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Developments in anti-tick vaccines 
 

SR Tramboo, IM Allaie, KH Bulbul, RA Shahardar and ZA Wani 
 
Abstract 

The tick infestations lead to severe irritation of the animals, discomfort, pyrexia, paralysis, worry, 

toxicosis, anaemia and transmit the different haemoprotozoan diseases resulting in huge economic losses 

to the livestock industry worldwide due to their global distribution. Hence, most of the ticks in a dairy 

cattle or buffaloes and sheep-goat are controlled mainly by the chemotherapeutic agents called acaricides 

to increase the production and productivity of these animals. Chemical control, albeit predominant, has 

been hampered by poor utilization of active agents, indiscriminative utilization and sub-therapeutic 

dosages, thus leading to development of resistance and requiring the use of greater concentrations of 

active compounds and extra regular application, year by year. Moreover, due to the development of 

multidrug resistance in ticks in livestock, there is a need for development of the vaccines against the 

ticks. In the global market, different vaccines against bacteria and viruses are available but vaccines 

against the ticks are very few. Vaccines may help control ticks by non-chemical ways, thereby, reducing 

acaricide resistance. The release of commercial recombinant vaccine against the cattle tick Boophilus 

microplus, plays a significant role as a novel control measure of cattle ticks, due to the feasibility of 

vaccination. A number of factors create some hindrances to the progress towards usable, commercially 

available vaccines, thereby, limiting their use. However, Gavac and TickGard are available commercially 

worldwide. Vaccine candidates which act against tick vectors and pathogens transmitted by ticks, are 

discussed in the present communication. 
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Introduction  

The ticks are responsible for huge economic losses to farmers throughout the world due to 

direct losses from parasitism of the ticks upon the host animal and from diseases vectored by 

the ticks. Brazil’s and Australia’s economies suffer annual losses of USD $2 billion and AUD 

$170 million, respectively, due to R. microplus parasitism of cattle [1, 2]. The United States 

eradicated cattle ticks in the 20th century and annual savings to their agricultural economy was 

estimated to be USD $3 billion in today’s currency [3]. 

Two main approaches have been considered for tick vaccine development: the use of 

‘exposed’ antigens and the use of ‘concealed’ antigens [4]. ‘Exposed’ antigens are those 

exposed naturally to the host immune system during tick infestation. These antigens are used 

to immunize the hosts by continuous boosting of tick exposure. ‘Concealed’ antigens are not 

exposed to the host immune system and, therefore, repeated immunizations are required to 

maintain elevated antibody titres. 

Bm86, a protective antigen molecule is an 89KDa glycoprotein isolated from the gut tissue of 

the ticks and acts against B. microplus. The Bm86 is involved in intracellular response, acts as 

typical membrane bound receptor in conjugation with another membrane spanning protein and 

transduces signals from outside to inside of the cell. Based on this antigen, a recombinant 

vaccine against B. microplus has been commercialized as TickGard in Australia [5] and Gavac 

in Cuba [6]. The concealed Bm86 antigen has been expressed both in Escherichia coli and 

Pichia pastoris.  

Three additional antigens have been identified viz. Bm91, BmA7 and Bm95 from B. 

microplus. Bm91 is 86 KDa molecule present in the salivary glands and gut of ticks. BmA7 is 

a 63 KDa, glycoprotein isolated from semi-engorged adult female ticks. It is located on the 

surface of the digestive cells of gut tissues, surface of both ovaries and salivary glands. Bm86, 

Bm91 and BmA7 are membrane bound glycoproteins. Geographic differences also exist  
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between different strains thus indicating variation in 

susceptibility to Bm86 based vaccine. The Argentine B. 

microplus has a 21 amino acid difference when compared to 

Australian Yeerongpilly Bm86 molecule. That is why the 

Argentine isolate has been renamed as Bm95 [7]. TickGard 

Plus vaccine comprises of E. coli expressed Bm86 and Bm91. 

