time PCR for Detection  
of Borrelia spp.
The DNA extracted from the whole blood 

samples was screened for the presence of Borrel-
ia spp.-DNA. The time from the tick bite to the re-
al-time PCR performance had a wide range, from 
several days to several months. The primers and 
probe for the real-time PCR detection system were 
placed within the region of the gene coding ribo-
somal RNA (16SrRNA) of Borrelia spp. The most 
conservative and most specific region for Borrel-
ia spp. was assessed by means of a comparison of 
16SrRNA sequences obtained from 15 different 
gene-species of Borrelia spp. using ClustalX 2.0.6 



Molecular Detection of B. burgdorferi Sensu Lato 665

(Fig.  1). The DNA sequences of 16sRNAs were 
obtained from the National Center for Biotech-
nology Information (NCBI) database. The prim-
er and probe design was based on the sequences 
of the following genotypes: Tom3401, Mng3602, 
isolate Ir-2200, Nov14506, Nov7006, Nov9906, 
Nov11506, Nov1105, isolate BUL-1, isolate BUL-4, 
isolate BUL-6, isolate BUL-10, isolate SCCH-9, 
isolate SCCH-13, isolate SI-15 (accession num-
bers: DQ469887.1, DQ469888.1, AM418453.1, 
EF541174.1 EF541175.1, EF488989.1, EF488990.1, 
EU014796.1, EU014797.1, EU014799.1, EU014800.1, 
EU014802.1, EU014803.1, EF488991.1, EU014806.1). 
The following sequences of primers and probe were 
selected: Forward: GGC AAC CCT AAG GTG 
AAG GC, Reverse: GGT GAG CCA GGC CAT 
CAC TA, Probe: -FAM-CAT GGC AAG AAA 
GTG CTC GGT GCC T-BBQ. A gene of B-glob-
ulin served as an internal control. The sequences 
of the primers and probe were derived from the 
previous report  [28]. Yak and BBQ were use for 
labeling the probe. Prior to the experimental test-
ing, the primer and probe sequences were tested by 
a  standard nucleotide-nucleotide BLAST tool for 
the absence of homology with any other relevant 
organism. None of the primers and probes pre-
sented significant homology to DNA other than 
intended target.

Quantitative amplification was performed on 
a Real Time 7000 PCR System v.1.1 (Life Technolo-
gies, Foster City, USA) in a 96-well format by using 
TaqMan-based chemistry. In brief, the optimized 
master mix consisted of 25 µL of µL 2 × PCR Mas-
ter Mix for Probe Assays (Eurogentec, Seraing, Bel-
gium), 2 µL of forward primer 16SrRNA (800 nM fi-
nal conc.), 2 µL of reverse primer 16SrRNA (400 nM  
final conc.) 1  µL of probe 16SrRNA (200 nM  
final conc.), 2 µL of forward and reverse primers 
for B-globulin (27 nM final conc.; internal con-
trol), 1  µL of probe for B-globulin (200 nM final 
conc.) and 5 µL of target DNA in a final total vol-
ume of 50 µL. Real-time PCR was performed un-
der the following conditions: 1 cycle at 50°C for 
2  min for AmpErase UNG activation, then 95°C 
for 10  min, 45 cycles of 95°C for 15  s, and 60°C 

for 1 min. To reduce the risk of false-positive re-
sults due to contamination with PCR products, 
dTTP was partially replaced by dUTP in the reac-
tion master mixture and a dUTP glycosylase step 
was performed prior to each PCR. Each DNA sam-
ple was analyzed in duplicate. Negative controls  
(no template, no amplification) were included  
in each assay. DNA isolates derived from Bor-
relia afzelii (strain VS461/ET139, reference no. 
DSM10508, derived from the Leibnitz Institute 
DSMZ –  German Collection of Microorganisms 
and Cell Cultures) served as a positive control.

Preparation of Control DNA and 
Generation of Calibration Curve

To quantify Borrelia spp. load in clinical sam-
ples, an external standard curve was generated. Prep-
aration of the exogenous standard curve was based 
on 10-fold serial dilutions of spectrophotometrically 
quantified standards (amplicons 108 bp cloned and 
amplified in a pCR®2.1-TOPO® vector from a TOPO  
TA Cloning® kit (Invitrogen, Life Technologies, 
Foster City, USA), according to the manufacturer`s 
instructions. In brief, the DNA of Borrelia afzelii 
(strain VS461/ET139) was amplified by PCR. PCR 
was performed as a singleplex assay in a  total vol-
ume of 25 µL, containing 5 µL of Green GoTaq Flexi 
Buffer –  5x (Promega, Madison, USA), 3 mM of 
25 mM MgCl2, 2 mM dNTP-Mix, 2.5 µL 10 µM for-
ward: GTCTATATACAGGTGCTGCATGGT and 
reverse: CACCATTACATGCTGGTAACAGAT 
primers, 0.4 µL GoTaq DNA Polymerase (5 U/µL), 
10.1 µL distilled water and 1 µL target nucleic acid. 
The amplification was performed according to the 
following protocol: 94°C for 2 min; 40 cycles at 94°C 
for 30 s, 60°C for 30 s, and 72°C for 30 s; followed by 
72°C for 10 min. PCR products stained with ethid-
ium bromide were visualized after electrophoresis 
in 2% agarose gel (Fig. 2).

