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Abstract
Lyme disease (LD) is a natural focal zoonotic disease caused by Borrelia burgdorferi, which is
mainly transmitted through infected Ixodes ricinus tick bites. The presence and abundance of ticks in
various habitats, the infectivity rate, as well as prolonged human exposure to ticks are factors that
may affect the infection risk as well as the incidence of LD. In recent years, 20% to 25% of ticks infected with different borrelial species, as well as about 5,300 citizens with LD, have been registered
in the Belgrade area. Many of the patients reported tick bites in city’s grassy areas. The aim of this
study was to assess the seroprevalence of B. burgdorferi in high-risk groups (forestry workers and
soldiers) in the Belgrade area, and to compare the results with healthy blood donors. A two-step algorithm consisting of ELISA and Western blot tests was used in the study. Immunoreactivity profiles
were also compared between the groups. The results obtained showed the seroprevalence to be
11.76% in the group of forestry workers, 17.14% in the group of soldiers infected by tick bites and
8.57% in the population of healthy blood donors. The highest IgM reactivity was detected against the
OspC protein, while IgG antibodies showed high reactivity against VlsE, p19, p41, OspC, OspA and
p17. Further investigations in this field are necessary in humans and animals in order to improve protective and preventive measures against LD.
Key words: Borrelia burgdorferi, Lyme disease, seroprevalence, forestry workers, soldiers.

Introduction
Lyme disease (LD) is a multisystemic disorder
caused by several genospecies of the Borrelia burgdorferi
sensu lato (s.l.) complex. The vectors of these spirochetal
bacteria are ticks of the genus Ixodes, although other
hematophagous insects and some warm-blooded animals
(rodents and birds) are also important in ecological transmission of the disease. Climate, economic and social
changes have contributed to a higher incidence of the disease worldwide in the last decades (Fritz et al., 2003;
Lindgren et al., 2000).
Clinical manifestations of LD are heterogenous and
in the early phase mainly include erythema migrans (EM)
and musculoskeletal symptoms. In later stages, the neuro-

logic system, heart, joints and eyes become affected, and
chronic skin changes appear. Different clinical manifestations, the possibility of overlapping symptoms and the high
antigenic variability of Borrelia as a consequence of specific genomic organization (linear chromosome and many
mobile genetic elements) make a reliable LD diagnosis difficult. The standard diagnostic protocol for laboratory confirmation of LD consists of a two-step algorithm including
an enzyme-linked immunosorbent assay (ELISA) and
Western blot (WB) testing (Wright et al., 2012). Timely diagnosis is important for the selection of adequate antibiotic
treatment.
LD is currently the most frequent vector-borne disease reported in Europe and the US. In Europe, the borrelial
infection of ticks ranges from 0% to 85%. LD was de-
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scribed in Serbia in 1987, and since then research on clinical, diagnostic, ecological, epidemiological and preventive
aspects of the disease has started. Reporting of the disease
is mandatory from 1989 (Drndarevic et al., 1992).In the period from 1991 to 2004, 7,774 people with LD were registered. According to the National Public Health Institute,
958 patiens were registered in 2012. About 47.8% of the
patients were from the Belgrade area (Ilic, 2013).
B. burgdorferi s.l. was first isolated in 1992 from the
spleen of an Apodemus flavicollis mouse in Belgrade and
after that from Ixodes ricinus ticks (Ristanovic et al., 2007).
Since the basic natural way for Borrelia infection is
through the bite of an infected vector, the prevalence of
these pathogens in ticks represents an important risk indicator for human populations (Radulovic et al., 2010). According to multi-year average data, the estimated tick
infestation with B. burgdorferi has been 21.9%, excluding
statistically significant differences by years of investigation. The lowest values of tick infection in the Belgrade
area were recorded in city parks (17.9%). The values were
higher in parks and woods (19.7% and 33.4%, respectively). The highest values (48%) were detected in localities similar to wooded areas (Cekanac et al., 2010).
Since different borrelial genospecies are associated
with different clinical manifestations of LD, knowledge of
strain diversity in a region is very important. According to
molecular studies, the following Borrelia species have
been detected in Serbia: B. lusitaniae, B. afzelii, B.
burgdorferi sensu stricto, B. garinii and B. valaisiana
(Tomanovic et al., 2014). The results obtained by other authors for the Belgrade area have showns dominance of B.
afzelii strains (75%), followed by B. burgdorferi sensu
stricto (22.2%), while B. garinii (2.8%) has been quite rare
(Cekanac et al., 2010). These results are important because
clinical manifestations of LD depend on the genospecies of
pathogenic borrelial strains (Ristanovic et al., 2007;
Cekanac et al., 2010).
The risk of the occurrence of LD correlates with potential exposure to tick bites and depends on the density of
the tick population in an endemic area, the percentage of
ticks infected with the cause of LD, the duration and the nature of activity of a susceptible population in a certain area
(Potkonjak et al., 2013). Based on our results, it is clear that
in our country, especially in the Belgrade area, where the
most comprehensive survey was conducted, there exist optimal conditions for the maintenance of ixodid ticks and circulation of B. burgdorferi between various animal species.
Belgrade, the capital and the largest Serbian city, has
about two million people. It is located at the confluence of
the SavaandDanuberivers, where thePannonian Plain
meets theBalkans. Belgrade lies in the humid subtropical
climate zone, with four seasons. It has a large number of
green and forest areas which serve as picnic areas and city
parks. In addition, there are population groups occupationally exposed to the attack of LD vectors and, therefore, hav-
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ing an increased risk of the disease. This study was conducted in order to assess the seroprevalence of B.
burgdorferi in the high-risk groups (forestry workers and
soldiers) in the Belgrade area, and compare the results with
healthy blood donors.

