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REVIEW INFO ABSTRACT
Review History Tick infestation is the main issue for animal health that causes
Received:29/1/2021 substantial economic losses in the form of mortality and morbidity, particularly
Accepted:15/3/2021 in tropical and subtropical countries of the world including Pakistan. The rural
economy of Pakistan depends upon on livestock industry which faces the
Keywords: problems of some zoonotic diseases spread by tick infestation. Tick infestation
Climate Change, caused Crimean-Congo hemorrhagic fever (CCHF), Lyme disease, theileriosis
Ticks, Tick-borne  and babesiosis in wild and domestic animals including humans. Climate
diseases, Control change is highly associated with the distribution of ticks and ticks borne-
methods disgases _(TBDs). Due_ to_global warming, the temperature of the_globe is rising
Techniql’Jes which directly and indirectly affects vector-borne diseases like TBDs. To
minimize the ticks and TBDs various approaches have been used in different
regions of the world including Pakistan. The need for a review paper is to
investigate the impact of climate change on ticks and TBDs in livestock as well
as public health in Pakistan. To evaluate the effectiveness, environmentally
safe, economically feasible and acceptable tick management approaches,
literature was reviewed.

INTRODUCTION

Tick:

Ticks are ectoparasites, which suck the blood of wild and domesticated animals. Ticks
are mostly found in a tropical and subtropical region of the world. There are three families of
ticks viz. Ixodidae, Argasidae and Nuttalliellidae. The Ixodidae and Argasidae are known as
hard and soft ticks, respectively (Ramzan et al., 2019). The hard ticks have scutum or hard
plate on the dorsal side of the body and suck more blood while soft ticks lack these features
(scutum) and suck less amount of blood. The family, Nuttalliellidae has features in-between
with the first two families (hard and soft) (Guglielmone et al., 2010). The families Ixodidae
and Argasidae have 700 and 200 species, respectively while Nutteliellaide has only one
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species (Ramzan et al., 2018).

The main genera of these mentioned families areHyalomma, Amblyomma,
Rhipicephalus, Ornithodoros, Boophilus, Dermacentor and Ixodes. Both sexes (male and
Female) suck the host's blood to fulfill their energy requirement. Ticks can live for a long
period of time without bloodsucking depending upon their host availability and species of
ticks. Ticks reached their hosts by using the breath, odors, sensing body heat and vibration of
their hosts (Ramzan et al., 2018; 2019). Ticks mostly attack the ears, udder and tails of
animals. There are three stages of ticks like egg, nymph, larva and adult. After hatching from
eggs convert into six legs nymph and six legs then develop into eight legs adult (Montales et
al., 2016).

Ticks Distribution:

Ticks and Ticks borne diseases (TBDs) are found almost all over the world like Asia,
Europe, Africa, Australia, North and South Americas (Haque et al., 2011; Bilkis et al., 2011,
Sajid et al., 2011; Razmi and Ramoon, 2012; Singh and Rath, 2013; Reye et al., 2012; Tiki
and Mekonnen, 2011; Elghali and Hassan, 2012; Lohmeyer et al., 2011; Kamau, 2011).
Factors Involved in the Transmission of Vector-borne Diseases:

The main factors involved in the transmission of various tick-borne diseases are
deforestation, use of land, habitat loss, reforestation, migration of animals, birds and many
other factors which provide suitable conditions for increasing their hosts. The various other
factors like Urbanization, tourism, loss of biodiversity, the introduction of alien species,
travel and trade are helpful for TBDs transmission. The biotic and abiotic factors are also
responsible for the transmission of vector-borne diseases including ticks borne-diseases. The
abiotic factors include habitat structure and climate change while biotic consist of host
abundance is favorable sites for the protection of tick species. Humans are also involved in
diseases by using raw milk of infested animals.

Climate Change and Tick-borne Diseases:

Climate change is the main factor that changes our way of living and the

environment. Due to climate change, the need for air condition is increase and resulting in
global warming. The temperature of the globe is increasing due to the burning of fossil fuels
and the emission of greenhouse gases. The concentrations of chlorofluorocarbons are
enhanced due to the emission of these gases and deplete the ozone layers which also
contribute to increasing the atmosphere temperature (Dahl, 2013).
Due to climate change, infectious diseases are transmitted into animals and humans through
vectors including ticks (Altizer et al., 2013). Ticks most of their lifetime spend in vegetation,
environment and depend upon hosts and climate for their survival and development (Dantas-
Torres, 2010). Among these factors, climate change is helpful for tick distribution and
transmission of the tick-borne pathogen to humans and animals (wild and domestic) (Leger et
al., 2013).

Today due to climate change, global warming and tick-borne diseases are becoming
the main issue all over the world (Keesing et al., 2010; Estrada-Pena et al., ~ 2012, 2014b;
Ogden et al., 2013; Estrada-Pena and de la Fuente, ~ 2014; Parham et al., 2015; Medlock and
Leach, 2015; Gilbert, 2010; Randolph, 2010). The Mediterranean spotted fever spread
through brown dog ticks due to climate change (Tokarevich et al., 2011). In the north of
European Russia has been reported that climate change act as a major driving force for the
distribution of tick-borne encephalitis. Similar results have been reported by many workers
(Mannelli et al., 2012; Medlock et al., 2013) that climate change is helpful for Ixodes ricinus
and Borrelia burgdorferi sensulato development and survival into various regions of the
world especially northern latitudes and altitudes.

