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Abst rac t
Introduction: Diagnostic methods in erythema migrans are still not standardized. 
Aim: To evaluate the frequency of Borrelia burgdorferi s.l. DNA presence in patients with erythema migrans (EM); to 
assess the polymerase chain reaction (PCR) procedure for detecting B. burgdorferi s.l. DNA in patients with the skin 
form of Lyme borreliosis; and to compare the results of the PCR-based method with the traditional ELISA method.
Material and methods: Skin biopsy and blood samples from 93 patients with EM were examined for B. burgdorferi 
s.l. DNA detection (PCR). Seventy-one of these patients were examined for the presence of anti-B. burgdorferi s.l. 
antibodies (ELISA). 
Results: Borrelia burgdorferi s.l. DNA was detected in 48% of the skin biopsy specimens and in 2% of blood samples. 
Only 1 patient was PCR positive in both blood and skin samples. Seventy percent of patients whose PCR results 
were positive were bitten by a tick less than 14 days before. IgM anti-B. burgdorferi s.l – specific antibodies were 
present in the serum of 35% of patients and IgG antibodies – in 30% of patients. Seventeen percent were positive 
in both IgM and IgG. 
Conclusions: Polymerase chain reaction of skin biopsy specimens seems to be currently the most sensitive and spe-
cific test for the diagnosis of patients with EM, especially in patients with a short duration of the disease (< 14 days) 
but still its effectiveness is much lower than expected. Polymerase chain reaction of blood samples cannot be rec-
ommended at the present time for the routine diagnostic of patients with EM. 
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Introduction

Erythema migrans (EM) is a skin lesion which usu-
ally appears near a tick bite as a feature of early Lyme 
disease (LD). In adults EM is often localized on the limbs 
and trunk and in children in the head and neck region. 
According to the American Centers for Disease Control 
and Prevention (CDC), EM is defined as a skin lesion 
that typically begins as a red macule or papule to form 
a large round lesion, often with partial central clearing. 
A solitary lesion diameter must reach at least 5 cm in 

size [1]. However in the literature the so-called miniEM is 
also described (diameter less than 5 cm) [2]. Secondary 
lesions may also occur. Annular erythematous lesions 
occurring within several hours after a tick bite represent 
hypersensitivity reactions and do not qualify as EM. For 
most patients, the expanding EM lesion is accompanied 
by intermittent acute symptoms, particularly fatigue, fe-
ver, headache, mild neck stiffness, arthralgia or myalgia. 

Early implementation of antibiotic therapy may inhib-
it anti-Borrelia burgdorferi s.l. antibody production. If not 
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treated, EM disappears spontaneously in approximately 
4 weeks post infection [3]. However treatment is required 
to prevent development of later stages of the disease. 

Laboratory confirmation is recommended for persons 
with no known exposure to a tick bite. The diagnostic pro-
cess of LD diagnosis setting consists of two steps: basic 
serological/immunoenzymatic ELISA followed by confir-
mation with Western blot or Immunoblot. These meth-
ods are not useful in EM diagnosis because of a delay in 
anti-B. burgdorferi s.l. antibody production (6–8 weeks 
after infection) [4, 5]. Therefore, the effectiveness of this 
methodology for use in diagnostics is limited and other 
diagnostic techniques are required. Although, polymerase 
chain reaction (PCR) seems to be especially useful in EM, 
because of the coincidence of skin lesions and bacteremia 
– spirochetemia [6], which may be the cause of general 
symptoms, up to date, PCR-based methods are not widely 
used in LD diagnosis as it would be expected.

Aim

The aim of the study was to evaluate the frequency 
of B. burgdorferi s.l. DNA presence in patients with EM, to 
assess the effectiveness of PCR at detecting Borrelia DNA 
in the skin form of LD and to compare the results of PCR-
based methodology with the traditional ELISA methods. 

Material and methods

The study included 93 patients admitted to the De-
partment of Infectious Diseases and Neuroinfections of 
the Medical University of Bialystok, Poland, diagnosed 
clinically with EM. The study group was composed of  
37 women and 56 men with a mean age of 48 ±15 years. 

Sixty-eight (73%) patients remembered a tick bite. 
The mean time of the tick bite to onset of symptoms 
was 2.2 ±2.4 weeks. The mean diameter of the skin le-
sion was 14.3 ±8 cm. Four (5%) patients had multiple EM 
at the same time. Twenty-nine (31%) patients suffered 
from headache, 25 (26%) from muscle pain, 13 (14%) from 
joints pain, 27 (28%) from tiredness and 14 (15%) had fe-
ver. Polymerase chain reaction examinations were carried 
once, at the moment of diagnosis, before treatment. All 
patients signed agreement to take part in research. 