Lysis of tick gut cells occurs as a result of the binding of anti-

Bm86 antibodies along with other immune effector 

components like complements with subsequent leakage of 

material from the gut into the haemocoel. The resulting 

consequences of this host induced tick pathology are mortality 

of engorging adults with a more substantial effect upon tick 

reproductive performances. A Bm86 ortholog of Hyalomma 

anatolicum anatolicum, Haa86, was cloned and expressed by 

Azhahianambi et al. [8]. The vaccination of cattle with the 

recombinant Haa86 antigen can protect against homologous 

tick challenge as well as reduced tick transmission of 

Theileria annulata, thus protecting the animals against lethal 

exposure Jeyabal et al. [9].  

 

‘Dual action’ tick vaccines 

These vaccines employ such antigens which have properties 

of both exposed and hidden antigens like 64TRP. 

 

64TRP 
A 15 kDa protein from R. appendiculatus, 64TRP, was 

identified as a putative cement protein involved in attachment 

and feeding of ticks. The immune response to this ‘exposed’ 

salivary antigen cross-reacts with ‘concealed’ tick gut 

antigens, therefore, providing a dual action as a vaccine 

combines the advantages of both exposed and concealed 

antigens [10, 11]. Recombinant forms of R. appendiculatus 

64TRP produce potent humoral and delayed type 

hypersensitivity reactions [10].  

 

Tick vaccines directed against multiple tick species 

Early experiments with B. microplus Bm86-based vaccines 

demonstrated cross-protection against B. annulatus and B. 

decoloratus infestations and conferred partial protection 

against Hyalomma spp. and Rhipicephalus spp. [12, 13, 14]. 

However, immunization with Bm86 failed to protect against 

Amblyomma spp. [14] and against some geographical strains of 

B. microplus [7, 15]. So, there is a need for discovery of more 

conserved tick-protective antigens that could be used to 

control infestations by multiple tick species in wide 

geographical areas. 

 

Subolesin 

Subolesin (4D8), a highly conserved protein involved in 

modulation of tick feeding and reproduction was discovered 

in Ixodes scapularis. Preliminary experiments using the 

recombinant I. scapularis subolesin (SUB) have shown a 

protective effect against Dermacentor variabilis and A. 

Americanum [16]. Phylogenetic analysis interpreted that SUB 

is an orthologue of Akirin. 

 

Targeting both the tick vector and tick-borne pathogens 

Although the efforts to develop vaccines against tick-borne 

pathogens constitute a separate research focus, targeting both 

the tick vector and pathogen will probably be a feasible and 

productive strategy. The recombinant Bm86 homologue 

antigen of H. a. anatolicum, rHaa86 and Tams 1 antigen of T. 

annulata were produced in P. pastoris and E. coli, 

respectively in the Division of Parasitology, Indian Veterinary 

Research Institute. A cocktail vaccine containing Tams 1 and 

rHaa86 antigens protected Indian cattle against H. a. 

anatolicum and T. annulata [17].  

 

Transmission–blocking vaccines 

These are those vaccines which block transmission and 

establishment of tick borne pathogens in the host like Salp15 

and TROSPA. 

 

Salp15 
Salp15, a secreted salivary protein with host immune 

suppressive properties inhibits CD4+ T-cell activation [18], 

complement activity [19] and dendritic cell function [20]. The 

OspC, an outer surface protein is produced by B. burgdorferi. 

When ticks take a blood meal, the spirochetes start its 

synthesis in the midguts of infected ticks. Salp15 physically 

binds to OspC on B. burgdorferi spirochetes surface during 

exit from the salivary glands, facilitating the survival of 

spirochetes, pathogen transmission and host infection [21, 22]. 

The Salp15-OspC interaction potentially obscures OspC from 

the host immune response protecting the spirochete [21]. 

