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SUMMARY

Objective: The aim of the presented cross-sectional seroepidemiological study was to determine the current presence of antibodies against
B. burgdorferi s.1. in the groups of Slovak population, and to identify potential risk factors to Lyme borreliosis.

Methods: A group of 261 adults (patients from the Neurological Clinic with possible symptoms of LB and healthy persons with possible working
exposure to tick bite: gardeners and soldiers working in afforested areas) were examined in order to assess the seroprevalence of anti-Borrelia
antibodies. Sera were screened by commercial enzyme-linked immunosorbent assay (ELISA). The respondents completed questionnaires with

general demographic, epidemiological and clinical data.

Results: We detected 17.2% presence of positive IgG and 5.7% presence of positive IgM antibodies in all investigated groups. Our results
confirmed that the following risk factors such as age and gender are significantly associated with the presence of positive specific antibodies

against investigated disease.

Conclusion: The results of seroprevalence obtained in the present study confirm the possibility of infection with B. burgdorferi among respon-

dents exposed to contact with ticks.
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INTRODUCTION

Lyme borreliosis (LB) belong to the most current antropozo-
onosis in Europe and North America territory. Disease mostly
occurs in countries of Middle and East Europe than in West
region (1). Despite of fact that symptoms are well known,
the origin of the pathogen was identified in early eighties
of twentieth century and it’s a complex of bacteria from the
row of Spirochetales also shown as species group of Borrelia
burgdorferi sensu lato (2).

Approximately 11 genotypes were strictly bound on Europe
and Asia region (3, 4). Major human based pathogens in the
Europe region are those three subspecies: B. burgdorferi sensu
stricto, B. afzelii, B. garinii (1). B. valaisiana, B. lusitaniae
can also be the originator of disease but only in rare occasions.
However in the territory of North America the lead pathogens are
nominotypical subspecies of B. burgdorferi sensu stricto, which
suggest the introduction of borrelias from Europe to American
continent (5). Transfer of borrelias is caused predominantly by
ticks of the Ixodes ricinus genus and 4rgas genus (6, 7).

There is an increased incidence of LB in most European
countries (2). Cases of increased morbidity are multi-aspect

and concern not only the etiological factors alone, but also the
spirochetes vector and reservoirs. Another mentioned factor
contributing to an increase in morbidity due to borreliosis also
increased popularity of active leisure and tourism, often associ-
ated with the penetration of ecosystems which have not been
previously visited (1).

Early diagnostics and immediate onset of treatment is the
most crucial for successful treatment of LB. At present there is
no available vaccine against LB in Europe that can guarantee
required protection (8). In consideration that there is no vac-
cine against LB in Europe yet, the only form of protection
before the disease is to prevent the tick bite. Prevention is
crucial predominantly in endemic areas. Rate of risk depends
on the length of exposure, therefore is significantly higher risk
for permanent stays in nature especially for foresters, hunters,
but also for occasional visitors to nature in terms of tourism,
vacations etc. Increased risk of acquiring LB is also associated
with work exposure especially in group of people working in
endemic afforested areas (9).

Main aim of the work is to detect the LB seroprevalence in
selected risk groups of population and to determine the associa-
tion with the risk factors.
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MATERIALS AND METHODS

Study Design

Study design: cross-sectional study. Approval of the study
protocol was received by the Ethics Committee of the University
Hospital of KoSice and signed informed consents were obtained
from all the participants.

Data Collection

The serum samples used in this study were collected from
261 adults (126 examined at the Department of Neurology with
possible symptoms of LB and 135 persons with possible working
exposure to tick bite: gardeners and soldiers working in afforested
areas) during the period from July 2013 to July 2016 (Table 1).
Before data and blood sample collection informed consent was
obtained from each examined person.

Serum Samples

The serum was obtained by the centrifugation (2,500 rpm/10 min)
and preserved at —80 °C until serological testing. The sera were
processed in the Laboratory of the Department of Microbiology
and Immunology of the University of Veterinary Medicine and
Pharmacy in KoSice.

