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Review Article 

Abstract 

Ticks are hematophagous arthropods that transmit pathogens to humans, 
animals and poultry birds, mostly in tropical and subtropical regions globally, 
causing considerable economic and health losses by serving infectious 
vectors. In endemic locations of the world, tick-borne diseases have become 
a public health issue. Ticks biting causes anemia in animals and also impair 
their hide quality. Therefore, the current review article focused on the 
biological control of ticks. Ticks, like any other creature, are susceptible to 
various infectious agents (Anaplasma phagocytophilum, Babesia bigemina, B. 
gibsoni, Hepatozoon canis, H. americanum, Theileria annulate, T. taurotragi 
etc). Ticks can become infected with rickettsia, spirochetes, viruses, bacteria, 
and fungi. Some protozoans and worms infiltrate ticks and reproduce inside 
them, killing them. Fungus (Metarhizium anisopliae, Verticiliium lecanii, 
Beauveria bassiana), bacteria (Bacillus), nematodes (Steinernema glaseri, S. 
carpocapsae), and parasitoids (Ixodiphagus species.) have proved effective 
biological agents to control ticks. Insects are also a type of natural tick 
enemy. Ticks that are engorged with blood and while moulting are the most 
vulnerable to insect predation and eaten by spiders, ants, beetles, 
dragonflies, and wasps (Ixodiphagus). Ticks are also preyed upon by 
amphibians and reptiles. Birds such as yellow-billed oxpecker (Buphagus 
africanus), helmeted guineafowl and Galliformes are good predators of ticks. 
Biological agents affect only target pests (ticks), do not destroy beneficial 
natural enemies and are safer for the ecosystem and humans. By keeping in 
view, the significance of biological agents, we highly recommend them in 
integrated tick management program that could minimize the tick 
population. 
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1. INTRODUCTION 

The major source of livelihood for many farmers in Pakistan is the livestock industry, which plays an 
important role in the economy of the country. Approximately 30 to 35 million Pakistanis are engaged in 
livestock farming currently.1 Due to a wide host range and climatic change, ticks as the primary 
ectoparasites pose the greatest danger to Pakistan's livestock economy, particularly goat and sheep 
production. The death rate is minimal. Tick pathogens that transmit zoonotic diseases to humans and 
animals, such as Lyme and CCHF, have resulted in colossal losses in output (wild and domestic). Theileriosis, 
babesiosis, and rickettsial diseases are transmitted by ticks throughout the world. Ticks and tick-borne 
diseases are the most significant health issues limiting or reducing goat and sheep production in the 
country (Pakistan). Ticks are blood-feeding ectoparasites of tropical and subtropical vertebrates, including 
humans, domesticated animals, wild animals, birds, and reptiles in Pakistan. Ticks are found throughout the 
world, although they tend to thrive more in countries with humid and warm climates, which provide ideal 
conditions for tick reproduction, growth, and development. Three genera, including Rhipicephalus, 
Amblyomma, and Hyalomma, are home to the most widely distributed species in the world, which are 
documented.  

It has been observed that the interaction between ticks and their hosts has been considerably impacted by 
several factors, including climate changes such as temperature and humidity. These days, ticks have 
infested areas that were tick-free a year ago. The extensive distribution of ticks is caused by the mobility of 
humans and other animals, both domestic and wild. Animal health is significantly impacted by ticks, one of 
the most important groups of arthropods. The tick feeds on the blood of other animals to live and 
reproduce. 2, 3, 4,5 

By feeding on the host, they enslave it; they can cause paralysis and disorders of the immune system 
because of inoculated saliva, and they can transmit health-threatening pathogens. They can also act as a 
vector of various bacteria, viruses, and protozoans to domestic livestock, sylvatic, and humans 6, 7, 8.  

1.1. Taxonomy/Classification and tick hosts 

Ticks belong to order Acarina and class Arachnida. Ticks classify into three families i.e., Argasidae or 
Argasids, Ixodidae or Ixodid, and Nuttalliellidae 9. According to Naval et al. 10, more than 879 tick species 
have been reported throughout the world including 692 and 186 species belong Ixodidae and Argasidae 
while the third family has only one tick species (Nuttalliela namaqua) 11, 12, 13. Tick species reported around 
the globe especially in Pakistan with their hosts are given in Table 1.  

