
Introduction

Ticks are second to mosquitoes as vectors of
human vector-borne pathogens worldwide. Among
29 hard tick species occurring in western and central
Europe, three have a great epidemiological
significance – Ixodes ricinus, Dermacentor reticu la -
tus and D. marginatus. These species are common
in Central European countries and are able to

transmit pathogens of transmission diseases from
the natural reservoir to human and domestic
animals. Many authors emphasize also the ability of
the Rhipicephalus ticks to spread tick-borne
pathogens. However, this genus, not being a
permanent component of Central European fauna, is
able to play a marginal role only and has a
noticeable epidemiological significance in the
Mediterranean region of Europe, below the northern
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latitude of 45° [1,2]. Similarly, another tick species
important from the epidemiological point of view is
Ixodes trianguliceps, most common in Great Britain
and the Atlantic Coast countries, and able to
maintain the zoonotic foci of tick-borne diseases
[3–5]. However, it is not often found in Central
Europe. Fourth tick species, Ixodes hexagonus, fed
on hedgehogs and carnivores mainly, on rodents and
artiodactyls practically not [1]. Although is quite
common in Central Europe and can be infected by
Borrelia burgdorferi s.l., their participation in the
maintenance of human transmission diseases foci
has few significance.

These tick species common in Central Europe
belong to the three-host group. It means that every
active developmental stage looks for a host in
environment, attacks it and feeds, and leaves it
engorged. Successive active developmental stages
have different hosts preferences. Principally, ticks in
bigger stages prefer bigger hosts, but it is not
general rule. Engorged larvae and nymphs leave the
host and undergo metamorphosis in the
environment, and attack further hosts as nymphs or
adult ticks. In this way, ticks feed on three hosts
during their lifespan, often on different species. The
above mentioned species transmit over 20 different
tick borne-pathogens affecting humans and
domestic animals, most important of which include
the tick-borne encephalitis virus (TBEV), human
granulocytic anaplasmosis (HGE), Rickettsia spp.,
Borrelia burgdorferi, Babesia microti, B. canis,
B. divergens. Moreover, newly described pathogens
were added to this list in the last decade, such as
Borrelia miyamotoi and Candidatus Neoehrlichia
micurensis and Babesia venatorum. Epidemio -
logical surveys have documented the presence of
these pathogens throughout Europe.

The general pattern of zoonotic foci

structure

Tick-borne pathogens are common in the natural
environment, but their occurrence has a focal
character. Their holding depends on three
etiological factors distinguished by Siński [6] as the
structure pattern of the Borrelia burgdorferi
zoonotic foci. They occur in the natural
environment in the form of the so called enzootic
sources of infection. The components include the
animal reservoir, amplifiers and the efficient vector.
This three-component pattern (disease agent, small
mammal, big mammal) can be applied also to tick-

borne infections other than Borrelia burgdorferi.
However, the particular role of components can
differ depending on the pathogen, the host range and
possible transmission routes.

The animal reservoir (zoonotic reservoir,

maintenance host)

This component of zoonotic foci consists in the
first place in vertebrate animals, being the hosts of
pathogens and the first source of infection for ticks,
and thus named the competent reservoir. In Europe
these are wild mammals, depending on the pathogen
species either small (rodents, insectivores) or
medium-sized mammals (hares, foxes), and
sometimes even birds that feed on the ground [6–9].
The competence of an animal to act as a reservoir
host for microorganisms is determined by several
parameters: the ability to communicate the infection
and survive the agent for some time; long-term
persistence of the pathogen in the infected host;
long-duration of infectivity of the animal for ticks;
there must be a critical number of infectious agents
and no resistance by the host to the tick feeding. The
competence make possible the ability to amplify the
infection in a focus by transmitting the agents to
numerous vectors [10,11]. Another important factor
is a sufficient number of animals in the endemic
region as well as their even distribution [12,13].
Rodents are most significant as animal reservoirs.
The fact that rodent populations commonly are
numerous, dense and infested with large numbers of
key vector species underlies this. Rodents serve as
hosts for large numbers of immature ticks. Their
activity enables the spread of disease agents and
infected ticks to new areas. Ticks, due to their
limited motility, are not able to travel distances over
several meters [14]. The disadvantage of small
mammals is their short lifespan in the natural
environment, not longer than several months. Thus,
B. burgdorferi s.l. and other tick-borne pathogens
affecting small mammals survive winter in the tick
vector rather than in the reservoir rodent.

