
 1 

Supplementary information 
 
 
 
 
 
Supplementary Table 1. CCHFV pre-clinical vaccines evaluated for efficacy in laboratory animals. 
Nucleic acid, subunit, vector-based, inactivated and other vaccines. 
 

Vaccine Animal 
species/strain % Protection Target(s) Mechanism of protection Clinical 

Trial? References 

M-segment DNA 
vaccine 

IFNAR-/-(C57BL/6), 
or C57BL/6 (MAR-
5A3) 

70% (25 µg dose) 
100% (50 µg dose) 

M-segment 
glycoproteins CD8+ T cells No 1–3  

GN/GC and NP DNA 
vaccines 

IFNAR-/-(A129), 
NHPs (DNA) 

100% (50 µg dose 
mice) 
NHP (non-lethal 
model, no viremia, 
reduced vRNA in 
tissues, protects 
against mild 
disease) 

GN, GC and NP 

Unknown, In NHPs no 
neutralizing antibodies but T-
cell response to GP in, NP 
response in NHPs is primarily 
humoral. 

No 4–6  

S segment (NP) 
DNA +/- CD24 

IFNAR-/-(A129) 
IFNAGR-/- 100%  NP unknown No 7,8 

Bovine 
Herpesvirus NP 
subunit vaccine 

IFNAGR-/- 100% NP unknown No 9 

Adenovirus NP 
subunit vaccine IFNAR-/-(C57BL/6) 33-78% NP prime/boost more protective No 10 

mRNA+LNP 
GN/GC and/or NP IFNAR-/- 100% (all forms) 

M-segment 
glycoproteins 
and/or NP 

unknown No 11 

Replicating RNA 
NP (S) and GPC 
(M) 

C57BL/6 (MAR-5A3) 
 
 
  

 
 
100% (NP alone 
protective, GPC 
alone not 
protective) 
  

S and M-
segment 
proteins 

NP protective alone, GPC not 
protective alone No 12a 

Rhesus macaque 
(Macaca mulatta) 

Robust non-
neutralizing 
humoral immunity 
had significant 
protection against 
the CCHFV 
challenge 

S and M-
segment 
proteins 

Protective humoral response 
against NP No 12b 

Chimpanzee 
adenoviral vector 
with M-segment 
(ChAdOx2 CCHF) 

IFNAR-/-(A129) 100 M-segment 
glycoproteins 

antibody against 
glycoproteins, neutralizing 
antibody titers, and T-cell 
response but mechanism is 
unclear 

Yes, Phase 
I currently 
recruiting 
(August 
2023) 

13 
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Modified Vaccinia 
Ankara (MVA)-
CCHF 

Humans Ongoing CCHFV Humoral immune response Yes, Phase 
I 

https://www.hra.nhs.
uk/planning-and-

improving-
research/application-
summaries/research-
summaries/phase-i-
vaccine-study-of-

mva-cchf/ 

MVA-GP IFNAR-/-(A129) 100 M-segment 
glycoproteins 

May require both cellular and 
humoral response No 14,15 

rVSV expressing 
M-segment ORF STAT-1 100 M-segment 

glycoproteins 

antibody against 
glycoproteins, and 
neutralizing antibody titers 
but mechanism is unclear 

No 16 

CCHF virus-like 
replicon particle IFNAR-/- 

103 TCID50 
(80%), 105 
TCID50 (100%) 

M-segment 
glycoproteins 
and NP 

May be primarily anti-NP 
antibodies No 17–19 

Rhabdoviral-
vector GP38 +/- GC 

 C57BL/6 (MAR-
5A3) 100 GP38 +/- GC Likely non-neutralizing 

antibody, GC not needed  No 20 

Formalin 
inactivated cell 
culture derived 
CCHFV mixed 
with alum 

IFNAR-/- 5 µg dose (60%), 
20 and 40 µg (80%) Whole virus 

antibody against 
glycoproteins, and 
neutralizing antibody titers 
but mechanism is unclear 

No 21 

Mouse brain-
derived 
chloroform and 
heat 
inactivated 
CCHFV adsorbed 
on Al(OH)3 

Humans Unknown Whole virus 

antibody against 
GN/GC and N, T-cell 
response to N but 
mechanism is unclear 

No, only 
used in 
Bulgaria 

22 
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Supplementary Table 2. The in vitro efficacy of different extracts/EOs prepared from different plant parts against 
different species of Hyalomma ticks.  
	

