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ABSTRACT

Molecular biology techniques play a significant role in diagnostics of many infectious diseases. Polymerase
chain reaction (PCR) is used to confirm tick-borne diseases e.g. Borrelia burgdorferi infection. Extension of
PCR method in laboratory diagnostics of Lyme disease (LD) gives a possibility of confirmation of spirochete
infection before patient body managed to produce antibodies. Diversity of material, which may be tested (blood,
cerebrospinal fluid, skin biopsies, synovial fluid) and possibility of using several conservative genes for Bor-
relia genospecies additionally widen a diagnostic utility of PCR tests. Though high divergence of PCR results
obtained in various laboratories is still a significant issue. Hence, standardization of molecular diagnostic in LD

is so important.
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INTRODUCTION

Lyme borreliosis is a bacterial infectious disease,
transmitted to humans by Ixodes ticks. The Borrelia
burgdorferi sensu lato (B. burgdorferi sl) complex con-
sists many of Lyme disease (LD) etiologic factors such
as: Borrelia burgdorferi sensu stricto (B. burgdorferi
ss), Borrelia afzelii, Borrelia garinii and according to
some reports also Borrelia valaisiana, Borrelia lusita-
niae, Borrelia spielmanii, Borrelia bissetti (1-4).

LD is a multi-system disease, which affects usu-
ally skin (Erythema migrans - EM), Acroderamtitis
Chronica Atrophicans - ACA), joints (Lyme arthritis —
LA), nervous system (neuroborreliosis — NB), but also
heart (Lyme carditis) and even eyes (1, 3-6).

Annual incidence on LD in Poland increased sys-
tematically until 2009, when 10313 cases were regis-
tered. 9159 new cases were reported in 2011, (Www.
pzh.gov.pl). It points to permanent and high risk of
B. burgdorferi infection in Poland. In the diagnosis of
Lyme disease play a significant role: epidemiological in-
terview, an endemic area, where there has been bitten by
a tick, the fact of tick bite as well as clinical symptoms
occuring in the patient, and laboratory confirmation.
Laboratory diagnostic of LD is based on 2-level scheme
of immunoserological testing: determination of specific

antibodies index by ELISA and confirmation by Western
blot or Immunoblot (1, 3, 7-10). Immunoserogical tests
should be performed at least 4-6 weeks after tick bite
(7, 10) (IgM antibodies appear in 3-4 week, peak after
6-8 weeks; IgG antibodies appear in 4-6 week, peak
after 4-6 months). It is therefore necessary to search
for diagnostic methods, which give the possibility of
earlier confirmation of infection.

THE PCR METHOD IN DIAGNOSTICS OF
LYME BORRELIOSIS

Practical application of PCR is the relevant most
appropriate in early phase of B. burgdorferi infection,
when bacteria are transmitted into after tick bite), up
to the time, when specific antibodies against bacterial
antigens appear (up to 4-8 weeks) (10-14). In early
Lyme disease (localized and disseminated) PCR may
serve to confirm the diagnosis and detection of co-
infections with other pathogens transmitted by ticks
(3, 11). In late stage of the disease it might enhance
laboratory diagnostics, especially when immunosero-
logical methods are not sufficient (immunoserological
defects, accomapanied diseases, intracellular occurence
of bacteria, presence of immunological complexes in
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blood) (8). Ivacic et al. is also considering the use of
PCR in patients with re-infection of B. burgdorferi si,
in which traditional immunoserological diagnosis is
difficult because of the already existing antibodies (13).

To perform the proper PCR reaction choice of ma-
terial, way of specimen collection, method for DNA
extraction, multiplied targeting sequence, primers se-
quences, type of PCR method, way of amplicons detec-
tion and type of hardware, especially the thermocycler
are important (3, 13, 14).