Ticks are the second most important vector of diseases after mosquitoes. Ticks
transmit viral, protozoal, bacterial and rickettsial diseases in humans and animals like
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domestic and wild (Yu et al., 2015). There are two ways such as transovarial and transstadial
through which diseases transmit into hosts. During transovarial transmission, ticks suck the
host's blood while in transstadial, vertical transmission occurs and diseases spread from one
stage of a tick to other.

Ticks are the vector of several types of diseases in domesticated and wild animals
[86]. The main diseases which transmit through ticks in human are Babesiosis, Colorado tick
fever, Ehrlichiosis, Relapsing fever, Rocky Mountain spotted fever, Tularemia and Lyme
disease while in animals Anaplasmosis, Babesiosis, Ehrlichiosis, Haemobartonellosis,
anemia, Rocky Mountain spotted fever, Lyme disease, Theileriosis, Hepatozoonosis,
Cytauxzoonosis and transitory hemoglobin urea (Wu et al., 2013; Naz et al., 2012; Shahzad
et al., 2013; Ramzan et al., 2018) globally. Among all these diseases, Crimean-Congo
Hemorrhagic Fever (CCHF) is a serious disease with a maximum percent death rate.
Crimean-Congo Hemorrhagic Fever (CCHF):

Crimean Congo hemorrhagic fever (CCHF) is a contagious disease spread by hard
ticks belonging to the genus, Hyalomma (Ramzan et al., 2018, 2020). It has a wide range and
is spread all over the world with an approximately 50% death rate. Its causative agent is the
virus belongs to genus and family Nairovirus and Bunyaviridae respectively (Qadir et al.,
2017). It is a negative single-stranded RNA virus. The disease spread through direct and
indirect contact. It can be spread through biting the infected ticks or contact with blood. The
virus transmission can take place from human to human and cells of infected ticks. The main
vector of CCHF is Hyalomma marginatum marginatum marginatum. Other tick genus such
as Rhipicephalus, Ornithodoros, Boophilus, Dermacentor and Ixodes spp. are the reservoirs
of CCHF.

CCHF has been distributed in more than 30 regions of the globe like Africa,
Southeast Europe, Middle East and Asia (Qadir et al., 2017). The major hosts of ticks are
domestic as well as non-domestic animals including buffaloes, cattle, goats, sheep, birds,
rodents and small mammals. All these hosts have some antibody response against tick
infection. The migratory birds also carry ticks and become the cause of tick distribution.
Climate change greatly influences the prevalence of ticks borne diseases all over the world.
Due to global warming, the prevalence of ticks borne diseases reached the highest and the
chance of epidemiology of CCHF increase (Randolph, 2013; Ostfeld and Brunner, 2015). In
Pakistan the peak point of CCHF disease has been reported during months of March and May
and then in August and October, while in Iran the disease was maximum in August and
September. These months are favorable for tick growth and reproduction due to highest
temperature.

Signs and Symptoms:

High fever, joint pain, back pain, stomach pain, and vomiting. Flushed face,
petechiae on the palate, jaundice, red throat and eyes are the initial signs and symptoms of
CCHF. During unadorned cases, changes occur in mood and sensory perception.

Diagnosis of Crimean Congo Hemorrhagic Fever (CCHF):

Real-time polymerase chain reaction (RT-PCR), antigen-capture enzyme-linked
immunosorbent assay (ELISA), immunofluorescence assay (IFA), detection of antibody by
ELISA (IgG and IgM) and virus isolation attempts; laboratory tests that are used to diagnose
CCHF. During the serious stage of the disease, patient diagnosis can be done by using the
combination of detection of the viral antigen (ELISA antigen capture), viral RNA sequence
(RT-PCR).

Rocky Mountain Spotted Fever:

Humans are also involved in the distribution of ticks and TBDs. As the human
population is increasing the need for sources like land and food also become a major problem
for their requirements. The distribution and abundance of ticks and TBDs are highest during
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the migration of humans, animals and birds from one region of the world to another. During
the migration the new sites and hosts available for tick reproduction and development.
Deforestation and floods also major factors for the transmission of vector-borne diseases
including tick-borne- diseases. Due to the reduction of plants and vegetation, ticks migrate
toward the new hosts for the bloodsucking. The people which live close to the animals
carried more ticks and TBDs, so animal husbandry also involves in ticks-borne diseases.

Ticks, Dermacentor variabilis, Dermacentor andersoni, Rhipicephalus sanguineas
and many other tick species are the main vector of Rocky Mountain spotted fever in several
regions of the world. This fever is ticks transmitted rickettsial disease in humans through a
causative agent, rickettsia. This zoonotic disease is also transmitted by horizontally as well
as vertically into hosts (Anonyms, 2012). Both nymphs and larvae of ticks attacked on their
hosts cause rickettsia in dogs and rodents. It has been reported that fever is transmitted
through the immigration of dogs in the Americas (Burlini et al. 2010). It has been reported
that April, September, June and July being the peak months of fever. These are favorable
months because in the above-mentioned month's temperature reached the peak point.

