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ABSTRACT. Arthropod-borne diseases still pose a serious health problem worldwide. Epidemiological consequences
result from various environmental connections and interaction between parasites and their host, including host
specificity of parasites and transmitted pathogens. The ixodid ticks (Ixodida) occupy a prominent position within the
group of parasites as being vectors on the northern hemisphere in temperate climate zone. They are blood-feeding
ectoparasites with different host specificity and capacity to transmit various pathogens. Feeding on many mammals
(including humans), birds, reptiles and amphibians they present a great medical problem. For example, Ixodes ricinus
can infest several hundred species of animals. It is a vector of pathogenic viral, bacterial and protozoal organisms,
including Borrelia burgdorferi sensu lato complex which is the etiological agent of Lyme borreliosis. The competent
reservoir hosts of Borrelia include many common species of small and medium-sized rodents as well as several bird
species. Epidemiological consequences are complicated by the fact that specific Borrelia genospecies are associated
with particular reservoir hosts. Thus, detailed analysis of epidemiological consequences requires a comprehensive
knowledge of the biology and ecology of vectors, pathogens and their reservoirs including host specificity of ticks.
Spatial modelling tick-borne risk in time and space is made possible by the use of remote sensing and techniques of
geographical information system (GIS).
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Introduction that use a broad range of hosts. Both groups contain
many species of parasites that are of public health

Parasitic infections affect persons living both in importance. Various host specificity is also

tropical and subtropical climates as well as in
temperate climate. It makes parasitic diseases a
serious health problem worldwide including the
developed countries. The typical environmental
studies concerning geographical spread and
prevalence of parasites on their hosts as well as
analysis of natural parasite life cycles are essential
in the disease prophylaxis. Epidemiological
consequences result from various environmental
connections and interactions between parasites and
their host, including parasite host specificity.
According to the host specificity, two main groups
of parasites can be recognized: stenoxenic parasites
with a narrow range of host and euryxenic parasites

characteristic for ticks (Ixodida). According to
Siuda [1] slightly more than 10% of tick species are
host nonspecific, many more are able to parasitize
on hosts closely related to each other or on host
from different species but closely ecologically
related to tick habitat; only a few tick species attach
and feed on single host species. Additionally, host
specificity plays a significant role in vector-host-
pathogen configuration, including tick-borne
pathogens, in which the interactions concerning
pathogen circulation should be additionally taken
into account.

Of all parasitic diseases, malaria, which is
transmitted by mosquitoes, is undoubtedly the most
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important medical problem in the world. However,
on the northern hemisphere in temperate climate
zone, a prominent place in the group of vectors is
taken by ixodid ticks, which are considered to be
the most dangerous arthropods affecting humans.
Ixodes ticks transmit pathogenic viral, bacterial and
protozoal organisms, including spirochetes from
Borrelia burgdorferi sensu lato complex and tick-
borne encephalitis, as well as so-called emerging
pathogens such like Anaplasma phagocytophilum
and Babesia spp.

Ticks and their hosts

Broad specificity of many representatives of
ticks Ixodida (containing about 900 species, i.e.,
almost 190 soft ticks from family Argasidae and
over 700 hard ticks from family Ixodidae) presents
a great veterinary-medicine problem [2]. Those
worldwide blood-feeding ectoparasites with various
host specificity feed on many mammals (including
humans), birds, reptiles and amphibians [3]. Most
ticks have preference for feeding on certain groups
of animals and consequently the number of species
pertinent to humans is limited [4]. Moreover, none
of the known tick species is specifically associated
with humans [1]. According to Estrada-Peria and
Jongejan [5] approximately 12 argasid species
(Argas and Ornithodoros) and over 20 ixodid tick
species (4 Amblyomma, 7 Dermacentor, 3 Haema-
physalis, 2 Hyalomma, 6 Ixodes) are frequently
attached to humans. In Poland, people are most
often infested by Ixodes ricinus, which is able to
infest several hundred species of animals and
prefers to have a different host animal at each stage
of their life. It is an important European vector of
viral, rickettsial, bacterial and protozoan pathogens,
including common spirochetes B. burgdorferi sensu
lato and tick-borne encephalitis virus (TBEV). I
ricinus is associated with the moist and forested
areas, living in mixed and deciduous forest but also
in the wurban parks and home surroundings
(gardens), where they contact synanthropic animals
[6]. However, I. ricinus is the most frequent in
habitats where its hosts are plentiful. /. ricinus from
vegetation can be collected using flagging or
dragging method. Our results from over a decade
(1998-2012) of environmental monitoring of ticks
occurrence using flagging method shows 1. ricinus
common occurrence both in protected areas i.e.,
national and landscape parks as well as in forested
and urban areas [7-11]. Colonization of suitable