THE MATERIAL FOR PCR EXAMINATIONS

Special attention should be paid to the appropriate
way of probe collection for PCR. Short storage time of
material and optimal temperature of +4°C are crucial
(3). Use of fixing agents, such as: ethanol, paraffin,
formalin (3, 8) and repeated freezing and defreezing of
the material or extracted DNA, may lead to fragmenta-
tion or even complete degradation of DNA and should
be avoided (15).

Skin biopsy. Skin biopsy (3, 15) may be collected from
EM lesions (early localized and disseminated changes)
just 3 days after tick bite. It is also recommended and for
people with ACA (16) (late, chronic changes). Weber et
al point out the patients with so-called mini EM, having
a diameter in the range from 2 cm to 5 cm, which are
symptoms of early Lyme disease and may not be subject
to further enlargement (17). Brettschneider et al. proved
that detectability of B. burgdorferi s/ by PCR is higher
in freshly collected or fresh-frozen EM lesions (79%)
in comparison with paraffin-embedded or formalin-
fixed tissues (44%) (3). Amplification is characterized
by high specificity (about 100%), while the sensitivity
in EM varies from 36 to 88% (average 69%), in ACA
from 54 to 100% - (average 76%) (3).

Joint fluid. Positive PCR in joint fluid of patients with
LA may confirm diagnosis, attest to linger infection and
occurs in cases of ineffective treatment, it may confirm
LA resistant to therapy (3, 9, 11). Specifity of the test
is about 100%, while sensitivity 42-100 % (average
78%) (3).

Cerebrospinal fluid (CSF). The lumbar puncture is
essential in suspicion of neuroborreliosis. After collec-
tion, aseptic CSF has to be investigated for intrathecal
antibodies production. It may be also tested with PCR
for B. burgdorferi sl DNA detection. Because of low
number of spirochetes in CSF (8, 18), bacterial affinity
to myelin structures (8) and possibility of degradation
of genetic material, the negative PCR does not exclude
the infection (4, 6, 10, 13). The highest probability of
detection of spirochetes DNA in CSF occurs in early
neuroborreliosis, (3, 4). It significantly increases if
specimen is centrifuged (4, 12). Lebech et al. detected

B. burgdorferi sl DNA in 7 of 14 (50%) patients with
early neuroborreliosis and in 2 of 16 (13%) patients with
disease lasting for more than 2 weeks (15). According
to the guidelines of European Federation of Neurologi-
cal Societies (EFNS), presented by Mygland et al. (19),
detection of Borrelia spirochoetes in CSF is of value
only in diagnosis of very early neuroborreliosis in first
6 weeks, when specific antibodies are absent in patients
serum. Ornstein et al. (20) noticed a significant role of
pleocytosis on PCR results in CSF. In their research B.
burgdorferi sl DNA was detected in 7 out of 36 (19.4%)
CSF with high pleocytosis, while negative results were
obtained in all 29 CSF with low pleocytosis (20). Cerar
etal. (18) detected B. burgdorferi sl DNA using primers
targeting OspA genes and rrf-rrl gene intergenic space,
in blood of 16 of 135 (11.9%) patients and in 24 out
of 156 (15.4%) CSF of patients. Simultaneous pres-
ence of spirochoetal DNA in patients’ blood and CSF
was observed in 3 cases. Gooskens et al. estimated the
sensitivity of PCR method in diagnostics of neurobor-
reliosis as 50% and considered PCR as the confirma-
tory method (4). The specificity of PCR in CSF is high
(about 100%), with very divergent sensitivity in various
diagnostic centers within the limits between 12-100%
(average 38%) (3).