Signs and Symptoms:

The infested patients showed symptoms like fever, chills, vomiting, lack of appetite,
headache, depression, abdominal pain, arthritis-like stiffness when walking and neurological
abnormalities. During the severely attacked rashes can be developed on the feet and palms of
the hands.

Diagnosis of Rocky Mountain Spotted Fever:

Major laboratory findings are elevated liver enzyme levels, low platelet count and
blood sodium concentration. The best method, immunofluorescent antibody assays can apply
for diagnosis.

Babesiosis:

Babesiosis is a protozoal disease that caused severe economic losses around the globe
including in Pakistan. It is caused by Babesia species in buffaloes and cattle. Ticks species
that spread the disease are Rhipicephalus, Haemaphysalis, Dermacentorand Ixodes (Figueroa
et al., 2010). The majority of these diseases are found in temperate, subtropical, and tropical
countries of the world (Farooqi et al., 2017).

The reasons for the high prevalence of the disease are due to due to the hot and humid
season. The temperature, rainfall and relative humidity during summer are favorable
conditions for ticks and TBDs development. It has been seen that the disease is maximum in
summer and minimum in winter due to low temperature in winter and highest in spring and
summer (Haqg et al., 2017).

Signs and Symptoms:

It also affects the red blood cells of the patient. Anemia, lack of lethargy, vomiting,
weakness, appetite and weight loss are the main signs and symptoms.
Diagnosis of Babesiosis:

The techniques such asenzyme-linked immune-sorbent assay (ELISA), indirect
immunofluorescence assay (IFA) and immunoblot can use for the detection of disease.
Theileriosis:

Ticks' species are the vector of several diseases in tropical and subtropical areas of the
globe including Pakistan. The climatic condition of Pakistan is suitable for ticks and TBDs
such as ovine theileriosis in small ruminants especially cattle and sheep (Farooqi et al., 2017;
Ramzan et al., 2018). The climatic condition, directly and indirectly, affects the animals and
humans (Irshad et al., 2010; Zulfigar et al., 2012; Jalali et al., 2013) by ticks borne-diseases.

The major TBDs are theileriosis distributed in various regions of the world including
Pakistan. It can transmit by many tick genera such as Amblyomma, Haemaphysalis,
Hyalomma, and Rhipicephalus. It spread by Hyalomma anatolicum, Theileria annulata and
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Theileria orientalis diseases affected the livestock especially buffaloes and cattle resulting
reduction the production (Ghosh and Nagar, 2014). The exotic and crossbreed animals are
mostly affected by theileriosis than indigenous animals. It can become fatal for exotic and
crossbreed animals if an effective measure is not adopted for its management.

Signs and Symptoms:

Heart failure, anaemia, swelling and enlargement of lymph nodes, Haemorrhages in
the ocular and vaginal mucous membranes, jaundice, hyperthermia and Bruxism are the main
signs and symptoms of the disease.

Diagnosis of Theileriosis:

Laboratory tests including are ELISA, in a direct polymerase chain reaction (PCR)
and immunofluorescence test can also help in disease diagnosis.
Anaplasmosis:

Anaplasmosis is caused by intraerythrocytic rickettsia in tropical and subtropical
regions. The huge number of tick species can become the cause of disease spreading in wild
and domesticated animals especially Hyalomma and Rhipicephalus (Camus et al., 2010). This
disease is spread by pathogens like Anaplasma marginale, a threat for humans and animals. It
can cause due to two species of bacteria like Anaplasma phagocytophilum and Anaplasma
platys. Anaplasma phagocytophilum is a zoonotic disease, deer tick and the western
black-legged tick are the major vectors of Anaplasma phagocytophilum. Anaplasma platys
are spread by brown dog tick.

Signs and Symptoms:

Loss of appetite, Lethargy, Lameness, reluctance to move, Myalgia, cough, Neck
pain, or neurologic are the signs of Anaplasma phagocytophilum while Spontaneous
nosebleeds, bruising on the gums and belly are the symptoms of Anaplasma platys.

Diagnosis of Anaplasmosis:

The disease can be predicted by checking the thrombocytopenia, elevated liver
enzyme levels in the patient body. The serologic tests like immunofluorescence assay (IFA)
and enzyme immunoassay (EIA) were performed to diagnose. PCR can be used for diagnosis
purposes.