Materials and Methods
The study was carried out on 104 blood samples of
people divided into three groups. The first one consisted of
34 forestry workers from the Belgrade area who were potentially exposed to tick bites. They were chosen from the
national forestry directory. The group included 33 men and
one woman, 25-45 years of age, working as foresters for as
long as 15 years. The second group consisted of 35 professional soldiers, 26 men and nine women, 25-45 years of
age. They were in military service for 5-15 years, and all
were exposed to I. ricinus tick bites. The ticks were removed professionally at the Institute of Epidemiology of
the Military Medical Academy in Belgrade and examined
by the PCR method (Sacace Biotechnologies, Italy) using
an ECO Illumina Real-Time PCR system (San Diego, CA,
USA) in our Institute of Microbiology. The serum samples
of the soldiers with infected tick bites were taken six weeks
after tick removal. The samples of 35 healthy blood donors
(25 men and 10 women) who lived in the city center and
had no risk factors for infection were used as a control
group. None of them reported any history of a tick bite nor
any symptoms involving skin, nervous and osteoarticular
systems. All participants completed a questionnaire about
residence, age, gender, profession, tick bite history and
dermatological, neurological, rheumatological and heart
problems. The serum samples of all the groups were preserved at - 20 °C until testing was performed at the Institute
of Microbiology. The protocol for the serodiagnosis of LD
involved ELISA, as a screening test. If it was equivocal or
positive, a confirmatory WB test was performed. If the
screening test was negative, no further testing was necessary. All samples were screened using an ELISA test (Euroimmun, Germany) for detection of specific IgM and IgG
antibodies, according to the manufacturer’s instructions.
The optical density was measured on an ELISA reader
(URIT-660, China). The results were evaluated directly and
interpreted according to the following recommendations:
concentrations of IgM and IgG antibodies higher than
22 RU/mL (relative units per milliliter) were considered seropositive, while concentrations from 16 to 22 RU/mL
were considered borderline. In order to avoid
cross-reactivity and false positive results, all positive or
equivocal serum samples were tested for antistreptolysin-O
(Dade Behring, Germany), rheumatoid factor (RF) (Omega
Diagnostics, UK), Treponema pallidum hemagglutination
(TPHA) (Omega Diagnostics, UK) and antinuclear antibodies (ANA) (Euroimmun, Germany). The ELISApositive samples were then tested using Anti-Borrelia
EUROLINE WB (Euroimmun, Germany) for IgM and IgG

35

35
32

32

35

8.57%

17.14%
29

ELISA

Western blot

1.

2.

III-group (healthy blood donors)

Western blot
2.

