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Abstract. The article considers domestic and foreign experience in the spread
of Ixodes ticks — vectors of dangerous transmissible infections and invasions in the
park areas of Ukraine and preventive measures against Ixodidosis of animals and
humans. The material for the study was the data of veterinary reporting obtained
from the state regional laboratories of the State Service of Ukraine on Food Safety and
Consumer Protection for 2018-2019. The research was conducted at the Department
of Parasitology and Tropical Veterinary Medicine of the National University of Life and
Environmental Sciences of Ukraine. Ixodes ticks, previously collected in the park zone of
Kyiv, were used for research. We analyzed the results of studying the Ixodes ticks for the
presence of pathogens of dangerous transmissible infections and invasions, as well as
the treatment of dogs with Ixodidoses.

We consider it important to timely prevent animals from ticks, the studying of ticks in
the areas of their possible spread; analysis of the ecological situation within three to four
years in the area where ticks are most common; creation of maps using the Geographic
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information systems that reflect the dynamics of diseases transmitted by Ixodes ticks;
informing the population to prevent the spread of infected ticks.
Prospects for further research are the search for effective acaricidal drugs, taking into

account their toxicity.

Keywords: Ixodes ticks, spread, risks, transmissible diseases, Ixodidoses of animals

Introduction

Ixodes ticks (in Latin Ixodidae) are
carriers of dangerous transmissible in-
fections and invasions, such as Tick-
borne encephalitis (TBE), Tick-borne
borreliosis or Lyme borreliosis, Tularae-
mia (in Latin Tularenia), Tick-borne
rickettsial pathogens, in particular, que-
ry fever (Q-fever) and Marseilles fever
(Galat, 2003; Nikiforova, 2007; Lugi-
nin, 2011). Tick-borne encephalitis and
Lyme borreliosis (Lyme disease), from
which both humans and animals suffer,
are the most well-known and wide-
spread in Ukraine (Klymniuk, 2017).

The transmission of dangerous
pathogens occurs after the Ixodes tick
bite. However, even a short tick stay on
an animal’s body can result in its infec-
tion. This feature is associated with fac-
tors of immunosuppression of the secre-
tion of glands that enter the Ixodes ticks
during the bite (Afzelius, 1910; Appel
et al., 1993). Therefore, we believe, that
Ixodes are a vector of transmission of
dangerous transmissible diseases of hu-
mans and animals (Burgdorfer, 1984).

The widespread ticks distribution of
the genus Ixodidae in the world, includ-
ing Ukraine, the mosaic nature of their
spatial distribution, the adaptive diversi-
ty of life cycles, as well as the potential
danger as vectors of infectious and in-
vasive diseases of animals and humans
make the task of their detailed studying
relevant. Thus, it is important to study
the dynamics of the number of Ixodes

in different countries and regions of
Ukraine, as well as the structure of the
fauna, features of biotope distribution,
the development cycle of these ticks, and
others. The research on the territory of
Ukraine, where the natural center of dan-
gerous transmissible infections and inva-
sions have been registered, is important.

Analysis of recent researches
and publications

The studies of Ukrainian scientists
V. E. Galat, A. V. Berezovsky, M. P. Prus are
devoted to Ixodidae. N. M. Soroka (2003)
considered and examined invasive animal
diseases (Galat at al., 2003); O. V. Nikifor-
ova (2007) analyzed the spread of Ixodes
ticks as carriers of pathogens of Borrelia
burgdorferi sensu lato, Babesia microfi,
Ehrlichia phagocytophila geno group, Bar-
tonella spp., Rickettsia spot fever group,
Toxoplasma gondii in the south-eastern part
of Ukraine (Nikiforova, 2007); M. S. Lug-
inin (2011) investigated trophy-consortial
relationships of Ixodes ticks in forest ecosys-
tems and their role in the spread of patho-
gens of natural focal diseases in humans and
animals (Luginin, 2011); O.E. Galatiuk,
0. O. Peredera, 1. V. Lavrinenko, 1. A. Ger-
nosik (2018) analyzed infectious diseases of
dogs (Galatiuk et al., 2018).