Plasmid DNA was purified with a Plasmid Mi-
di Kit (Qiagen), according to the manufacturer`s 
instructions. The proper insertion of the PCR 
product into the plasmid was checked by the 

Fig. 1. Bioinformatic analysis of the conservative region in the 16SrRNA gene sequence using ClustalX 2.0.6 tool. The 
frames indicate the sequences of primers and probe
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sequencing of the plasmids (obtained from 3 ran-
domly selected colonies of transfected E. coli XL-2 
(Agilent Technologies Division, Santa Clara, USA) 
with primers surrounding the insert: M13for-
ward: GTAAAACGACGGCCAG and M13 re-
verse: CAGGAAACAGCTATGAC. The sequence 
obtained was compared to a 16SrRNA control se-
quence from Borrelia afzelii strain VS461/ET139 by 
ClustalX 2.0.6. software. All 3 sequences were sim-
ilar to the control sequence (Fig. 3). Subsequently, 
the plasmid concentration and purity were deter-
mined using a NanoPhotometer (Implen GmbH). 
The viral copy number was calculated based on 
the known molecular weight of the plasmids and 
amplicons. Ten-fold serial dilutions of the plas-
mid ranging from 106 to 101/5 µL were amplified 
in triplicate for the construction of standard curves 
(R2 = 0.9988). The sensitivity of the real-time PCR 
assay permitted reliable detection of copies 2 × 102 
copies/mL of the medium investigated.

Results

Antibodies Against Borrelia spp.
Five hundred seventy seven subjects (491 male 

and 86 female) were included in the study. The me-
dian age of the participants was 45 (20–65) years. 
According to the recommendations of the Centers 
for Disease Control and Prevention (CDC, Atlan-
ta, USA, 2005) for the diagnosis of Borrelia spp. 
infections, the diagnosis of the infection was based 
on clinical symptoms (erythema migrans, palsy 
of facial nerve or arthritis), the patient’s medical 
history and an assessment of the risk of exposure 
to infected ticks combined with diagnostic tests 

including the assessment of antibodies to Borrelia 
spp. class IgM and IgG.

ELISA tests for the detection of IgG antibodies 
to Borrelia spp. revealed 202 (33%) positive sub-
jects, 350 (60.7%) negative and 25 (4.3%) results 
were considered as borderline results. During IgM 
testing, 122 (21.1%) subjects were positive, while 
411 (71.2%) and 44 (7.6%) were negative or bor-
derline results, respectively. Line blot tests con-
firmed 221 (38.3%) positive results, 257 (44.5%) 
were negative and 99 (17.6%) constitute the bor-
derline results in class IgG, as described previously.

Incidence of Borrelia spp. 
Infection According  
to Real-Time PCR Detection
Among the 577 subjects from the group at high 

risk of Borrelia spp. infection, only 18 (3.1%) sub-
jects were positive for 16SrRNA-DNA in the whole 
blood. Bacterial load in clinical samples was as low 
as 2.0 × 102–4.6 × 103 copies/mL. Eight of the 18 
(44.4%) positive subjects were also positive for IgG 
antibodies in one or both ELISA/line blot tests and 
3 of them (16.6%) were positive in real-time PCR 
and doubtful in the blot. As much as 7 of 18 posi-
tive subjects (in real-time PCR test) were negative 
for IgG antibodies in both serological tests. In par-
allel, 6 of the 18 (33.3%) subjects found positive 
by the real-time PCR method were also positive 
by ELISA/line blot IgM tests, but as much as 12 of 
the 18 (66.6%) were positive for Borrelia spp. DNA 
and negative in the serologic tests (Table 1).

As little as 4% of the positive ELISA results and 
3.2% of the positive line blot tests were positive in 
the real-time PCR assay. Nevertheless, the correla-
tion of all diagnostic tests used in this study showed 
that as much as 12 (3%) of the negative ELISA IgM 
results, 14 (2.8%) negative results of the line blot 
IgM, 11 (3.1%) and 7 (2.7%) of the negative ELI-
SA IgG and line blot IgG results, respectively, were 
positive in real-time PCR (Table 2).