1

1

1

2
1
ELISA
1.

Interpretation of the results: + positive result, - negative result, +/- borderline (equivocal) result-“grey zone“.
Seroprevalence was determined in relation to Western blot positivity.

1

-

1

1

2

2

2
1

3

1

29

35

34
II-group (soldiers)

30

30
-

4

4
-

-

-

-

-

-

Western blot

ELISA

2.

I -group (forestry workers)

1.

-

34

11.76%

Total number
The obtained
of samples seroprevalence (%)
IgM IgG IgM +/- IgG - IgM - IgG + IgM - IgG +/IgM +
IgG +/IgM +/IgG +/IgM +/- IgG
+
IgM + IgG -

The presence of specific antiborrelial antibodies in
the serum samples examined was detected by the ELISA
test and the WB method. The results obtained are shown in
Table 1.
In the first group that included forestry workers, 30
samples were LD-seronegative, whereas four samples were
seropositive. All four samples were IgM-negative and
IgG-positive in the ELISA test. When these samples were
tested by the WB confirmatory test, three samples were
IgM-negative, while the OspC fraction of one sample was
IgM-positive. All four samples were IgG-positive in the
WB test, with the highest reactivity registered in the fractions of 19 kDa, OspA, 41 kDa and VlsE antigens. The LD
seroprevalence in this group was found to be 11.76%.
Among 35 samples collected from soldiers, with previous infected I. ricinus tick bites, 29 samples were negative, while six samples were positive. Three of the 6 donors
had clinical manifestations of LD. Among the six samples,
one sample was IgM and IgG-positive in both tests, two
samples were IgM-positive and IgG-negative in the ELISA
test, while WB registered weak reactivity of IgG antibodies
to the borrelial fraction of 39 kDa in one of them. Only IgG
reactivity was detected in two other samples by ELISA and
confirmed by WB. In the remaining sample, the ELISA test
showed a borderline IgG titer, whereas it was IgG-positive
based on the WB data. The LD seroprevalence in this group
was found to be 17.14%. The highest IgM reactivity was
registered against the specific OspC protein. IgG reactivity
was observed against the following proteins: OspC, p17,
OspA, p83 and VlsE.
In the third group of 35 samples from healthy blood
donors who denied any history of either tick bite or clinical
manifestations of LD, seropositivity was detected in 3 samples. Two of them were IgM-negative and IgG-positive,
while only IgM reactivity (borderline titer in ELISA, OspC
reactivity in WB) was detected in one sample. The highest
IgG reactivity was shown by the 19 and 41 kDa proteins
and by the VlsE antigen. The LD seroprevalence in the
healthy blood donor group was found to be 8.57%.

IgM + IgG +

Results

Results of serological
examinations

antibodies, according to the producer’s recommendations,
to confirm positive results and perform detection of antibodies against individual antigenic fractions (p17, p19,
p21, p25 (OspC), p30, p31 (OspA), p39, p41, p83, and
VlsE). EUROLINE-WBis a combination of western blot
and line blot techniques. Proteins from a whole Borrelia
antigen extract are electrophoretically separated and transferred onto a nitrocellulose membrane. An additional membrane chip coated with recombinant VlsE is printed onto
the membrane. The interpretation of the results was done
according to the scheme proposed by the producer. For statistical evaluation of the results we used c2 test in the SPSS
program package.
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Table 1 - Detection of IgM and IgG antibodies to B. burgdorferi in the examined groups of forestry workers, soldiers and healthy blood donors by serological examinations using two-step protocol, ELISA test and
confirmatory Western blot method.
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The incidences of antigenic reactivity of particular B.
burgdorferi fractions to specific IgM and IgG antibodies in
the analyzed samples from all three groups are shown in
Figures 1 and 2. Immunological characteristics of the antigenic fractions obtained and their correspondence with specific clinical stages of LD are shown in Table 2.
Statistical evaluation of the results with c2 test using
the SPSS program package did not show significant differences between the groups (p < 0.05).

Table 2 - Immunological characteristics of the obtained antigenic bands of
B. burgdorferi in correlation with clinical stages of LD.

