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ABSTRACT

Ticks are the most important ancient group of obligate blood-sucking ectoparasites of terrestrial vertebrates mainly of livestock. These small-sized
animals are found in tropical and sub-tropical regions of the world. These act as vectors and transmit a wide range of protozoa, bacteria and viruses tick-
borne diseases. These attach to host skin for blood-sucking and transmit disease pathogens through saliva. Ticks withdraw large volumes of blood from
livestock and make them anemic and do significant weight loss. Ticks cause severe economic losses in livestock directly through blood-feeding and
indirectly by transmitting protozoan, rickettsial and viral diseases This article highlights toxins/proteins secreted in tick saliva, and its important
biological effects like anti-inflammatory, immunosuppressant peptide, and immunomodulatory and anti-chemokine activities. The present article clears
host-pathogen interactions and invasion of a host by ticks, biological effects of tick saliva toxins and its host immune responses. These toxins could be
used as immunoreactive proteins as a prerequisite for the development of specific and sensitive immunoassays for the determination of tick-borne
illness. The authors suggest important management strategies for successful control of cattle, bird and canine ticks. This article also suggests tick control

methods such as physical, chemical, hormonal and including prophylactic use of antibody and vaccine immune therapy.
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INTRODUCTION

Ixodid ticks are arachnids, having a body length of 3 to 5 mm, belong
to superorder Parasitiformes. Along with mites, they constitute the
subclass Acari. Ticks are obligate blood-sucking ectoparasites of
terrestrial vertebrates mainly mammals, birds, reptiles and
amphibians. These also cause severe consequences to human and
animal health worldwide. There are a number of arthropods of
medical importance, including vespids, ticks, mosquitoes, flies, and
fleas mites and ticks. These small-sized animals spread diseases
working as vectors. These produce deadly toxins and cause lethal
allergic reactions. They are major vectors of arthropod-borne
pathogens in both tropical and sub-tropical and even in temperate
countries [1-3]. Ticks transmit a number of different types of
pathogens (viruses, rickettsiae, and spirochete), bacteria, fungi,
protozoa, and filarial nematodes. These were evolved over millions
of years [4]. They are exclusively hematophagous in all feeding
stages of their life cycle and have considerable medical and
veterinary importance [5] (table 1).

Ticks are blood feeders that can attach to the host skin for days to weeks
using their saliva to counteract the host defenses. Ticks cause damage
directly by affecting the site of infestation, or indirectly as vectors of a
wide range of protozoa, bacteria and viruses tick-borne diseases
ultimately lead to lower productivity of livestock populations. Hard ticks
are characterized by hard shields or scutum [6-9]. Hard ticks possess a
beak-like structure at the front containing the mouthparts; whereas soft
ticks have their mouthparts on the underside of their bodies. Adults have
ovoid or pear-shaped bodies, which become engorged with blood when
they feed, and eight legs. Ticks possesses hard shield on their dorsal
surfaces. There is another big family Argasidae of ticks, which
represents’ soft ticks' and lack hard shield. Ixodidae is the family of hard
ticks or scale ticks one of the two big families of ticks. It consists of over
700 species [10, 11]. Currently, 904 valid tick species have been listed
throughout the world [12-17] (table 1).

Ticks evolved by the Cretaceous period, the most common form of
fossilization being amber immersion. Ticks are widely distributed
around the world, especially in warm, humid climates. Hyalomma
anatolicum and Haemaphysalis bispinosa was observed inside the
cattle sheds. ixodid ticks in Maharashtra, India, was undertaken during
1976 to 1978 [18]. Haemaphysalis bispinosa and R (B.) microplus are

prevalent throughout India, while H. spinigera is restricted to southern
states, central zones, Orissa and Meghalaya [18]. A total of 23 species
of ticks were reported in domestic and wild animals from the different
parts of Kerala State [19, 20]. Ticks salivary glands secrete toxins and
passed into the blood through feeding, make livestock anemic and
cause great economic losses to the livestock worldwide [21]. Ticks also
secrete various anti-coagulatory, anti-vasoconstrictory, anti-
inflammatory, and anti-platelet aggregation factors in their saliva at
the bite site during feeding to evade human and other animal hosts
[22]. Tick saliva is used as an invading liquid that imposes multiple
severities in host and do impairment of physiological health [22]. Ticks
are responsible for the spread of diseases like Anaplasmosis,
Babesiosis and Ehrlichiosis (table 1) (fig. 1).

Source of information

For writing this comprehensive research review on hymenopteran
toxins/allergens, various databases were searched. For the collection
of relevant information, specific terms such as medical subject
headings (MeSH) and key text words, such as “venom allergens”,
“biological and pharmaceutical effects”, therapeutic uses” published
till 2020 were used in MEDLINE. Most specially for retrieving all
articles pertaining to the use of VIT for insect venom allergy,
electronic bibliographic databases was searched and abstracts of
published studies with relevant information on the venom
toxins/allergens were collected. Furthermore, additional references
were included through searching the references cited by the studies
done on the present topic. Relevant terms were used individually
and in combination to ensure an extensive literature search. For
updating the information about a subject and incorporation of
recent knowledge, relevant research articles, books, conferences
proceedings and public health organization survey reports were
selected and collated based on the broader objective of the review.
This was achieved by searching databases, including SCOPUS, Web
of Science, and EMBASE, Pubmed, PMC, Publon, Swiss rot, Google
searches” From this common methodology, discoveries and findings
were identified and summarized in this final review.