Discussion
Diagnosis of Borrelia spp. infections gener-

ates a  lot of problems. According to the recom-
mendations of the Centers for Disease Control 

Fig. 2. Product of amplification of Borrelia afzelii-DNA 
(stain VS461/ET139). Line 1 – molecular marker;  
line 2 – product 108 bp

Fig. 3. The comparison of an insert sequence obtained from 3 different colonies of E.coli XL-2 transfected with plas-
mid containing Borelia afzelii 16srRNA PCR-product (9_–_; 9_–_; 10_+_) with a 16SrRNA control gene of Borrelia 
afzelii (VS461 ET139)
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and Prevention, the diagnostics of Borrelia spp. in-
fections should be based mainly on clinical symp-
toms, such as: erythema migrans, palsy of the fa-
cial nerve or arthritis, the patient`s medical history 
and an assessment of the risk of exposure to infect-
ed ticks combined with diagnostic tests including 
the assessment of antibodies to Borrelia spp. class 
IgM and IgG. The common diagnostic tests for 
Borrelia spp. are divided into 2 different groups. 
The first one, called direct tests, are able to detect 
the pathogen in the clinical material (culture col-
lection, microscopic methods, PCR and real-time 
PCR) and the second group includes indirect tests, 
which make it possible to assess the contact of the 
subject with the pathogen (serum antibodies). The 
main aim of this study was to develop a sensitive, 
specific, and rapid TaqMan PCR assay for the de-
tection of B. burgdorferi sensu lato in whole blood 
samples collected from subjects at a high risk of in-
fection with Borrelia spp. and an assessment of the 
utilization of this assay to complement the immu-
noserologic methods to diagnose LD.

The main goal of the serological tests is the 
detection of antibodies to Borrelia spp. in serum. 
Confirmation of anti-Borrelia antibodies in serum 
carries an important confirmation that the subject 
was exposed to infected ticks in the distant or re-
cent past. The diagnostic value of serological tests 
is limited due to “the window period”, in which 
no antibodies can be detected with any diagnostic 
tests. In addition, a positive result of a serologic test 
(even IgM) does not always correlate with an ac-
tive infection. Furthermore, the titer of antibodies 
usually does not correlate with the progress of the 
infection. The presence of the antibodies in serum 
can be detected many years after primary infection; 
hence the diagnostic value of these testes in the 
early detection of infection is low. The diagnostic 
problem of ELISA tests is also the large cross-reac-
tivity to antigens commonly observed in other bac-
teria, viruses and mammalian tissues such as p41, 
p58–60, p66, p68, p71, p73, flagellin etc.  [26, 27].  
The line blot tests confirmed that more than 8% of 
the positive results of the ELISA in class IgG and 

Table 1. Comparison of real-time PCR positive samples with results of serologic tests

Subject no. Diagnostic method

real-time PCR serologic tests

copies no./mL IC IgG ELISA IgG Blot IgM ELISA IgM Blot

  1 1164 + – – – –

  2   222 + + + + (+)

  3   484 + – (+) – –

  4   228 + – + – –

  5   316 + – – – –

  6   474 + + + + (+)

  7   340 + + + + +

  8   360 + – – – –

  9 1318 + – (+) – –

10 4658 + + + – –

11 2234 + + + + (+)

12 1026 + + + – –

13 1322 + – (+) – –

14   168 + – – – –

15 1612 + – – + –

16 1842 + + + + –

17 4566 + – – – –

18   296 + – – – –

IC – internal control (DNA of B-globulin)
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36% positive results of the ELISA in class IgM were 
false positive. This means that the line blot test 
should be always introduced to reduce the num-
ber of false positive results and to prevent the in-
troduction of unnecessary, 3–4  week long drug 
therapy. B. burgdorferi sensu lato expresses differ-
ent surface proteins in adaptation to various mi-
croenvironments. The spirochete expresses OspA 
but not OspC when residing in the midguts of un-
fed ticks. Notwithstanding, during a blood meal by 
the tick, some spirochetes stop expressing OspA  
and instead express OspC  [28–31]. Some genes 
of B.  burgdorferi sensu lato are expressed only in 
a  mammalian host or have significantly upregu-
lated expression in that environment, for exam-
ple VlsE, DbpA, BBK32, Erp, and Mlp proteins 
[30, 32–36]. Therefore, many false positive results 
may appear during in ELISA/line blot test and de-
tection of bacteria genomic DNA may play an im-
portant role in the diagnosis of Borrelia infections. 
The diagnostic problem of the serologic tests is also 
the large amount of false negative results. This can 
be due to “the window period” in which IgM anti-
bodies are not produced yet or due to the forming 
of antigen-antibodies complexes which cannot be 
detected by means of ELISA/line blot tests. There-
fore, the real-time PCR assay would be valuable in 
testing patients early in the disease, before an anti-
body response develops, and in cases where the pa-
tient does not have classic symptoms, a diagnosis 