Name and part of plant In vitro efficacy against References 
H. anatolicum 

Cymbopogon winterianus, leaves LC50 against larvae = 0.14 % 
 23 

Guiera senegalensis (Combrataceae), 
leaves  
 
 

The LC50 for inhibition of 
hatchability of larvae was 1.71 % and 
0.508 % using petroleum ether (PE) and ethanolic extracts 
(EE), respectively. The LC50 and LC99 against Larvae = 2.08 
and 14.09 % using PE  
and 0.787 and 11.054 % using EE 

24 

Vitex negundo, extracts of leaves 
and roots 

Against larvae the LC50 of root 
extract was 1.27 % and 0.011 % using leafextract 23 

Withania somnifera, leaves  Against larvae the LC50 was 0.12 % 23 
H. dromedarii 

Artemisia herba alba Asso (Asteraceae),  
aerial parts 

Against larvae LC50 = 0.0022 to 0.369 μg/μl of different 
solvent guided extracts 
 

25 

A. monosperma Del. (Tarragon), 
Aerial parts 

LC50 against larvae = 0.0437 μg/μl to 0.252 μg/μl of different 
solvent guided extracts 25 

A. indica A Juss (Meliaceae), Neem oil 
and azadirachtin 
essential oil formulation 

2.5 μg/ml 
26 

Euphorbia aegyptiaca (Euphorbiaceae), 
aerial parts 

Against larvae LC50 ¼ 0.2595 
μg/μl (DE), 1.511 μg/μl (EA), 
0.763 μg/μl (hexane) and 
0.6117 μg/μl (ethanol) 

25 

Francoeuria crispa (Asteraceae), 
Aerial parts 

The LC50 against larvae in the range of 0.455 μg/μl to 1.069 
μg/μl of extracts prepared using different solvents 25 

Haplophyllumtuberculatum (Rutaceae), 
EOs from aerial parts  

The LC50 against larvae = 0.5% 25 

Mesembryanthemus forsskale 
(Aizoaceae),  
extracts of aerial parts 

The LC50 against larvae using different solvent guided 
extracts was in the range of 0.611 μg/μl to 1.646 μg/μl 
 

25 

Reaumuria hirtella (Tamaricaceae),  
extracts of aerial parts 
 

Against larvae The LC50 against larvae was in the range of 
8.382 μg/μl to 124.68 
μg/μl using different solvent guided extracts. 

25 

H. aegyptium 
A. herba alba (Asteraceae), aerialparts LC50 = 1.105 against eggs, 

 0.755 against  
Larvae, and  
0.0079 μL/ml against 
nymphs 

27 

H. scupense 
Eucalyptus camaldulensis Dehnh 
(river red gum), EOs from leaves and 
flowering tops  

100 % inhibition of 
reproduction of female at 
6.250 μl/ml; 
LC50 and LC95 against larvae = 0.207 μl/ml, 2.978 μl/ml, 
respectively  

28 

E. globules Labill (blue gum) EOs from 
leaves and 
flowering tops  
 

100 % inhibition of the 
reproduction of female at 
6.250 μl/ml; 
The LC50 and LC95 against larvae = 0.155 μl/ml and 5.183 
μl/ml, respectively 

28 

Lavandula stoechas L. (lavender), The 
EOs from leaves and flowering tops  

100 % inhibition of 
reproduction at 3.125 μl/ml. 
The LC50 and LC95 against larvae = 0.253 and 4.092μl/ml 

28 

Origanum floribundum Munby 
(oregano), The EOs from leaves and 
flowering tops  

100 % inhibition of 
reproduction at 3.125 μl/ml. 
Against larvae LC50 and LC95 are   0.131 and 1.740 μl/ml, 
respectively 

28 

Rosmarinus officinalis L. (rosemary), 
The EOs from leaves and flowering tops  

100 % inhibition of 
reproduction at 0.781 μl/ml. 
Against larvae the LC50 and LC95 values are 0.108 and 0.761 
μl/ml, respectively 

28 
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Thymus capitatus L. (thyme), The EOs 
from leaves and 
flowering tops.  
 