Table 1. Globally reported tick species along with their hosts; domestic as well as wild animals 

Tick Species Host References 

Argas abdussalami Poultry Abbasi et al. 14 

A. persicus Poultry Abbasi et al. 14 

A. reflexus Poultry Ghosh et al. 15 

A. vespertilionis Poultry Rafique et al. 16 

A. japonicus Buffalo, cattle Kwak 17 

Ornithodoros thokozani Poultry Razzak and Shaikh 18 

O. capensis Buffalo, cattle Kwak 17 

O. sawaii Buffalo, cattle Kwak 17 

Amblyomma testudinarium Buffalo, cattle Kwak 17 

A. variegatum  Cattle, buffalo Perveen 19 



54 
Published by Abasyn University 

A. geoemydae Buffalo, cattle Kwak 17 

A. nitidum Buffalo, cattle Kwak 17 

A. pomposum  Cattle, buffalo, goat, sheep Rehman et al. 20 

Boophilus annulatus Cattle, buffalo, goat, sheep Riaz and Tasawar 21 

B. sharif Cattle, buffalo Ghosh et al. 15 

Dermacentor circumguttatus Cattle, buffalo Rehman et al. 20 

D. bellulus Buffalo, cattle Kwak 17 

D. andersoni Sheep, cattle Karim et al. 22 

D. raskimensis Horse, cattle Shah et al. 23 

D. marginatus Horse, cattle, sheep, goat Ghosh et al. 15 

D. rhinocerinus Buffaloes, Cattle Rehman et al. 20 

D. silvarum Sheep, goat Muhammad et al. 24 

Haemaphysalis punctata Horse, sheep, goat, cattle Ramzan et al. 8 

Ramzan et al. 25 

Hae. aciculifer Cattle, buffalo Muhammad et al. 24 

Hae. formosensis Buffalo, cattle Kwak 17 

Hae. sulcate Horse, sheep, goat, cattle Ramzan et al. 8 

Hae. megalaimae Buffalo, cattle Kwak 17 

Hae. houyi Cattle, buffalo Ghosh et al. 15 

Hae. kashmirensis Sheep Rehman et al. 20 

Hae. flava Sheep Karim et al. 22 

Hae. parmata Buffalo, cattle Shah et al. 23 

Hae. bispinosa Horse Ghosh et al. 15 

Hae. spinulosa Sheep, goat Muhammad et al. 24 

Hyalomma anatolicum Goat, buffalo, sheep, cattle Ramzan et al. 8 

H. anatolicum anatolicum Goat, buffalo, sheep, cattle Ahmad et al. 26 

H. dromedarii Goat, buffalo, sheep, cattle Ramzan et al. 8 

H. aegyptium Goat, buffalo, sheep, cattle Ramzan et al. 8 

H. hussaini Buffalo, cattle Ghosh et al. 15 

H. detritum Camel Hornok et al. 27 

H. Isaaci Buffalo, cattle Ghosh et al. 15 
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H. marginatum Buffalo Hornok et al. 27 

H. marginatum toranicum Goat, buffalo, sheep, cattle Ghosh et al. 15 

H. scupense Goat, buffalo, sheep, cattle Ghosh et al. 15 

H. rufipes Goat, buffalo, sheep, cattle Ghosh et al. 15 

H. turanicum  Goat, buffalo, sheep, cattle Ghosh et al. 15 

H. schulzei Camel Ghosh et al. 15 

H. kumara Buffalo, cattle Hornok et al. 27 

H. impeltatum Camel, cattle Adil et al. 28 

H. excavatum Buffalo Adil et al. 28 

Rhipicephalus evertsi Buffalo, cattle Adil et al. 28 

R. arnoldi Buffalo, cattle Adil et al. 28 

R. longus Buffalo, cattle Razzak and Shaikh 18 

R. decoloratus Buffalo, cattle Adil et al. 28 

R. kochi Buffalo, cattle Adil et al. 28 

R. microplus Camel, cattle Karim et al. 22 

R. appendiculatus Buffalo, cattle Jamil et al. 6 

R. sanguineus Horse, camel, goat, buffalo, 
sheep, cattle 

Ramzan et al. 29 

R. haemaphysaloides Cattle, goat, sheep Irshad et al. 30 

R. pravus Goat, sheep, camel Adil et al. 28 

R. turanicus Sheep, cattle Hart 31 

Ixodes ricinus  Sheep, cattle Iqbal et al. 32 

I. ovatus Buffalo, cattle Kwak 17 

I. simplex Buffalo, cattle Kwak 17 

I. monospinosus Buffalo, cattle Kwak 17 

I. melicola Buffalo, cattle Petney et al. 33 

I. vulpicola Buffalo, cattle Petney et al. 33 

I. vulpinus Buffalo, cattle Petney et al. 33 

I. sciuricola Buffalo, cattle Petney et al. 33 

I. barbarossae Buffalo, cattle Petney et al. 33 

Dermacentor marginatus Wild boar Angelini et al.111 
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Hyalomma marginatum Wild boar Angelini et al.111 

