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A spectrum of the main carriers of Lyme-borreliosis pathogens was determined,
their activity and epidemic significance were studied in natural areas of Lviv region. Taking
into account that the situation with tick-borne infections depends on the dynamics of the
number of ticks, carrying out acarological monitoring allows to detect changes in the
state of natural foci in a timely manner. The territory of Lviv region is characterized by
a substitution in certain biotopes of Ixodes ricinus populations on Dermacentor reticu-
latus — a species more tolerant to changing environmental conditions, and in general —
displacement of the boundaries of these two species. A direct correlation between the
average strength and the number of I. ricinus ticks was established. That confirmed
a position that in the natural foci of borreliosis the main role in circulation of pathogens
is still played by this species. The average infection rate of Ixodide by the pathogen in
Lviv region during the 2012-2014 season is fully consistent with the indicators for the
active natural foci of this infection. Preliminary data were obtained on the inclusion of
D. marginatus in a circulation circle of mites, until recently, their involvement in the
transmission of Lyme-borreliosis agents was unknown. A study of distribution and eco-
logical characteristics of /. ricinus, D. reticulatus, D. marginatus in natural and anthropo-
genic cenosis is necessary both for predicting possible formation of natural foci and for
improving a strategy and tactics of the anti-acaricidal measures.
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INTRODUCTION

In the countries bordering Ukraine, over the past decades the boundaries of habi-
tats of Ixodic ticks have changed significantly. In addition, the researchers described the
substitution of independent populations of some species by other, environmentally close
[3, 12]. One cannot exclude such processes in the landscapes of the Western region of
Ukraine, in particular the Lviv region, because of its natural conditions extending to the
neighboring territories, while the ixodofauna is represented by the same species of
ticks, the same with their zoogeography and chorological structure of the populations.
Lviv Oblast is located within the Volynska and Podilska Highlands, it is located in three
natural zones: the forest, the forest-steppe and the Carpathian zone. Probably, a pro-
gressive transformation of landscapes, in particular, the intensive development of forest
areas of Lviv region, and global climate change, could have contributed to changes in
the Ixodide population. In recent years, there has been an increase in number of ticks
in the forest massifs surrounding the city. The active process of urbanization has led
to the fact that the natural foci of infections are located within the settlements, that
increases the incidence of tick-borne infections, in particular, Lyme-borreliosis (LB)
among the urban residents.

In 2017-2018, in Lviv region, in comparison with previous years, the epidemic si-
tuation of tick borelliosis has deteriorated sharply. The incidence rate increased from
3.13 per 100 thousand population in 2012 to 12.32 in 2017, and to 12.87 in 2018. The
level of spontaneous infection of borrelia in Ukraine in 2017 increased 2.1 times, that led
to a new cycle of increasing the incidence [8]. In 2017, in the study of ticks removed
from humans (407 ticks), 24.3 % of positive results were detected, in 2018 — 420 cases,
23.8 % of which were found positive.

Among modern methods of diagnosis of LB, along with the epidemiological fea-
tures and clinical picture of this disease, serological tests can be distinguished: the re-
action of indirect immunofluorescence (IFA) and molecular genetic — real time polyme-
rase chain reaction (PCR). Investigation of the infection of borrelia by the microscopy
method is a promising method, whose use allows tracing the pathogen circulation in the
population of carriers, that is important for assessing the epidemiological situation in
a separate region of study. Taking into account that the situation with tick-borne infec-
tions depends on a dynamics of the number of ticks, acarological monitoring allows
timely detection of changes in the state of natural foci. Its results serve a basis for pre-
diction of trends in epizootic and epidemic processes, planning and implementation of
optimal measures for prevention of the diseases in the population.

The aim of our work was to determine a spectrum of the main carriers of LB patho-
gens, study their activity and epidemic value in natural foci of Lviv region.