isolated inner-city habitats, like for example urban
parks or gardens, is possible by transportation of
feeding ticks by hosts with birds being the primary
candidates [12]. Thus, the ability of ticks to
parasitize birds, especially migratory birds, make
possible the spread of ticks to new areas, including
isolated areas, where there are suitable biotic and
abiotic conditions.

Of the remaining 18 tick species from the Polish
tick fauna, people can be attacked by: Argas
polonicus (generally ornithophilous tick found
primarily on Columba livia), A. reflexus (generally
ornithophilous), Carios vespertilionis (infesting
bats), Ixodes crenulatus (mainly mammals,
including insectivore, rodents and carnivores),
1. hexagonus (mainly mammals, the main hosts are
hedgehogs, mustelids, dogs and other canids),
Haemaphysalis punctata (birds, mammals), H. con-
cinna (birds, mammals), Dermacentor reticulatus
(mammals, occasionally birds) and I. persulcatus
belonging to the /. ricinus complex [13]. It is worth
to mention that the last one belongs to the ticks of
the highest medical importance in the world.
Fortunately, in recent years it was not collected in
Poland; however, it is distributed throughout
Eastern Europe to the Far East.

Ticks can be divided into two groups according
to their habitat: non-nidicolous ticks living in open
habitats, and nidocolous ticks living in caves,
burrows or nest of their host. The majority of the
Polish fauna ticks is represented by nidocolous
ticks, what makes them difficult to study. However,
of greater medical significance are non-nidocolous
ticks, to which belongs the mentioned above and the
most important /. ricinus. Thus, humans are at risk
of tick bites when they intrude tick-infested caves
and burrows or when humans spent time outdoors
visiting grassy, forested areas, and shrubs where
ticks are waiting for the hosts on vegetation.

Tick range is limited by host’s occurrence and
their specificity. The argasid ticks generally occur in
or close to the nests or resting places of their hosts
[12]. For example, the pigeon tick Argas reflexus, a
parasite of wild and domesticated pigeons and
occasionally other birds, tends to inhabit attics,
lofts, and building facades, i.e., pigeons’ dwelling
[14]. However, most tick species are less widely
distributed than their principal hosts [15]. For the
ticks infesting many animal species, the range of
hosts can vary with geographic region, adapting to
the local fauna. For example, until recently Alces
alces was considered as a principal host of
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D. reticulatus, due to the covering range of both
species. However, the newest data shows the
important role of deer as a host supportive of this
tick species [16]. D. reticulatus occurs in the
western Palearctic region. The recent study shows
that this species has been extended substantially in
new areas of many countries including Poland
[17-21], Germany [22], Slovakia [23], and the
Czech Republic [24]. According to own investi-
gations, D. reticulatus can be ranked as a typical
element of the fauna in Lower Silesia in South-
western Poland suggesting the linkage between
East and West populations of this species [25].