Rhipicephalus bursa Wild boar, Mouflons  Angelini et al.111 

Haemaphysalis punctata Mouflons, Deer Angelini et al.111 

Ixodes ricinus Deer Angelini et al.111 

 

1.2. Distribution 

This small creature is widely distributed throughout the whole world (especially found in tropical and 
subtropical regions) due to its high reproductive potential and migration. Tick species have been collected 
and identified from Afghanistan, Australia, Africa, China 34, Europe, North and South America 35, Iran 36, 
Saudi Arabia, Pakistan 6, 8, Brazil, Switzerland, Turkey, India, North-West Tunisia 37 and France 38. The 
general life cycle of ticks is also shown in Fig. 1.  

 

 

Figure 1: General Life cycle of ticks 
1.1. Tick associated pathogens 

Several tick-associated pathogens have been identified by many researchers in the world 49. And almost all 
kinds of ticks serve as a vector for the transmission of pathogens. The diversity of microorganisms is shown 
in Fig. 2, showing the prevalence of microbes in various tick species 31.   
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Fig. 2: Diversity of Microorganisms in Ticks           

 1.3.1 Zoonotic diseases transmitted to humans 

The diseases which are transmitted from animals to human beings are termed zoonotic diseases. Ticks are 
potential vectors for various bacterial, rickettsial, viral and protozoal organisms and transmit these 
infectious agents from the host or reservoir animals to human beings,50 exposing them to hazardous 
infections (Table 2).   

Table 2. List of Tick-Borne Zoonotic Diseases 

Diseases Infectious 
agent 

Vectors Hosts Regions Citations 

Meningo 
encephalitis  

Tick-borne 
encephalitis 
virus (TBEV) 

I. ricinus, I. 
scapularis and I. 
persulcatus 

Human and 
rodents 

Asia, Europe 
and Russia 

Hollidge et al., 
39 

Alkhurma 
hemorrhagic 
fever 

Alkhurma 
virus 

O. savignyi and H. 
dromedary 

Sheep and 
camel 

Egypt and 
Saudi Arabia 

Charrel et al., 
40 

Powassan 
disease 

Powassan 
virus 

D. variabilis, I. 
marxi, I. cookei, I. 
spinipalpusm, I. 
scapularis and D. 
andersoni 

Mice and 
Human 

Russia and 
America 

Venugopal et 
al., 41 

Nairobi sheep 
disease 

Bunya viridae R. appendiculatus Goat and 
Sheep 

India and 
Africa 

Tarif et al., 42 

Louping ill Louping ill 
virus 

I. ricinus Human and 
Sheep 

America and 
Scotland 

Singh and 
Gajadhar 43 

Colorado tick 
fever 

Colorado tick 
fever virus 
(CTFV) 

D. andersoni Deer and 
Human 

Canada Lin et al., 44 
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Coltivirus 

Bourbon virus 
disease 

Bourbon virus I. scapularis Deer United States 
(US) 

Devi et al., 45 

Babesiosis Babesia 
divergens, B. 
microti 

I. scapularis, I. 
Ricinus 

Human, 
Cattle 

America, 
Europe 

Piesman and 
Eisen 46 

Crimean–
Congo 
hemorrhagic 
fever 

Naiovirus A. variegatum, H. 
truncatum, H. 
anatolicum, H. 
punctata, H. 
marginatum, R. 
bursa 

Human, 
Cattle, 
Sheep, 
Buffaloes, 
Goat 

Asia, Africa, 
Europe 

Piesman and 
Eisen 46 

Rocky 
Mountain 
spotted fever 

Rickettsia 
rickettsii 

A. americanum, A. 
cajennense, A. 
aureolatum, D. 
variabilis, D. 
andersoni, R. 
sanguineus 

Human Asia, America Breitschwerdt 
et al. 47 

Q fever Coxiella 
burnetii 

A. americanum, A. 
cajennense, A. 
aureolatum, , D. 
variabilis, D. 
andersoni, R. 
sanguineus 

Human Asia, America, 
Europe, 
Australia 

 