Tick habitat

Ticks usually live in sandy soil, hardwood trees, and rivers, with an
overt story of trees or at least shrubs. These also live in crevices near
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animal dens or nests, found inside human dwellings where dwell in
dark and very silently attacks roosting birds. These are slow-moving
tiny creatures incapable of flying or jumping. These completely
depend on blood meals from hosts and have successfully developed
counteractive means against their hosts' immune and homeostatic
mechanisms. They move by sensing carbon dioxide released in the
breath of their hosts [23]. They deposit their eggs in dark places,
mainly in crevices in the spring season, where new larvae can
emerge, fall and crawl into low-lying vegetation. The most preferred
place for ticks is the interface where a lawn meets to a patched
grassy ground. Ticks live on the side lawn's edge where they crawl
swiftly are a tick migration zone. More than 82% of tick nymphs
reside inside lawns [24]. Ixodid ticks are also found in the vegetation
grounds where antelopes and other herbivores come to forage in
closed enclosures; where ticks show free-living intensively in large
numbers. Ticks found in open grasslands to urban woody material,
carpets, doormats and cloth seats. They also found in Antarctica,
where they found stuck on penguins and feed upon their blood [25].
Ticks found in high-density sticks over the ears, groin, tail and anal
region of mammals. Ticks can survive temperatures in the 20-29 °F
temperature for at least two weeks. They can withstand
temperatures just above 0 °F (=18 °C) for more than two hours.

Tick life cycle

Ticks have four stages in their life cycle, namely egg, larva, nymph,
and adult. Ixodid ticks have three hosts, taking at least a year to
complete their life cycle. Argasid ticks have up to seven nymphal
stages (instars), each one requiring a blood meal. Early-stage or
hatching stage early larva possesses six legs, acquiring the other two
after a blood meal and molting into the nymph stage [26]. Both
nymphal and adult stages, of ticks possess eight legs, each of which
has seven segments and is tipped with a pair of claws. Their soft tiny
legs bear sensory or tactile hairs which help them to find a suitable
site on host skin [27]. Ticks attach to a host bite. They remain to
engorge deep into the skin and regularly suck blood this process
may take days or weeks. All life stages of ixodid ticks have a
destructive pool-feeding style in which they create a pool-feeding
site by lacerating host tissue and secreting a variety of biologically
active compounds. These compounds make the ticks to evade host
responses, enabling the uptake of a blood meal [28].

Ticks detect animal host by breathing carbon dioxide and body
odors. They also sense through body heat, moisture, and vibrations
[29]. Upon locating a suitable feeding spot, the tick grasps the host's
skin and cuts into the surface [30]. They extract blood by cutting a
hole in the host's epidermis, into which insert their hypostome and
keep the blood from clotting by excreting an anticoagulant or
platelet aggregation inhibitor [31-32]. Ticks are also widely
distributed among host Texas, which include marsupial and
placental mammals, birds, reptiles (snakes, iguanas, and lizards),
and amphibians [33]. Because of their habit of ingesting blood, ticks
are vectors of many diseases that affect humans and other animals.
Migrating birds carry ticks with them on their journeys. Ticks of
domestic animals cause considerable harm to livestock by
transmission of many species of pathogens, as well as causing
anemia and damaging wool and hides [34] (table 1)(fig. 1).

One-host ticks

Both ixodid and argasid ticks have four lifecycle stages: egg, larva,
nymph, and adult [35]. Female ticks lay eggs that hatch into larvae,
immediately after development they need a host for nourishment.
Fed larvae molt into unfed nymphs that remain on the host. After
engorging on the host's blood, the nymphs molt into sexually mature
adults that remain on the host in order to feed and mate. Once a
female is both fed and ready to lay eggs, only then does she drop off
the host in search of a suitable area to deposit her eggs. Winter tick
Dermacentor albipictus and the cattle tick Boophilus microplus are
examples of one-host ticks [36]. Experimental transmission of
bovine anaplasmosis (caused by Anaplasma marginale) by means of
Dermacentor variabilis and D. anderson (Ixodidae) collected in
western Canada [37]. Epidemiology and ecological significance of
infection is important to quantify the clinical and socio-economic
impact of the disease cause [38] (table 1).
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Two-host ticks

Newly hatched larvae attach to a host in order to obtain a blood
meal. They remain on the host after developing into nymphs. After
emerging from their shed larval skins, the nymphs reattach to the
host and feed. Once engorged, they drop off the host and find a safe
area in the natural environment in which to molt into adults. Both
male and female adults seek out a host on which to attach, which
may be the same body that served as host during their early
development. Once attached, they feed and mate. Females ready to
lay eggs drop from the host to oviposit in the environment. Ticks
that complete their life cycle in this manner are called two-host
ticks, like Hyalomma anatolicum excavatum [39] (table 1).

Three-host ticks

Most ixodid ticks require three hosts, and their life cycles take at
least a year to complete. Thousands of eggs are laid on the ground by
an adult female tick. When the larvae emerge, they attach and feed
primarily on small mammals and birds. After feeding, they detach
from their hosts and molt to nymphs on the ground, which then
attach and feed on larger hosts before dropping off yet again in
order to molt into adults. Adults seek out a third host on which to
feed and mate. Female adults engorge on blood and prepare to drop
off to lay her eggs on the ground, while males feed very little and
remain on the host in order to continue mating with other females
[39] (table 1).

Transmission of diseases

Ticks are the most important ectoparasites of livestock in tropical
and sub-tropical areas. These are responsible for severe economic
losses both through the direct effects of blood-sucking and indirectly
as vectors of pathogens and toxins. Ticks rely on blood meal for
which they obtain from vertebrate hosts at each developmental
stage for completion of their life cycle. Blood feeding severely
impacts animal health by causing damage to hides, secondary
infections, immune reactions and diseases caused by the
transmission of pathogens. Feeding of a large amount of ticks, causes
a reduction in live weight gain and anemia among domestic animals,
while tick bites also reduce the quality of hides. Black-legged tick
Ixodes pacificus (Acari: Ixodidae) spread the pathogen,
Ehrlichiacasis. Ixodes scapularis (L.) is the most abundant tick
species encountered by humans and the primary vector of B.
burgdorferi found in East and Upper Midwestern regions of North
America. Ticks and tick-borne diseases (TBDs) undermine cattle
fitness and productivity worldwide. Ticks also feed on birds,
domestic and wild animals. Birds, particularly passerines, are
parasitized by Ixodid ticks (table 2). Ticks infest cattle in large
numbers. Ticks and tick-borne diseases are a major impediment to
livestock production worldwide. Ticks are also spread through cattle
trade and transnational transhumance movements. These create
risks for the spread of ticks and tick-borne diseases and threaten
cattle production. Ticks spread tick-borne pathogens, like Borrelia
spp., Babesia spp. Anaplasma, Rickettsia/Coxiella, and tick-borne
encephalitis virus. Theileria parva is a protozoan parasite, which
causes the tick-transmitted disease East Coast fever in cattle.
Theileria are tick-transmitted protozoans causing often fatal
diseases in ruminants. However, the major losses caused by ticks are
due to the ability to transmit protozoan, rickettsial and viral diseases
of livestock, which are of great economic importance worldwide
[40]. Ticks and tick-borne diseases (TBDs) affect the productivity of
bovines in tropical and subtropical regions of the world, leading to a
significant adverse impact on the livelihoods of resource-poor
farming communities [40] (table 2).