Recognition of main hosts is crucial in
estimating the occurrence of tick-borne diseases.
For example, the majority of I. ricinus, despite of a
variety of potential hosts, feed on only a few
mammalian species and tick infestation is
frequently limited to only a part of the host
population [26]. Expanded range of I. ricinus in
Northern Sweden, for example, can be explained by
the high availability of large numbers of important
tick hosts, particularly roe deer Capreolus
capreolus, and a warmer climate that permits
greater survival and proliferation over a larger
geographical area of both the tick itself and deer
[27]. Also, in Denmark tick density was found to be
influenced by roe deer abundance [28]. However
many tick species lack their completed data on their
distribution despite information about their hosts. A.
polonicus, for example, is known only from a few
sites in Poland, Czech Republic and Slovakia,
nevertheless its range may be larger [29]. A
comprehensive study of the prevalence of ticks
requires extensive field studies taking into account
behavior of the tick, i.e., a collections from
vegetation, nests, burrows, and hosts. The recent
data on the distribution of most important species of
ticks, i.e., Ixodes ricinus, Dermacentor marginatus,
D. reticulatus, Haemaphysalis punctata, H. sulcata,
Hyalomma  marginatum, Hy. lusitanicum,
Rhipicephalus annulatus, R. bursa, and the R.
sanguineus group in western Palearctic was
published by Estrada-Pena et al. [30].

Tick parasites as vectors

Apart from direct result of parasitism (i.e.,
causing paralysis, toxicosis and allergic reaction)
the roles of ticks as pathogen reservoir and pathogen
vectors are even more important [3,4,31].
Approximately 10% of tick species act as vectors

for a broad range of pathogens [4]. The majority of
tick-borne disease agents survive in nature by using
animals as their vertebrates host and therefore they
are called zoonoses [6]. Crucial in epidemiology,
the transmission of disease agents, i.e., pathogenic
viral, bacterial and protozoal organisms, take place
during tick life span. It happens when the infectious
agent replicates or develops in the vector until it
could be transferred into a susceptible recipient host
[31]. Vectors, so-called ,,bridge vectors”, capable of
feeding on different group of vertebrates make
possible the inclusion of additional vertebrates into
the endemic cycle or transformation of a natural
cycle into an urban cycle what makes them
epidemiologically very important [31]. However,
also ticks with narrower host specificity for example
ornitophilus ticks parasiting migratory birds, even if
they do not infest humans, they can play an
important role in the ecology and pathogen
circulation.

A wide range of hosts, including species that are
competent reservoirs, significantly affect the
prevalence of the various groups of pathogens in
ticks. Thus, ticks with indiscriminate feeding
behaviour are important vectors for a large number
of zoonotic tick-borne diseases [4]. This is due to
the fact that intermediate animal hosts (i.e., birds,
rodents, game animals, foxes, cattle, sheep, goats,
horses and dogs) often serve as reservoirs for the
pathogens [6]. On the other hand, particularly in
cases of lacking of systemic infections,
simultaneous parasiting of infected and uninfected
ticks on the same non-competent host allows the
transfer of pathogens during feeding.

The most important role in transmission of
pathogens responsible for vector-borne diseases is
played by non-nidicolous ticks with three-host cycle
(i.e., each life stage of the tick feeds on different
vertebrate host) parasiting a wide range of hosts.
The three-host cycle ticks are represented by genera
Ixodes, Dermacentor, Rhipicephalus, and Amblyo-
mma including species of the highest medical
significance such as I ricinus, I. persulcatus, I.
scapularis, 1. pacificus.

The spreading of tick-borne diseases is based on
tick’s presence and various interactions between the
ticks, hosts and pathogens. In Sweden, for example,
the geographical presence of Lyme borreliosis (LB)
corresponds to the distribution of I. ricinus [27].
The increase of tick-borne diseases is related to
exposure of humans to infected ticks. Tick species
feeding on man are usually vectors of tick-borne
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diseases. The distribution of ticks depends on
extrinsic biotic (presence of hosts, and vegetation
type) and abiotic factors (climate) which influence
tick’s presence in short and long term.
Environmental elements which influence the
presence, development, activity and longevity of
pathogens, vectors, reservoirs and their interactions
with humans, can be investigated by remote sensing
and by using geographical information system
(GIS) what enable modelling of tick-borne risk in
space and time [32]. The combination of field data
collection and GIS mapping increases the potential
for interpretation of this information. For example,
environmental tick monitoring data together with
epidemiological data from medical interviews
shown on one map allowed the presentation of the
LB risk in Wroclaw, Poland [10].