Dangerous pathogens of transmissi-
ble diseases transmitted by Ixodes ticks,
is researched and studied in European
countries (Steere et al., 1977; Lind-
gren et al., 2006; Littman et al., 2018;
Regional Committee for Europe EUR/
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RC68/16 68th session Rome, 2018). So
the pathogen Borrelia burgdorferi was
registered in Germany by Zeman (1997)
and Honig et al. (2011), in Italy — by
Rizzoli et al. (2004). Also, Schwarz et
al. (2009) made predictions about the
spread of Ixodes in Germany, and Braga
(2012) — in Scotland.

In Ukraine, the pathogen Toxoplas-
ma gondii in Ixodes ticks of the genus
Ixodes was detected and studied by
M. V. Galat et al. (Galat et al., 2016).

The prevalence of infection and /x-
odes scapularis Say, its activity season,
survival, wintering and development
(Acari: Ixodidae) were studied by Zach-
ary C. Polk (Manitoba, Canada, 2017);
Meryl P. Littman, Bernhard Gerber,
Richard E. Goldstein, Mary A. Labato,
Michael R. Lappin, George E. Moore
(American College of Veterinary Inter-
nal Medicine, ACVIM, 2018).

Researchers analyzed the reasons for
the geographical distribution of infect-
ed and infested Ixodes; developed diag-
nostic tests to rule out coinfection and
other causes of clinical signs that could
potentially be associated with Lyme dis-
ease; tested in the experiment effective
methods for treatment of dogs and other
animals for arthritis and nephritis caused
by Ixodes, as well as developed treatment
regimens for Ixodes (Littman et al., 2018;
Regional Committee for Europe EUR/
RC68/16 68th session Rome, 2018).

Purpose. The aim of the study is
to analyze the prevalence of Ixodes as
vectors of dangerous transmissible in-
fections and invasions in Ukraine and to
identify risks for their prevention.

Materials and methods of research
For the study, we collected Ixodes in

the forest park areas of Kyiv and the Kyiv
region. We used the conventional method

of direct selection of Ixodes in animals. It
is based on a selective or complete col-
lection of Ixodes mites found on dogs of
different breeds. We used a thin wooden
board (size 15-20 x 5 cm) with pointed
long edges for select Ixodes from dogs
with short and straight hair. We combed
the board against the wool and looked
behind the plate for lightened skin under
the conditions of Ixodes.

In addition, we also searched Ixo-
des ticks conventional method, namely,
collecting them from the environment
in a simple white cloth material (size
60 x 100 cm). Adults of Ixodes (females,
males) were collected from vegetation;
preimaginal stages (larvae, nymphs) —
for combing small dogs. In total, we ex-
amined 150 adults, 60 nymphs, and 30
larvae of Ixodes, including adult genera
Ixodes 110 and Dermacentor — 40.

The polymerase chain reaction was
used to isolate the DNA of Borrelia
burgdorferi and Toxoplasma gondii from
Ixodes ticks. The results of the reaction
were analyzed using special software.

Ixodes ticks were mechanically
ground, incubated at 56 °C with the ad-
dition of proteinase K for 16 hours. Pro-
teinase K is a non-specific serine prote-
ase with high proteolytic activity. The
obtained suspension was centrifuged, the
supernatant was collected and DNA isola-
tion of pathogens was performed using a
special set (according to the instructions
for use). This set contained a mixture of
required primers that are necessary for
DNA replication during amplification.

Results of the research and their
discussion

We conducted experimental studies
during 20182019 in periods of high ac-
tivity of Ixodes ticks — in spring (April,
May), and in early summer (June), and
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autumn (September, October). Accord-
ing to the results of the research, Ixodes
ticks of the genera Ixodes and Dermacen-
tor were found in the forest park zones of
Kyiv and Kyiv region. Other genera of
Ixodes ticks were not registered.