MATERIALS AND METHODS

Weekly surveys in 2012—-2014 from March to November were carried out according
to commonly used methods [1, 6, 7]. Ixodid ticks were collected on the flag, the numbers
were expressed in terms of number of copies per 1 flag/km. The ticks were identified by
the indicator of N.A. Philipova [12]. Filled “on a flag” and determined species composi-
tion of 11,190 specimens of ticks (imago, nymph and larvae): 7,912 ticks /. ricinus, 3,080
ticks D. reticulatus and 198 ticks D. marginatus. 290 flags/km passed, 419 flags/hours
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on routes were worked out. The material was collected in 16 districts of Lviv region and
Lviv city on the territory of 3 landscape and geographical zones: forest (Brodivskyi,
Zhovkivskyi, Radekhivskyi, Sokalskyi, Yavorivskyi, Buskyi, Kamyanko-Buzkyi districts),
forest-steppe (Gorodotskyi, Zhydachivskyi, Zolochivskyi, Pustomytivskyi, Sambirskyi
districts, Lviv), the Ukrainian Carpathians (Drohobytskyi, Stryiskyi districts).

Collection, initial processing, sorting, storage and delivery of material for research
werecarried out in accordance with the requirements of the State Sanitary Rules
9.9.5.035-99 “Safety of work with microorganisms of the |-l groups of pathogenicity”
(Kyiv, 1999) [7].

For analysis of the ecological and faunistic data, the indicators proposed by
V.M. Beklemishev were used. [2]: the abundance index is the average number of ticks
per record (flag/hour), the index of domination — the ratio of the number of individuals of
one species to the total number (in %) of species in biocenosis, occurrence index — the
number of samples in which the individuals of the investigated type, expressed in % of
the total number of analyzed samples.

Antibodies against LB pathogens [4] were detected by the indirect IFA using com-
mercial preparations for luminescent microscopy (Scientific Research Institute of Epide-
miology and Microbiology named after M.F. Gamaleya, Russian Federation).

Areal-time PCR method was used to detect 16S rRNA of Borrelia burgdorferi sensu
lato using the AmliSens Borrelia burgdorferi sensu lato-FL (Russian Federation) diag-
nostic test systems. The results were recorded on the Rotor-Gene™ 6000 amplifier with
the Thermal Cycler System software.

For statistical processing of the indicators, commonly used methods of variation
statistical analysis using “Statistica 8.0” program [5] were used.

RESULTS AND DISCUSSION

In a season of 2012-2014, the index of /. ricinus dominance in the gatherings in
various biotopes comprised from 20.4 % to 97.5 %, were dominant only in the forest-
steppe area—52.7+0.6 %, and in the forest zone — D. reticulatus, respectively, 47.4+0.9 %
(Table 1). A difference in number of two backgrounds of Ixodide in different landscape
zones was minimal (p>0.05).

Taking into account a decisive influence of temperature indices on the activity of
Ixodic ticks (Table 2), it can be argued that weather conditions of 2012-2014 season
were generally favorable for all phases of development of Ixodic ticks. In 2012 and
2014, the activation of imago ticks /. ricinus occurred in the first three decades of March,
with a transition of daytime temperature through 5-7 °C. On the territory of Stryiskyi
park in the city of Lviv, the first cases of suction imago mites to humans and animals
(dogs) are registered in March 7-12. In 2013, the biological minimum of the average
daily air temperature (transition through + 5°C) in different soil-climatic zones of the re-
gion was observed for 10 to 14 days later than the average long term — during April
11-14 (11.04 — central and northern regions, 13—-14.04 — in the foothills).

During the environmental monitoring in 2012—-2014, spring maximum of numbers
(33.8 % of the total number of captured individuals) in the control stations of Lviv region
was |. ricinus falling for April-May with a peak in May (Fig. 1). After a slight depression in
July—August, a second peak in number of Ixodid was observed in September—October.
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The autumn activity wave I. ricinus in total for three years of observations amounted to
37.2 % of total number of ticks collected during the season. A difference between the
peaks of spring (19.8 %) and autumn (25.4 %) activity of /. ricinus was 5.6 %.

Table 1. A number of background species of Ixodic ticks in castings in the territory of
Lviv region in 2012-2014 season

Tabnuusa 1. YncenbHicTb (hoHOBUX BUAIB ikCOA0BUX KNiliB y Bianosax Ha TepuTopii JIbBiB-
cbKoi obnacTi y ce3oH 2012-2014 pokis

Forest zone Forest-steppe zone
Species of ticks Total caught

abs. (Mxm) % abs. (Mxm) %

Ixodes ricinus 7912 3739 47.3+0.6 4173 52.7+0.6

Dermacentor reticulatus 3080 1461 47.4+0.9 1619 52.6+0.9

D. marginatus 198 9 4.5+1.5 189 95.5+1.5

Total 11190 5209 46.6+0.5 5981 53.4+0.5
Table 2. Indicators of climatic factors associated with survival and activity of Ixodes

ricinus ticks

Tabnuysi 2. TIoKa3HUKM KNIMaTUYHUX YUHHUKIB, NOB’A3aHUX i3 BUXKMBAHHSIM i aKTUBHICTIO
KniwiB Ixodes ricinus