Tick borne diseases as result of their blood
feeding

With regard to Siuda [3] three types of vector-
borne diseases transmission are recognized:
obligatory transmission (transmitted only by
vector), optional obligatory  transmission
(transmitted mainly by vector) and optional
transmission (transmitted by vector and without
vector). For example, Lyme borreliosis (LB) can be
transmitted only by ticks, whereas tick-borne
encephalitis (TBE) can be transmitted mostly by
ticks and rarely through non-pasteurized milk from
infected goats, sheep and cows. LB is the most
common arthropod-borne disease in temperate
regions of the northern hemisphere. In Europe, it has
a widespread distribution from southern
Scandinavia to some parts of northern Mediterra-
nean countries, with an incidence trending upward
from west to east [33]. However, the most highly
endemic regions are found in Central and Eastern
Europe, where as many as 200,000 cases may occur
annually [33]. Although it has been three decades
since the discovery of B. burgdorferi (the discovery
of a spirochete in I scapularis was reported in
1982), LB is an expanding public health problem
[34]. In Poland, in 2011 over nine thousand cases of
LB were noted (24.0 cases LB per 100000
inhabitants), with the highest incidence in the
Podlaskie province (www.pzh.gov.pl). However,
LB occurs in all provinces in Poland. In Lower
Silesia in 2011 were noticed over 660 incidence of
LB (23.0/100000).

Apparently tick infection is necessary for

transmission via vector to the not susceptible hosts,
including humans. The meta-analysis of literature
on epidemiological studies of I. ricinus ticks
infected with B. burgdorferi sensu lato showed that
the overall mean infection rate was 13.6% and that
the rate of infection of adult ticks was significantly
higher (18.6%) than that of nymphs (10.1%). It was
explained by the fact that host-seeking adult ticks
had two blood meals on different hosts [35]. Our
extensive studies of over 1350 [. ricinus ticks
collected in five district of various LB incidences in
Lower Silesia, Poland in 2011 shown that the
average level of infection amounted for 18% (11%
the minimal infection rate for nymphs and 37% for
adults). Slightly lower was the infection rate for
TBEV. It may attain from 0.5% to 3% in natural foci
[36]. However, TBEV detection in ticks is not a
sensitive indicator for a human risk assessment [37].

In Europe, confirmed competent reservoir hosts
of Borrelia include many common species of small
and medium-sized rodents as well as several bird
species (especially passerines), reptiles and
insectivores [38]. However, epidemiological conse-
quences may be complicated by the fact that specific
Borrelia genospecies (B. burgdorferi sensu lato
complex currently contains at least 18 genospecies)
are associated with particular reservoir hosts [38].
Many strains of B. burgdorferi s. 1. are adapted to
either mammalian or avian host, but not to both. It is
due to different resistance of particular genospecies
B. burgdorferi s. 1. to the alternative pathway of
complement from various vertebrate hosts [39]. For
example, B. afzelii and B. garinii, the most common
European circulating genospecies, are associated
with rodents and birds, respectively. B. bissetti and
B. bavariensis (previously B. garinii OspA serotype
4) are also associated with rodents, B. valaisiana
and B. burgdorferi s. s. with birds, whereas B.
lusitaniae infect lizards and B. spielmaniii —
dormice; B. burgdorferi s. s. appears to be more a
generalist [34,38,40-45].