Lyme Disease:

Lyme infectious disease is transmitted by bacteria, Borrelia burgdorferi in humans.
The main vector of the disease transmission is black-legged tick Ixodes scapularis (Nelde et
al., 2018). This disease is quickly spreading in various regions of the world including
Pakistan due to climate change. The infested ticks bite the person, attached for a long period
of time and transmit the pathogen to the person. The disease is distributed all over the world
due to changes in climate. There is a positive correlation between temperature and ticks
borne-diseases like Lyme disease. It has been seen that disease increases with an increase in
temperature. It has been reported that approximately 80% tick population was in the winter
than other seasons temperature (Brunner et al., 2012). The disease prevalence was influenced
due to climate change (Ramzan et al., 2018)

Signs and Symptoms:

Kidney and heart failure, depression, weight and appetite loss, fatigue, spontaneous
and shifting leg lameness are the symptoms.
Diagnosis of Lyme Disease:

Enzyme-linked immunosorbent assay (ELISA) and Western blot tests can perform to
diagnose the disease.

The Economic Significance of Ticks and TBDs:

A huge economic loss occurred to animals during a severe infestation of ticks in the
form of a drop in milk production, retarded growth, damage to skins, wool, weight and meat
reduce and even death of animals. The great losses occur in the form of mortality and
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morbidity in domestic and wild animals due to tick borne-diseases (TBDs) (Domingos et al.,
2013; Kakarsulemankhel, 2011). The performance of animals is also reduced due to the
severe attack of tick (Ramzan et al., 2018). The damage is not only caused due to tick bites
but also ticks transfer zoonotic pathogens which become a major threat for animals and
humans.

Ticks and Ticks Borne-Diseases Management Methods:

The various methods like chemical, biological, Entomopathogenic, Ecological,
chemotherapy and vaccination have been adopted for the management of ticks and reduction
of losses caused due to ticks borne-diseases in many regions of the world including Pakistan.
Hand Collection/ Ecological Control:

The hand collection method is used as a small scale and common method. The
herdsmen have removed ticks with their hands or with the help of forceps. Other strategies
like culture can be adopted to minimize the attack and ticks the population in specific areas.
In this method, fencing and pasture spelling was used to stop the migration of ticks hosts like
rodents, deer and many others. The pasture areas should keep free for some months so that in
the absence of hosts at some extent pathogens, ticks have died. Some animals like
crossbreeds were considered resistant against ticks and TBDs. The movement control of ticks
hosts like birds and livestock’s from one region of the world to another during transport,
trade and truisms stop the dispersal of ticks and TBDs.

Biological Control:

The use of biological agents is another alternative method to chemical control. The
biological agents are those organisms that feed to other organisms via parasitism, parasitoids
and predation. These agents have been extensively used, nontoxic to human and non-target
hosts. The agents can be helpful in the reduction of insecticide resistance. Biological agents
such as parasitoid wasps, Bacillus thuringiensis bacteria, nematodes, insectivorous birds and
deuteromycete fungi including Metarhizium anisopliae and Beauvaria bassiana have been
used for the management of tick's population. Ticks become the food of mammals and birds
during their self-grooming. It has been studied that larval black-legged ticks' population was
reduced through the consumption of white-footed mice (Peromyscus leucopus). The
abundance of immature black-legged ticks can be reduced through the predation of wild
turkeys (Meleagris gallopavo). Turkeys are the host of several tick's species especially
Amblyomma americanum, With the abundance of turkeys, ticks' number can be reduced. The
number of ticks and Lyme disease transmission can be reduced by using the bird, helmeted
guineafowl (Numida meleagris) as natural enemies. Other important ticks' consumers are
oxpeckers (Buphagus spp.), pan-African birds, which feed on wild as well as domestic
mammals. These birds are predators of both nymphs and adult ticks. A parasitoid chalcid
wasp, Ixodiphagus hookeri, has been extensively used for the management of the American
dog tick, Dermacentor variabilis, and the Rocky Mountain wood tick, Dermacentor
andersoni (Mwangi et al. 1997). The bacteria, Bacillus thuringiensis (Bt.) also was ingested
by ticks during blood feeding. Both black-legged and American dog ticks have been
controlled through Bacillus thrungenesis bacteria.

Biocontrol of Ticks by Using Entomopathogenic Fungi:

Several types of entomopathogenic fungi have been tested against ticks and proved
to be helpful to manage. Among them, Metarhizium anisopliae and Beauveria bassiana
distributed worldwide caused maximum ticks mortality in a laboratory as well as field
condition (Humber 1992). The fungus damage was varied with geographic regions, species
and life stages of ticks. It has been recorded that the highest mortality was seen in engorged
female and adult ticks than male and larvae. The fully fed female mass and egg lying
capacity have been affected through entomopathogens. Similar results have been observed in
field conditions.
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Ticks Control by Vaccine:

The attenuated or live blood-derived vaccines have been used against TBDs
globally. These vaccines have been used to control babesiosis and anaplasmosis in various
regions of the world like Australia, Argentina and Israel. There are three developmental
stages sporozoites, schizonts and piroplasms of the pathogen's life cycle in theileriosis. The
animals after recovering from Theileria parva or Theileria annulate infection, get infested
with other pathogens (heterologous strains). The immunity in livestock can be produced
through the vaccination with parasitic strains. The cattle immunity can be improved by
mixing the sporozoite and schizont antigens with the vaccines. Australian Babesia bovis and
Babesia bigemina attenuated strains are applied to induce the immunity response in livestock
in other countries like Africa South America and South-East Asia (Anonyms, 2012). The
vaccines also have some limitations like short shelf life, the transmission of other pathogens
and deterioration to virulence, maintenance in a cold environment. In some regions of the
world, antigens Bm86/Bm95 are used and gave the best control against Rhipicephalus
microplus. Another antigen is Bm86, which was tested to control cattle tick Rhipicephalus
microplus. The antigen, Bm86 is proved to be effective and suppressed the ticks larval
population, their weight, and disturb reproductive capacity of engorged female (Marcelino et
al., 2012; Hope et al., 2012; Almazan et al., 2010).