Blood. Easy access to blood collection from every
patient after tick bite, independently on presenting
manifestations, is the reason why blood seems to be the
material of choice for B. burgdorferi sl DNA detection.
However, low and transient spirochetemia and high
spirochoetes tropism to tissues (joints, heart, meninges)
may give negative PCR results (1, 3, 6, 10, 12, 18). Also
potential inhibitors (heparin, haemoglobin, ethanol,
hosts DNA) (18)and method of blood collection influ-
ence PCR results. PCR tests in blood are relevant in
early disseminated LD, when spirochoetes spread from
skin to different organs and tissues (2, 3). Maraspin et al.
(13) emphasized that spirochetemia is more commonly
present after tick bite, than in later stage of disease.
Dolan et al.(2004) in his study on mice infected with B.
burgorferi sl, confirmed that spirochoetes detectability
is the highest in the early stage of infection (13). In late
LD B. burgorferi sl DNA detection by PCR in blood
has of limited use and always should be interpreted in
correlation with the presence of specific anti-Borrelia
antibodies in patients’ serum. Positive PCR results in
patients without specific anti-Borrelia antibodies are
often false positive. Chmielewska-Badora et al. in group
of 180 patients with diagnosed LD, confirmed Borrelia
infection by PCR in 20 people (11.1%) and significant
positive correlation of PCR result with presence of
VIsE antigen in IgG class (21). Cerar et al. in group
of 48 patients diagnosed as neuroborreliosis detected
Borrelia DNA targeting OspA gene in 10 (20.8%) blood
samples and targeting rrf~rrl gene intergenic space in 5
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(10.4%) cases. In a group of 45 people with suspicion
of neuroborreliosis, the presence of OspA gene was
confirmed in 5 (11.1%) cases and rrf-rrl gene intergenic
space in 7 (15.6%) patients (18). According to different
centers the specifity of PCR is 100%, while sensitivity
is 0-100% (average 14%) (3).

Urine. The urine is the easiest material to be taken from
patient, but available research indicated low usefulness
of this material in LD diagnostic. Presence of various
PCR inhibitors and questionable correlations with
symptoms decrease the sensitivity of reaction (3, 9,
14, 15). Many examples of nonspecific amplification
of PCR products have been described (15). Lebech
et al. (15) estimated the sensitivity of PCR in urine
samples of patients with EM at13 % and in group of
patients with neuroborreliosis only in 7%. Kondrusik
et al. demonstrated lack of B. burgdorferi s/ DNA in
urine samples of all 86 examinated patients with EM
(14). Nowadays, all published standards excluded using
urine for PCR method, because of low amplification
specificity (1, 3, 6, 9, 14).

POLYMERASE CHAIN REACTION

In B. burgdorferi sl DNA detection the process of
DNA extraction, selection of primers’ sequences and
conditions of reaction do not differ from standards,
whereas selection of targeting sequence and type of
PCR may have a significant importance.

Targeting sequence. In B. burgdorferi sl targeting gene
selection, lack of homology with the DNA of other
microorganisms (7reponema, Leptospira, Escherichia
coli) and first-of all with human genetic material are
the crucial matter (3, 6, 14, 17). There are several,
recommended, specific for B. burgdorferi sl genome
fragments (1, 9), transferred by chromosomes genes:
fla (22),recA, 16STDNA (14, 16, 22,23), p66 (3), hbb
(4), rpoB, intergenic spacer 5S 23S (19) and plasmid-
carried genes: OspA (4, 13, 16, 18), OspB, OspC (16,
24), VISE (25). .

Types of PCR. Qualitative End-Point type reactions,
such as: qPCR (qualitative PCR), nPCR (nested PCR)
FEP PCR (Fluorescent End-Point PCR) (3, 4, 11, 14,
25), which detect the presence of B. burgdorferi st DNA
are sufficient for LD diagnosis. Quantitative reaction,
such as Real-Time PCR, which define the number of
B. burgdorferi s DNA copies in collected material,
have the same usefulness, but are more expensive (3,
4,11, 13).