During the blood meal, ticks take up host
complement and other host-derived proteins which
are active in tick feeding and affect the selection of
pathogen genospecies [39]. B. afzelii, for example,
that encounters deer or avian complement, are killed
in the midgut before they are transmitted to the host
[39]. Genospecies of B. burgdorferii s. 1. often
circulate in the same habitats, involving many
vertebrate host but mainly one tick species [39].
Ticks feeding on a host infected with a few Borrelia
species or feeding simultaneously on host and
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exchanging genospecies through co-feeding may
get mixed infections [34]. Ixodid tick species with a
wide range of hosts are the vectors of most Borrelia
species and they can transmit all genospecies to
their hosts. In Europe, 1. ricinus, the main vector of
B. burgdorferi s. 1., feeds on extraordinarily broad
array of hosts and can transmit to these hosts all
Borrelia genospecies via infected saliva during the
blood meal. Ticks having a narrower range of hosts
can maintain circulation of not all Borrelia
genospecies. Ornithophilous 1. uriae, for example,
feeding on seabirds, transmits B. garinii and
maintains marine cycle involving seabirds. Other
ornitophilous tick /. lividus, a nidocolous species
restricted almost exclusively to sand martins and
being unlikely to transmit infectious agents to
humans, can play an important role in B. garinii and
B. burgdorferi s. s. enzoonotic cycles [46].

Various Borrelia genospecies are associated with
other clinical manifestation which reflects in
epidemiological implications. Three genospecies
that cause most human disease are B. burgdorferi s.
S., B. garinii, and B. afzelii, although B. spielmanii
have been detected in early skin disease, and B.
bissettii and B. valaisiana in specimens from single
Lyme borreliosis cases [33]. The pathogenicity of B.
lusitaniae is uncertain [38]. All pathogenic
genospecies may cause erythema migrans (EM) in
humans but they differ in their organo-tropism. B.
afzelii is most often associated with chronic skin
condition acrodermatitis chronica atrophicans, B.
garinii with neuroborreliosis, and B. burgdorferi s.
s. with arthritis and neuroboreliosis [38].

Systemic infection is not necessary for
successful transmission [47]. Many large wild and
domesticated vertebrates are non-competent
reservoirs for Borrelia and ticks may transmit
Borrelia to each other when feeding very close
together [38]. Thus, B. burgdorferi s. 1. can be
transmitted between ticks feeding on host with non-
systemic infections. Also other pathogens like for
example tick-borne encephalitis virus (TBEV),
medically the most important arbovirus in Europe,
can be transmitted from infected ticks to uninfected
ticks during simultaneously feeding on non-
viraemic host. This phenomenon is very important
because TBEV is very short-lived in its principal
rodent hosts [15]. This type of transmission between
immature stages of ticks closely linked to tick
seasonal dynamics, which influences simultaneous
feeding of larvae and nymphs on rodent host,
remarkably affects TBE [48]. Furthermore,

systemic infection can be negatively correlated
with transmission potential [47]. Host with very
high level of TBEV in their blood and internal
organs suffer high mortality and they died before
most of the ticks have been infected. On the other
hand some free-living mammals do not support
natural systemic infection and won’t transmit the
virus back to ticks [47]. The consequence of this
type of pathogen transmission is tick-borne diseases
distribution. TBE occurs only in discrete foci within
the tick distribution in contrast to LB which occurs
wherever competent tick species exist [48].

Tick saliva can play a critical role in promoting
of pathogen transmission. For many pathogens, the
salivary gland is the site of development and
replication of pathogens [49]. In maintaining
pathogen’s circulation within tick population an
important role plays the possibility of the infection
of the subsequent stage via transstadial transmission
or from female to larvae via transovarial
transmission what enables the long-term
maintenance of the pathogen. Transstadial and
transovarial transmissions are taking placein case of
TBEV.

Summary

As it was emphasized the spreading of tick-borne
diseases is based on tick’s presence and various
interactions between the ticks, hosts and pathogens.
Thus, detailed analysis of epidemiological
consequences requires a thorough knowledge of the
biology and ecology of vectors, pathogens and their
reservoirs including host specificity of ticks. The
distribution of ticks depends on extrinsic biotic
(presence of hosts, vegetation type) and abiotic
factors (climate), which influence tick’s presence in
short and long term. The host specificity of ticks
effects tick spreading as well as their vector
potential. Environmental elements, which influence
the presence, development, activity and longevity of
pathogens, vectors, reservoirs and their interactions
with humans, can be investigated by remote sensing
and by using geographical information system
(GIS) what enable modelling of tick-borne risk in
space and time.
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