100 % inhibit the 
reproduction in females at 
1.562 μl/ml. 
Against larvae LC50 ¼ 0.058 μl/ml, LC90 ¼ 0.358 μl/ml, and 
LC95 ¼ 0.600 μl/ml 

 
28 

H. excavatum 
Azadirachta indica (Meliaceae), 
NeemAzal F (Commercial 
product prepared from seed) 

LC50 = 1.0 % against newly hatched larvae, 0.5 % against 
unfed larvae and 1.6–3.2 % against unfed adults  
 

29 

H. rufipes 
E. globoidea, whole plant repellent effects against adults (30–40 % of extract up to 120 

min) 30 

Nicotiana tabacum, whole plant extracts  Significant repellent effects on 
adult tick (40% v/w of extract 
for the first 40 min) 

30 

Senna italica subsp. 
arachoides(Fabaceae), root  

Against adults the LC50 value is 8.66 % (w/v) in 24 h and 
3.59 % (w/v) in 48 h 31 

Tagetes minuta L. (Asteraceae), the EOs 
from aerial parts and flowers 

Repellent EC50 for the repellent activity of male ticks is 0.072 
ml/ml and for female ¼ 0.070 ml/ml 32 

H. lusitanicum 
Geranium macrorrhizum (Geraniaceae), 
EOs from the aerial part 

Against larvae LC50 ¼ 1.37 mg/ml and LC90 ¼ 2.87 mg/ml 33 

H. marginatum 
Satureja thymbra L. (Lamiaceae), The 
EOs from aerial part of plant at 
flowering stage  

100% mortality of adults in 3 
h at 40 μl/l 
 

34 
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Supplementary Table 3. Anti-Hyalomma spp. vaccine candidates. 
 

Antigen(s) Tick species Characteristic Stage of development Reference 
Bm86 orthologs 

Hd86 H. scupense 
(detritum) 

Mid-gut protein 
Bm86 orthologue 
 

Control of H. scupense and H. excavatum 
rBm86 and rHd86 adjuvanted with 
Montanide 888; i.m. x3. Challenged with 
H. scupense larvae, 
Hd86 caused 60% reduction of engorged 
H. scupense nymphs; Bm86 was 
ineffective. Hd86 was inefficient at 
controlling adult H. scupense ticks. 

35 

Haa86  H. anatolicum Mid-gut protein 
Bm86 orthologue 
 

Experimental immunization of cross-bred 
calves with rHaa86 saponin in mineral oil 
was used to immunize, i.m. x3, challenged 
with H. anatolicum adults and larvae. 
61.6% efficacy against challenge with 
adult H. aanatolicum. 

36,37 

Haa86  H. anatolicum Mid-gut protein 
Bm86 orthologue 

Animal trial in cattle showing cross-
protection to tick infestations and 
Theileria annulata. 

38 

Bm86  H. anatolicum Mid-gut protein 
Bm86 from 
Rhipicephalus 
microplus 

Animal trial in cattle showing limited 
vaccine cross-protection (E = 25.1% and 
44.5% for H. anatolicum and R. 
microplus, respectively). Species-specific 
antigens are required. 39,40 

ATAQ All hard ticks 
from 
Metastriata grp, 
including 
Hyalomma 

Bm86 paralogue; 
present in gut and 
Malpighian tubules. 
May play role in cell 
growth and 
differentiation 

In silico 
Not yet investigated in vitro or in vivo.  

41 

Subolesin (SUB)-derived antigens 

Subolesin (SUB)  H. anatolicum Intracellular protein.  
Function: transcription 
factor in the regulation 
of gene expression, 
affecting multiple 
cellular processes 
including the innate 
immune response, 
digestion, reproduction 
and development 

Field tests 
Recombinant Ha-SUB protein with 
Montanide ISA 50V2 used to immunize 
cross-bred calves i.m x3, then challenged 
with tick larvae (R microplus or H 
anatolicum) 
Overall efficacy 65.4% (H anatolicum) 
and 54% (R microplus). 