Chemical Control:

The best strategy which has been used for the control of the tick population is
acaricides. Tick's abundance can be reduced by applying the insecticides in the field where
the tick's population is highest. This strategy has been used in many regions like USA,
Australia, Southern Africa and Pakistan. The chemicals like querosene, sulphur and lard have
been used against ticks (Domingos et al., 2013). The main chemical which has been used for
the management of ticks and TBDs by various workers, dinotefuran, permethrin,
pyriproxyfen, imidacloprid, deltamethrin, fipronil and methoprene (Horak et al., 2012) are
reasonable.

All these chemicals are applied either orally, dermally and medicated to animals.
Carbaryl and chlorpyrifos both were used extensively for controlling ticks population but
have a residual impact on non-target organisms. These chemicals were given the best control
of ticks and TBDs for several weeks as well as months (Fourie et al., 2010). The chemical
was applied directly to livestock via cattle and sheep dips. The application of pesticides to
wildlife has been proved an effective tool in the reduction of ticks and TBDs. The spray or
insecticides with the help of some spray applying device have been tested against deer. For
this purpose, a 4-poster deer feeder has been used against deer ticks, which attract the deer
toward the corn. The deer rub the ears, neck with poster and insecticides which applied on the
poster attached with their ears and necks, resultantly reduction in ticks and TBDs. Another
strategy such as cardboard with insecticides has been used and gives the best control of ticks
and TBDs on rodents.

Other devices such as bait tubes also tested against mice ticks and gave batter
control. The other device, a plastic box containing fipronil and a hole for rodent entry has
been used. Ticks number reduces when mice enter into a box containing fipronil. The use of
chemicals (Acaricides) has an advantage as well as a disadvantage. The inappropriate use of
acaricides has some residual impact on livestock’s health, resultantly residues remain in milk
and meat. The acaricides have negative environmental impacts. The ticks resistance occurred
due to excessive use of the acaricides against ticks and TBDs (Abbas et al., 2014).

Future Sustainable Control Methods:

The methods which we discussed above in this review paper have been extensively
used but have some advantages and limitations. The excessive use of the chemical is cause
ticks resistance, environmental pollution and public health threat. The use of acaricides
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becomes fatal for young animals. Acaricides, directly and indirectly, affect the animals,
residues remain in livestock’s body, meat and milk and cause diseases in humans through
milk and meat or other products. The acaricides are affecting the non-target hosts. To avoid
all these negative effects on humans as well as livestock, and alternative ticks control
strategy, genetically ticks resistance livestock’s breed should be reared. Such types of breeds
carry fewer ticks and the chance of disease transmission is reduced. Anti-tick grasses should
be adopted to minimize the effect of ticks on animals as well as human health. The
vaccination measure should be adopted regularly to control the tick population. The
migration of birds, animals through trade, tourism and free movement of livestock near or on
the border should be banned. Another best control method that should be adopted is
entomopathogens like targeted site fungi, which directly as well indirectly reduce the tick's
number and has no harmful impact on livestock’s health. In our opinion, we can overcome
the burden of ticks and TBDs by using genetically modified organisms (GMOSs).
Conclusion:

The review shows that climate change has a close relationship with ticks and TBDs.
Both ticks and TBDs are highly linked with biotic and abiotic factors like temperature and
host availability. Habitat loss, deforestation, reforestation, removal of vegetation and global
warming tightly associated with ticks and TBDs. The season (summer and spring) has a
positive impact on the prevalence of the tick population. The different methods are used for
ticks management like chemical, biological etc. Every method has some advantages and
limitations. As other studies showed, chemical (acaricides) methods are extensively used for
ticks control but have some residual impact on animal's health. An effective and alternative
control method should be adopted to get rid of ticks and TBDs. For the reduction and get rid
of ticks and TBDs should use theMouse Targeted Devices (Tick Tubes) as well as Deer
Targeted Devices (4-Poster Bait Stations). The entomopathogenic agents and ticks resistance
breed are alternative approaches against ticks and TBDs.We should educate the formers and
give information about ticks and TBDsand their management. The traditional method which
has been adopted by many workers should be promoted.