Ticks transmit a wide range of viral, bacterial and protozoan
pathogens; many of them establish persistent infections of lifelong
duration in the vector tick. In some cases, tick-borne diseases are
transmitted transovarially to the next generatiomboffiek

anaplasmosis and ehrlichiosis are clinically important emerging
zoonoses ticks belonging to three genera (Rhipicephalus, Hyalomma,
Haemaphysalis). Tick-borne relapsing fever in North America is
primarily caused by the spirochete Borrelia hermsii. Babesial vector
tick defensin against Babesia sp. Parasites Wild canines and white-
tailed deer found infected with Borreliae in ticks, and transmit tick-
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borne viruses (TBV) (table 2). Most of them are RNA viruses of
humans and animals. Tick-borne diseases are also spread by birds
which feed on Borrelia burgdorferi Sensu Lato-infected black-legged
mites and nematodes.

More especially ticks are indirectly assisting in controlling animal
populations and preventing overgrazing by spreading diseases in
grazers [42]. Ticks are also spread by movements of people, their
pets, and livestock. All outdoor activities like wilderness hikes, more
people and their dogs may find themselves exposed to ticks and tick-
borne diseases [43]. Ixodid ticks are well known for spreading
transmitted tick-borne pathogens while being attached to their
hosts for almost 1-2 w to obtain blood meals. Four members of the
Ixodes ricinus species complex, Ixodes pacificus, Ixodes persulcatus,
Ixodes ricinus and Ixodes scapularis, have, between them, a
worldwide distribution within the northern hemisphere (table 2).

Ixodes ricinus is a major pest of sheep, cattle, deer, dogs and
humans. Few medically important ixodid ticks include Amblyomma
spp, Anomalohimalaya spp, Bothrio crotons spp, Cosmiomma sp,
Dermacentor spp, Haemaphysalis spp, Hyalomma spp, Ixodes spp,
Margaropus spp, Nosomma sp, Rhipicentor spp, and Rhipicephalus
spp. Ixodes ricinus a free living tick has been intensively studied [45].
The nymph of the western black-legged tick (Ixodes pacificus) is an
important bridging vector of the Lyme disease spirochete (Borrelia
burgdorferi) to humans in the far western United States [46]. These
show horizontal and vertical movements of host-seeking Ixodes
pacificus (Acriixodidae) nymphs in a hardwood forest. Two main
species of ticks are Ixodes hexagons or brown Ixodid ticks live on the
bodies of domestic and wild animals and on vegetation (table 2).

Tick-borne diseases

Ticks are implicated in the transmission of a number of infectious
diseases caused by various groups of pathogens such as bacteria,
viruses, and protozoa. Ticks spread infectious diseases such as Lyme
borreliosis, ehrlichiosis, anaplasmosis, babesiosis. In last four
decades due to the movement of human population and domestic
and wild animals, trade and traffic ticks are arriving into new
endemic regions of the world. Exposure of tick-borne pathogens is
increasing in geographic ranges that are resulting in heavy
morbidity and mortality. Ticks induce paralysis, as an arachnid that
is more dangerous than envenomation [47]. Hyalomma and Ixodes
ticks infest migratory birds in the European Mediterranean Islands:
Capri and Antikythira. These are responsible for spreading of
spotted fever caused by Rickettsia species [48] Borrelia burgdorferi
infection is common in horses while Borrelia miyamotoi in humans.
Living in Lyme endemic areas and the geographic range of exposure
is increasing. The C. burnetii strains belong to the group of agents
causing acute forms of Q fever [49] (table 2) (fig. 1).

Anaplasmosis is an emerging zoonotic disease with a natural
enzootic cycle. This diseases is spread by Ixodes ricinus is the
principal vector of Anaplasma phagocytophilum. Theileria annulata
is a tick-transmitted protozoan parasite of cattle, which transforms
cells of macrophage (Mphi) or B cell lineage [50]. Theileria
sporozoites immortalize and transform host cells of haematopoietic
origin [50]. Ticks Ixodes scapularis and Ixodes ricinus are infected by
Borrelia burgdorferis and S. Ehrlichia ruminantium.

Ticks are efficient vectors of arboviruses, although less than 10% of
tick species are known to be virus vectors. Ticks transmit viruses of
flaviviridae virus family mainly Kyasanur Forest Disease Virus
(KFDV). Anaplasma phagocytophilum causes human granulocytic
anaplasmosis, one of the most common tick-borne diseases in North
America. This unusual obligate intracellular pathogen selectively
persists within polymorphonuclear leukocytes. Tick also transmits
Tofla virus; a Nairovirus of the Crimean-Congo hemorrhagic fever
group found in Japanese ticks (table 2).

Ticks spread infection of bacterial genus Rickettsia mainly typhus,
rickettsialpox, boutonneuse fever, African tick bite fever, Rocky
Mountain spotted fever, Flinders Island spotted fever, and
Australian tick typhus [51]. Ticks also transmit pathogens of other
diseases include Lyme disease and Q fever [52], Colorado tick fever,
Crimean Congo hemorrhagic fever, tularemia, tick-borne relapsing
fever, babesiosis, ehrlichiosis, Bourbon virus, and tick-borne
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meningoencephalitis, as well as bovine anaplasmosis and Heartland
virus [53]. The tick Ixodes holocyclus cause envenomation in the
horse and induce hemorrhagic fever [54] (table 2) (fig. 1).