Laboratory tests revealed the pres-
ence of DNA of Borrelia burgdorferi
and Toxoplasma gondii in the body of
Ixodes, larvae and nymphs of the genus
Ixodes. We did not detect these patho-
gens in ticks, larvae, and nymphs of the
genus Dermacentor.

The presence of Borrelia burgdorferi
in Ixodes of the genus Ixodes confirms
the main natural source of infection
with this pathogen in various species
of animals and humans in Ukraine and,
in particular, in the city of Kyiv and the
Kyiv region. At that time, the detection
of Toxoplasma gondii in Ixodes ticks
indicates one of the possible sources of
infection with the pathogen in animals
and humans.

The results of the research indicate
that a stable natural center of Lyme bor-
reliosis and toxoplasmosis has formed
in the forest-park zones of Kyiv and
Kyiv region.

It should be noted that the forest
park zones of Kyiv and the Kyiv region
have sufficient soil moisture, the almost
optimal ambient temperature in recent
years, diverse flora and fauna, which
contributes to the mass spread of Ixodes
ticks and creates favorable conditions
for the circulation of pathogens Borreli-
andurg in them.

Investigating the emergence of mites
of the genus Ixodes and Dermacentor
from the winter diapause, in recent years
there have been earlier periods, and the
period of activity lasts until mid-No-
vember, which leads to an increase in
numbers and, consequently, attacks on
animals and humans.

In this regard, the epizootic and epi-
demic situation of Lyme borreliosis disease
and toxoplasmosis in Kiev and the Kiev re-
gion in recent years is regarded as unstable.
In particular, the level of infection of hu-
mans and dogs with the pathogen Borrelia
burgdorferi remains quite high.

Our results coincide with the data
of state laboratories of veterinary med-
icine, which indicate the detection of
Ixodes ticks of the genus Ixodes patho-
gens of Lyme borreliosis. In addition,
peaks of Ixodes ticks attacks on domes-
tic and farm animals causing ixodido-
sis are recorded.

Currently, the annual dynamics of
infection of animals and humans with
Borrelia burgdorferi and Toxoplasma
gondii is characterized by a pronounced
seasonality associated with the period
of activity of ticks of the genus Ixodes.
It is established that the largest number
of attacks of Ixodes ticks on dogs and
humans is registered in May-June and
September-October.

Ixodes ticks bite involving a viola-
tion of the integrity of the skin, allergic
reactions to foods salivary glands, irrita-
tion, and inflammation.

With a significant invasion, ticks
cause ixodidosis, which is characterized
by the development of anemia and se-
vere Stress and is accompanied by loss
of appetite and exhaustion, decreased
resistance of animals.

It should be noted, that, currently,
there are new enzootic areas in the Kyiv
region, both at the site of infection of
humans and animals (suction of ticks),
and the results of studies of Ixodes ticks
(positive findings). At the same time,
natural foci of Lyme borreliosis were
found in most forest park areas of the
city and region. Therefore, the risk of
infecting humans and animals depends
on the number of infected and infested
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Ixodes ticks in the region and the fre-
quency of contact with them.

First of all, we focused on the fea-
tures of the biology and ecology of /Ix-
odes ticks to determine the risks associ-
ated with the spread of Ixodes mites and
their prevention.

As it is known (Nikiforova, 2007; Lug-
inin, 2011), the development cycle of Ixo-
des ticks covers three active stages: larva,
nymph, and imago (female, male). At each
stage of their transformation and to main-
tain their vital activity, [xodes mites find a
suitable host to feed on its blood and main-
tain the temperature they need (Fig. 1).

As a rule, an adult tick needs a large
host, a mammal, such as a deer. Larvae
and nymph need a small host, such as a
rodent, a small bird, and a dog. After feed-
ing, female Ixodes ticks hide in vegetation
and the upper layers of the soil and lay
thousands of eggs, and then die. At the
same time, larvae and nymphs go through
stages of development to adult directly on
animals or also in the environment.