Phases (stages) Temperature thresholds Humidity

of development  jta| minimum  temperature threshold of air  vital optimum

Larva ﬁg gata? no data 15-27°C  g0-85 %
Nymph -20°C 4°C5°C 1022 °C
Imago - 20°0 4-5°C 7 °C 18-25 °C
30
—#— share of caughtticks (%) 22-4
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Fig. 1. Dynamics of total number (index of dominance) (%) Ixodes ricinus in gatherings at control hospitals
in Lviv region in 2012-2014 season

Puc. 1. nHamika cymapHoi YncenbHocTi (iHaekc AoMiHyBaHHS) (%) Ixodes ricinus y 36opax Ha KOHTPONMbHUX
cTauioHapax JIbBiBcbkoi obnacTi B ce3oH 2012—2014 pokis
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Seasonal number of ticks over years varied in wider limits, but in general, its dy-
namics was stable. Nymphs on vegetation and on animals appeared in the first decade
of April. Their numbers slowly increased during May—July. We did not observe “Classic”
maximum of their parasitization in June and the first expressed peak of activity in May—
June. In contrast, for the nymph [. ricinus, the maximum number of nymphatic hemi-
populations of ticks is a “key” link that is characteristic of the /. ricinus nymph, that en-
sures an existence of the parasitic LB systems, not only in the Eurasia but also in the
USA [15], — was observed in September and amounted to 42.4 % of number of speci-
mens collected for the whole period of observation. Judging by the obtained data, the
mass exodus of the nymph in autumn is associated with mating of the larvae that was
successfully fed in the first half of summer. The activation of these nymphs is suppos-
edly expected in spring of the next year, that is, a second year from the beginning of the
development cycle. Thus, the nymphal stage of ticks development is the basis of signifi-
cant autumn /. ricinus, and in some years (2012) it was supplemented by males. A total
number of females in spring (April-May) was only slightly lower in autumn (August-Sep-
tember) only in 2014, and in 2012—-2013 totally exceeded it.

The spring and autumn indices of the abundance of /. ricinusimago were almost
identical, on average 26.0 (April-June) and 24.1 (August—October) specimens ticks per
1 flag/lkm. The most recent term for the sucking of ticks to humans is November 11,
2014, detection of ticks in natural biotopes — November 24 (village Rokitno-Bukovyna
Yavorivskyi district and village Obroshino Pustomytivskyi district).

The level of contamination with pathogens is the most demonstrative indicator of
the epidemic danger of the territory (natural foci), its assessment in different regions has
an important epidemiological and epizootic significance.

In 2012—2014 season, the average infection rate of Ixodide by the LB agent in Lviv
region was 9.5£0.5 % in the forest zone and 11.8+0.7 % in the forest-steppe biotopes,
that fully corresponds to 10.0 % and is higher for active natural foci of this infection
(Table 3).

Estimation of a degree of infectivity of various types of ticks confirmed an increa-
sing role of D. reticulatus as a sympathizer of the B. burgdorferi parasitic system:
10.1+1.2 % of these isoxidids in the forest and 14.4+2.0 % in the forest-steppe zones
contain a causative agent. The maximum indices of natural infestation of the meadow
borer was found in Kamyanko-Buzkyi (18.0 %), Pustomytivskyi (18.2 %) districts and in
the city of Lviv (22.1 %) (Fig. 3).

Maximum number of the infected /. ricinus was caught in Stryiskyi (36.4 %), Buskyi
(20.0 %), Brodivskyi (18.5 %) districts and Lviv city (17.0 %) of known enzootic territo-
ries with a respect to LB. A direct correlation of the average strength established be-
tween the number and infection of ticks /. ricinus (p<0.05) confirms a position that, this
species plays a major role in natural foci of the LB in a circulation of pathogens.

All positive results obtained with indirect IFA method were confirmed by real time
the PCR in a specific DNA region of B. burgdorferi s.I. found in all samples of ticks.