 

TROSPA 

It is a tick receptor for B. burgdorferi OspA that has been 

identified in the tick mid gut [23, 24]. Tick-borne pathogens can 

acclimatize from the vector to the mammalian host through 

different gene expression. For example, outer surface proteins 

OspA and OspB are produced when Lyme disease spirochetes 

enter and reside in ticks [25] but they are down regulated 

during transmission to the host. Other genes which assist 

transmission from ticks and colonization of the host such as 

OspC and bba52 are upregulated. TROSPA expression is 

upregulated during B. burgdorferi infection and 

downregulated during tick engorgement. The physiological 

function of receptor is unidentified but binding of OspA to 

TROSPA is essential for B. burgdorferi to colonize the tick 

gut, thus supporting bacterial infection in the vector [23]. B. 

burgdorferi infection enhances expression of specific tick 

genes such as TROSPA and salp15 that can be targeted to 

prevent the transmission of Borrelia spirochetes and other 

tick-borne microbes [26]. Blocking TROSPA with TROSPA 

antisera or via RNA interference (RNAi) decreases B. 

burgdorferi adherence to the gut of I. scapularis, and results 

in reduction of bacterial colonization of the vector and, 

potentially, pathogen transmission to the host [23]. When 

bacterial OspA is used as a Lyme disease vaccine then it can 

block pathogen transmission as anti-OspA antibodies destroy 

the spirochetes in the tick gut before transmission to the host 

occurs [27]. 

Anti-Idiotype antibody vaccines and DNA vaccines have also 

been tried against ticks and have given some positive 

responses. 

 

Other anti-tick vaccine candidates 

Salp25D 

Salp25D is expressed by I. scapularis salivary glands and 

midguts [28] and has homology to per oxi redoxin antioxidants 
[29]. 

 

tHRF 
The tick histamine release factor (tHRF) from I. scapularis 

was characterized by Dai et al. [30]. tHRF is secreted in tick 

saliva, upregulated in B. burgdorferi infected ticks and it 

appears to have a role in tick engorgement and efficient B. 

burgdorferi transmission [30]. 
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Schuijt et al. [31] identified the I. scapularis salivary protein 

TSLPI (Tick Salivary Lectin Pathway Inhibitor) that protects 

B. burgdorferi from direct killing by the host complement 

system. 

 

Ferritins 

Ferritins, the iron-storage proteins play an important role in 

the homeostasis of iron during tick feeding. Kopacek et al. [32] 

characterized a common heavy chain type ferritin 2[32], 

without functional orthologs in vertebrates as a gut-specific 

protein secreted into the tick hemolymph, where it acts as an 

iron transporter [33]. The number of workers emphasized its 

impending use as a future dual action tick and tick-borne 

diseases protective antigen candidate. 

 

Serpins 

Serpins are serine protease inhibitors of a large family of 

structurally related proteins found in a wide variety of 

organisms along with hematophagous arthropods. They are 

known to regulate many important functions such as blood 

coagulation, food digestion, inflammatory and immune 

responses [34] and, therefore, are attractive target antigens for 

tick vaccine development. Cocktail vaccine consisting 

recombinant R. appendiculatus serpins RAS-3, RAS-4 and a 

36kDa immune-dominant protein RIM36, decreases tick 

infestations. 

 

Voraxin  

Voraxin is combination of two polypeptides triggering 

engorgement and ovarian development in Amblyomma 

hebraeum. This Voraxin has provided positive results in anti-

tick vaccine trials [35]. 

 

New approaches for the identification of protective 

antigens 

The recent technologies developed for gene discovery viz. 

expression library immunization and evaluation of expressed 

sequence tags show promise for systematic, rapid and global 

antigen screening and provide a widespread approach to 

selection of candidate vaccine antigens [36]. EST (Expressed 

sequence Tags), ELI (Expression Library Immunisation) and 

RNA Interference (RNAi) are the new approaches for the 

identification of protective antigens.  

 

Immediate and Future research goals 

 Recognition of new and novel antigens with the aim of 

protection against tick infestations using rapid screening 

methods such as ELI. 