Questionnaire
The questionnaires will reveal relationships between disease,
positive laboratory samples and clinical symptoms. The question-
naire contained:
1. Demographic data: gender, age, residence.
2. Epidemiological data: tick bite, contact with animals, and fre-
quent outdoor activities such as gardening, walking in nature,
hunting and fishing

Laboratory Analysis

Sera were examined for the presence of specific anti-IgM and
anti-IgG antibodies to B. burgdorferi (s.l.) with the use of the
commercial ELISA test Borrelia burgdorferi 1gG/IgM ELISA
(recombinant), NovaLisa™, Germany. Borrelia burgdorferi
IgG contains the following recombinant epitopes OspC of the
phylum B31 (B. sensu stricto), 20047 and T25 (B. garinii),
p100 and p18 of the phylum PKo (B. afzelii) and p41i of the
phylum PBi (B. garinii). Borrelia burgdorferi IgM contains the
following recombinant epitopes OspC of the phylum PKo
(B. afzelii) and 20047 (B. garinii) and p41i of the phylum PBi

Table 1. Characteristics of the study group (N=261)

Male Female Total
n%) | n(%) h (%)
Patients mcthe neurological | 64 508) | 62(492) | 126(1000)
soldiers 91(883) | 12(11.7) | 103 (100.0)
Exposed
qardeners 19(594) | 13(406) | 32(100.0)

(B. garinii). The test procedure was performed according to the
manufacturer’s instructions and the optical density was meas-
ured with a spectrophotometer at 450 nm using an ELISA reader
(Synergy HT BioTek). The results were calculated in NTU/ml
(NovaTecUnits).

Results equal to 11 NTU/ml and above were considered
as positive, those between 9 and 10 NTU/ml were considered
as borderline, and those below 9 NTU/ml were considered as
negative.

Statistical Analysis

Data acquired by the questionnaires and by laboratory tests
were processed by use of IBM SPSS 21.0 statistical program.
Demographic data were interpreted by descriptive statistics as
averages with standard deviations and as percentages for cat-
egorical variables. To compare the difference in the occurrence
of risk factors among selected file group we used the chi-square
test. During the analysis we used logistic regression to interpret
the influence between selected variables. For depended variable,
we used seroprevalence of IgG/IgM antibodies. For independent
variable we used gender, age, residence, gardening, walking in
nature, hunting, fishing, contact with animals and tick bite. Con-
sidered value for statistical significance was p < 0.05.

RESULTS

File Characteristics

Cross-sectional study contained 261 sera, from those 126
sera were obtained on UNLP Neurological Clinic in KoSice with
possible LB symptoms and 135 sera were obtained from people
with possible work exposure to tick bite (gardeners and soldiers)
in afforested area.

In the whole file men represented 66.7% (n = 174) with average
age 43.42 (SD 16.48) years and women represented 33.3% (n = 87)
with average age 50.9 (SD 18.35) years. City as residence, had been
reported in 57.9% (n= 150) and countryside 42.1% (n=109) among
all respondents (Table 2).

In file of patients men represented 50.8% (n = 64) with aver-
age age 57.81 (SD 15.73) and women represented 49.2% (n = 62)
with average age 56.28 (SD 16.94) years. City residents was
75% (n = 93) and 25% (n = 31) residents lived in countryside
(Table 2).

In file that consisted people with work exposure we have re-
corded 81.5 % (n = 110) men with average age 35.31 (SD 10.17)
years and 18.5% (n=25) women with average age 37.76 (SD 14.9)
years. City as main residence has stated 42.2% (n = 57) persons
and 57.8 % (n =78) persons were living in countryside (Table 2).

Serology Results of IgG and IgM Antibodies

Table 3 shows seroprevalence divided by individual files.
From total number of 261 sera 17.2% (n = 45) were considered
positive of IgG and positive values of IgM were found in 5.7%
(n = 15) persons.

Borderline values of IgG were found in 1.9% (n =5) and IgM
antigens were found in 4.2% (n = 11) of persons.
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Table 2. General characteristics of examined subjects (N=261)

Male Female Total
n % n % n %
Age —Mean (SD) - 57.81(15.73) - 56.28 (16.94) - 57.05 (16.29)
) ) urban 48 76.2 45 73.8 93 75.0
Patients Residence
rural 15 23.8 16 26.2 31 25.0
Total number 64 50.8 62 49.2 126 100
Age - Mean (SD) - 35.31(10.17) - 37.76 (14.90) - 35.76 (11.17)
, urban 51 46.4 6 24.0 57 422
Exposed Residence
rural 59 53.6 19 76.0 78 57.8
Total number 110 815 25 18.5 135 100.0
Age — Mean (SD) - 4342 (16.48) - 50.9 (18.35) - 45.91 (17.45)
) urban 99 57.2 51 59.3 150 57.9
Total Residence
rural 74 428 35 40.7 109 421
Total number 174 66.7 87 33.3 261 100.0