Discussion
According to the City Institute of Public Health, LD
was identified in about 5300 residents of Belgrade by the
end of 2013. Among those, more than 70% reported a tick
bite in city’s green spaces (Pavlovic and Begovic-Lazarevic, 2014). For this reason, we started exploring
seroprevalence of LD in the populations occupationally exposed to tick bites in the Belgrade area. The serologic tests
were performed using a two-stage diagnostic algorithm,
and only WB-positive results were considered.
The first group examined consisted of 34 forestry
workers, and four of them showed seropositivity for LD.
Three persons confirmed a previous tick bite, while one
person denied it. Clinical manifestations of LD in the form

Figure 1 - IgM reactivity against specific antigenic fractions of B.
burgdorferi detected by Western blot.

Figure 2 - IgG reactivity against specific antigenic fractions of B.
burgdorferi detected by Western blot.
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of EM were present in one person who reported the tick bite
approximately 4 weeks before the symptoms appeared. The
WB method detected IgM reactivity against the OspC protein fraction, which corresponds to an early infection stage.
At the time of testing, the person did not receive antibiotics.
He removed the tick himself and did not know for how long
the tick was in the skin before it was removed. It should be
noted that the risk of developing an early phase of LD is statistically significantly higher in patients who removed the
tick unprofessionally compared to those who did it in a
medical institution (Mladenovic et al., 2010). As has been
mentioned, the LD seroprevalence in this group was
11.76%.
Surveys of LD seroprevalence among forestry workers have been performed in different parts of the world, and
the results obtained have been different. Thus, Polish authors (Niscigorska et al., 2003) recorded seropositivity in
more than 60% of forestry workers, while Morgan-Capner
et al. (1989) registered seropositivity in 14.0% of forestry
workers in the UK. Also, Serbian authors registered a
seroprevalence of 23.5% in the population of forestry
workers in Belgrade (Krstic and Stajkovic, 2007), but the
tests were conducted only by ELISA, without confirmation
by the WB method, which may explain the difference with
our data. Schwartz and Goldstein (1990) recorded a sero-
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prevalence of 18.7% and Kuiper et al. (1991) recorded a
seroprevalence of 20.0% among foresters. These data are
comparable to our results and suggest that in most European countries there is a similar risk of infection with B.
burgdorferi among the population of foresters. Thus, the
largest numbers of ticks occur in forest areas, as well as at
the borders between forests and other environments. The
numbers may be lower in park areas which are mainly developed and have less vegetation along the paths, thus creating unfavorable conditions for tick survival (Mannelli et
al., 1999; Junttila et al., 1999; Talleklint-Eisen and Lane,
1999). Our results should be interpreted in this context, and
further research is necessary that would examine a larger
number of samples with an accurate ecological description
of work sites in terms of the conditions for ticks as well as
their infection rate.
By the nature of their work, soldiers are professionally exposed to tick bites, which increases the risk of LD. In
our study, we used serum samples of 35 soldiers who were
exposed to I. ricinus tick bite in the previous year. In our
area, 98.9% of the ticks removed from the skin of people
belong to I. ricinus, indicating the dominant presence of
this species. The remaining 1.1% of the ticks removed belong to species of the genera Dermacentor, Hyalomma,
Rhipicephalus, Haemaphysalis and Boophilus, which are
not primary LD vectors (Drndarevic et al., 1993). The ticks
were professionally removed, and none of the soldiers in
our study gave accurate information on how long the ticks
remained in the skin. The results of Mladenovic et al.
(2010) showed that subjects in which ticks remained in the
skin for less than 24 hours did not develop EM, indicating
that removal of a tick within this period may have a protective effect. However, if a tick remains attached longer, the
risk of developing B. burgdorferi infection increases proportionally (Mladenovic et al., 2010). Some authors found
though that migration of spirochetes in ticks and their transmission to susceptible hosts was recorded in less than
24 hours after a tick bite (Kahl et al., 1998; Crippa et al.,
2002). Some studies have shown that partially fed ticks can
transmit B. burgdorferi to sensitive hosts much faster than
hungry ticks (Shih and Spielman, 2003; Steere et al., 2004).
We registered six seropositive samples among the