The ixodid genus includes important disease vectors of animals and
humans. Ticks transmit disease organisms such as the bacterium
Borrelia burgdorferi, which causes Lyme disease, and tick-borne
encephalitis (TBE) virus through saliva. In addition the protozoan
Babesia and the bacterium Anaplasma cause diseases in livestock.
Rocky Mountain spotted fever, a systemic tick-borne illness is
caused by an obligate intracellular bacterium Rickettsia rickettsii.
This is associated with widespread infection of the vascular
endothelium [55]. Ticks carry zoonotic disease viruses from animals
to humans and generate severe health-related consequences to man,
livestock, dogs, sheep, cows, buffaloes, antelopes, horses, ferrets, and
cats [56] (table 2) (fig. 1).

Tick-borne babesiosis

Tick-borne babesiosis is an emerging zoonosis. This is a well-
recognized malaria-like disease prevail worldwide [57]. Babesiosis
is an important tropical tick-borne haemoprotozoan disease occurs
in dogs. This is a potentially life-threatening illness caused by intra
erythrocytic protozoan parasites of the genus Babesia. This
pathogen is transmitted most commonly by Ixodes ticks, it also
rarely occurs through blood transfusion or congenitally. This is
clinically manifested by anorexia, dehydration, temperature,
dullness/depression,  diarrhea/constipation, pale  mucosa,
hepatomegaly, = vomiting/nausea,  splenomegaly, distended
abdomen/ascites, yellow coloured urine, emaciation/weight loss,
and ocular discharge [58]. Antibiotics such as atovaquone plus
azithromycin or clindamycin and quinine are used to treat this
disease. The disease causes heavy mortality in high-risk populations
in spite of antibiotic therapy [59] (table 2) (fig. 1).

Tick-borne paralysis

Tick-induced paralysis is the most widespread and dominant form of
tick toxicoses is caused by Amblyomma aculatum on the Mexican
Pacific Coast [60]. Australian paralysis is caused by tick Ixodes
holocyclus [61]. This tick species secrete toxins that produce positive
inotropic responses in rat left ventricular papillary muscles and
positive contractile responses in rat thoracic aortic rings [61]. Tick-
borne relapsing fever is evoked by spirochetes which are blood-
borne pathogens transmitted through the saliva of soft ticks [62].
Destruxin A secreted by Rhipicephalus (Boophilus) microplus ticks
(Acari: Ixodidae) causes tetanic paralysis [63] (table 2) (fig. 1).

Tick-borne encephalitis

Ticks are important vectors for the transmission of pathogens
including viruses. Tick-borne encephalitis virus (TBEV) and Omsk
hemorrhagic fever virus (OHFV) are highly pathogenic ticked-borne
flaviviruses. These are leading causes of encephalitis that is an
emerging disease, spreading in many regions in Eurasia in dogs.
Dogs become readily infected with the TBE virus, but they are
accidental hosts not capable to further spread the virus. TBEV
causes neurological disease in humans, while OHFV causes a disease
typically identified with hemorrhagic fever [64]. Tick secrete a
highly paralytic and lethal venom cocktail of proteinaceous
molecules contain neurotoxins HT-1, present in the saliva ticks
despite several species possessing saliva of the Australian paralysis
tick [65]. Tick bites causes anaphylaxis in patients allergic to bee
venom. Ticks are also responsible for the transmission of several
animal and human pathogens, including the causal agents of Lyme
borreliosis,  tick-borne  encephalitis, human  granulocytic
anaplasmosis and human babesiosis [66]. Powassan virus is a
neurovirulent flavivirus that causes meningoencephalitis in North
America and display severe neurological symptoms [67] (table 2).

Tick also harbors endogenous viruses and modulation of tick-borne
pathogen growth. The viruses carried by tick’s also known as tick-
borne viruses (TBVs), contain a large group of viruses with diverse
genetic properties and are concluded in two orders, nine families,
and at least 12 genera. Tick-borne encephalitis virus (TBEV) is a
major arbovirus that causes thousands of cases of severe
neurological illness in humans annually [68]. The salivary gland
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secretions in the hematophagous parasites, blood sucking arthropods
such as ticks have a greater role to counteract their vertebrate host’s
homeostasis, inflammation, and immunity [69]. Tick saliva contains
microbiome communities of microorganisms, including viruses,
bacteria and eukaryotes [70]. The obligate intracellular bacterium
Ehrlichia ruminantium (ER) causes hot-water, a fatal tick-borne
disease in livestock [71]. Ehrlichia chaffeensis is a tick-transmitted
obligate intracellular pathogenic bacterium, which causes human
monocytic ehrlichiosis and putative host cell targets during infection
[72] (table 2) (fig. 1).

Lumpy skin disease

The Lyme disease-causing organism, Borrelia burgdorferi is
transmitted into the mammalian host by an infected-tick bite Lumpy
skin disease (LSD). This causes economic losses to the cattle
industry in Africa and the near and Middle East. Ixodid ticks include
the genera Rhipicephalus (i.e.,, brown dog tick), Dermacentor (i.e.,
American dog tick, Rocky Mountain wood tick, Pacific or West Coast
tick), Ixodes (i.e., shoulder tick of North America, deer tick, British
dog tick [Europe], Amblyomma (black-legged tick, Lone Star tick),
and Haemophysalis yellow dog ticks [Africa and Asia] and cause
lumpy skin disease (table 2) (fig. 1).

Lyme disease

Ixodid ticks are notorious bloodsucking ectoparasites and are
completely dependent on blood meals from the hosts. Lyme
borreliosis is caused by Ixodes-tick transmitted spirochete Borrelia
burgdorferi consulate bacteria transmitted to humans by the bite of
hard ticks, Lyme disease is the commonest worldwide [75]. This
disease is a potential health threat to the Canines mainly dogs, and
lives stocks. It manifests with arthritis-induced lameness, anorexia,
fever, lethargy, lymphadenopathy and, in some cases, fatal
glomerulonephritis The Lyme disease, parasite Borrelia burgdorferi,
possesses a number of outer membrane proteins that are differentially
regulated during its life cycle. During natural infection with the agent
of Lyme disease, Borrelia burgdorferi, spirochetes are delivered with
vector saliva, which contains anti-inflammatory and antihemostatic
activities [74] (table 2) (fig. 1). The vaccine could be an efficient
approach to decrease Lyme disease incidence.