The efficiency of transmission of
Borrelia in the body of ticks in different
individuals ranges from 26.5 to 81.4%.
The spirochetes appear in the hemo-
lymph of the mite in the first hours af-
ter infectious blood suction on the donor
animal, and after 4-6 days in the body
of the female mite. They were found not
only in the intestine, but also in the brain,
Malpighian tubes, and, most importantly,
in the salivary glands and eggs.

The nymph bites, in contrast to
adults, in the vast majority of cases go
unnoticed, which should be taken into
account when collecting epidemiology.
The same role in the circulation and
preservation of the causative agent of
Lyme borreliosis belongs to small mam-
mals in which the pathogen experiences
an inter-epizootic period. The rodents
can be carriers of Borrelia for almost
their entire lives and play a significant
role as a reservoir of infection in nature.

It is noted that some Ixodes ticks de-
velop from eggs, two immature stages

Adult (Lat. Imago) mite lays eggs

y

Active larvae
(Lat. Larvae)

Active Nymph

(Lat. nymph) mea

Active adults
(Lat. Imago)

Larvae finds
mea

Adult finds

meal (blooa;

— Larvae Developing

— Nymph Developing

Adult Developing |—

Fig. 1. The life cycle of Ixodes ticks
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(larvae and nymphs), to adults, within
1-3 years. Each immature stage in the
development of Ixodes mites requires
feeding on the blood of certain animals,
which takes several days. In addition,
the environment has a very sensitive
effect on their activity and survival.
Gilbert et al. (2014) investigated that
ticks of the genus Ixodes, more than
other genera, are sensitive to low tem-
peratures. Therefore, they usually retain
their viability by hiding in vegetation,
soil (their behavior, known as a quest).
In conclusion, scientists found that
“questing behavior in response to tem-
perature varies between 1. Ricinus pop-
ulations in relation to thermal climate
with a higher proportion of the popu-
lation questing at lower temperatures if
they are from cooler climates” (Gilbert
etal., 2014).

Randolph et al. (2002) found that
these ticks try to avoid drying out, espe-
cially at low or high humidity. This con-
clusion was validated when emergence
dates of unfed ticks predicted from a
day-degree summation development
model coincided precisely with the first
appearance in the field of ticks with
high fat content (Randolph et al., 2002).
It is important to consider these factors
to predict the future activity of Ixodes
ticks or their numbers.

The Geographic Information Sys-
tems (GIS) are now increasingly used to
make spatially large-scale associations
between environmental factors and dis-
ease risk parameters. These maps have
enabled us to gain insight about diseases
ranging, for example, from Encephalitis
to Lyme borreliosis, or to focus on the
fact that GIS to simulate the dynamics
of diseases transmitted by Ixodes ticks.
The Medical GIS will remain a lasting
approach for understanding populations
and the world we live in.

The presentation of data in the form
of an interactive portal of online maps is
an ideal way to convey information to
the public. For example, map of “Ticks
and tick-borne diseases in South Bohe-
mia and regions of Bavaria 2008-2020”
by scientists of University of South
Bohemia, VSB — Technical University
Ostrava, Institute of Parasitology, BC
AS CR, v.v.i. (http://gisak.vsb.cz/klista-
ta/index_en.html). The main purpose of
the map portal is to make the data on
the occurrence of ticks and tick-borne
pathogens in South Bohemia, Lower
Bavaria, and Upper Palatinate available
to the public (Svec et al., 2009; Honig et
al., 2015; Svec et al., 2019; Honig et al.,
2019; Zubrikova et al., 2020).

To prevent ixodidosis in animals, a va-
riety of chemical drugs (acaricides, insecti-
cides) of domestic and foreign manufactur-
ers and repellents are applied to the skin in
the form of aerosols, suspensions, powder,
drops, shampoo, as well as collars, tapes.
However, some of them are not effective
enough, and some are even toxic.

