
 Table S1. Selected anti-tick antigens (ATAs) and how they score against some of the proposed characteristics of an ideal ATA.  

Antigen (Ag) 
Exposed or 

concealed 

antigen 

Host 

antibody 

sufficient 

access 

target 

protein 

Antibody-

antigen 

reaction 

affects tick 

biology 

Conserved 

epitopes 

hence 

protection 

against 

multiple 

species 

Ag-

coding 

gene 

expressed 

in all tick 

instars 

Ag-

coding 

gene 

expressed 

in various 

tissues 

Ag-coding 

gene 

expressed in 

different 

physiologic 

states 

Ab-Ag 

reaction 

affects 

various 

Physiologic 

functions 

Protection 

against 

pathogen 

transmission 

Efficacy 

(%) and 

Tick species 

challenged 

References 

Bm86/Bm95 Concealed      

45 – 100% 

Feeding and 

reproduction 

[24, 25, 42, 51, 
53] 

Subolesin (SUB) Concealed        

1-80% Feeding

and reproduction 
[26, 33, 45,  
148] 

Tick feeding 

p29 

HL34 

RIM36 

64TRPs 

Exposed 

Exposed 

Exposed 

Both 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

40-55%

Mortality 

47- 62%

Mortality 

[40, 64 – 68] 



  

 

 

 

  

Haemoglobinolytic enzymes 

Aspartic and cysteine peptidases 

(cathepsins D, L, B & C types), 
Asparaginyl endopeptidases, 

Monopeptidases 

 

 

 

Concealed 

 

 

 

 

 

 

 

 

  

 

 

 

  

 

 

 

 

 

 

 

  
 
 
 
 
[9, 85, 93 – 
97] 

 
Haeme & Iron transport and 
storage 
 
HeLp 
 
Ferritins 1 
 
 
Ferritins 2 
 
 

 

 

Concealed 

 

Concealed 

  

Concealed 

                     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

50-72% 

efficacy 

 
 
 
 
 
 
 
[24, 103, 104, 
106, 108, 109, 
110] 
 

Metalloproteases 

Metis 1 and 2 

HLMP1 

 

 

Exposed 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

14-60% 

Engorgement, 

oviposition, 

fertility & 

mortality 

 
 
 
 
[23, 26,  63, 
127 – 134] 

Protease inhibitors 

Serpins; HL S2, RA S 1-4 
 

Both 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

28-43% 

 
 
 



Cystatins: 

Bmcystatin, Hlcyst-1 

Sialostatin L(SL), L2 (SL2), 
Hlcyst-2 and -3, HLSC-1, om-

cystatin 1, 2 

 

Both 

 

Exposed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Engorgement & 

mortality 

40% 

Attachment & 

feeding 

 
 
[60, 71 -84, 
86] 
 

Detoxification 

Glutathione S-transferases (GST) 
 

Concealed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

50-57% Efficacy 

 
[55, 111, 113, 
115, 116] 

Osmoregulation 

Aquaporins: RmAQP1, 2&3 

 

Concealed 

 

 

 

 

 

 

 

 

 

  

 

 

 

 68-75%  

Efficacy  

 
 
[88 – 92] 

Reproduction: 

Boophilus yolk pro-cathepsin 

(BYC) 

Tick haeme-binding aspartic 

peptidase (THAP) 

Vitellin degrading cysteine endo-

peptidase (VTDCE) 

 

Concealed 

 

 

Concealed 

 

Concealed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
25-36%  
Tick number, 
weight& fertility 

 

 
 

21%  

Egg weight, No. 

engorged 

 
 
 
 
 
 
[44, 117 – 
125] 

Mating 

Engorgement factor (voraxin) e.g., 

rAhEF 

 

Concealed 

 

 

 

 

 

     

 

 

 

72% 

Tick weight 

 
 
[135, 136] 
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