 

Piesman and 
Eisen 46 

Lyme Disease  Borrelia 
burgdorferi 

Ixodes scapularis Human, 
mice, deer, 
raccoons, 
lizzards 

Northeast, 
middle east 
and Asian 
countries 
including 
Pakistan  

Hussain et al. 
48 

 

1.2. Management strategies for ticks 

Different management strategies adopted to control ticks and tick-borne diseases in the world. The most 
common tick management approaches adopted by researchers are cultural control 5, 51, chemical control 52 
and biological control 53.  

1.2.1. Biological control 

The excessive use of acaricides on the animal body can cause serious problems for animals’ health. The 
most important and alternative tick control method is biological control. Different bio-control agents as 
predators such as mites, birds, rodents, arthropods, beetles, fish, amphibians, etc., pathogens and parasites 
(parasitoids) such as bacteria, fungi, viruses, nematodes, and protozoa are ecofriendly and nontoxic to non-
target organisms applied to control tick species. The chemical resistance could be minimized by applying a 
suitable and sustainable alternative biological or natural control method 25.  

1.2.2. Pros and cons of Biocontrol 



59 
Published by Abasyn University 

There are several pros and cons of biocontrol. It is eco-friendly, economical, safe for non-target, having no 
residual effects on hosts. The application of biocontrol is accessible in many cases, and the method is easily 
established. It is host specific. There are some disadvantages of the bio-control method. Some are given 
here. Biocontrol is very slow and takes a long time to give satisfactory results. It cannot give 100% results 
against hosts under field conditions. They cannot survive in harsh conditions such as high temperatures. 
The storage, application, manufacturing, preparation, and shipping techniques of biocontrol cannot be easy 
54.  

1.2.3. Microbial control/Pathogens 

The most common or widely used pathogens are bacteria, viruses, protozoa, rickettsia, and fungi. These 
disease-causing microorganisms or pathogens are widely used against targeted vectors of medical, 
agricultural, and veterinary such as ticks and mosquitoes 55. Bacterial strains have been isolated from dead 
tick species. For example, Proteus mirabilis is isolated from dead and sick D. andersoni 56. Some other 
bacteria such as Staphylococcus sp. and Pseudomonas sp. were isolated from dead specimens of B. 
decoloratus under laboratory conditions 57. Mwangi 58 isolated and identified some bacterial strains such as 
Escherichia coli, Proteus mirabilis, and Serratia marcescens from R. appendiculatus under field conditions 
while Staphylococcus aureus from B. decoloratus. 

Some pathogens have been isolated from various tick species whose description is given in Fig. 1.  

Bio-control agents or pathogens are necessary to reduce tick abundance because it is likely to remain the 
most effective method of preventing tick-borne diseases. 

1.2.4. Entomopathogenic Fungus 

Several strains of fungus have been applied against various arthropods such as ticks worldwide. 
Metarhizium anisopliae has been widely used entomopathogenic fungi as biological agents of tick species 
such as Rhipicephalus annulatus, R. microplus, R. appendiculatus, A. variegatum and Ixodes scapularis 59, 60, 

61, 62. A. reflexus knowns as the pigeon tick is a pathogen-transmitting soft tick that feeds on pigeons as well 
as humans. It can create serious problems in case of diseases on human and animal health.  

A study was conducted by Tavassoli et al. 63 to check the efficacy of Metarhizium anisopliae strains such as 
V245, 715C, and 685 against different life stages (egg, larva, and adult) of A. reflexus. They showed that all 
fungal strains significantly reduced percentage hatchability, while among tested strains, strain V245 was 
recorded as the most effective strain given 100% larval mortality at the lowest concentration (103 
conidia/ml) after 10 days of post-treatment. Many studies have been performed under laboratory 
conditions to check the pathogenicity of fungus against different stages of tick species, including hard and 
soft ticks 64, 65, 66. Fernandes et al. 67 and Hornbostel et al. 61 reported that entomopathogenic fungi infect 
arthropods like ticks and can be epizootic in their host populations. Ticks are primarily controlled through 
chemical products/ acaricides, which have several adverse side effects, including toxicity to the livestock 
ecosystem, cause pollution, and the induction of chemical resistance in some tick populations. The season 
can highly affect the potential of fungus 93% of ticks died within one week in the summer while 62.2% died 
within six weeks in winter 68, 69. 