Thus, analyzing the epizootologi-
cal and epidemiological situation, we
should talk about the spread of Lyme
borreliosis and toxoplasmosis among
humans and animals and the expan-
sion of their vectors, in particular the
increase in the number of ticks of the
genus Ixodes in forest parks of Kyiv and
Kyiv region. The main reason for this
phenomenon, in our opinion, is climate
change and ecology. In addition, there
is a set of natural and social factors that
create receptive conditions for the re-
production of Ixodes ticks. In particular,
the mitigation of the climate in Ukraine,
the destruction of conifers, and the
emergence of small deciduous shrubs
with undergrowth and tall grass, as well
as severe cluttering of the landscape in
some forest parks, the emergence of ro-
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dents and intensive construction in sub-
urban areas. Therefore, the importance
of preventive measures for Lyme bor-
reliosis and toxoplasmosis in animals
and humans, it is timely laboratory di-
agnosis and specific prevention.

Due to the above, it is necessary to
create an operational algorithm for epi-
demiological surveillance of natural foci
of infection transmitted by ticks (Fig. 2).

The algorithm involves the follow-
ing actions:

- Epidemiological surveillance with

Ixodes tick-borne borreliosis;

- Monitoring of objects or phenomena;

- Analysis of monitoring results;

- Decision making (development of a
plan of preventive measures);

- Implementation of the action plan;

- Monitoring the effectiveness
measures;

- Correction of the monitoring program
and the plan of preventive measures;

- If monitoring the effectiveness of
measures showed positive results,
then we suggest to repeat the
epidemiological surveillance with
Ixodes  tick-borne  borreliosis,
according to the season favorable for
the spread of ticks;

- If monitoring the effectiveness
of measures showed a negative
result, it is proposed to correct the
monitoring program and the plan of
preventive measures and repeating
the algorithm cycle “Implementation
of the action plan — Monitoring the
effectiveness of measures”.

The affiliation of Ixodes tick-borne
borreliosis to natural focal infections

of  determines the specifics of surveillance,

which should be considered as epizooti-

Epidemiological surveillance with Ixodes tick-borne
borreliosis

Monitoring of objects or phenomena

Analysis of monitoring results

Decision making
(development of a plan of preventive measures)

Implementation of the action plan

Monitoring the effectiveness of measures

<>

Correction of the monitoring program and the plan of
preventive measures

Fig 2. Algorithm for epidemiological surveillance of natural foci of tick-borne
infections
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ological and epidemiological, including
epidemiological, immunological, and
zooentomological monitoring.

The epidemiological monitoring in-
volves monitoring the intensity of the
epidemic process, dynamics (perennial
and seasonal), territorial distribution, and
structure of the disease and includes lab-
oratory examination of patients, an epi-
demiological examination of the case (or
suspicion) of Ixodes tick-borne borrelio-
sis. The distribution of morbidity around
territory is traditionally grouped by ad-
ministrative principles (cities and dis-
tricts of the region, districts of the city).

The structure of the disease includes
the distribution by sex, age, social and
occupational composition with the se-
lection of “risk groups”, by clinical
forms (1st stage — migratory erythema;
2nd-3rd stages — indicating the leading
symptoms and severity of the course).

The epidemiological examination of
the case (or suspicion) of Ixodes tick-
borne borrelios is a compulsory com-
ponent of epidemiological monitoring.
Sanitary and epidemiological station
after receiving an emergency notifica-
tion in case of disease or suspected /xo-
des tick-borne borrelios (form N 058/0)
conducts its epidemiological examina-
tion. Collection of information on epi-
demiological monitoring is carried out
according to the data of official account-
ing documentation — the form N 357/o
“Map of epidemiological inspection
of the center of an infectious disease”
(https://zakon.rada.gov.ua/laws/show/
z0115-16#Text).

Conclusions and future perspectives

In the forest park areas of Kyiv and
Kyiv region found Ixodes ticks and Der-
macentor genera. Other genera of Ixo-
des ticks have not been registered.