sera samples of the soldiers tested. Based on this, the
seroprevalence in this group was found to be 17.14%. According to the literature, seroprevalence in military populations ranged from 0.27% in the Greek Navy up to a very
high value ??recorded by Polish researchers (Stamouli et
al., 2000). Oksi and Viljanen (1995) revealed the presence
of antibodies to B. burgdorferi in 16.9% of Finnish recruits
exposed to vectors, which is comparable to our data. All seropositive samples in our study were collected from soldiers who previously had a bite of I. ricinus ticks infected
with B. burgdorferi as determined by the PCR method. The
ticks were of different gender and at different developmental stages (larva, nymph, adult), which is very important in
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terms of ecological characterization of LD vectors for possible transstadial and transovarial transmission of B.
burgdorferi (Kahl et al., 1998).
Exactly 50% of seropositive soldiers (3/6) previously
had clinical signs and symptoms of EM, which is the most
common manifestation of early stages of LD. Our national
experts have reported that in 68% of all cases the disease
ends at the first stage, while the development of the second
and third LD stages has been registered in a significantly
smaller number of patients, 20% and 5%, respectively
(Pavlovic and Begovic-Lazarevic, 2014).
Timely introduction of appropriate antibiotic therapy
successfully prevents the development of the late phase of
the disease. Doxycycline is often the preferred agent for
oral treatment because of its activity against other tickborne illnesses (Wright et al., 2003). Serbian as well as
many foreign authors recommend prophylactic use of antibiotics after tick bite in people with a higher risk of LD, e.g.
if a tick was in the skin for over 24 hours, or if the time is
unknown, or if a tick was removed unprofessionally or incompletely (Mladenovic et al., 2010; Patey, 2007).
The LD seroprevalence detected in the group of
healthy blood donors from the Belgrade area, who were not
occupationally exposed to tick bites, was equal to 8.57%.
Based on our results, persons with occupational exposure to
B. burgdorferi including soldiers and forestry workers
showed a higher seroprevalence of specific antibodies
(17.14% and 11.76% respectively) compared to healthy
blood donors. The differences are not significant likely due
to the great tick infection rate in the Belgrade area and high
exposure of the general population. Thus, the findings may
suggest that exposure to B. burgdorferi mostly occurs without giving rise to clinical LD in the population. In particular, other authors have shown that although the incidence of
LD after a tick bite may be very low, 0.6% to 0.8%,
seroconversion in the individuals affected may be as much
as 10 times higher (Fahrer et al., 1991).
Since the WB method offers the possibility of examining the reactivity of individual antigenic fractions, the initial results obtained for our groups were further analyzed
and compared. Based on the immunoreactivity profiles of
particular antigenic fractions, certain conclusions can be
drawn about the stage and duration of the infection. However, the data must be interpreted with caution, because
they may be affected by antibiotic treatment, a possible
presence of other diseases, as well as by individual immune
response.
The highest IgM reactivity was detected against the
OspC protein (p25) and registered in 4 cases in all three
groups. The flagellar protein, p41, was immunoreactive in
three cases of soldiers with tick bites and clinical signs of
EM, while the reactivity of the OspA protein (p31) and p83
was noted in one case also in the group of soldiers.
It is known that at early stages of LD IgM antibodies
can only be detected against few B. burgdorferi antigens
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such as p41 and outer surface proteins (Osp). Highly immunogenic OspC lipoprotein is the main virulence factor of B.
Burgdorferi. Antibodies to this protein are synthesized
early in the infection, but also exist in the late LD phase.
Bacterial strains isolated in Europe express this protein
while isolates from the United States do not express it
(Wilske et al., 1989, 1993). Flagellar protein p41 is a strong
immunogen and provokes the early synthesis of antibodies,
but due to cross-reactivity it is not a specific diagnostic
marker (Collins and Peltz, 1991; Craft et al., 1986). Lipoproteins OspA and OspB are important spirochetal surface
antigens and bind antibodies inhibiting in vitro growth of B.
burgdorferi (Coleman et al., 1992) or kill the bacterium in
the presence of complement (Coleman et al., 1992, Moskophidis and Luther, 1993). Antibodies to these antigens appear rather late during infection (Fikrig et al., 1992),