42 

Q38 Subolesin/Akirin 
chimera containing 
conserved protective 
epitopes 

H. marginatum, 
H. lusitanicum 

Subolesin/Akirin 
regulatory proteins. 
Highly conserved across 
tick spp. 

Efficacy of Q38 for the control of tick 
infestations in European roe deer 
(Capreolus capreolus) 

43 

Highly 
immunodominant 
epitopes of tick 

H.anatolicum & 
CCHFV 

Subolesin regulatory 
protein combined with 

The designed vaccine was in 
silico validated for its physiochemical 44 
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Subolesin and major 
structural proteins 
(Nucleoprotein and 
Glycoprotein complex) 
of CCHFV 

CCHFV structural 
proteins 

properties, allergenicity and 
immunogenicity 

Cathepsin L-like cysteine protease (CPL) orthologs 
Cathepsin-L (CathL) H. anatolicum Digestive enzyme 

involved in 
haemoglobinolytic 
pathways  

Field tests 
Recombinant Ha-CathL protein with 
Montanide ISA 50V2 used to immunize 
cross-bred calves i.m x3, then challenged 
with tick larvae (R microplusor, H. 
anatolicum) 
Overall efficacy 30.2% (H anatolicum) 
and 22.21% (R microplus). 

42 

Cathepsin L-like 
cysteine protease 
(CPL)  
(Han CPL and 
HasCPL) 

H. anatolicum 
H. asiaticum 

Digestive enzyme; 
Haemoglobinase 
produced in tick gut, 
salivary glands, ovaries 
& malpighian tubules 

Pre-clinical study 
rHasCPL or rHanCPL emulsified with 
Imject Alum adjuvant used to immunize 
rabbits s.c. x3, then rabbits were 
challenged with H. anatolicum adults. 
Overall efficacy of HasCPL against 
heterologous tick challenge 54.8%  

45,46 

Cathepsin L-like 
cysteine protease 
(CPL)  
(Han CPL and 
HasCPL) 

H. asiaticum Digestive enzyme; 
Haemoglobinase 
produced in tick gut, 
salivary glands, ovaries 
&malpighian 
tubules 

Pre-clinical study 
rHasCPL with interferon gamma as 
adjuvant. The protected rate of immunized 
mice from tick challenge was significantly 
higher after immunization with CPL + 
IFN-γ (85.11 %) than with CPL (63.28 %) 

47 

Other tick-derived recombinant antigens 
Ferritin 2 (FER2)  H. anatolicum Secreted form of iron-

binding protein 
expressed at all tick 
stages. major role in 
immune 
response, oxidative 
stress, blood acquisition 
and reproduction 

Field tests 
rHaFer2 with Montanide ISA 50V2 used 
to immunize cross-bred calves i.m. x3, 
then challenged with H anatolicum larvae 
or adults. 
Protective efficacy of rHaFER2 againstH 
anatolicum larvae - 51.8%; against  adults 
- 51.2% 

48 

Tropomyosin (TPM) H. anatolicum actin associated salivary 
protein, regulates actin 
organization. 

Field tests 
rHaTPM with Montanide ISA 50V2 used 
to immunize cross-bred calves i.m. x3, 
then challenged with H anatolicum larvae 
or adults. 
Protective efficacy of rHaTPM against H 
anatolicum larvae – 63.77%; against 
adults – 66.4% 

48 

Kunitz/bovine 
pancreatic trypsin 
inhibitor protein; 
HA11 
 

H. asiaticum Tick salivary gland 
protein; role in blood 
feeding including 
anticoagulant activity 
and disrupting host 
angiogenesis. 
Most highly expressed 
in larval and nymphal 
stages 

RNA interference & pre-clinical testing 
HA11 gene disruption reduced tick 
feeding efficiency. 
H asiaticumticks feeding on rabbits 
immunized with HA11 had reduced 
engorged body weight 

49 

Calreticulin (CRT) H. anatolicum Calcium binding 
protein. 
Function: both extra-
cellular and intra-
cellular functions, 
involved in evading the 
host’s 
immune system in ticks 

Field tests 
Recombinant Ha-CRT protein with 
Montanide ISA 50V2 used to immunize 
cross-bred calves i.m x3, then challenged 
with tick larvae (R microplusorH 
anatolicum) 
Overall efficacy 41.3% (H anatolicum) 
and 37.56% (R microplus). 