Rickettsioses

Rickettsioses have epidemiological importance that includes
pathogens, vectors, and hosts is caused by dog tick Rhipicephalus
sanguineus and the camel ticks Hyalomma dromedarii. These are
important vectors and reservoirs of Rickettsiae vectors of
Rickettsioses (Acari: Ixodidae) infected male ticks do sexual
transmission of spotted fever group rickettsiae. Rickettsiae have
been detected in spermatogonia, spermatocytes, and maturing
spermatids [75] (fig. 1).

Bacterial diseases

Common marmosets are susceptible to a number of bacterial
infections, which may be exotic, causing sporadic but occasionally
severe disease. They secrete potential toxic molecules in the blood
remains Ixodid ticks, in combination with bacterial transmission;
induce a robust inflammatory response at the blood-feeding site.
Hard Tick Amblyomma variegatum causes theileriosis is a blood
piroplasmic disease that adversely affects the livestock especially in
tropical and sub-tropical countries. It is caused by haemoprotozoan
found in hard ticks (table 2).

Tick-borne pathogens (TBPs), especially Anaplasma
phagocytophilum, cause disease in grazing livestock. Human seven-
trans-membrane (7TM) G protein-coupled chemokine receptor is a
large family of leukocyte chemo-attractant receptors. It regulates
immune system development and function, in large part by
mediating leukocyte trafficking during infection or wound healing.
Borrelia species generate the production of four inflammatory
cytokines. Tick-host interactions during feeding are complex, with
host immune responses influenced by biological differences in tick
feeding and individual differences within and between host species.
One of the first encounters for spirochetes entering the vertebrate
host skin occurs with local antigen-presenting cells. While to tick-
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associated Borrelia sp. evoke pathogens cytokine responses in THP-
1-derivedmacrophages after exposure to selected borreliae,
including a non-pathogen [76]. It is a multiprotein complex (T4Es)
allows the bacteria evade host defenses and, to subvert host cell
processes to their own advantage [77] (table 2) (fig. 1).

Endosymbionts in soft ticks

Bacterial endosymbionts of ticks are of interest due to their close
evolutionary relationships with tick-vectored pathogens. For instance,
whereas many ticks contain Francisella-like endosymbionts (FLEs),
others transmit the mammalian pathogen Francisella tularensis [78].
D. variabilis is normally highly resistant to American dog tick
(Dermacentor  variabilis)  tick/fungus  association.  Harbour
Metarhizium anisopliae, a widely-distributed entomopathogenic
fungus. Female ticks harbor S. brevicaulisa mycobiont internally [79].
Coxiella burnetii, the logic agent of acute Q fever and chronic
endocarditis, is an intracellular form that occupies a large lysosome-
derived acidic vacuole. C. burnetiia bacterium grows with in
mammalian cells obligate intracellular replication in a hostile manner
[80]. Ixodes scapularis and Dermacentor andersoni, infected with an
endosymbiont, Rickettsia peacockii Lyme disease spirochete, Borrelia
burgdorferi. Rickettsia peacockiiis a non-pathogenic obligate
intracellular bacterium found as an endosymbiont in Dermacentor
andersoni ticks in the western USA and Canada. Its presence in ticks is
correlated with reduced prevalence of Rickettsia rickettsii, the agent of
Rocky Mountain spotted fever [81] (table 2).

Biological effects

Tick saliva exhibits catalytic, vasodilator, anticoagulant, anti-
inflammatory, and immunosuppressive activity. Salivary fluid also
mediates several other biological functions such as secretion of cement
and hygroscopic components, as well as the watery component of blood
as regards hard ticks. Ixodid tick salivary gland extracts inhibit the
production of lipopolysaccharide-induced mRNA of several different
human cytokines female Rhipicephalus appendiculatus [82]. RGD-toxin
protein, Lj-RGD3 is isolated from the buccal gland secretion of Lampetra
japonica. It shows diverse biological activities [83]. Tick saliva contains
of blood clotting factors Xa and XIa, trypsin and plasmin that shows anti-
haemostatic functions (fig. 1).

Effect of blood cells

Amblyomma americanum tick possesses Serpinl9, an inhibitor of
blood contains an inhibitor of blood clotting factors Xa and Xla,
trypsin and plasmin that shows anti-haemostatic functions (fig. 1).
Tick saliva reduces adherence and area of human neutrophils. Saliva
of ixodid ticks reduces polymorphonuclear leukocyte (PMN)
adhesion via downregulation of f2-integrins and decreases the
efficiency of PMN in the uptake and killing of spirochetes. Ticks
transmit human granulocytic ehrlichiosis caused by obligate
intracellular pathogens, Anaplasma phagocytophilum. This organism
is unique because it survives and propagates in neutrophil vacuoles
[84]. It shows respiratory burst in A. phagocytophilum-infected
neutrophils. The ixodid tick Dermacentor marginatus is a vector of
many pathogens widespread in Eurasia. Its genes are differentially
expressed after blood-feeding and long-term starvation. Ticks as
blood-sucking parasites possess specific factors in salivary glands,
which act as blood coagulation proteases or specific blood
coagulation inhibitors [85]. B-cell inhibitory protein factor found in
Ixodes ricinus tick saliva shows a potential role in enhanced Borrelia
burgdoferi transmission [86]. Tick, Ornithodoros savignyi also induce
paralysis and toxicosis in rats. It salivary gland toxins TSGP4 impose
pathological effects on the cardiac system, and cause Mobitz type
ventricular block, while TSGP2 induced ventricular tachycardia [87]
(table 2) (fig. 1).