although some authors have demonstrated the presence of
anti-OspA early in the infection (Schutzer et al., 1994). Antibodies to p83, whose presence is characteristic of chronic
disease, are found in our area in a higher percentage during
an early stage of LD (Atanasievska, 2012).
IgG antibodies usually appear several weeks after an
infected tick bite, and their levels can increase after the disappearance of clinical symptoms. In our study, the highest
IgG reactivity was obtained against the VlsE and p19 protein fractions detected in seven samples. The reactivity
against p41, p31 (OspA) and p25 (OspC) was detected in
six samples, against p17 in five samples, while fractions
p30 and p83 showed reactivity in four samples. Antibodies
against fraction p21 were detected in three samples, and
p39 was reactive in one sample. The reactivity profiles differed between the groups examined. Thus, in the group of
forestry workers we recorded the highest IgG reactivity
against proteins p19, p31 (OspA), p41 and VlsE. In the
group of soldiers the most reactive were p25 (OspC), p17,
p31 (OspA) and VlsE, while in the group of healthy blood
donors the highest reactivity was detected against the p19,
p41 and VlsE proteins.
VlsE is considered to be the most sensitive recombinant antigen of B. burgdorferi and is used in diagnostics
(Stajkovic et al., 1993; Anderson, 1999). Antibodies to this
protein can be found in serum even 6 months after successful antibiotic treatment (Peltoma et al., 2003).
Reactivity of the p19 protein was detected only with
IgG antibodies, while anti-OspC antibodies, as noted
above, can occur early in the immune response and also in
the chronic phase of LD (Wilske et al., 1989, 1993). OspA
protein (p31) showed high reactivity to IgG antibodies,
while IgM antibodies against it appeared in only one sample, as has been mentioned. Literature reports have shown
that antibodies to this protein are characteristic of the late
disease stage, although they can be present in the early LD
phase as well (Schutzer et al., 1994; Magnarelli et al., 1996;
Kalish et al., 1993). Flagellar protein p41 is highly reactive
with IgG antibodies, and studies have shown that protein
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p17 is a strong immunogen. Hauser et al. (1998) believe
that it is important to differentiate between an asymptomatic infection and active disease. In the literature, there are
data that p30 reactivity is characteristic of the post Lyme
syndrome (Chandra et al., 2011). Antibodies to p83 are
generally typical for the chronic disease (Rasiah et al.,
1994), whereas antibodies to protein p39 can be detected in
the early and late LD stages (Scriba et al., 1993). Immunoreactivity of proteins p21 and p39 was only registered in
our study with IgG antibodies. In the literature, it is stated
that antibodies to the highly specific borrelial protein of
39kDa can be detected in the early and late stages of the disease (Scriba et al., 1993; Simpson et al., 1990).
Antibody reactivity against specific B. burgdorferi
proteins is still a subject of research. Based on previous
findings (Magnarelli et al., 1996), the major immunodominant proteins are OspC, VlsE, p41, p39, OspA, and
p83, which is comparable to our results. It is particularly
important for improved diagnostics to investigate the presence of antibodies to individual antigenic fractions.
The following criteria are important for the assessment of LD risk: the density of tick populations, infection
rate, seasonal vector activity, and the length of human exposure (Fish, 1995). The size of a tick population varies
with the latitude, the composition of the habitat, as well as
with environmental factors such as outside temperature,
humidity, light, air flow, and the presence and abundance of
various host species (rodents, deer, birds, stray dogs)
(Krstic and Stajkovic, 2007). Due to this, further research
on the LD seroprevalence in exposed human groups, as
well as in animals, is needed for better health protection of
the population. Also, adequate preventive measures are
necessary, which include avoiding areas with high tick burdens, wearing protective clothing, using tick repellants,
conducting frequent body checks as well as performing environmental landscape modifications in endemic zones.
Thus, the tick infection rate, as well as the incidence
of LD, have increased in the Belgrade area in the last years.
Our results suggest that the risk of LD is higher in professionally exposed persons, although due to the high tick infection rate LD seroprevalence in the general population is
also high. Considering the importance of the problem, it is
necessary to implement preventive and diagnostic measures and to continue research in this area.
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