42 

Tick protein extracts/fractions 
Cement-coneproteins 
(23 kDaprotein) 

H. anatolicum 
H. aegyptium 

Proteins part of tick 
cement cone 

Preliminary evaluation in cattle 50 

Cross-reactive protein 
fraction from the 
adults of the hard tick 
H. dromedarii isolated 
by Cyanogen 

H.dromedarii Unknown Preliminary evaluation in rabbits 

51 
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Bromide-activated 
Sepharose-4B affinity 
column 
chromatography 
Three major 
glycoproteins (GLPs; 
97, 66 and 40 kDa) 
purified from adult and 
larvae  
 

H. dromedarii Adults and larvae Preliminary evaluation in rabbits 

52 

A 34 k Da 
glycoprotein with 
saponin was used for 
immunization 

H. anatolicum Larvae A 56% and 52.44 protection against 
challenged larvae and adults, respectively 
was noted 
 

53 

The affinity purified 
soluble antigen of 
37KDa (GHLAgP) 

H. anatolicum Larvae Cross-bred male calves were immunized 
with GHLAgP and infected with sub-lethal 
dosages of Theileria annulata. A 
significant protection against challenged 
adults and larvae were noted a significant 
decrease in T. annulata infection rate in 
ticks fed on immunized cattle in 
comparison to control was noted 

54 

Two glycoproteins of 
34 and 29 kDa were 
isolated from H. 
anatolicum and R. 
microplus, respectively 
employing two steps 
affinity 
chromatography 

H. anatolicum 
R. microplus 

Larvae Immunization of crossbred male calves 
using the isolated glycoproteins together 
conferred a  
Protection level of 73.6% and 75.0% of 
challenged larvae and adults of H.  
anatolicum and 89.8% adults 
of R. microplus.   
 

55 

Soluble nymphal 39 
kDa antigen (HNAg) 
purified by 
immunoaffinity 
chromatography using 
CNBr-activated 
Sepharose 4B coupled 
with immunoglobulin 
ligands from animals 
immunized with 
HNAg 
 

H. anatolicum Nymphs Following immunization of crossbred 
calves with HNAg in three doses, 
significant rejections of larvae (p<0.001, 
84.2%), nymphs (p<0.05, 61.4%) and 
adults (p<0.05, 58.7%) were recorded 

56 

Soluble gut specific 
larval antigens were 
purified by 
immunoaffinity 
chromatography using 
anti-gut IgG as ligand. 
The antigens, Aff-
GHLAg, having the 
molecular weight of 
100, 59.4 and 37 kDa 

H. anatolicum Larvae The Aff-GHLAg was used to immunize 6–
7 months old cross-bred (Bos taurus &B. 
indicus) calves. 
In three dosages with FCA and IFA. A 
protection level of 70.6%, 54.5% and 
61.9% was recorded against larvae, 
nymphs and  
Adults, respectively 

57 

A 39kDa antigens was 
purified by 
immunoaffinity 
chromatography using 
immunoglobulin 
ligands from cross-
bred animals 
immunized with 
soluble larval antigen. 
The Affinity-purified 
antigen (A-TLE) and a 
total larval extract 
(TLE) were used to 
immunize cross-bred 
(Bos indicus x B. 
taurus) cattle 

H. anatolicum larvae The group immunized with Aff-TLE 
rejected71.6% of larvae and 77.3% of 
nymphs. However, the rejection 
percentages were lower in the TLE- 
immunized group.  
 A significant decrease in the number of 
resultant nymphs (p < 0.01) and adults (p< 
0.01) in the ticks fed on the A¡-TLE-
immunized group  58 
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Soluble larval antigen 
with FCA was used to 
immunize calves 

H. anatolicum larvae A protection level of 57.25 + 6.8% and 
45.75 + 5.16% against challenged larvae 
and nymphs, respectively was noted 

59 

Multiepitope peptides as immunogen 
Two multi-epitopic 
peptides (MEPs), 
targeting Ferritin 2, 
tropomyosin and 
vitellogenin receptor 
genes were designed. 