Effect on skin cells

Ticks are hematophagous arthropods which use salivary molecules to
ensure their unnoticed and prolonged attachment to the host skin. These
attach to host skin for blood-sucking and transmit disease pathogens
through saliva. In order to feed, tick chelicerae cut the host epidermis
and their hypostome penetrates through the layers of the skin. Tick
make cutaneous injury by mouthparts, and inject saliva that inhibits
wound healing. Tick soft clinging type attachment helps them to attach
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to biological plug system. The majority of ticks in the family Ixodidae
secrete a substance anchoring their mouthparts to the host skin. This
substance is termed cement. Ticks salivary secretions cause intense pain
and itch, homeostasis, inflammation, innate and adaptive immunity. Tick
transmit diverse array of infectious agents they transmit etiological
bacterium, Borrelia burgdorferi sensu lato (Bbsl). Cytotoxins of P.
haemolytica generate fever in sheep and enhance the number of PMN
cells [88] (table 2) (fig. 1).

Protease inhibitors

Protease inhibitors: Serine Protease inhibitors (PIs) are important
regulators of physiology and represent anti-parasitic druggable and
vaccine targets. Amblyommaa americano and other ixodid tick
possess protease inhibitor (PI) repertoire. Tick saliva serine
protease inhibitors (serpins) facilitate tick blood meal feeding
through the inhibition of protease mediators of host defense
pathways. Exists mediate the anti-inflammatory effects of a
multifunctional serpent from the saliva of the tick Ixodes ricinus
secreted by female A. americanum ticks (serpins) are structurally
related but functionally diverse family of ubiquitous proteins. Serpin
from the saliva of the tick Ixodes ricinus displays high affinity for
human leukocyte elastase of act as immunosuppressor (Iris) Iris also
displays pleotropic effects because it interferes with both the
immune response and hemostasis of the host [89]. Egg-toxins from,
Boophilus  microplus, Boophilus decoloratus and Hyalomma
truncatum were found to be inhibitors of trypsin and in two cases
also of chymotrypsin [90]. Protease inhibitors (PIs) are important
regulators of physiology and represent anti-parasitic drugs and
vaccine targets (table 2) (fig. 1).

Immune responses

Tick saliva contains a complex mixture of peptides and non-peptides
that counteract their hosts' homeostasis, immunity, and tissue-
repair reactions. The ixodid ticks salivary glands (SG) secreted saliva
contains a rich mixture of anti-hemostatic, anti-inflammatory, and
immune modulator anti-coagulatory, anti-vasoconstrictory, and
anti-platelet aggregation factors. Tick saliva produces itching or pain
and initiate blood-feeding by making an incision in skin cells. Ticks
inject toxins which generate cellular and humoral responses. There
are thousands of different transcripts have been detected which
codes for secreted polypeptides in a single tick species. Ticks bear
antigen families evasions, Isac, DAP36, and many others on their
surface. Tick salivary cystatin sialostatin L2 suppresses Type I
interferon responses in mouse dendritic cells. IFN is produced by
dendritic cells (DCs) in response to tick saliva proteins. Sialostatin L
(SialoL) is a secreted cysteine protease inhibitor identified in the
salivary glands of the Lyme disease vector. Tick solicitation L shows
immunomodulatory action on dendritic cells and interfere in
autoimmunity. LPS-induced maturation of dendritic cells from
C57BL/6 mice get significantly decreased when exposed to SialoL
[91] (table 2) (fig. 1).

Tick-borne pathogens cause potent infections. These pathogens
generalized modulate host innate and adaptive immune responses.
This is called “saliva-activated transmission” and enables tick-borne
pathogens to evade host immune responses. Few important salivary
components of ticks induce immunomodulation also neutralize
elements of innate immunity or inhibit the development of adaptive
immunity. Lipopolysaccharide (LPS) stimulates the innate immune
response in arthropods. Langerhans cells present tick antigens to
lymph node cells tick-sensitized guinea-pigs. Resistance to the
feeding activities of ixodid ticks is an acquired, immunologically-
mediated phenomenon in guinea-pigs, associated with cutaneous
hypersensitivity to tick antigens. Guinea-pig skin cells also showed
resistance to D. Anderson larvae due to the generation of cell-
mediated immune responses.

Tick saliva toxins act as allergens also induce severe IgE-associated
allergic reactions, including fatal anaphylaxis, upon subsequent
saliva toxin exposure [92]. Ticks secrete holocyclotoxins that
triggers host paralysis by causing inhibition of presynaptic nerve
cells. These induce severe/toxicoses in their hosts. Borrelia species
affect differentiation THP-1 Cells while Ehrlichia chaffeensis an
intracellular pathogenic bacterium causes monocytic ehrlichiosis in
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man [93]. Tick saliva inhibits differentiation, maturation and
function of murine bone-marrow-derived dendritic cells More
specifically salivary cystatins from the hard tick Ixodes scapularis,
sialostatin L (Sialo L) and sialostatin L2 (Sialo L2), influence mouse
dendritic cells exposed to Borrelia burgdorferi and relevant Toll-like
receptor ligands (table 2).

Ticks as vectors secrete immunosuppressant peptide, and,
immunoreactive proteins and antimicrobial peptides which also used
in host defense. Its LPS activate expression of immune genes, including
those for antibacterial peptides. Few non-coding small RNAs regulate
synthesis of these peptides at the post-transcriptional level [94]. Tick
harbor rickettsiae that spread spot fever in cattle and human [95].
Rickettsiae produce two immune dominant outer membrane proteins;
rickettsial, Omp A (rOmp A) and rOmpB which are strong antigen and
could be used for vaccine production. Besides this, ticks secrete
hundreds to thousands of proteins into the feeding site in saliva. These
salivary components play an important role in the modulation of host
defense mechanisms [96]. Few of them neutralize elements of innate
immunity or inhibit the development of adaptive immunity. Similar
immunomodulatory effects are also caused by Australian tick Ixodes
holocyclus in toxicosis. It causes paralysis in domestic animals such as
dogs and cats, livestock, and humans. Tick saliva exposed to Borrelia
burgdorferi,  Anaplasma  phagocytophilum dihydrolipoamide
dehydrogenase 1 affects host-derived immunopathology during
microbial colonization [96]. Similar immunomodulation is also found
in other hematophagous arthropod vectors such as mosquitoes, tsetse
flies and sand flies which are responsible for pathogen transmission
[97]. For treatment of neurologic diseases immunoglobulin therapy is
provided [98] (table 2).