Table 3. Results of serology of IgG/IgM antibodies against
B. burgdorferi s.I. by ELISA (N=261)

Investigated IgG IgM
Value
groups n % n %
Negative 100 79.4 114 90.5
, Positive 24 19.0 7 5.6
Patients -
Borderline 2 1.6 5 40
Total 126 100.0 126 100.0
Negative 1M 82.2 121 89.6
Positive 21 15.6 8 59
Exposed -
Borderline 3 2.2 6 44
Total 135 100.0 135 100.0
Negative 21 80.8 235 90.0
Positive 45 17.2 15 57
Total -
Borderline 5 19 11 4.2
Total 261 100.0 261 100.0

ELISA — enzyme-linked immunosorbent assay

Negative values for IgG antigens were recorded in 80.8%
(n=211) and IgM antigens were found in 90.0% (n =235) of the
probands sample (Table 3).

From total number of 126 examined sera in patient popula-
tion we did detect positive values of IgG antibodies in 19%
(n = 24), borderline were 1.6% (n = 2) and negative values were
present in 79.4% (n = 100) of persons. Positive values of IgM
antibodies were found in 5.6% (n="7), borderline were 4% (n =5)
and negative values were present in 90.5% (n= 114) of participants
(Table 3).

Individuals exposed to tick bite with total count of 135
probands had positive values for IgG recorded in 15.6% (n=21),
borderline were 2.2% (n = 3) and 82.2% (n= 111) were negative.

Seropositivity of IgM antibodies was recorded in 5.9%
(n = 8), borderline values were 4.4% (n = 6) and negative values
were found in 89.6% (n = 121) of participants (Table 3).

Frequency of Leisure Activities and Risk Factors

In addition to the above mentioned characteristics we ex-
amine leisure activities as potential risk factor of LB. We were
interested in gardening activity which was represented in 70.3%
of respondents in researched file. Touristic represented 39.8%,
hunting 7.7%, fishing 10.4%, contact with animal 48.4%. Con-
tact tick bite was reported in 70.9% of respondents (Table 4).

Association of IgG and IgM Antibodies Presence with
Gender, Age and Residence

In whole file we have recorded slightly increased seroprevalence
of IgG in the group of women in comparison to men (OR = 1.04,
95% CI=0.54-1.99) (Table 5). In the exposed file we have con-
firmed statistically significant effect of gender on IgM antigens
class level. Women had (OR =4.03, 95% CI = 1.25-12.93) higher
presence probability of IgM class antigens than men (Table 6).

In patients file we have found that age had raised the amount
of IgG antibodies which shows statistical significance (OR = 1.04,
95% CI = 1.01-1.08). Same results were shown in the total file
(OR=1.02, 95% CI = 1.00-1.04) (Table 5).

Association of IgG and IgM Antibodies Presence with
External Activities

By given parameters (gardening, tourism, hunting, and fishing)
we did not record any statistically significant effect on seropreva-
lence of IgG and IgM class antibodies (Table 5, 6).

Association of IgG and IgM Antibodies Presence with
Animal Contact Associated to Tick Bite

Contact with animals was not a significant factor of higher IgG
(OR = 1.03, 95% CI = 0.55-1.91), nor IgM (OR = 1.51, 95% CI
= 0.67-3.43) seroprevalence as well as tick bite to levels of IgG
(OR = 1.53,95% CI = 0.73-3.17) and IgM (OR = 0.91, 95% CI
= 0.38-2.20) class antibodies in the total set of representatives
(Table 5, 6).
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Table 4. Demographic and exposure characteristics of the investigated group (N=261)