 Characterization of the genetic variability in tick strains 

that has evolved in extensively unconnected geographic 

regions and environmental conditions. 

 Assessment of vaccine formulations against diverse tick 

species and in several animal hosts. 

 Enhancement of anti-tick vaccines with new antigen 

formulations and delivery systems. 

 The host immune response generated by vaccine antigens 

should be characterized. 

 Knowledge of biological function and regulation of 

expression of antigens in vaccine preparations and the 

effect of vaccine induced antibodies on tick physiology 

and reproduction should be applied meticulously. 

 Identification of antigens which block tick transmission 

pathogens followed by evaluation and characterisation of 

the effect of vaccination on the transmission of tick-borne 

pathogens [17, 35, 37]. 

Conclusion 

There is an urgent need for development of highly efficient 

vaccines against ticks for their control and to reduce or 

substitute the use of acaricides, especially in the regions 

where extensive acaricide resistance in ticks has developed. 

Modern, new and proficient molecular technologies will 

greatly help towards the development of improved vaccines 

against ticks in near future by effective antigen discovery.  

 

References 

1. Grisi L, Massard CL, Moya Borja GE, Pereira JB. 

Impacto economico das principais ectoparasitoses em 

bovinos no Brasil. Hora Vet 2002;125: 8-10. 

2. Playford M. Review of research needs for cattle tick 

control, phases I and II. Meat & Livestock Australia 

Limited, North Sydney, 2005, ISBN 1 74036 685 9. 

3. Graham OH, Hourrigan JL. Eradication programs for the 

arthropod parasites of livestock. Journal of Medical 

Entomology 1977;13:629-658. 

4. Willadsen P, Kemp DH. Vaccination with concealed 

antigens for tick control. Parasitology Today 1988;4:196-

198. 

5. Willadsen P, Bird P, Cobon GS, Hungerford J. 

Commercialization of a recombinant vaccine against 

Boophilus microplus. Parasitology, 1995;110:S43-S50. 

doi: 10.1017/S003118200 0001487.  

6. de la Fuente J, Rodriguez M, Redondo M, Montero C, 

Garcia-Garcia JC, Mendez L et al. Field studies and cost-

effectiveness analysis of vaccination with Gavac™ 

against the cattle tick Boophilus microplus. Vaccine 

1998;16:366-373. doi: 10.1016/S0264-410X(97)00208-9. 

7. Garcia-Garcia JC, González IL, González DM, Valdes 

M, Mendez L, Lamberti J et al. Sequence variation in the 

Boophilus microplus Bm86 locus and implications for 

immunoprotection in cattle vaccinated with this antigen. 

Experimental and Applied Acarology 1999;23:883-895. 

8. Azhahianambi P, de la Fuente J, Suryanarayana VV, 

Ghosh S. Cloning, expression and immunoprotective 

efficacy of rHaa86, the homologue of the Bm86 tick 

vaccine antigen, from Hyalomma anatolicum anatolicum. 

Parasite Immunology. 2009;31:111-122.  

doi:10.1111/j.1365-3024. 2008.01082. 

9. Jeyabal L, Azhahianambi P, Susitha K, Ray DD, 

Chaudhuri P, Vanlahmuaka et al. Efficacy of rHaa86, 

anorthologue of Bm86, against challenge infestations of 

Hyalomma anatolicum anatolicum. Transboundary and 

Emerging Diseases. 2010;57:96-102. doi:10.1111/j.1865- 

1682.2010.01107. 

10. Trimnell AR, Hails RS, Nuttall PA. Dual action 

ectoparasite vaccine targeting ‘exposed’ and ‘concealed’ 

antigens. Vaccine 2002;20:3560-3568. 

11. Trimnell AR, Davies GM, Lissina O, Hails RS, Nuttall 

PA. A cross-reactive tick cement antigen is a candidate 

broad-spectrum tick vaccine. Vaccine 2005;23:4329-

4341. 