H. anatolicum Unknown Rabbits were immunized by MEPs mixed 
with 8% Montanide TM gel 01PR. 
Following challenge, a 93.3% to 96.9% 
protection against challenged larvae and  
86.4 to 89.9% against adults was noted 
 

60 
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Supplementary Table 4. Compendium of some of the most widely used strategies for suppressing tick populations 
in rodents. 
 

Intervention / Cost estimates Advantages / Limitations References 

Landscaping and vegetation 
management 

Non-chemical control 
 
Scaling up beyond individual backyards to communities will require 
administration, funding and oversight. 
 
Impact on green spaces and public lands 
 
Importance of management around schools 
 
Can be cost effective if xeric barriers are used (e.g., wood chips, gravel, river 
stone). 
 
Pasture spelling/burning, wherever possible.  

61,62 

Broad-cast application of 
synthetic, natural and fungal 
acaricides 
 

Reluctance to use effective chemical control agents. 
 
Cost for companies/government employees to apply compounds – USA average 
is U$172/h.  
 
Product cost for natural and fungal acaricides exceed those of synthetics paying 
for the “green” option. 
 
Natural acaricides require more frequent application. 
 
Liquid and granular formulations of acaricides for rodents/small animals. High 
cost: Cyhalthrin (pyrethroid) is some $64/ha.  
 
Sprayers and spreaders are impractical for treating larger areas of tick habitat 
with limited availability and often not stable under field conditions. 

62 

Deployment of host-targeted 
acaricides 
 

Tick Tubes and Thermacell Tick Control Tubes. Tick tubes filled with cotton 
balls treated with 7.4% permethrin. 
 
Examples sold commercially include Damminix. 

Which acaricide to use in acaricide resistant areas?  
 
Size needed for optimal tick control? Safety. Half-life of products under 
environmental conditions. 
 
Rodent Bait boxes: These are child resistant plastic boxes with a bait attractant 
and fipronil-treated felt wick enabling passive treatment. Commercial products 
include SELECT TCS and TICK BOX TCS rodent bait boxes. Placing of these 
require a pesticide applicator license in some countries.  

Seasonal application can reduce costs. 

63–65 

Reduction of host animal species 
 

Hare and rodent populations can be controlled. A number of rodent control 
strategies have been described.  
 
Wildlife populations is more challenging and may be under conservation 
regulation. Permit may be required. 

For some larger animal hosts, something similar to the A 4-Poster deer treatment 
station may be envisaged. These are feed stations that uses corn to bait deer and 
treat the deer with a pesticide to kill ticks. A deer rubs against rollers containing 
an acaricide, a pesticide specially formulated to kill ticks and mites, as it lowers 
its head to the trough to feed on the corn at the station. 

66 
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Geographic information system 
and mapping 

Essential to identify regions for priority control. 

Lacking in most countries for Hyalomma and CCHFV. 

 

Oral vaccine and acaricide Lessons learned from control of I. scapularis and I. pacificus will be essential 
in the development of oral vaccines in rodents. Vaccines targeting viruses has 
not been commercialized. However, a vaccine against Borrelia is expected to 
be commercialized in the next year.  
 
An oral acaricide for rodents is anticipated to be commercialized in the next 2 
years by Genesis Laboratories, Inc. (Wellington, CO, USA). 

66 
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Supplementary Table 5. Strategies currently used to reduce human-mature tick contact.  
 

Pasture management if possible 
 

Most examples regarding tick control via pasture management are for 
Rhipicephalus ticks.  
 
Rotational Grazing: Regularly rotate cattle between pastures to disrupt the life 
cycle of ticks and reduce their exposure to infested areas. 
 
Mowing and Burning: Maintain a well-managed pasture by mowing tall grass 
and periodically burning areas to reduce tick habitat. 

