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1. Introduction
Ticks are obligate ectoparasites that feed on the blood of their hosts. Ticks
belong to the phylum Arthropoda, class Arachnida, subclass Acari, order
Parasitiformes, and suborder Ixodida [1, 2]. There are three families of ticks classified as Ixodidae (hard ticks), Argasidae (soft ticks), and Nuttalliellidae (limited
to Tanzania and South Africa) [3, 4]. More than 900 species of ticks have been
classified in the world. Ticks not only cause physical damage to their hosts by
sucking blood and injuring skin, but many of these tick species also have the ability
to transmit pathogens to their host. The population of ticks in any region depends
upon various factors such as climate, the presence of predators, and competitor
species [5].
According to an estimate, every year, ticks and tick-borne pathogens cause the US
$13.9–18.7 billion loss. Annually, tick infestations result in a loss of almost 3 billion
hides of cattle [6]. Ticks transfer pathogens from their gut to host bloodstream by their
saliva [7]. Ticks transmit a range of pathogens including viruses, bacteria, and protists
to vertebrate hosts, including humans, domestic, and wild animals. These pathogens
cause many viral diseases (e.g., Crimean-Congo hemorrhagic fever, West Nile fever,
Omsk hemorrhagic fever, and Colorado tick fever), bacterial diseases (Lyme disease,
Q fever, borreliosis, and relapsing fever), fungal diseases (dermatophilosis), protozoal
diseases (theileriosis and babesiosis), and rickettsial diseases (anaplasmosis, ehrlichiosis, Brazilian spotted fever, and Rocky Mountain spotted fever) [7–11]. Tick-borne
diseases (TBDs) of domestic animals (e.g., cattle, sheep, and goats) can substantially
affect livestock production, food supply, and economy of many regions worldwide.
TBDs cause production losses mainly as a consequence of infertility, abortions,
reduced weight gain, decreased milk production, lower quality of milk, and mortality.
In addition, costs associated with control and preventive measures, such as dipping
with acaricides, vaccination, chemotherapy, veterinary services, and monitoring, also
contribute considerably to economic losses (Brown, 1997). In addition, most of these
pathogens are very serious zoonotic threats due to the worldwide distribution of ticks
and lack of vaccine availability against these viruses and other pathogens [12].
Tick-borne pathogens are not the only problem due to tick infestation. When
ticks feed on their host, they draw blood and cause damage to the skin. Injury of
skin and subcutaneous tissues leads to edema, pruritus, erythema, scaling, and
ulceration [13]. Excoriation can result in secondary bacterial infections. Along
with these physical damages, ticks affect the productivity of animals by disturbing their normal behavior [14].
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2. Tick-borne viruses
Tick-borne viruses (TBV) are specifically named as tiboviruses, and all of
them belong to a group of arboviruses [15]. These viruses require ticks and
vertebrate host to complete their life cycle. Combined evolution of ticks and
tiboviruses results in the development of such a life cycle that totally matches the
feeding cycle of ticks. These viruses belong to nine families of viruses. Among
nine tiboviruses families, eight are RNA families (Flaviviridae, Reoviridae,
Rhabdoviridae, Orthomyxoviridae, Nyamiviridae, Phenuiviridae, Nairoviridae, and
Peribunyaviridae) and one DNA family (Asfarviridae) [13, 16].
To date, almost 19 diseases of livestock and 16 diseases of humans have been
reported by TBV [17, 18]. Flaviviridae viruses are most common tiboviruses that
include tick-borne encephalitis virus, West Nile virus, louping ill virus, Powassan
virus, and Kyasanur Forest disease virus that are transmitted by Dermacentor reticulatus, Ornithodoros moubata, Ixodes ricinus, Ixodes scapularis, and Haemaphysalis
punctata, respectively [19, 20]. West Nile virus is endemic in many African and
European countries [21]. African swine fever virus is also a tick-borne virus that
belongs to family Asfarviridae and transmitted by Ornithodoros porcinus. African
swine fever disease is a very serious threat for pigs due to its high mortality rate
[22]. Thogoto virus of family Orthomyxoviridae is transmitted by tick species
such as Rhipicephalus appendiculatus, Boophilus microplus, Hyalomma dromedarii,
Rhipicephalus evertsi, and Amblyomma variegatum [23].
Two major tick-borne viruses of Nyamiviridae are Nyamanini virus and
Midway nyavirus. Reoviruses include tiboviruses such as Colorado tick fever virus,
Great Island virus, and Chobar Gorge virus. Colorado tick fever virus is prevalent
in the United States and Canada. This virus is transmitted to mammals by a tick
Dermacentor andersoni. Fever, meningitis, rash, and conjunctivitis are typical clinical signs of Colorado tick fever [9].
Rhabdoviridae includes tick-borne viruses such as Isfahan vesiculovirus,
Connecticut virus, and Barur ledantevirus [13]. Nairoviridae contains two major
tick-borne viruses; those are Crimean-Congo hemorrhagic fever virus and
Nairobi sheep disease virus. Crimean-Congo hemorrhagic fever outbreaks have
been reported from many African, Asian, and European countries in the last two
decades. This virus is mainly transmitted by Hyalomma marginatum, H. lusitanicum,
H. truncatum, Rhipicephalus bursa, and Dermacentor marginatus [24].