In seasonal dynamics, the average annual infestation of /. ricinus female bovine ani-
mals in control stations of Lviv region ranged from 15.3 % in April, 14.6 % in May to 10.4 %
in June. In July-August, the highest infection rate was observed — 18.7 % and 20.4 %,
respectively. In autumn, this level dropped to 11.8 % in September and 8.8 % in October.
The infection of the . ricinus nymph was registered from April to October, the maximum
was recorded in May and September — 21.2 % and 15.6 %, respectively (Fig. 2).
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Table 3. Natural contamination of Ixodic ticks with pathogens of Lyme-borreliosis on
the territory of Lviv region in 2012-2014 seasons

Tabnuys 3. MpupogHa 3apaxeHicTb iKCOQOBUX KNilWiB 30yaHukamu Jlanm-6openio3y Ha Te-
puTopii JlIbBiBCbKOi o6nacTi y ce3oHu 2012-2014 pokiB

The zone of

Forest-steppe o Ukrainian

Species of ticks Results Forest zone

zone Carpathians
investigated (ticks) 2221 2009 41
Ixodes ricinus
positive (Mtm) % 9.3+0.6 11.4+0.7 14.615.5
investigated (ticks) 636 313 170
Dermacentor reticulatus
positive (Mtm) % 10.1£1.2 14.412.0 11.2+2.4
investigated (ticks) 2857 2322 211
Together in zones
positive (Mtm) % 9.5+0.5 11.8+0.7 11.8+2.2
investigated (ticks) 5390
Total
positive (Mxm) % 10.6+0.4
25
21.2 204 —&— Nymphs
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Fig. 2. Dynamics of contamination (%) of nymphs and Ixodes ricinus females at control stations of Lviv re-
gion in 2012-2014 season

Puc. 2. [lnHamika 3apaxeHocTi (%) Himd i camok Ixodes ricinus Ha KOHTPOMbHMX CTauioHapax J1bBiBCbKOT
obnacrTi y ce3oH 2012—2014 poki

A high level of infection (in June — 26.8 %) should be noted and a potential epi-
demic value of I. ricinus males, that are capable of multiple short-term suction (on one
or many vertebrates), and thus — before infection with pathogens LB.

It was found that the seasonal and annual changes in number of /. ricinus imago
within a specific biotope do not significantly affect the rates of their infestation by Bor-
relia, and in general, it remains fairly stable. Similar conclusions were obtained for Cen-
tral Europe [9, 11] and various regions of Russian Federation [10].
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Fig. 3. Natural contamination (%) of Ixodic ticks caused by Lyme-borreliosis agents in the territory of Lviv
region (distribution by regions) in 2012—2014 season

Puc. 3. MNpupoaHa 3apaxeHicTb (%) ikcogoBumx KniwwiB 30yaHnkamu Jlanm-6openiosy Ha Teputopii JTbBiBCbKOT
obnacTi (po3nogin no parioHax) y ce3onn 2012—2014 pokis

Many researchers point out that specific vectors of Borrelia carriers can be only
representatives of the Ixodes genus, and information about an epidemic value of other
species of Ixodic ticks or other groups of carriers is considered to be false. In last years,
a question of possible epidemic importance of D. reticulatus is discussed in Poland,
Hungary and other countries [11, 13]. In our opinion, an increase in number of D. reticu-
latus in our region, that correlates with its infectious pathogen LB (p<0.05), can not be
left without attention and requires a special study both from the point of view of the epi-
zootic and possible epidemic significance of this species ticks. The role of D. reticulatus
in cycles of borrels circulation in natural foci does not raise doubts because the bread-
winners of active phases of the development of ticks of this species and /. ricinus are the
same species of the wildlife. A question of probable epidemic value of D. reticulatus is
closely linked with the establishment of its aggressiveness towards human and a pos-
sibility of transmitting pathogen to them transmissively. The obtained data allow us to
talk about the epidemic significance of this type of ticks as a carrier of Borrelia in the
surveyed territories.

It should be noted that the evidence of the inclusion of another representative of
genus Dermacentor — D. marginatus in the circle of borrels has been obtained. Until
recently, a participation of D. marginatus ticks in the transmission of LB pathogens was
unknown. However, based on isolated reports from some European countries [13] and
Ukraine — Donetsk, Lugansk and Kharkiv regions, such opportunity should be taken into
account [14].