The Laboratory tests revealed the
presence of DNA of Borrelia burgdor-
feri and Toxoplasma gondii in adults,
larvae, and nymphs of the genus Ixodes.
In adults, larvae and nymphs of the ge-
nus Dermacentor these pathogens were
not detected. The annual dynamics of
infection with Borrelia burgdorferi and
Toxoplasma gondii is characterized by
a pronounced seasonality associated
with the period of activity of ticks of
the genus Ixodes. The highest number
of Ixodes ticks attacks on dogs and hu-
mans is recorded in May-June and Sep-
tember-October. The presence of Bor-
relia burgdorferi in ticks of the genus
Ixodes confirms the main natural source
of infection with this pathogen in var-
ious species of animals and humans in
Ukraine and, in particular, in Kyiv and
the Kyiv region. At the same time, the
detection of Toxoplasma gondii in Ixo-
des ticks indicates the presence of one
of the possible sources of infection with
the pathogen in animals and humans.

The research results show that a sta-
ble natural center of Lyme borreliosis
and toxoplasmosis has formed in the for-
est park zones of Kyiv and Kyiv region.

To prevent the spread of infected
ticks, in our opinion, it is important:

- timely prevention of animals from
ticks;

- research of ticks in the territories of
their possible spread;

- analysis of the ecological situation
within three or four years in the area
where ticks are most common;

- creation of maps with the help of
Geographic Information Systems
that reflect the dynamics of diseases
transmitted by Ixodes mites; public
awareness.

Prospects for further research are
the search for effective acaricidal drugs,
taking into account their toxicity.
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AHomauyia. Y cmammi po3ensdaromecs eimyusHaHul ma 3apybixcHul 0ocsid w000
MOWUpPEHHA IKCO00BUX Kniwie — nepeHoCHUKi8 30yOHUKi6 Hebe3neyHux MmpPaHCMICUBHUX
iHgpekyili ma iHeasili y niconapkosux 30Hax YKkpaiHu i npeseHmMueHuUx 3axo00ax w000 ikcodioosie
meapuH ma AduHu. Mamepianom 01a O0CNiOHEHHA Ccny2ysanu OaHi eemepuHapHoI
38iMHOCMI, OMPUMGHI 8i0 OepxasHUX pezioHanbHUX nabopamopili eemepuHapHoi meduyuHu
30 2018-2019 poku. [locniomceHHsA nposoounuca Ha Kagedpi napasumosnozii ma mponiyHoi
semepuHapii HayioHaneHo20 yHisepcumemy biopecypcis i MpupodoKopucmysaHHsA YKkpaiHu. [ns
00Cni0HEHb BUKOPUCMOBYBAAU IKCOO0BUX KAilie, nonepedHbo 3i6paHux y MiconapKosux 30HAxX
Kuesa. AHanisysanucsa pe3ynomamu 00CniOHeHHA iKco008UX Knijie Ha HaseHicme 36yOHUKie
Hebe3neyHux mpaHCcMicusHUX iHgheKuili ma iHeasil, a maKoxt niKye8aHHA cobak 3a iKcodidosis.

Ana 3anobi2aHHA NOWUPEHHIO iHBIKOBAHUX KAilyie 8aHAUBUMU HOMU 8U3SHAYEHO CBOEYACHA
MpoginaKmMuKa meapuH 8i0 Kniwie, 00CNIOHEHHA KAiujie Ha mepumopisix iXHb020 MOM/IUB020
PO3M0BCIOOHCEHHSA,; AHAI3 eKO102iYHOI cumyauii 8 Mexax mpbox-4omupbox PoKie Ha mepumopii,
de Hal4acmiwe po3noscloOHYIombCA KAiwi; cmeopeHHs man 3a 0ornomozoto leozpaghidyHux
iHghopmayiliHux cucmem, wo 8idobpaxarome OUHAMIKY X80p0b, W0 nepedaromscs iKcodo8uMU
KAiwamu; iHpopMy8aHHsA HaceneHHs.

Mepcnekmusamu nodanbWux HAyKOBUX OOCAIOHEHb € MOWYK eheKmusHUX aKApUUUOHUX
npenapamis i3 8paxy8aHHAM iXHbOI MoKcUYHOCM.

Knrovoei cnoea: iKco0osi ki, MowupeHHs, pUsuKuU, mpaHcmicusHi xeopobu, iKkcodido3u meapuH
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