12. de la Fuente J, Rodriguez M, Garcia-Garcia JC. 

Immunological control of ticks through vaccination with 

Boophilus microplus gut antigens. Annals of the New 

York Academy of Sciences 2000;916:617-621. 

13. Fragoso H, Hoshmand RP, Ortiz M, Rodriguez M, 

Redondo M, Herrera L et al. Protection against Boophilus 

annulatus infestations in cattle vaccinated with the B. 

microplus Bm86-containing vaccine Gavac. Vaccine 

1998;16:1990-1992. 

http://www.veterinarypaper.com/


 

~ 42 ~ 

International Journal of Veterinary Sciences and Animal Husbandry http://www.veterinarypaper.com 
14. de Vos S, Zeinstra L, Taoufik O, Willadsen P, Jongejan 

F. Evidence for the utility of the Bm86 antigen from 

Boophilus microplus in vaccination against other tick 

species. Experimental and Applied Acarology 

2001;25:245-261. 

15. García-García JC, Montero C, Redondo M, Vargas M, 

Canales M, Boué O et al. Control of ticks resistant to 

immunization with Bm86 in cattle vaccinated with the 

recombinant antigen Bm95 isolated from the cattle tick, 

Boophilus microplus. Vaccine 2000;18:2275-2287. 

16. Almazan C, Blas-Machado U, Kocan KM, Yoshioka JH, 

Blouin EF, Mangold AJ et al. Characterization of three 

Ixodes scapularis cDNAs protective against tick 

infestations. Vaccine 2005;23:4403-4416. 

17. Ghosh S, Azhahianambi P, Yadav, MP. Upcoming and 

future strategies of tick control: a review. Journal of 

Vector Borne Diseases 2007;44:79-89.  

18. Anguita J, Ramamoorthi N, Das S, Thomas V, Persinski 

R, Conze D et al. Salp15, an Ixodes scapularis saliva 

protein, inhibits CD4+ T cell activation. Immunity. 

2002;16:849-859. doi:10.1016/S1074- 7613(02)00325-4. 

19. Schuijt TJ, Hovius JW, Van Burgel ND, Ramamoorthi N, 

Fikrig E, Van Dam AP. The tick salivary protein Salp15 

inhibits the killing of serum-sensitive Borrelia 

burgdorferi sensulato isolates. Infection and Immunity 

2008;76:2888-2894. doi:10.1128/IAI. 00232-08. 

20. Hovius JW, DeJong MA, Den Dunnen J, Litjens M, 

Fikrig E, VanDer Poll T et al. Salp15 binding to DC-

SIGN inhibits cytokine expression by impairing both 

nucleosome remodelling and mRNA stabilization. PLOS 

Pathogens. 2008;4:e31.  

doi: 10.1371/journal.ppat.0040031. 

21. Ramamoorthi N, Narasimhan S, Pal U, Bao F, Yang XF, 

Fish D et al. The Lyme disease agent exploits a tick 

protein to infect the mammalian host. Nature. 

2005;436:573-577.doi:10.1038/ nature03812. 

22. Dai J, Wang P, Adusumilli S, Booth CJ, Narasimhan S, 

Anguita J et al. Antibodies against a tick protein, Salp15, 

protect mice from the Lyme disease agent. Cell Host & 

Microbe 2009;6:482-492. 

23. Pal U, Li X, Wang T, Montgomery RR, Ramamoorthi N, 

Desilva AM et al. TROSPA, an Ixodes scapularis 

receptor for Borrelia burgdorferi. Cell. 2004;119:457-

468. doi:10.1016/j.cell. 2004.10.027. 

24. Antunes S, Galindo RC, Almazan C, Rudenko N, 

Golovchenko M, Grubhoffer L et al. Functional 

genomics studies of Rhipicephalus (Boophilus) annulatus 

ticks in response to infection with the cattle protozoan 

parasite, Babesia bigemina. International Journal of 

Parasitology. 2012;42:187-195.  

doi:10.1016/j.ijpara.2011.12.003. 