REFERENCES

Abbas, R. Z., Zaman, M. A., Colwell, D. D., Gilleard, J. & Igbal, Z. (2014) Acaricide
resistance in cattle ticks and approaches to its management: the state of play.
Veterinary parasitology, 203, 6-20

Almazan, C., Lagunes, R., Villar, M., Canales, M., Rosario-cruz, R., Jongejan, F. & De la
fuente, J. (2010) Identification and characterization of Rhipicephalus (Boophilus)
microplus candidate protective antigens for the control of cattle tick infestations.
Parasitology research, 106, 471-479

Altizer, S., Ostfeld, R. S., Johnson, P. T., Kutz, S. & Harvell, C. D. (2013) Climate change
and infectious diseases: from evidence to a predictive framework. Science, 341, 514-
519

Bilkis, M., Mondal, M., Rony, S., Islam, M. & Begum, N. (2011) Host determinant-based
prevalence of ticks and lice in cattle (Bos indicus) at Bogra district of Bangladesh.
Progressive Agriculture, 22, 65-73

Brunner, J. L., Killilea, M. & Ostfeld, R. S. (2014) Overwintering survival of nymphal
Ixodes scapularis (Acari: Ixodidae) under natural conditions. Journal of Medical
Entomology, 49, 981-987

Burlini, L., Teixeira, K. R., Szabo, M. P. & Famadas, K. M. (2010) Molecular dissimilarities
of Rhipicephalus sanguineus (Acari: Ixodidae) in Brazil and its relation with samples



Techniques for Managing Ticks and Tick-Borne Diseases Under Changing Climate 125

throughout the world: is there a geographical pattern? Experimental and Applied
Acarology, 50, 361-374

Dahl, R. (2013) Cooling concepts: Alternatives to air conditioning for a warm world.
National Institute of Environmental Health Sciences

Dantas-torres, F. (2010) Biology and ecology of the brown dog tick, Rhipicephalus
sanguineus. Parasites & vectors, 3, 26

Domingos, A., Antunes, S., Borges, L. & Rosario, V. E. D. (2013) Approaches towards tick
and tick-borne diseases control. Revista da SociedadeBrasileira de Medicina
Tropical, 46, 265-269

Drexler, N., Miller, M., Gerding, J., Todd, S., Adams, L., Dahlgren, F. S., Bryant, N., Weis,
E., Herrick, K. & Francies, J. (2014) Community-based control of the brown dog tick
in a region with high rates of Rocky Mountain spotted fever, 2012—2013. PLoS One,
9,e112368

Durrani, A., Younus, M., Kamal, N., Mehmood, N. & Shakoori, A. (2011) Prevalence of
ovine Theileria species in district Lahore, Pakistan. Pakistan Journal of Zoology, 43

Elghali, A. & Hassan, S. M. (2012) Ticks infesting animals in the Sudan and southern Sudan:
Past and current status: Research communication. Onderstepoort Journal of
Veterinary Research, 79, 1-6

Estrada-pefia, A. & De la fuente, J. (2014) The ecology of ticks and epidemiology of tick-
borne viral diseases. Antiviral research, 108, 104-128

Estrada-pefia, A., Aylldn, N. & De la fuente, J. (2012) Impact of climate trends on tick-borne
pathogen transmission. Frontiers in physiology, 3, 64

Estrada-pefia, A., Estrada-sanchez, A. & De la fuente, J. (2014) A global set of Fourier-
transformed remotely sensed covariates for the description of abiotic niche in
epidemiological studies of tick vector species. Parasites & vectors, 7, 302

Farooqi, S. H., ljaz, M., Rashid, M. 1., Aqgib, A. I., Ahmad, Z., Saleem, M. H., Hussain, K.,
Islam, S., Naeem, H. & Khan, A. (2017) Molecular epidemiology of Babesia bovis in
bovine of Khyber Pakhtunkhwa, Pakistan. Pakistan Veterinary Journal, 37, 275-280

Fourie, J. J., Fourie, L., Horak, I. G. & Snyman, M. (2010) The efficacy of a topically applied
combination of cyphenothrin and pyriproxyfen against the southern African yellow
dog tick, Haemaphysalis elliptica, and the cat flea, Ctenocephalides felis, on dogs.
Journal of the South African Veterinary Association, 81, 33-36

Ghosh, S. & Nagar, G. (2014) Problem of ticks and tick-borne diseases in India with special
emphasis on progress in tick control research: a review. Journal of vector borne
diseases, 51, 259

Gilbert, L. (2010) Altitudinal patterns of tick and host abundance: a potential role for climate
change in regulating tick-borne diseases? Oecologia, 162, 217-225

Granter, S. R., Bernstein, A. & Ostfeld, R. S. (2014) Of mice and men: Lyme disease and
biodiversity. Perspectives in biology and medicine, 57, 198-207

Guglielmone, A. A., Robbins, R. G., Apanaskevich, D. A., Petney, T. N., Estrada-pefia, A.,
Horak, I. G., Shao, R. & Barker, S. C. (2010) The Argasidae, Ixodidae and
Nuttalliellidae (Acari: Ixodida) of the world: a list of valid species names. Zootaxa,
2528, 1-28

Hag, A. U., Tufani, N., Malik, H., Hussain, S., Allaie, I. M. & Nabi, S. (2017) Cross seasonal
study on prevalence of ovine babesiosis in Kashmir

Haque, M., Singh, N., Rath, S. & Ghosh, S. (2011) Epidemiology and seasonal dynamics of
ixodid ticks of dairy animals of Punjab state, India. Indian Journal of Animal
Sciences, 81, 661