A thiomersal-free and albumin-free tick-borne encephalitis-vaccine
(TBE-vaccine) was developed in Australia 2000 for the treatment of
tick borne toxicosis [99]. Monoclonal antibodies synthesized against
single antigen are used to neutralize paralysis toxin of Rhipicephalus
evertsi evertsi, Rhipicephalus appendiculatus, Boophilus microplus
and Ixodes holocyclus ticks [100]. A recombinant veterinary vaccine
is also developed to neutralize the effect of tick neurotoxin peptide
sequence. Though, this vaccine is successful, cost-effective, and
provides long-term protective immunity against tick-induced
paralysis [101]. The vaccine is also administered to decrease the
Lyme disease incidences [102]. However, for the development of
vaccines or protection against Anaplasma marginale type IV
secretion system proteins VirB2, VirB7, VirB11, and VirD4 are used
as immunogenic components. These show effective serological
responses in man [103]. Other approaches (ivermectin) are also
tried for the development of tick vaccines for prophylactic use [104].
In present time for treatment of tick paralysis polyclonal dog
antiserum is provided for prophylaxis (table 2).

For the immunization of cattle, an Anaplasma marginale fraction
enriched the outer membranes (OM) is used, it provides complete
protection against disease and persistent infection. However, for the
preparation of an appropriate vaccine complete genome sequencing
of bacterial parasites is essential to identify the type IV secretion
system (T4SS) [105]. This highly distinctive type IV secretion system
stays as neurotoxins found in tick saliva [106]. More specifically, a
surface protein withz dintegrin binding and channel forming
activities responsible for Borrelia burgdorferi [107] and a
plasminogen receptor BosR (BB0647) released in outer membrane
of Borrelia burgdorferi governs virulence expression could be used
as antigen [108]. Nitric oxide also function as an antimicrobial
effector molecule, it is produced by activating mouse macrophages
in response to viral infection. It is implicated in antiviral defense
mainly against flaviviruses [109]. It is a potent microbicidal and
tumoricidal agent (fig. 1).

Diagnosis

Tick has borne abnormalities and infections such as spotted fever
caused by rickettsiasis can be identified by LPS lipopolysaccharides
antigenicity. Lyme disease caused by ticks is identified by diagnosing
samples on SDS-PAGE gel electrophoresis, enzyme-linked
immunosorbent assay (ELISA) and immunoblotting [110]. These are
also diagnosed by measuring the level of the Immunoglobulin G1
isotype [111]. Western black-legged tick Ixodes pacificus (Acari:
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Ixodidae) was isolated from feeding on naturally infested dogs from
Eastern Austria. Theileria lestoquardi, T. ovis and T. annulata are
detected by molecular methods in the blood of Goats and Ticks. The
identification and functional characterization of tick saliva proteins
can be useful to elucidate the molecular mechanisms involved in tick
development and to conceive new anti-tick control methods. Mast
cells and IgE levels are used to detect tick-borne allergy (fig. 1).

Control

For tick control, few conventional tick control methods such as
spray with chemical acaricides, household disinfectants such as
Jeyes fluid, engine oil, chickens (5.1%), manual removal (5.1%), and
pouricides (1.7%) are used. Farmers also Aloe ferox leaves and bark
of Ptaeroxylon obliquum for the killing of ticks. Farmers collect ticks
by handpicking and kill by dumping them in kerosene oil. For
regular tick prophylactic treatment DDT, flumethrin, Bayticol® are
used at a large scale (table 3) (fig. 2). Though, these are highly toxic
to animals and humans. The synthetic pyrethroid insecticide
phenothrin is in combination with the hormone analogue
methoprene topically applied to flea and ticks. Phenothrin kills adult
ticks, while methoprene kills eggs. Phenothrin kills adult ticks while
Methoprene is used to kill ticks eggs. Flumeltrin B atical ® Peptide
toxin and Nitric oxide are effective in tick-killing. Bifenthrin and
permethrin, both pyrethroids, are also used to control ticks
measures. Besides  these, few  residual insecticides,
FenvaStarEcoCap, Bifen IT, or Precor2000 Plus Aerosol,
FenvaStarEcoCap, Bifen IT, or Precor2000 Plus Aerosol are also to
kill ticks. For the quick killing of ticks’ non-residual, contact space
sprays that contain pyrethrins are used. Natural tick repellents are
also used for the cultural management of ticks (table 3) (fig. 2).
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These highly toxic synthetic acaricides show several negative side
effects because they bio-accumulate at each stage and impose
toxicity to non-target organisms/animals. Tick population also
developed resistance against these chemicals [112]. Hence, various
latest strategies are adopted for the prevention of tick and tick-
borne illness. Few tick avoidance, vector reduction programs,
chemoprophylaxis, and natural repellents of ticks are used [113].
For control of tick population, Tekko Pro IGR is used to stop
development in immature ticks.

Ticks such as Rhipicephalus turanicus are controlled by using
acaricidal plant products [114]. Few antibiotics were found effective
against some ticks, mainly blue ticks. These are carcinogenic and
also attack the nervous systems of other species. RNAi-mediated
gene silencing is also used to block gene regulation of saliva toxins.
This RNAi-mediated gene silencing in tick cells is used to genetically
regulate the tick population (table 3) (fig. 2).

Bacillus thuringiensis (Bt) bio-insecticidal toxins are also used to Kkill
ticks and its associating pathogens. Entomopathogenic fungi spores
also control ticks mainly at enzootic or epizootic levels in their host
populations. But for the use of bio-insecticides and other chemicals
licensed applicators are required [115] because they show
cytotoxicity in human osteosarcoma cells [116], damage membrane
and obstruct organ functions [117]. Efforts should be made for their
targeted release, low exposure period and safe use [118]. Ticks
possess unique natural compounds which show multiple biological
activities [119] much similar to defense molecules found in other
animal groups mainly venomous [120, 121]. For cultural control of
ticks safe land-use has an influence on exposure to tick-borne
pathogens that can be exploited for disease control (table 3) (fig. 2).