Apart from the role as pathogen reservoir and
source of infection for ticks, small mammals play
the crucial role as hosts for ticks’ larvae and
nymphs, maintaining the tick population in the
environment [15].

Some authors distinguish between different
types of reservoirs. The first type is the true
reservoir, comprising species able to maintain the
infection alone; the second type is the accessory
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reservoir, comprising animals maintaining the
infection secondary to the main reservoir; the third
type is the opportunistic reservoir, comprising
accidentally infected animals without serious
consequences; the fourth type is the potential
reservoir, comprising animals theoretically
susceptible to infection but not identified as such in
practice [16].

Amplifiers for ticks

The second element in the circulation of tick-
borne pathogens are artiodactyls, such as deer or
grazing livestock. They are hosts for nymphs and
adult ticks, thereby making it possible for ticks to
propagate and maintain the proper size of their
population. For some pathogens, these animals are
not competent hosts and are therefore considered to
be “amplifier hosts” for ticks [6,9,17]. However,
possible variation of pathogen prevalence in
questing ticks in relation to the density of wild
cervids has been observed according to pathogen
species, increment or reduction [18,19]. Removal of
such hosts can significantly reduce exophilic tick
abundance [5,19].

Efficient vector for pathogen

The third group of animals, ticks, is considered
to be efficient vectors. The first characteristic
feature of efficient vectors is feeding duration
exceeding 24 hours, which secures pathogen
transmission to mammal hosts [20]. The second
requirement is the high density of the tick
population in a region many times exceeding the
density of mammals and birds living in a biotope.
This secures the prevalence of tick infestation of
small rodents between 40 and 80% with at least
several larvae or nymphs simultaneously. Moreover,
rodents are infested with ticks for a long time,
because their majority gets infested repeatedly.

This combined system ensures efficient
circulation of pathogens among vectors and animal
reservoirs and its resistance to seasonal and long-
term changes in the number of its particular
components [21]. Its stability is determined by the
constancy of its microstructure, i.e. by the duration
of topic and trophic relationships among pathogens,
vectors and host animals. Large and relatively stable
populations of wildlife maintain the presence and
circulation of pathogens. A favourable factor is the
diversity of wildlife species. Ticks collected from

places inhabited by a range of rodent and ruminant
species, for example ecotons, contain pathogens
more frequently than ticks collected from stable but
not so much differentiated habitats [22].

The ways of pathogen transmission

The maintenance and circulation of pathogens in
the natural environment requires their horizontal
transfer between hosts and vectors, as well as within
the vector and host populations. The infection of
vertebrate hosts takes place during the feeding of the
infected tick. Pathogens leave the organism of the
tick with its saliva and are immediately injected into
the subcutaneous tissue of the mammals. Unlike
insects, ticks feed for a long time, generally about
2–3 days in the case of larvae, about week in the
case of nymphs, and up to two weeks in the case of
adult females. This fact determines the possibility of
transfer and the range of transferred pathogens. In
the case of viral, rickettsial and many bacterial
pathogens, transfer of the infection to the host’s
blood during feeding within 24 hours is possible; in
the case of pathogens that multiply slowly in ticks,
or their multiplication is induced by feeding, the
transfer occurs in the second phase of feeding.
Females and males of Ixodes and Dermacentor tick
species infected parenterally with TBEV at the adult
or nymphal phase and containing the virus in their
saliva are able to transmit the agent within minutes
after biting a sensitive animal host [23].

Mammal infections may also occur orally. This
has been documented in the case of Babesia microti,
B. canis and viruses, which can infect new hosts
when they swell infected blood. It is possible for
example when males fight or in the case of
cannibalism [24]. Another possibility consists in
swallowing an infected tick, for example during fur
grooming and combing.

Ticks may acquire pathogens in two ways – with
the blood of infected hosts and through passage.
Because the Ixodid ticks feed only once at each life
stage, transmission within their population is a
necessary component for their vectorial
competence, because pathogens can be transmitted
to another host only when the tick has progressed to
its next developmental stage and feeds again.
Transovarial transmission means a transfer of
pathogens from adult female ticks to the next
generation via the eggs.

Transstadial passage consists in the ability of
pathogens to survive the moulting and
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metamorphosis of the larvae or nymphs to their next
developmental stage. The transovarial and
transstadial transmission within the population of
ticks constitutes one of the most important factors
determining pathogen circulation.