126 Muhammad Ramzan et al.

Hope, M., Jiang, X., Gough, J., Cadogan, L., Josh, P., Jonsson, N. & Willadsen, P. (2010)
Experimental vaccination of sheep and cattle against tick infestation using
recombinant 5’-nucleotidase. Parasite immunology, 32, 135-142

Horak, I. G., Fourie, J. J. & Stanneck, D. (2012) Efficacy of slow-release collar formulations
of imidacloprid/flumethrin and deltamethrin and of spot-on formulations of
fipronil/(s)-methoprene, dinotefuran/pyriproxyfen/permethrin and (s)-
methoprene/amitraz/fipronil against Rhipicephalus sanguineus and Ctenocephalides
felisfelis on dogs. Parasites & vectors, 5, 79

Irshad, N., Qayyum, M., Hussain, M. & Khan, M. Q. (2010) Prevalence of tick infestation
and theileriosis in sheep and goats. Pakistan Veterinary Journal, 30, 178-180

Jabbar, A., Abbas, T., Saddigi, H. A., Qamar, M. F. & Gasser, R. B. (2015) Tick-borne
diseases of bovines in Pakistan: major scope for future research and improved control.
Parasites & vectors, 8, 283

Jalali, S., Khaki, Z., Kazemi, B., Bandehpour, M., Rahbari, S., Razi jalali, M. & Yasini, S.
(2013) Molecular detection and identification of Anaplasma species in sheep from
Ahvaz, Iran. Iranian Journal of Veterinary Research, 14, 50-56

Kakarsulemankhel, J. K. (2011) Re-description of Existing and Description of New Record
of Tick [Hyalomma (Euhyalomma) schulzei] from Pakistan. International Journal of
Agriculture & Biology, 13, 25-27.

Kamau, J., De vos, A. J., Playford, M., Salim, B., Kinyanjui, P. & Sugimoto, C. (2011)
Emergence of new types of Theileriaorientalis in Australian cattle and possible cause
of theileriosis outbreaks. Parasites & vectors, 4, 22

Keesing, F., Belden, L. K., Daszak, P., Dobson, A., Harvell, C. D., Holt, R. D., Hudson, P.,
Jolles, A., Jones, K. E. & Mitchell, C. E. (2010) Impacts of biodiversity on the
emergence and transmission of infectious diseases. Nature, 468, 647

Léger, E., Vourc’h, G., Vial, L., Chevillon, C. & Mccoy, K. D. (2013) Changing distributions
of ticks: causes and consequences. Experimental and Applied Acarology, 59, 219-244

Lohmeyer, K., Pound, J., May, M., Kammlah, D. & Davey, R. (2011) Distribution of
Rhipicephalus (Boophilus) microplus and Rhipicephalus (Boophilus) annulatus
(Acari: Ixodidae) infestations detected in the United States along the Texas/Mexico
border. Journal of Medical Entomology, 48, 770-774

Mannelli, A., Bertolotti, L., Gern, L. & Gray, J. (2012) Ecology of Borrelia burgdorferi
sensulato in Europe: transmission dynamics in multi-host systems, influence of
molecular processes and effects of climate change. FEMS microbiology reviews, 36,
837-861

Marcelino, 1., De almeida, A. M., Ventosa, M., Pruneau, L., Meyer, D. F., Martinez, D.,
Lefrancois, T., Vachiéry, N. & Coelho, A. V. (2012) Tick-borne diseases in cattle:
applications of proteomics to develop new generation vaccines. Journal of
proteomics, 75, 4232-4250

Medlock, J. M. & Leach, S. A. (2015) Effect of climate change on vector-borne disease risk
in the UK. The Lancet Infectious Diseases, 15, 721-730

Medlock, J. M., Hansford, K. M., Bormane, A., Derdakova, M., Estrada-pefia, A., George, J.-
C., Golovljova, 1., Jaenson, T. G., Jensen, J.-K. & Jensen, P. M. (2013) Driving forces
for changes in geographical distribution of Ixodes ricinus ticks in Europe. Parasites &
vectors, 6, 1

Montales, M., Beebe, A., Chaudhury, A., Haselow, D., Patil, S., Weinstein, S., Taffner, R. &
Patil, N. (2016) A Clinical Review of Tick-Borne Diseases in Arkansas. The Journal
of the Arkansas Medical Society, 112, 254-258



Techniques for Managing Ticks and Tick-Borne Diseases Under Changing Climate 127

Naz, S., Magbool, A., Ahmed, S., Ashra, K., Ahmed, N., Saeed, K., Latif, M., Igbal, J., Ali,
Z., Shafi, K., Nagra, I.A., Prevalence of theileriosis in small ruminants in Lahore,
Pakistan. Journal of Veterinary and Animal Sciences,2, 16-20 (2012).