Standard End-Point qPCR in 30-40 cycles mul-
tiplies initial matrix DNA one million times, which
gives 0.2-2pg of specific genome fragment (3, 6).
Nested End-Point PCR (nPCR) is composed of two
consequentive PCR reactions. In the second reaction

primers’ sequences are localized closer to the middle
of the amplified fragment. It is characterized by higher
specifity, reducing number of false positive results. If
both reactions are performed in one tube (locked sys-
tem), the sensitivity also increases (16, 23). Lee et al.
(23) proved that using nested PCR in human specimens
increases markedly from 100 to 1000 times the sensitiv-
ity of reaction in comparison with standard PCR and
allows to detect even single copy of B. burgdorferi sl
DNA. About 100 spirochoetes are required to detect
the infection by conventional PCR. Introduction of
internal control in particular specimen probe eliminates
false negative results and excludes presence of reaction
inhibitors or probability of improper DNA extraction
(4, 13).

DIAGNOSTIC DIFFICULTIES

All the procedures of molecular biology techniques
must be conducted according to the standards and by
adequately selected and properly trained personnel (1,
16, 23). In the interpretation of the test many aspects
must be taken into consideration: patient clinical state,
diversity and overlap of symptoms, coinfections with
other pathogens transmitted by ticks (11). In doubtful
cases diagnostic process should be repeated.
Contamination of specimen. At each stage of PCR
diagnostics, may happen contamination of specimen:
from moment of material collection to detection of
amplification product. The potential sources of con-
tamination are: place of material collection or laboratory
space, staff, patient and even water used into reagents.
The material may be contaminated by e.g. DNA of other
pathogens (patients natural bacterial flora), human DNA
(when lack of specific primers sequences), other DNA
extracts or amplicons from previous PCR reactions,
present in laboratory space (3, 6, 11, 14, 24). Contami-
nations and low specifity of used method lead to false
positive PCR results (23). Lee et al. emphasized that
the risk of false positive PCR results in B. burgdorferi
s/ DNA detection may lead to wrong diagnosis and
cause unsuitable treatment (23). Simultaneously, they
denied that nested PCR method is a source of cross-
contamination and emphasized that basic causes of
contamination are incompetent or negligent personnel.
Nested PCR limits the possibility of potential laboratory
mistakes and excludes false positive and false negative
PCR results (23).

PCR inhibitors. Contamination or inhibition may ap-
pear with the same frequency in PCR. PCR inhibitors
are: compounds, substances and factors, which are
present in specimen, DNA extract or reaction mixture
(3,4, 6, 8, 22). Human haemoglobin, heparin or EDTA
interact with a termostable polymerase which catalyzes
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PCR reaction by reduction of its cofactor (Mg*" ions) (6,
8,25). Opel et al. (25) confirmed that melanin from skin,
hair and porfirin derivatives (haem) block specific com-
pounds between primers sequences and matrix DNA,
what limits the number of amplificated DNA matrix and
may lead to false negative results, especially when EM
lesions are examined. Sodium chloride, sodium acetate,
isopropanol, ethanol, phenol, SDS or fixing agents,
such as: paraffin and formalin inhibits PCR, similarly to
some physical factors, e.g. UV transillumination (3, 6,
15, 25). Therefore, the proper DNA extraction process
is crucial. It might be combined with purification of
extracted DNA, which unfortunately is associated with
loss of DNA and additional investment of time and cost
(3, 25). Use of internal control in PCR, eliminates influ-
ence on amplification inhibitors and reduces numbers
of false negative results (13).

Features of Borrelia burgdorferi spirochoetes. Indi-
vidual features of Borrelia burgdorferi sl may influence
PCR results e.g. short presence in blood, CSF and in
other host’s body fluids, binding to host’s cells (presence
of glycosaminoglycans receptors) and colonization of
specific loci of organism (skin, synovial membrane,
endothelim cells, heart, pericardium, brain and cerebral
meninges) (2, 8, 10). It hampers confirmation of infec-
tion on molecular level (1, 2). Therefore, negative PCR
result does not exclude Borrelia burgdorferi sl infection
(1). Some other features of Borrelia burgdorferi sl make
PCR a useful diagnostic method. Bacterial OspC protein
in combination with Salp15 protein from tick saliva are
facilitating factors for infection (inhibition of dendritic
cells function, production of proinflammatory cytokines
and activation of B lymphocytes). It extends the time
needed for antibodies production, while genetic material
of bacteria might be detected by PCR (2).