Punch skin biopsy samples of 3 mm in diameter 
from the expanding edge of the lesion and whole blood 
samples were taken from all patients and examined for 
the presence of B. burgdorferi s.l. DNA by nPCR (nested 
PCR). Additionally 71 of the same patients were examined  
6 weeks later for the presence of anti-B. burgdorferi s.l. 
IgM and IgG antibodies by ELISA (Recombinant-Borrelia 
IgM and IgG tests (Biomedica)).

Borrelia burgdorferi s.l. DNA detection was performed 
by nPCR. Bacterial DNA from human skin biopsy and 
blood samples was isolated in a clean area that had been 
previously decontaminated by UV light.

After collection, skin biopsy samples were placed in 
aseptic rounded-bottom tubes and frozen or prepared on 
fresh. All skin biopsies were cut into smaller parts with 
stainless steel knife-edge and covered with a maximum 
of 80 µl PBS buffer. Whole blood samples were collected 
on EDTA and extracted within 24 h.

DNA extraction

DNA from whole blood and skin biopsies was extract-
ed by using a Qiagen DNAeasy Blood and Tissue Mini kit 
according to the manufacturer’s instructions. Purified DNA 
(100 µl) was then frozen at –20°C before amplification.

 Polymearse chain reaction protocol for  
Borrelia burgdorferi s.l.

A fragment of the fla gene, the specific DNA sequence 
encoding flagellin was used for B. burgdorferi s.l. detection 
in “one tube” nested PCR. The B. burgdorferi PCR kit (Gene-
Proof, Czech Republic) for in vitro diagnostics, which was 
used for this purpose, minimizing non-specific reactions 
and maximizing sensitivity because of employing “hot 
start” technology. Possibility of PCR inhibition is controlled 
by addition of internal standard into the reaction mix. The 
risk of contamination is prevented by using uracil-DNA-gly-
cosylase (UDG). Four μl of the template DNA isolates was 
added to 36 μl of the MasterMix for the final reaction mix 
volume of 40 μl. The course of the reaction was performed 
in accordance with the manufacturer’s instructions on the 
SensoQuest LabCycler (SensoQuest, Germany) with au-
thors’ own modifications. Nested PCR was performed in 
the following amplification program: UDG decontamination, 
initial denaturation at 96°C for 10 min, first amplification for 
30 cycles (denaturation at 96°C for 20 s, annealing at 68°C 
for 20 s, extension at 72°C for 40 s), second amplification for 
45 cycles (denaturation at 96°C for 20 s, annealing at 54°C 
for 20 s, extension at 72°C for 30 s) and final extension at 
72°C for 2 min. The samples were cooled at +4°C.

The PCR products were separated on 2% agarose gel 
(Sigma-Aldrich, Germany) with the addition of ethidium 
bromide (5 μg/ml; Syngen, USA) at 80 V for 80 min. The re-
sults of the PCR were viewed under UV light (UV to Gel Logic 
System 100 (Kodak Imaging System, Inc., USA)). Probes with 
the PCR product in size of 276 base pairs (bp) were regarded 
as positive. The internal control had a size of 420 bp. For 
precise detection of B. burgdorferi s.l. fla amplicons and in-
ternal control molecular weight marker (M100-500-Blirt S.A. 
Poland) was used.

Statistical analysis

Statistical analysis was performed using StatSoft 
Statistica 10.0. Patients were divided into 2 groups, de-
pending on PCR test results (group I – positive PCR in the 
skin sample, group II – negative PCR in the skin sample). 
Groups were compared using U-Mann-Whitney test. Val-
ues of p < 0.05 was considered as statistically significant.
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Results 

Specific B. burgdorferi DNA was detected in 48% of 
the skin biopsy specimens and in 2% of the blood sam-
ples from patients with EM (example in Figure 1). Only in 
1 patient (1%) the results were positive either in a skin 
or blood sample. Six weeks after PCR examination IgM 
anti-B. burgdorferi – specific antibodies were present in 
serum of 35% of patients and IgG antibodies – in 30% 
of patients. Sixteen (17%) patients were positive in both 
classes. In 70% of PCR positive patients, duration of the 
disease was shorter than < 14 days. 