CONCLUSIONS

1. The territory of Lviv region is characterized by changes in structure of the popu-
lation of Ixodic ticks — a substitution in certain biotopes of populations /. ricinus
on D. reticulatus — a species more tolerant to changing environmental condi-
tions, and in general — a displacement of the boundaries of these two species.
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2. The epizootic season for LB transmitted to /. ricinus (imago and nymphs) is sig-
nificant counting for 9 months and lasts from March to November inclusive. The
spring maximum of the number (33.8 % of the total number of individuals caught)
1. ricinus fell to April-May with a peak in May.

3. In 2012—2014 season, an average infection rate of Ixodide by the LB agent in
the Lviv region was 9.5+0.5 % in the forest zone and 11.8+0.7 % in the forest-
steppe biotopes, that fully corresponds to the indicators for active natural foci of
this infection (10.0 % and above).

4. Presence of a direct correlation between an average strength of number and the
infection of ticks /. ricinus (p<0.05) confirms a position that in natural foci of bor-
reliosis, the main role in the circulation of pathogens belongs to this species.

5. Preliminary data were obtained on the inclusion of D. marginatus in circulation
circle of the ticks Borrelia which until recently had not been known to participate
in a transmission of LB pathogens.

6. A study of distribution and ecological characteristics of [. ricinus, D. reticulatus
and D. marginatus in natural and anthropogenic cenoses is necessary both for
predicting possible formation of natural foci and improving a strategy and tactics
of anti-acaricide measures in order to further increase an effectiveness of popu-
lation protection, prevention of LB, that remains an urgent problem for health
care throughout the world.
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Bu3HauyeHo cnekTp OCHOBHUX MepeHOCHUKIB 36yaHMKIB Jlanm-6openiosy, BUBYEHO
IXHIO aKTMBHICTb i enigemMiyHe 3HayeHHs y NpupoaHuX ocepekax JIbBiBCbKOI obracri.
Bepyuun 0o yearu, WO cuTyauis 3 KniloBmUX iHGEKLIN 3anexXuTb Big AUHaAMIKM Yucenb-
HOCTI KMiLLiB, NPOBEAEHHSI aKapOrioriYHOro MOHITOPUHTY Aa€e 3MOry CBOEYaCHO BUSIBMSI-
TW 3MiHM CTaHy npupogHux ocepeakis. [Ana Teputopii JIbBiBCbKOT 06nacTi xapakTepHe
3amiweHHs B okpemumx Biotonax nonynsuin Ixodes ricinus Ha Dermacentor reticulatus —
BMAOM, GiNblL TONEpaHTHUM OO MIHMMBUX YMOB CepedoBMLla, a 3ararioMm — 3MilLleHHS
MEX apeanis uMx ABOX BMAiB. BcTaHOBNEHO NpsMuin KopensauiiHuiA 3B’930K cepeaHbol
CUIM MiXK YMCENBLHICTIO | 3apaXkeHicTo KniwiB /. ricinus, WO NigTBEpPAUIO NONOXEHHS
npo Te, WO Y NPUPOAHUX ocepeakax bopeniosiB OCHOBHY ponb y UMPKYNALUii 36yaHWKIB
Bigirpae Bce we uen Bua. CepenHsa 3apaxeHicTb ikcoana 36ygHukom Jlanm-6openiody
y JlbBiBCbKin obnacTi y ce3oH 2012—-2014 pp. NOBHICTIO Bi4NOBIgA€ NOKa3HMKaM Anst ak-
TUBHUX NPUPOLHUX ocepeakiB i€l iHpekuil. OTpumaHo nonepeaHi AaHi LWOAO BKIHOYEHHS
B KOMO umMpKynsuii 6openivt kniwis D. marginatus, goHegaBHa yvacTb SKUX Yy TpaHCMi-
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cii 30ygHukiB Jlanm-6openio3y Gyna HeBiAOMOW. BMBUYEHHSI MOLUMPEHHS 1 €KOMOTYHMX
ocobnueocTel [. ricinus, D. reticulatus, D. marginatus y NnpupogHuX i aHTPOMOreHHNX
LleHo3ax HeobXiaHe K Ansi MPOrHO3yBaHHS MOXIUBOro (oOpMyBaHHS NPUPOOHNX OCe-
peakiB, Tak i Ansi BOOCKOHANEHHsI CTpaTeril | TaKTUKX NpoTMakapuungHuX 3axogis.

Knroyoei cnoea: ikconosi kniwi, Jlarim-6openios, NpupoaHi ocepenku
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