3. Tick-borne bacteria
Tick-borne bacterial (TBB) diseases not only affect the productivity of animals
but also have zoonotic importance. Lyme disease is one of the major tick-borne
bacterial diseases that is caused by Borrelia burgdorferi [25]. These bacteria are
transmitted to mammal host by I. ricinus, I. hexagonus, I. pacificus, I. scapularis, and
I. persulcatus. Lyme disease is rapidly spreading in Europe. It is estimated that about
10% of the total population of ticks are positive for B. burgdorferi in Europe, and
annually more than 85,000 human cases of Lyme are reported from the European
countries [26]. Lyme disease also affects domestic animals. Clinical signs and
symptoms of Lyme disease in animals include lethargy, anorexia, lameness, and
urinary disorder [25].
Another TBB is Francisella tularensis that causes tularemia. Ticks of species I. ricinus,
D. andersoni, D. variabilis, D. marginatus, and A. americanum act as biological vectors
for Francisella tularensis. These bacteria can cause disease in humans, rodents, rabbits,
and rarely sheep [27]. Q fever is also a tick-borne zoonotic bacterial disease that is
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caused by Coxiella burnetii. Ticks of species Haemaphysalis bispinosa and I. holocyclus can
also act as reservoir hosts and biological vectors [28].

4. Tick-borne Rickettsiae
Tick-borne Rickettsiae (TBR) can spread to new geographic areas and susceptible population by ticks. Anaplasmosis is an eminent tick-borne rickettsial
disease of cattle that is caused by Anaplasma marginale. This is transmitted by
Rhipicephalus microplus. The mortality rate of anaplasmosis in cattle varies from
30 to 50%. Another tick-borne rickettsia is Rickettsia rickettsii that causes spotted
fever [29]. In the USA, R. rickettsii causes Rocky Mountain spotted fever, and in
Brazil, it causes Brazilian spotted fever. Rocky Mountain spotted fever spreads
mainly by ticks of species Amblyomma americanum, A. cajennense, D. andersoni,
D. variabilis, and R. sanguineus sensu lato [30]. Medically significant vectors of
Brazilian spotted fever include A. aureolatum and A. cajennense. The mortality rate
of Rocky Mountain spotted fever in the USA and Brazil has been reported 10%
and 30–40%, respectively. African tick bite fever is another tick-borne rickettsial
disease that is caused by Rickettsia africae. Major vectors of Rickettsia africae are
ticks of A. variegatum and A. hebraeum species [31].
Heartwater or cowdriosis is another tick-borne rickettsial disease that is caused
by Ehrlichia ruminantium. E. ruminantium is mainly transmitted by Amblyomma
variegatum, A. pomposum, and A. hebraeum [32]. This disease is limited to Africa
and South Africa. Cowdriosis is a serious threat to ruminants in sub-Saharan Africa,
where up to 90% mortality rate has been reported [33]. In dogs, Ehrlichia canis
causes Ehrlichiosis. E. canis has been reported from the many Asian, European, and
American countries and transmitted from one dog to another dog by Rhipicephalus
sanguineus sensu lato. Clinical signs of this disease include high fever, lethargy,
anemia, and nose bleeding [34].

5. Tick-borne fungi
Ticks are also involved in the transmission of a fungal pathogen, Dermatophilus congolensis, to mammals. Dermatophilus congolensis causes a skin disease Dermatophilosis
[35]. This pathogenic fungus is transmitted by a tick vector A. variegatum.
Dermatophilosis causes exudative dermatitis in sheep and cattle which leads to significant economic loss due to the devaluation of hide quality [36].

6. Tick-borne protozoa
Ticks can transmit many blood protozoan parasites to their vertebrate hosts.
Among these, two main groups of TBDs are of importance to the livestock: theileriosis (i.e., tropical theileriosis and East Coast fever (ECf)) and babesiosis, posing
major health and management problems to cattle and small ruminants, mainly
in tropical and subtropical regions worldwide. The most pathogenic species are
T. annulata and T. parva, the causative agents of tropical or Mediterranean theileriosis and ECf, respectively. Other species, such as Theileria mutans, Theileria
taurotragi, and members of the T. orientalis complex, are usually considered to
cause asymptomatic infections in livestock. Theileria parva is transmitted to cattle
by Rhipicephalus appendiculatus (East Africa) or R. zambeziensis (South Africa)
and causes ECf [35]. Tropical theileriosis is caused by Theileria annulata and
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transmitted by Hyalomma spp. It is characterized by lymph nodes swelling, high
fever, and dyspnea [37].
Babesiosis is another tick-borne protozoal disease. Bovine babesiosis is
caused by Babesia bovis and B. bigemina. These protozoans are transmitted by
Rhipicephalus microplus and R. annulatus. In bovines, animals having babesiosis
show clinical signs including hemoglobinuria, jaundice, rapid breathing, and high
fever [38]. In canines, Babesia canis causes piroplasmosis. B. canis is transmitted to
dogs by R. sanguineus and D. reticulatus. In humans, B. microti and B. divergens are
responsible for babesiosis [39].

7. Conclusion
Ticks prevalent in the dairy or poultry industries lead to economic losses either
by direct damage to hide and stress to animals or indirectly by pathogens that they
transmit to animals and humans. Prevalence of ticks and tick-borne pathogens is
influenced by environmental factors and quarantine measures. Tick control at any
level can prevent the outbreak of diseases caused by tick-borne pathogens.
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