Apart from the above, there are other possible
methods for circulation of tick-borne pathogens and
infection with them. In many tick species, the sexual
transmission from infected male to non-infected
female ticks has been described; however, this
process is unlikely to significantly propagate the
infection in tick lineages; for example, sexually
infected females do not appear to transmit
rickettsiae transovarially [25]. The second method
is cofeeding transmission. It occurs as several ticks
feed in proximity on one host. Direct spread of
bacteria from an infected tick to an uninfected one
may occur during feeding at closely situated bite
sites. The significance of this process is unknown, it
depends on tick biology and the number of agents,
get-away ticks. Tick biology limits this transfer to
species feeding closely in one place, when many
specimens make and use single haemorrhagic
exudates in host skin. For example, such behaviour
is observed in the Rhipicephalus ticks. In the case of
Central European tick species, cofeeding of Ixodes
and Dermacentor nymphs and adults is rarely
observed. This behaviour is observed in the case of
larvae; however, larvae attacking rodents come
mostly from the same batch of eggs, and the
probability of the cofeeding of larvae from an
infected and an uninfected female is low. On the
other hand, immature ticks prefer to attach to
already damaged places on the skin (Karbowiak,
unpublished), and interspecies transmission of
infection is possible. Cofeeding infections among
adult I. ricinus and D. reticulatus is still rarer.
Although the range of their hosts largely coincides,
the ticks often prefer different parts of mammal
body to attach and feed [26,27].

The conditions necessary to consider ticks as
efficient vectors are met in Central Europe by I.
ricinus, D. reticulatus and D. marginatus ticks,
while the role of I. trianguliceps and I. hexagonus
ticks is less significant. Epidemiological papers
usually define ticks as vectors with no analysis of
the role of particular developmental stages in
pathogen circulation. However, because of
differences in habitat needs, hosts’ preferences and
life duration the roles can be quite different. The
combination of tick’s preferences, pathogen ability
to transovarial and transstadial transmission, and

mammal hosts’ competence to infection, determine
the particular role of larvae, nymphs and adults in
pathogen circulation in the natural environment, as
well as transmission to new hosts.

Common hard tick species vectoring 

tick-borne pathogens in Central Europe

Ixodes ricinus – this species belongs to the
Ixodidae family, subfamily Ixodinae [28]. On the
basis of occurrence, similar biology, host range and
epidemiology it forms the Ixodes persulcatus
species system with seven Ixodes species from
Nearctic and Palaearctic zones [15]. This is the most
ubiquitous tick in Europe, spread almost on the
entire continent, excluding only its northern regions.
In the east its range reaches Turkmenistan and
northern Iran [28]. This tick occurs in a variety of
habitats, including woodland, grassland, upland
moor and heathland, where it acquires blood from a
variety of hosts including rodents, birds, hares,
livestock and deer. I. ricinus has a great variety of
hosts – larvae and nymphs of this tick attack mainly
small mammals – rodents and insectivores, while
the nymphs attack also small carnivores like foxes,
racoon-dogs and badgers, and adult ticks attack
mainly medium-sized mammals, and less often
ruminants, such as red deer, cattle and European
bison. Only roe deer (Capreolus capreolus) is
equally affected both by nymphs and adults [29].
Apart from these, small birds and lizards can be
attacked, too. All developmental stages attack
humans [27,28]. The preference of immature I.
ricinus to Apodemus mice has been noted [30,31].
The prevalence and intensity of infestation differ
depending on the host, season and habitat changes
[31,32]. There are two activity peaks of adult I.
ricinus – from March to the beginning of June and
from September to October. Larvae and nymphs are
active from March to October, with one activity
peak in July–August. The activity duration is
dependent on variations of weather conditions, and
can shift in time [1,28,31,33]. The developmental
cycle is normally completed during 3 years.

I. ricinus is the vector for tick-borne encephalitis
virus, Borrelia burgdorferi s.l. spirochetes, B.
miyamotoi, Coxiella burnetii, Anaplasma
phagocytophilum variants, Rickettsia slovaka, R.
helvetica, Francisella tularensis [11,20,34–38].