1.2.5. Bacteria 

Bacteria species play a key role in the reduction of the tick population. Various species have been reported 
in the world which attacks tick and minimizes their population among domestic and as well as wild animals. 
In Egypt, a study was conducted by Hassanain et al. 70 to check the toxicity of three different bacteria 
species such as Bacillus thuringiensin (Bt.), B. thuringiensis var. kurstaki (Btk) and B. thuringiensis var. 
israeliensis (Bti). A list of bacteria is given in Table 3.  

  Table 3. List of bacteria with infected tick hosts  

Bacteria Infected tick host Reference 

B. thuringiensis I. scapularis Ceraul et al. 71 
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B. cereus B. decoloratus Jaworski et al. 72 

Proteus mirabilis D. andersoni, A. hebraeum, H. marginatum Brum and Teixeira 73 

Cedecea lapagei B. microplus Brum and Teixeira 73 

Bt. kurstaki A. persicus, H. dromedarii Hassanain et al. 70 

Bt. israelensis A. persicus, H. dromedarii Hassanain et al. 70 

Wolbachia pipientis I. scapularis Songur et al. 74 

 

1.2.6. Protozoa 

Entomopathogenic protozoans also play a key role in controlling the tick population. Nosema, 
Haemogregarina, Theileria, and Babesia are important protozoan 75. 

1.2.7. Viruses  

The Bio-Pesticide Manual 76 offers 96 marketed microorganism-based active chemicals. These are based on 
bacteria in 33 cases, fungus in 36 cases, and entomopathogenic nematodes in eight cases. Potential tick 
bio-control agents are found in all three of these classes. Although viruses have not yet been utilized to 
manage ticks, Assenga et al. 77 recently created a recombinant Baculovirus with a tick chitinase gene. 
Supernatant from an insect cell culture expressing the chitinase enzyme killed Hae longicornis, indicating a 
possible route for future bio-control studies.  

1.2.8. Nematodes 

Steinernema glaseri and S. carpocapsae have also been proven to be effective against engorged females of 
several other ticks that fall to the ground 78, 79, 80. A study was performed to investigate the toxicity of 
different nematodes such as S. carpocapsae, Heterorhabditis bacteriophora, and S. feltiae under laboratory 
conditions against fed and unfed female and nymph of I. ricinus 81. S. carpocapsae showed maximum 
toxicity against ticks than other nematode isolates. Some scientists reported resistance of nematodes 
against A. variegatum and B. microplus 82, while B. annulatus found most susceptible to nematodes 83.  

1.2.9. Predators 
1.2.9.1. Birds as a Bio-control agent 

Birds are considered important predators of various arthropods such as insect pests, spiders, and especially 
ticks. The birds keep wild and domesticated animals (deer, lion, rabbit, cat, dog and cattle, goat, sheep, 
buffaloes) tick free, which attack them. Birds are natural predators of animal ticks and are used as part of 
an integrated tick control plan 84. In Southern Africa, the yellow-billed oxpecker Buphagus africanus and the 
red-billed oxpecker Buphagus erythrorhynchus have been tested against tick species. These predators feed 
on the parasitic stages of ticks. The cattle egret Ardeola ibis is reported tick-eating bird which consumed a 
large population of ticks 85, 86. Esther et al. 87 had given the same view about bird potential. Many other 
birds have been reported as important predators of tick species worldwide. The most important and widely 
used birds are the magpie (Pica pica) in Canada 88, the starling (Sturnus vulgaris) 89 in Australia, the Indian 
myna Acridotheres tristis 90 and pee wee (Grallina cyanoleuca) in Australia. According to an investigation by 
Wilkinson 91, the American robin Turdus migratorius, the superb starling Spreo superbus, and the African 
pied wagtail Motacilia agwimp had recorded predators of R. appendiculatus 58. 