Investigated groups
2
Risk factors / characteristics Patients Exposed Total  test
p-value
n % n % n %
) yes 74 59.2 108 80.6 182 70.3
Gardenlng <0.001**
no 51 40.8 26 19.4 77 29.7
yes 23 18.4 80 59.7 103 39.8
Nature walks <0.001**
no 102 81.6 54 40.3 156 60.2
. yes 2 1.6 18 134 20 7.7
Hunting <0.001***
no 123 98.4 116 86.6 239 92.3
. yes 7 5.6 20 14.9 27 10.4
Fishing 0.02*
no 118 94.4 14 85.1 232 89.6
Contact with yes 51 415 74 54.8 125 484 0.04°
animals no 72 58.5 61 45.2 133 51.6 '
o yes 69 55.6 114 85.1 183 70.9
Tick bite <0.001**
no 55 444 20 14.9 75 29.1

12 test — chi-square test, *p < 0.05, **p < 0.01, ***p < 0.001

Table 5. Associations between risk factors and seroprevalence of IgG antibodies against B. burgdorferi detected by ELISA

Seroprevalence IgG

Risk factors Patients Exposed Total
OR (95% Cl) OR (95% ClI) OR (95% ClI)

Gender woman/man (ref.) 0.86 (0.36-2.04) 1.20 (0.40-3.59) 1.04 (0.54-1.99)
Aget 1.04 (1.01-1.08)* 1.01(0.97-1.05) 1.02 (1.00-1.04)™
Residence rural/urban (ref.) 0.88 (0.32-2.43) 1.58 (0.63-4.00) 1.00 (0.59-2.05)
Gardening yes/no (ref.) 0.76 (0.32-1.81) 0.90 (0.30-2.68) 0.78 (0.41-1.51)
Nature walks yes/no (ref.) 1.45(0.51-4.14) 1.15(0.47-2.87) 1.12 (0.60-2.10)
Hunting yes/no (ref.) 3.92 (0.24-64.88) 2.72(0.91-8.19) 2.45(0.93-6.52)
Fishing yes/no (ref.) - 1.18 (0.36-3.89) 0.70 (0.23-2.13)
Contact with animals yes/no (ref.) 1.14 (0.47-2.77) 0.97 (0.40-2.35) 1.03 (0.55-1.91)
Tick bite yes/no (ref.) 1.67 (0.68-4.11) 2.03 (0.44-9.44) 1.53 (0.73-3.17)

Logistic regression, OR — odds ratio, Cl — confidence interval, *p < 0.05, **p < 0.01

Table 6. Associations between risk factors and seroprevalence of IgM antibodies against B. burgdorferi detected by ELISA

Seroprevalence IgM

Risk factors Patients Exposed Total
OR (95% Cl) OR (95% Cl) OR (95% CI)

Gender woman/man (ref.) 0.71(0.21-2.38) 4.03 (1.25-12.93)* 1.53 (0.67-3.50)
Aget 0.97 (0.93-1.00) 1.04 (1.00-1.08) 1.00 (0.97-1.02)
Residence rurallurban (ref.) 1.00 (0.25-3.96) 1.36 (0.43-4.29) 1.20 (0.53-2.71)
Gardening yes/no (ref.) 0.66 (0.20-2.18) 1.50 (0.31-7.16) 0.95(0.39-2.28)
Nature walks yes/no (ref.) 0.88 (0.18-4.30) 0.89 (0.29-2.72) 0.94 (0.41-2.16
Hunting yes/no (ref.) 10.18 (0.60-174.30) 1.08 (0.22-5.30) 1.66 (0.45-6.08)
Fishing yes/no (ref.) - - -

Contact with animals yes/no (ref.)

3.16 (0.90-11.15)

0.81 (0.27-2.44)

151 (0.67-3.43)

Tick bite yes/no (ref.)

0.78 (0.24-2.56)

1.06 (0.22-5.13)

0.910.38-2.20)

Logistic regression, OR — odds ratio, Cl — confidence interval, *p < 0.05
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DISCUSSION

Lyme Borreliosis is a multisystem disease that is currently
the largest anthroposis on the European continent. To determine
the final diagnosis beside the clinical picture, the laboratory
tests based on determination of specific antibodies are needed
to be performed (5).

The aim of the seroepidemiological study was to determine
the seroprevalence of LB and to point out the possible risk factors
associated with the disease in selected population groups. The
investigated group consisted of participants with work activities
in nature and patients from the neurology ward.

Many studies conducted on a group of healthy people in
Europe show the presence of antibodies against B. burgdorferi
between 4.3% and 19.7% (11-13).