Table 1: Important pathogenic diseases transmitted by ticks

Diseases Pathogen or causal agent Tick vector Source
Analplasma granulocytosis Anaplasma I scapularis, I. pacificus [37]
Rocky Mountain spotted fever Rickettsia D. variabilis, D. andersoni [51]
Colorado tick fever CTF virus D. andersoni [53]
Babesiosis Babesia I scapularis, . pacificus [57]
Tick paralysis Toxin D. variabilis, D. andersoni [61]
Tick-borne Relapsing Fever Borrelia species Ornithodoros species ticks [62]
Powassan encephalitis Powassan I cookei [67]
Ehrlichiosis. monocytic Ehrlichia A. americanum [72]
Lyme disease Borrelia I scapularis, 1. pacificus [75]
Southern rash illness Borrelia A. americanum [76]
Tularemia Franciscella D. variabilis, A. americanum [78]
Table 2: Important tick borne diseases in man and livestock
Vector Name of disease Pathogen/Parasite Source
Protozoan diseases
H. anatolicum, R. appenticulatus Theileriosis Theileriaannulata, T. parva, T. hirci [50]
R. (B.) microplus. Babesiosis B. bigemina, B. ovis [63]
Haemaphysalisspp Babesiosis B. motasi [66]
H. anatolicum Babesiosis B. equi [66]
Ixodes spp. Human Babesiosis B. divergens [66]
Viral diseases
Hyalommaa natolicum Crimean-Congo haemorragic fever ~ Nirovirus (Bunyaviridae)
Haemophysalisspi nigera Kyasanur Forest Disease Group B Toganvirus (Flavidiridae) [75]
Ornithodorus mobuta African swine fever African swine fever virus [75]
Hyalomma dromedarii African horse sickness Reoviridae (African horse sickness virus) [75]
Rhipicephalus sanguine Ehrlichiosis, Human monocytic Ehrlich iacanis, E. equi [75]
Ehrlichiosis E. chaffeensis, E. senetsu E. phagocytophilia
Bacterial diseases
Dermacentor spp. Tularemia Francisellatularensis [78]
Rhipicephalus appendiculatus Nairobi sheep disease Bunyaviridae [82].
Spirochete diseases
Ixodes ricinus Lyme disease 90.90.90.90 Borreliaburgdorferi [86].

Rickettsial diseases
Amblyoma variegatum
R. sanguineus, Dermacenter andersoni,
R(B.) decoloratus

Indian tick typhus (ITT)

Cowdriosis Anaplasmosis

Cowdriaruminantium Anaplasmamarginale
Rickettsia conorii
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Table 3: Most commonly used acaricides for the control of ticks in the residential landscape

Chemical Some brand or common names* Chemical type and usage Source
Permethrin Astro® Ortho® products Bonide® products Pyrethroid insecticide used in spray [111]
Tengard® SFR Others
Pyrethrin Pyrenone® Kicker® organic solutions all crop Natural pyrethrins with the synergist piperonylbutoxide [111]
commerecial and agricultural multipurpose (PBO) or insecticidal soap are highly effective against
Insecticide® ticks
Carbaryl Sevin® Carbamate insecticide a common garden insecticide [115]
Cynuthrin Tempo® Powerforce™ Pyrethroid insecticide used in spray [116]
Deltramethrin Suspend® DeltaGard® G Pyrethroid insecticide used in spray [117]
lambda-cyhalothrin Scimitar® Demand® Pyrethroid insecticide used in spray [118]

Fig. 1: Showing biological effects of tick saliva toxins
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Fig. 2: Showing different control methods of tick population

Precautions treatment. Keep pastures short by grazing or mowing to minimize

. . . . vegetation where ticks could live.
Wash pet bedding or discard their bedding. Clean area rugs, Steam

clean or vacuum furniture where pets rest. Ticks like to reside in CONCLUSION

crack and crevices; they seek hiding areas for safety, behind . . . . )

baseboards. Fumigate and keep clean window and doormats, Ticks are major vectors which transmit a diverse group of pathogens
frames, and curtains. Regularly spray and bath pets for regular tick and evoke diseases in livestock and make huge losses to veterinary,
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animal farms, pets and wildlife animals worldwide. Ticks harbor a
wide variety of pathogenic, pathogenic and endosymbiotic
microorganisms and transmit them to vertebrate hosts. They cause
direct economic losses; hence, their control is an important issue.
For tick control conventional tick control methods such as spray
with chemical acaricides, household disinfectants and pouricides are
largely used. For prophylactic treatment of ticks DDT, flumethrin,
Bayticol®Farmers are used at a large scale. Though, these are highly
toxic to animals and humans. The synthetic pyrethroid insecticide
phenothrin is in combination with the hormone analogue
methoprene topically applied to flea and ticks. Peptide toxin and
Nitric oxide are effective in tick-killing. Bifenthrin and permethrin,
both pyrethroids, are also used to control ticks measures. For the
quick killing of tick population pyrethrins are used. Natural tick
repellents are also used for the cultural management of ticks. These
highly toxic synthetic acaricides show several negative side effects.

For control, strict quarantine measures are enforced to prevent
reintroductions of ticks with goods and materials ferried or parceled
among countries. For the killing of ticks natural oils, bioinsecticides
in form Bt toxins are used. For the safety of man and his livestock
vaccines are used. For successful control, various models of tick
population dynamics is required for predicting outcomes of control
methods. It also need better understanding of drivers of distribution,
aggregation, stability, and density-dependent mortality. Climate-
matching models, geographic information systems, and expert
systems mainly subject experts and artificial intelligence are being
used to identify unaffected areas in which tick pests could become
established if introduced. A current, promising strategy is the
identification of receptor sites on the midgut of vector ticks and the
development of antibodies that bind with these sites, thereby
blocking tick-ingested tick-borne pathogens from infecting the tick.
Cattle injected with receptor-site antigens may produce antibodies
that feeding ticks ingest. Few broad-spectrum antibiotics and
vaccines effectively work against tick-borne infection.
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