Williams et al. 92 also suggested that chickens can control the tick population to some extent and predate a 
large population of ticks in the morning time as compared to the evening time. These poultry birds can 
become part of integrated pest management (IPM) which minimize the pest (tick) population. Parola and 
Raoult 93 had also given the same recommendations in Zimbabwe. They reported that chickens proved very 
effective predators of R. evertsi, A. hebraeum, B. decoloratus and Hyalomma species. While Barre et al. 94 
resulted that the maximum population of R. appendiculatus was predated or consumed followed by A. 
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variegatum B. decoloratus and R. evertsi evertsi. Dreyer et al. 95 also studied the mechanism of predation of 
chicken on ticks.   

1.2.9.2. Ants as a biocontrol agent 

The ants Iridomyrmex delectus, Aphaenogaster longiceps, and Pheidole megacephala have been reported 
to prey on cattle ticks (B. microplus) 96. These ants reduced 50% the tick population. It has been reported 
that the fire-ant Solenopsis invicta eats away the A. americanum 97. Butler et al. 98 reported that S. 
geminata had preyed 63% of gravid females of B. microplus in Mexico. P. megacephala feed on A. 
cajennense and R. appendiculatus in Cuba and Kenya 58.  

1.2.9.3. Parasitoids 

The order Hymenoptera is home to most parasitoids utilized in the biological control of plant-insect pests. 
Over two-thirds of effective biological pest management instances have used hymenopteran parasites, 
although only a few species are known to harm ticks 99. The most important parasitoids applied to control 
tick species are given in Table 4.  According to Larson 100, 49% of nymphs of A. variegatum parasitized 
through the release of I. hookeri on cattle in Africa while Lopes et al. 101 reported parasitism of Amblyomma 
species. and Rhipicephalus sanguineus by I. texanus and I. hookeri in Brazil. 

Table 4. List of parasitoids along with their stages and hosts  

Parasitoid Stage  Host  Reference 

Ixodiphagus 
texanus 

 D. variabilis, Hae. leporispalustris, I. 
dentatus 

Gahan 102 

I. texanus Nymph A. vahagatum Mwangi 58 

I. hookeri Nymph, 
larva 

A. variegatum Takasu and 
Nakamura 103 

I. hirtus  I. biroi, I. persulcatus Ostfeld et al. 54 

1. mysorensis  Ornithodoros species, Amblyomma species. Ostfeld et al. 54 

Ixodiphagus 
hirtus 

 Ornithodoros species, Amblyomma species. Ostfeld et al. 54 

Ixodiphagus biroi  Ornithodoros species, Amblyomma species. Ostfeld et al. 54 

I. sagarensis  Ornithodoros species., Amblyomma 
species, Dermacentor species. 

Ostfeld et al. 54 

Hunterellus 
hookeri 

 R. sanguineus, I. dammini Howard 104  

Gaye et al. 105 

H. theilerae Nymph H. transiens Smith and Cole 106 

H. sagarensis  Hae. bispinosa, Hae. Longicornis Geevarghese 107 

 

1.3. Why are biocontrol agents necessary for integrated tick management? 

Nowadays, biocontrol is becoming the most eminent method that replaces chemical pesticides. It is eco-
friendly and minimizes using chemicals to control ticks and other pests. This method can reduce pesticide 
resistance. Biocontrol is often more expensive than chemical pesticides because of the need for frequent 
reapplications (i.e., bio-pesticide applications) 108, 109, 110.  
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1.4. Limitations of Biological Control for ticks   

The primary limitation and barrier to the biocontrol of ticks is the incapacity of the indigenous natural 
enemy to suppress the pest without regular supplementation. In other words, if the pest and control agent 
coexist naturally, yet the pest (by definition) is not generally controlled by the agent, the efficacy of the 
control agent appears to be questionable. However, low natural contact rates between the control agent 
and the target can result in poor control under normal (unaugmented) conditions. Changing the amount or 
distribution of the control agent to enhance contact rates with the target species is a fundamental problem 
for augmentative biocontrol.54 

4. CONCLUSIONS 

Ticks as ectoparasites are becoming a severe threat to humans and livestock in the whole world. These act 
as vectors for several infectious diseases such as babesiosis and anaplasmosis in humans and animals. Tick 
invades different hosts, including humans, and causes severe economic losses, even death. A diversity of 
biological agents is found in nature to control tick populations below an economic threshold level. Tick-
controlling techniques such as grazing management, vaccination and biological control methods could be 
applied, which could be a successful method in the future. Biological agents such as fungi, bacteria and 
nematodes should be promoted against tick species in the world. Area-wide tick management by using 
biological agents should be recommended and applied.  
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