Dermacentor reticulatus – this species belongs
to the Ixodidae family, subfamily Amblyomminae
[28]. It is widespread in Europe and western Asia.
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Its western distribution range covers the area of
France, northern Spain, UK, Central Europe, and
the areas of Eastern Europe reaching as far as the
basin of the Yenisei River in Siberia to the east [28].
In recent years, the distribution range of this species
has extended, following the increase of the
epidemiological significance of this tick species
[37–41]. This is the species typical for open areas.
However, it prefers relatively wet localities –
swampy mixed woods, shrub pastures, river and
lake banks. Adults are active in the spring from the
beginning of March to May, with the peak falling in
April. In autumn activity duration ranges from
August to November [28,42–44]. Larvae are active
in July and August, and nymphs from July to the
beginning of September [28,41,44,45]. The
developmental cycle is completed during one year.
Hosts of larvae and nymphs are insectivores and
small rodents, mostly voles [28,31,46]. Adult ticks
attack medium-sized mammals, such as carnivores,
and ruminants, such as sheep, goats, deer, cattle and
European bison [27,28,42]. In total, larvae and
nymphs attack over 35 host species in Europe , and
adults over 15, including domestic animals.
Infrequently D. reticulatus has been found on
human skin [47–49].

According to present knowledge, D. reticulatus
is the vector for Francisella tularensis, Rickettsia
slovaca, Coxiella burnetii and Babesia canis
[35,49-51]. There also the single reports about the
infection of this species with tick-borne encephalitis
virus [48,50] and Anaplasma phagocytophilum
[52,53].

Dermacentor marginatus – this species belongs
to the Amblyomminae family, subfamily
Rhipicephalinae [28]. It occurs in Europe and
western Asia. In Europe it has been noted in France,
Switzerland, southern Germany, Czech, Slovakia,
Hungary, Romania, southern Ukraine, and to the
south up to the Mediterranean Sea, to the east in the
lowland zone  and alpine steppes, as well as
southern semidesert areas from northern
Kazakhstan, Kirghizia and Iran, up to the Altai
Mountains [28,46]. It inhabits open areas but prefers
relatively dry biotopes, such as pasture, forest
steppe and margins of forests [42]. Adult specimens
are active from middle March to the beginning of
May, with the peak occurring in April. The second
peak falls in September and October [41,53]. The
activity season of the larvae begins in June and
continues up to the second decade of July, and of the
nymphs from the first decade of June to the end of
August [42,54,55]. The developmental cycle is
completed during one, rarely two years.

Adult ticks attack cattle, goat, sheep, deer,
horses, dogs, foxes and nymphs attack the Microtus
arvalis voles. Other rodents, such as M. glareolus,
A. agrarius and Citellus suslica, are also hosts, but
the levels of infestation observed were lower
[54,55]. Apart from these, nymphs can be found on
goats, dogs, foxes, hares and deer. Adult ticks can
attack humans [46].

D. marginatus is known as vector for the TBE
virus, Rickettsia slovaca, Coxiella burnetii,
Francisella tularensis and piroplasms from the
Babesia genus [28,35].
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Table 1.The differences in the biology of European Ixodes persulcatus complex and Dermacentor ticks

Ixodes persulcatus complex ticks Dermacentor spp. ticks

Hosts of adults  
medium sized mammals (carnivores, hares), wild
boar, cervids, cattle 

medium sized mammals (carnivores,
hares), wild boar, cervids, cattle 

Hosts of nymphs 
ground living and tree living rodents, walker
birds, lizards, medium sized mammals
(carnivores, hares), cervids 

ground living rodents, hares 

Hosts of larvae  
ground living and tree living rodents, walker
birds, lizards, medium sized mammals 

ground living rodents 

Habitat open and wood areas open areas 

Duration of larvae and
nymphs activity 

practically whole growing season two summer months 

Resistance to unfavourable
conditions 

adults, nymphs, larvae – medium 
adults – resistant to low temperatures,
medium resistant to low humidity
nymphs and larvae – susceptible 



Apart the particular features, there are the
general differences in biology between Ixodes
persulcatus complex ticks and Dermacentor ticks,
affecting their different role and ability in pathogens
spreading. These are: the range of hosts, higher in
Ixodes larvae and nymphs; the ability to inhabiting
of various environments and resistance to
unfavourable conditions, both higher in Ixodes
larvae and nymphs; the duration of larvae and
nymphs activity, all the growing season in the case
of Ixodes and two months only in Dermacentor.
These features are gathered in the Table 1.
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