based on the real-time PCR method seems to be 
useful. In addition, the TaqMan real-time PCR 
assay would be useful in guiding therapy in pa-
tients who have had prior exposure to the organ-
ism, where the interpretation of immunoserolog-
ic results would be difficult for some reason. The 
increasing use of RQ-PCR in clinical diagnostics 
in recent years has made this technique an essen-
tial tool in laboratory detection of many infections. 
This technique presents many advantages, includ-
ing improved speed, high sensitivity and specificity 
and low intra- and inter-assay variability [37]. The 
use of probes allows for precise measurement and 
monitoring of pathogen DNA replication in clini-
cal samples [21]. In this study, the utility of the real-
time PCR assay developed in our laboratory in the 
detection of Borrelia spp. DNA was confirmed. An 
average of 3% false negative ELISA/line blot results 
were detected using real-time PCR. Due to high 
sensitivity and great specificity, as low as 1.6 × 102 
copies of Borrelia per mL of whole blood could be 
detected. The low sensitivity of the TaqMan assay 
in comparison to serological tests could be a reflec-
tion of the lack of spirochetemia or transient spiro-
chetemia or a low level of spirochetes in the blood. 
In addition, both negative and positive controls 
and an internal control were included in each run 
to determine whether or not inhibitory substanc-
es are present in the patient’s clinical sample or 
whether false positive results could appear during  

Table 2. Comparison of results obtained by means of ELISA/line blot IgM (A), IgG (B) and real-time PCR 
tests in 577 clinical samples

A.

Diagnostic method

PCR Elisa IgM PCR line blot IgM

positive negative pos/neg total positive negative pos/neg total

Positive     6 (4.9%)   12 (2.9%)   0 (%)   18 positive   1 (1.6%)   14 (2.8%)   3 (9.6%)   18

Negative 116 (95.1%) 399 (97.0%) 44 (100%) 559 negative 59 (98.3%) 472 (97.1%) 28 (90.3%) 556

Pos/Neg     0 (0%)     0 (0%)   0 (%)     0 pos/neg   0 (0%)     0 (0%)   0 (%)     0

Total 122 411 44 577 total 60 486 31 577

B.

Diagnostic method

PCR Elisa IgG PCR line blot IgG

positive negative pos/neg total positive negative pos/neg total

Positive     7 (3.5%)   11 (3.1%)   0 (%)   18 positive     8 (3.6%)     7 (2.7%)   3 (3%)   18

Negative 195 (96.5%) 339 (96.8%) 25 (100%) 559 negative 213 (96.4%) 250 (97.3%) 96 (96.9%) 559

Pos/Neg     0 (0%)     0 (0%)   0 (%)     0 pos/neg     0 (0%)     0 (0%)   0 (%)     0

Total 202 350 25 577 total 221 257 99 577



Molecular Detection of B. burgdorferi Sensu Lato 669

amplification. Therefore, we excluded the possibil-
ity of low test sensitivity due to the presence of PCR 
inhibitors in the host blood. The data in this study 
confirms the high positive predictive value of real-
time PCR tests in the detection of Borrelia infec-
tions. Nevertheless, the low detectability of Borrel-
ia spp. in whole blood samples showed that whole 
blood is not a main area of infection and the choice 
of other tissues or body fluids would be more ap-
propriate [20]. Due to the great analytical sensitiv-
ity and specificity of the real-time PCR assay pre-
sented in this study, we speculate that this test could 
be much more useful for the detection of Borrelia 
burgdorferi sensu lato infections localized in tissues 
such as skin or other body fluids such as cerebro-
spinal fluid or synovial fluid. In our opinion, real-
time PCR assay should not be the first line test in 
the diagnosis of Borrelia infections. Nevertheless, 

real-time PCR assay as a highly sensitive and specific 
test could be used in the detection of early infection 
of Borrelia spp. in localized tissue and can be used to 
complement immunoserologic methods to diagnose 
infections of Borrelia burgdorferi sensu lato.

In conclusion, due to the many disadvantages 
of the ELISA test, line blot confirmation tests are 
necessary to reduce the number of ELISA false pos-
itive results. In addition, the real-time PCR assay 
would be valuable in testing patients in the early 
period after exposure, before an antibody response 
develops, if the patient does not have any clinical 
symptoms of infection and in early disseminated 
diseases such as neuroborreliosis and carditis. Fur-
thermore, the assay presented in this study would 
be useful in patients exposed to Borrelia burgdor-
feri sensu lato, in whom the interpretation of im-
munoserologic results is difficult.
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