 
67 

Maintenance of hosts naturally 
resistant to ticks 

Various studies on cattle breeds resistant to ticks are published. None are 
specific to Hyalomma ticks. A recent GWAS study is provided as reference.  
 

 
68 

Pheromone impregnated 
decoys for attracting and killing 
ticks 

The behaviors of interest are predominantly regulated by purines, substituted 
phenols, or cholesteryl esters, along with other pheromonal compounds such as 
organic acids, hematin, or ecdysteroids. Innovatively, devices have been 
created to merge these specific compounds, constituting pheromones, with an 
acaricide. When these devices are applied to vegetation infested with ticks or 
directly to the body surfaces of livestock or companion animals, they prove 
effective in controlling tick populations. 

69 

Biological control using natural 
enemies 

Predatory Organisms: Introduce natural predators of ticks, such as certain 
species of birds and beneficial insects, to the cattle environment. 
 
Entomopathogenic nematodes that parasitize and kill tick larvae and nymphs 
in the soil. 

 

Diatomaceous Earth The inert dusts kaolin, silica gel, perlite, and diatomaceous earth are lethal to 
ixodids. 

 
70 

Social education and 
communication 

Education - communication for reduced risk of contact/transmission  
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Supplementary Panel 1. Evolution of anti-Hyalomma spp. vaccine protective antigens. 
 

• The attempt to identify candidate antigens against Hyalomma spp. was initiated with experimental 
immunization of animals with stage specific antigens. For example, Ghosh et al. 71 immunized rabbits with 
extracts of larvae and nymphs and a significant reduction in the engorgement percentage, engorgement 
weight and egg masses in ticks fed on immunized animals compared to ticks fed on a control group of animals 
was recorded.  

• Further, a 39 kDa larval and nymphal antigens were used for immunization and challenge study and a 
cumulative protection of 58% to more than 80% was recorded against larvae, nymphs, and adults of H. 
anatolicum 56,58.  

• Then, several immunization trials using purified antigens were conducted and achieved encouraging 
protection against H. anatolicum challenge 55,57,72. El Hakim et al. 52 evaluated three major glycoproteins (97, 
66 and 40 kDa) purified from H. dromedarii adults and larvae and demonstrated 63–67 % reduction in egg 
hatchability of ticks fed on immunized animals in comparison to ticks fed on control animals. 

• Subsequently, de Vos et al. 73 identified a homologue of Bm86 in H. anatolicum with 50% protection efficacy. 
Ben Said et al. 74 cloned and characterized the Hd86 antigen from H. scupense, an ortholog of the Bm86 gene 
and reported very low intra-specific diversity in amino acid sequences of Hd86 of different isolates of H. 
scupense of Tunisia and a 59.1 % protection against the nymphal stage of H. scupense and no protection 
against adults was reported 35 and reduction of Hd86 gene transcript in adults is identified as the possible 
reasons of the variation in results. Concurrently, Ben Said et al. 75 studied Bm86 ortholog in four different 
Hyalomma spp. such as H. marginatum (Hm86), H. excavatum (He86), H. dromedarii (Hdr86) and H. 
scupense (Hd86-A1) and suggested that Hd86-A1 vaccine candidate might be more appropriate to target 
Hyalomma tick species in contrast to Bm86 commercial vaccines.  

• Further, Haa86, a Bm86 homologue of H. anatolicum was tested against homologous challenge infestations 
and a protection level of 47-60% and 40-80% against larvae and adults, respectively was noted 36–39. 
Subsequently, Subolesin (SUB), Calreticulin (CRT), Cathepsin-L like cysteine protease (CathL), Ferritin 2 
(FER2) and Tropomyosin (TPM) ortholog of H. anatolicum were tested and 65.4%, 63.7%, 51.7%, 41.3% 
and 30.2%, respectively 42,48. 

  



 13 

Supplementary Figure 1. Bibliometric analysis of CCHF vaccines.  

 
Number of publications in PubMed (https://pubmed.ncbi.nlm.nih.gov) searching with terms Crimean AND Congo 
AND Hemorrhagic AND Fever AND Vaccine on November 2, 2023. 
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