Antibiotic treatment. One of the most common prelab-
oratory mistakes is specimen collection after initiation
of antibiotic treatment. Picha et al. showed that Borrelia
spirochoetes DNA detection decreases from 58.1 % to
41.7% after the beginning of antibiotic treatment (16).
Kondrusik et al. (14) indicated that few days of anti-
biotic treatment does not decrease PCR effectiveness,
whereas 4-weeks of antibiotic treatment influences on
decreasing detectability. In group of patients without
any treatment detectability of Borrelia spirochoetes
DNA was 73.3% and after 4-weeks course of antibi-
otics was 52.3%. Similarly, in group of patients after
4-5 days of treatment, detectability of Borrelia DNA
was 85.7% and decreased to 57.1% after treatment. It
should be noticed that positive PCR result confirms a
presence of B. burgdorferi sl DNA derived from alive
or dead bacteria (1, 11). Fragments of bacterial DNA
may be detected in 4-6 weeks after antibiotic treatment,
therefore PCR control examination is recommended.
(14, 22). Honegr et al. detected Borrelia spirochoetes

genetic material in human organism after 4-68 months
after antibiotic treatment (23).

Lack of standarization. Great divergence (11) between
B. burgdorferi sl DNA detection obtained in various
scientific and diagnostic centers is a main reason against
addition of PCR to LD routine diagnostics (1, 24). Stan-
dardization of molecular biology methods and induction
of at least two, parallel, independent amplifications
are necessary in LD diagnostics, according to Picha
et al. (16, 25). However, Cerar et al. (18) emphasized
fundamental meaning of appropriately matched control
group in LD diagnostics, which excludes false positive
results and confirms high specifity and sensitivity of
using PCR method, and it influences on standardization.

DIAGNOSTIC USEFULNESS OF PCR
METHOD IN LYME DISEASE-SUMMARY

B. burgdorferi sl DNA detection by PCR widens and
speeds up diagnostic possibilities of LD. After Ixodes
tick bite it is possible to detect even single copy of B.
burgdorferi sl DNA (4, 13, 22), but it is not a proof of
active infection (6). Also negative PCR result does not
definitely exclude infection. In the late stage of infec-
tion, when specific antibodies should be present, it is
possible to receive positive PCR result, especially in an
active phase of infection (LA, ACA, NB) and in sero-
negative patients (immunological defects: congenital
and acquired, coinfections, asymptomatic course or
latent stage of the disease — activation of infection may
appear after months or even years after contact with the
vector) (16). PCR method gives additional possibilities
in diagnostic process of patients with long-lasting pres-
ence of specific antibodies, especially in IgM class (13).

Control PCR examination conducted during and
after antibiotic treatment may be helpful in monitor-
ing the effectiveness of anti-Borrelia therapy (16, 22).

Diversity of material, which may be used in PCR
examinations spreads LD diagnostic possibilities. Ac-
cording to Stanek et al. (1) in early stage (EM) and in
late stage of the disease (ACA), where skin lesion is a
material for B. burgdorferi sl DNA detection, detect-
ability is rather high (more than 50-70%). In joint
fluid (LA) it is more than 50%, in CSF is rather low
(15-30%), and in blood, because of great divergences
detectability balance between 0% to 100%. Using urine
for LD diagnostics is not recommended.

Introduction of PCR for LD diagnostics gives pos-
sibility of detection of infection in its early stage and
in patients in whom immunoserological methods fail
because of different reasons. Hence, standardization of
PCR method and unification of diagnostic procedure
schema is essential.
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