Nelder, M., Wijayasri, S., Russell, C., Johnson, K., Marchand-austin, A., Cronin, K.,
Johnson, S., Badiani, T., Patel, S. & Sider, D. (2018) The continued rise of Lyme
disease in Ontario, Canada: 2017. Canada Communicable Disease Report, 44, 231-
236

Ogden, N. (2013) Changing geographic ranges of ticks and tick-borne pathogens: drivers,
mechanisms and consequences for pathogen diversity. Frontiers in cellular and
infection microbiology, 3, 46

Parham, P. E., Waldock, J., Christophides, G. K., Hemming, D., Agusto, F., Evans, K. J.,
Fefferman, N., Gaff, H., Gumel, A. & Ladeau, S. (2015) Climate, environmental and
socio-economic change: weighing up the balance in vector-borne disease
transmission. Philosophical Transactions of the Royal Society B: Biological Sciences,
370, 20130551

Ramzan, M., Unsar, N-U., Syed, H.M.B., Ghulam, M., Alamgir, A.K., Knowledge, attitude
and practices of herdsmen about ticks and tick —borne diseases in district Multan.
Pakistan Entomologist,40,13-18 (2018).

Ramzan, M., Naeem-Ullah, U., Abbas, H., Adnan, M., Rasheed, Z., & Khan, S. (2019).
Diversity of hard ticks in goats and sheep in Multan, Punjab, Pakistan. International
Journal of Agriculture and Biological Research, 35, 7-9.

Ramzan, M., Naeem-Ullah, U., Saba, S., Igbal, N., & Saeed, S. (2020). Prevalence and
identification of tick species (Ixodidae) on domestic animals in district Multan,
Punjab Pakistan. International Journal of Acarology, 46(2), 83-87.

Randolph, S. E. (2010) To what extent has climate change contributed to the recent
epidemiology of tick-borne diseases? Veterinary parasitology, 167, 92-94

Razmi, G. R. & Ramoon, M. (2012) A study of tick fauna in Tandoureh National Park,
Khorasan Razavi province, Iran. Acarina, 20, 62-65

Reye, A. L., Arinola, O. G., Hubschen, J. M. & Muller, C. P. (2012) Pathogen prevalence in
ticks collected from the vegetation and livestock in Nigeria. Applied and
Environmental Microbiology, 78, 2562-2568

Rjeibi, M., Darghouth, M., Rekik, M., Amor, B., Sassi, L. & Gharbi, M. (2016) First
molecular identification and genetic characterization of Theileria lestoquardi in sheep
of the Maghreb region. Transboundary and Emerging Diseases, 63, 278-284

SAJID, M. S,, IQBAL, Z., KHAN, M. N.,, MUHAMMAD, G., NEEDHAM, G. & KHAN,
M. K. (2011) Prevalence, associated determinants, and in vivo chemotherapeutic
control of hard ticks (Acari: Ixodidae) infesting domestic goats (Capra hircus) of
lower Punjab, Pakistan. Parasitology research, 108, 601-609

Shahzad, W., Noor, H., Ahmad, M., Munir, R., Saghar, M.S., Mushtag, M.H., Ahmad, N.,
Akbar, G., Mehmood, F., Prevalence and molecular diagnosis of Babesia ovis and
Theileria ovis in Lohi sheep at livestock experiment station (LES), Bahadurnagar,
Okara, Pakistan. Iranian Journal of Parasitology, 8,570-572 (2013).

Singh, N. K. & Rath, S. S. (2013) Epidemiology of ixodid ticks in cattle population of
various agro-climatic zones of Punjab, India. Asian Pacific journal of tropical
medicine 6, 947-951

Tiki, B. & Addis, M. (2011) Distribution of ixodid ticks on cattle in and around holeta town,
Ethiopia. Global Veterinaria, 7, 527-531

Tokarevich, N. K., Tronin, A. A., Blinova, O. V., Buzinov, R. V., Boltenkov, V. P.,
Yurasova, E. D. & Nurse, J. (2011) The impact of climate change on the expansion of



128 Muhammad Ramzan et al.

Ixodes persulcatus habitat and the incidence of tick-borne encephalitis in the north of
European Russia. Global Health Action 4, 8448

Ullah, N., Durrani, A. Z., Avais, M., Ahmad, N., Ullah, S., Khan, M. S., Mehmood, K.,
Khan, M. A. & Haq, I. (2018) Prevalence, risk factors and host biomarkers of ovine
theileriosis. Pakistan Journal of Zoology, 50, 1211-1216.

Wu, X.B., Na, R.H., Wei, S.S., Zhu, J.S., Peng, H.J., Distribution of tick-borne diseases in
China. Parasites and Vectors, 6,119 (2013).

Yu, Z., Wang, H., Wang, T., Sun, W., Yang, X. & Liu, J. (2015) Tick-borne pathogens and
the vector potential of ticks in China. Parasites & vectors, 8, 24

Zulfigar, S., Shahnawaz, S., Ali, M., Bhutta, A. M., Igbal, S., Hayat, S., Qadir, S., Latif, M.,
Kiran, N. & Saeed, A. (2012) Detection of Babesia bovis in blood samples and its
effect on the hematological and serum biochemical profile in large ruminants from
Southern Punjab. Asian Pacific journal of tropical biomedicine, 2, 104-108