We compared a group of patients with positive PCR 
in the skin sample with patients with negative PCR in the 
skin sample, regarding ELISA tests results, diameter of 
EM, period from the tick bite. No statistically significant 
differences were found. We also compared patients with 
positive ELISA tests results and negative ELISA tests results 
regarding the diameter of EM and the period from the tick 
bite. No statistically significant differences were found.

Discussion

The usefulness of PCR in the diagnosis of LD is widely 
discussed. Effectiveness of the PCR method in detection 
of DNA of B. burgdorferi: B. burgdorferi sensu stricto,  
B. garinii, B. afzelii in various human fluids (blood, csf, 
urine) has been shown by many previous studies [7–9], 
but in the case of LD, the clinical efficacy of this method 
has not been equivocally approved [10]. The probabili-
ty of false positive results is high. According to Bukinis 
and Barbour, PCR will also detect the presence of DNA 
from dead spirochetes. While increasing detection sen-

sitivity, this also decreases the usefulness of this method 
in the diagnosis of an active infection [11]. Michel et al. 
have already described a method of identification and 
differentiation of 5 genospecies of B. burgdorferi s.l.  
(B. burgdorferi sensu stricto, B. afzelii, B. garinii, B. val-
aisiana, and B. lusitaniae), based on PCR of the surface 
antigen – OspA [12]. 

Goodman et al. showed that the sensitivity of PCR 
in spirochetemia detection is 18.4%, but if the patient 
displays any general symptoms of LD, the detection rate 
is higher (30.3%) and in the case of multiple skin lesions, 
it is as high as 37.5% [13]. 

Schwartz et al. observed that the sensitivity of PCR 
in skin lesions is 59% [14]. Nowakowski et al. compared 
sensitivity of various diagnostic methods in patients with 
EM and concluded that the most sensitive method is am-
plification of DNA from skin change (80.2%). The culture 
of spirochetes from skin lesions and blood presented 
lower sensitivity (51.1% and 44.7%, respectively) [15].  
Wormser et al. detected in 50%, cultures of spirochetes 
from peripheral blood of patients with EM [16]. Liveris 
et al. evaluated the sensitivity of 5 direct diagnostic 
methods (culture and nested PCR of a 2-mm skin biop-
sy specimen, nested PCR and quantitative PCR (qPCR)) 
and observed that results of one or more of these tests 
were positive in 93.9% of the patients. The results of this 
study demonstrate that direct detection methods such 
as PCR and culture are highly sensitive in untreated adult 
patients with EM [17]. These observations are not in ac-
cordance with results of our study. 

Tylewska-Wierzbanowska and Chmielewski compared 
the diagnostic effectiveness of serological methods and 

Figure 1. Electrophoresis results of Borrelia burgdorferi s.l. detection in the skin sample 
C+ – positive control, C– – negative control, M – molecular weight marker, fla gene – 276 bp, internal control – 420 bp, molecular weight 
marker – 100–500 bp, positive samples: 1, 3, 6, 7, 8, 9, 10; negative samples: 2, 4, 5, 11, 12, 13.
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PCR and came to the conclusion that PCR positive sam-
ples of blood, cerebrospinal fluid and joint fluid usually 
showed a low concentration or lack of antibodies against 
B. burgdorferi [18]. Also in our study the percentage of 
IgM and IgG positive ELISA tests was lower than positive 
results for PCR from skin specimens. 

The reasons influencing the limitations of PCR in the 
diagnosis of EM include huge variability of B. burgdorferi 
s.l., what causes difficulties in specification of genes and 
short time of presence of bacteria in body fluids, e.g. in 
blood. Because of these reasons, negative PCR results do 
not exclude an infection with B. burgdorferi. However, our 
results show that PCR based diagnosis would be useful 
as a diagnostic tool during the early phase of the disease, 
especially when there is no possibility of antibody detec-
tion. It has been suggested that to achieve a sufficient 
diagnostic sensitivity of PCR it is recommended to use 
minimally two amplification systems in parallel [19]. 

Importantly however, PCR positivity cannot be used 
as a measure of LD treatment effectiveness due to the 
long persistence of bacterial DNA after antibiotic treat-
ment. 

Conclusions

Based on the results of our study we conclude that 
PCR of skin biopsy specimens in patients with a short 
duration of the disease (< 14 days) currently seems to 
be the most sensitive and specific test for the diagnosis 
of patients with EM, but still its effectiveness is much 
lower than expected. Polymerase chain reaction of blood 
samples cannot be recommended at the present time for 
the routine diagnostic of patients with EM. 
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