25. Pal U, Fikrig E. Adaptation of Borrelia burgdorferi in the 

vector and vertebrate host. Microbes and Infection. 

2003;5:659-666. doi:10.1016/S1286-4579 (03)00097-2. 

26. Hovius JWR, van Dam AP, Fikrig E. Tick– host–

pathogen interactions in Lyme borreliosis. Trends in 

Parasitology. 2007;23:434-438.  

doi: 10.1016/j.pt.2007.07.001. 

27. Pal U, de Silva AM, Montgomery RR, Fish D, Anguita J, 

Anderson JF et al. Attachment of Borrelia burgdorferi 

within Ixodes scapularis mediated by outer surface 

protein A. The Journal of Clinical Investigation. 

2000;106:561-569. doi:10.1172/ JCI9427. 

28. Das S, Banerjee G, De Ponte K, Marcantonio N, Kantor 

FS, Fikrig E. Salp25D, an Ixodes scapularis antioxidant, 

is1 of 14 immunodominant antigens in engorged tick 

salivary glands. Journal of Infectious Disease. 

2001;184:1056-1064. doi: 10.1086/323351 

29. Barr SD, Gedamu L. Role of peroxidoxins in Leishmania 

chagasi survival. Evidence of an enzymatic defense 

against nitrosative stress. Journal of Biological 

Chemistry. 2003;278:10816-10823.  

doi: 10.1074/jbc.M212990200. 

30. Dai J, Narasimhan S, Zhang L, Liu L, Wang P, Fikrig E. 

Tick histamine release factor is critical for Ixodes 

scapularis engorgement and transmission of the Lyme 

disease agent. PLOS Pathogens. 2010;6:e1001205. 

doi: 10.1371/journal.ppat.1001205. 

31. Schuijt TJ, Coumou J, Narasimhan S, Dai J, Deponte K, 

Wouters D et al. A tick mannose- binding lectin inhibitor 

interferes with the vertebrate complement cascade to 

enhance transmission of the lyme disease agent. Cell 

Host & Microbe. 2011;10:136-46. 

doi: 10.1016/j.chom.2011.06.010. 

32. Kopacek P, Zdychova J, Yoshiga T, Weise C, Rudenko 

N, Law JH. Molecular cloning, expression and isolation 

of ferritins from two tick species-Ornithodoros moubata 

and Ixodes ricinus. Insect Biochemistry and Molecular 

Biology. 2003;33:103-113.  

doi:10.1016/S0965- 1748(02)00181-9. 

33. Hajdusek O, Sojka D, Kopacek P, Buresova V, Franta Z, 

Sauman I et al. Knockdown of proteins involved in iron 

metabolism limits tick reproduction and development. 

Proceedings of the Natural Academy of Sciences of the 

United State of America. 2009;106:1033-1038. 

doi: 10.1073/pnas.0807961106. 

34. Mulenga A, Sugino M, Nakajima M, Sugimoto C, 

Onuma M. Tick-encoded serine proteinase inhibitors 

(serpins); potential target antigens for tick vaccine 

development. Journal of Veterinary Medical Science. 

2001;63:1063-1069. doi: 10.1292/jvms.63.1063.  

35. Nuttall PA, Trimnell AR, Kazimirova, M, Labuda M. 

Exposed and concealed antigens as vaccine targets for 

controlling ticks and tick-borne diseases. Parasitic 

Immunology. 2006;28:155-163.  

36. de la Fuente J, Kocan K. Advances in the identification 

of protective antigens for recombinant vaccines against 

tick infestations. Expert Review of Vaccines. 

2003;2(4):583-593. 

37. Merino O, Alberdi P, de la Lastra JMP, de la Fuente J. 

Tick vaccine and the control of tick-borne pathogens. 

Cellular and Infection Microbiolgy. 2013;3:30. 

http://www.veterinarypaper.com/