In our study we have recorded the presence of specific IgG
antibodies in 17.6% (n =45) and 5.7% (n = 15) of IgM antibod-
ies against B. burgdorferi throughout examined file by ELISA
test. Similar results were found in the first studies conducted in
Poland that have confirmed the presence of antibodies by ELISA
method in 11-13% (14).

Lower seroprevalence of IgG antibodies was shown in studies
conducted in north Peking — 5.1% (15). Cross-sectional study
conducted from 2008 to 2011 in Deutschland showed — 9.4%
(16). Study from Italy conducted on group of blood donors
showed 4.9% (n = 365) (17) and results from Romania showed
4.3% (n=1,598) (18).

Higher risk of acquiring LB arises with work exposure.
Threatened are predominantly people living or working in en-
demic afforested areas (9). Despite this fact, we have recorded
higher percentage of positivity (19.0%) in group of patients
than in the group of exposed IgG antibodies.

In the group of exposed probands who conducted their work
tasks such as recreational activities in nature, we recorded 15.6%
seroprevalence for IgG antibodies and 5.9% for IgM. Higher
percentages of antibodies were recorded in the study of farm-
ers and forest workers in Turkey. The ELISA test confirmed
10.9% seroprevalence (18). Seropositive in France was 14.3%
(19), Spain 23.8% (20), Hungary 37% (21), Sweden 5.3% (22),
Croatia 4.7% (23), in Poland 23.68-40.7% (26).

In whole research group we have recorded by use of logistic
regression slightly higher seroprevalence of IgG antibod-
ies in male group compared to female group (OR = 1.04,
95% CI = 0.54-1.99), but without statistical significance. In
general it is well known that men often conducte work activi-
ties in nature. Higher seroprevalence in male group had been
confirmed by Wilking et al. (16). On the other hand, the statisti-
cally significant influence of gender on the level of IgG class
antibodies was confirmed in the set of exposed patients. Female
group shows (OR =4.03, 95% CI = 1.25-12.93) higher pres-
ence probability of IgM class antibodies than in male group.

Higher seroprevalence of IgG antibodies was found in a group
of people living in rural areas than in the city but without sta-
tistical significance. Significantly higher OR seroprevalence
was confirmed in relation to the growing age of respondents
(OR=1.02,95% CI=1.00-1.04, p <0.01) who were expected
to work and perform recreational activities in tick biotope.
A similar result is shown by the study performed by Zajac et al.,
where significant differences in the age of the serous response

were found. Many studies confirm the relationship with the
growing age (25).

Most of B. burgdorferi infections are the result of exposure
to infected ticks during activities related to outdoor work or
outdoor maintenance, recreational and leisure activities (17).

In our study, we examined up to 70.9% of the tick bite with
a higher percentage in the group of exposed individuals. The
presence of antibodies was higher in the group with a positive
history of tick bite, but the association of seropositivity as a re-
sult of tick bite was not statistically significant.

The relevance of the relationship between seroprevalence
and work or contact with pet animals has not been confirmed.
A study by Dou et al. showed the same results as our study (15).
Unlike the results in Europe, pet animals were not risk factors
for becoming a seropositive disease for Lyme disease. Activities
such as gardening, hunting, walking in nature, and fishing in
this study appeared to be an insignificant risk factor (p > 0.05).
Study by Werner et al. confirmed the link between the occur-
rence of antibodies and external activities (22).

Lyme disease has been licensed in Europe in which domi-
nated another pathogenic Borrelia, prevention should be based
on non-specific measures to reduce the risk of tick bite and
appropriate bite management. Preventive measures include:
avoiding exposures by limiting activities in nature with the
occurrence of ticks, using repellent sprays on clothing and
exposed skin — is effective against tick bites and other vectors
such as tabanid flies and mosquitoes; adequately cover cloth-
ing and frequent skin check for timely detection and correct
removal of ticks (17).

CONCLUSION

The results of seroprevalence obtained in the current study
confirm the possibility of B. burgdorferi infection among
respondents exposed to the tick. Our results have confirmed
that the following risk factors, such as age and gender, are
significantly associated with the presence of positive specific
antibodies against the disease being investigated. The results
confirmed higher seropositivity in patients than in exposed
individuals. This study shows that it is important for public
health authorities to improve their understanding and ability
to monitor key risk factors known to have an impact on the
adoption of proposed preventive measures in target popula-
tion. Preventive measures are relatively simple and not very
costly. Information on the risks of these diseases should be
improved.
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