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Background 

Preclinical development of the PHE CCHF vaccine              PHE pipeline fund                PLF 1516/108/MR 

Crimean-Congo Haemorrhagic Fever (CCHF) virus: 

• Severe human infection.  

• Fatality rate 30% (9-50%). 

• No FDA or European approved vaccine or treatment. 

• ACDP - Hazard Group 4 pathogen. 

• Reservoired in ticks & wild life mammals, amplified in 

cattle sheep, goat, camel [No disease in animals]     

• Transmission by tick bite or direct / indirect contact 

with infected blood/body fluids. 

  

 

 

 

  

 

 

  

  3 CCHF – A Tick borne viral haemorrhagic fever 



4 Clinical course of human disease 

• Incubation period 2-9 days  

• Haemorrhagic state develops 3 - 5 days 

• Petechial rash / ecchymoses in the skin 

• Bleeding from the mucous membranes 
Epitaxsis, Haematuria, Haemoptysis 

• Loss of blood pressure - shock  

CCHF - Clinical Disease 

• Death  7-9 days 
[massive bleeding / cardiac arrest] 



  5  IMPLICATIONS FOR DIAGNOSTICS & VACCINE 
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Budding reassortant  

viruses  
Exchange of M segments  

 influence host range 

Envelope glycoproteins  

influence  

cellular tropism 

 altered pathogenicity  

Re-assortment in CCHF viruses could lead to  

new viruses and new disease… 

But can we: 

… Detect 

….Protect against  
Chamberlain et al 2005 



CCHFV Transmission cycle   

  6 Transmission of CCHFV: No disease cuased in animals 

Bente et al 2012 



Transmission to Health Care Workers 

*ND: not documented;        

zNA: not applicable 
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Year Country
Primary 

cases

HCW 

Contacts 

2ary/3ary 

HCW cases
Exposure

1976 Pakistan 1 ND* 10 Hospital care

1979 Dubai 1 ND 6 Hospital care

1979 Iraq 1 ND 2 Hospital care

1984 South Africa 2 35 8 Hospital care

1994 Pakistan 1 12 3 Surgery

1994 Pakistan 3 40 0 NA

1994 Pakistan 1 ND 3 Surgery

1995 Oman 2 ND 0 NA

1999 Iran 3 ND 0 NA

2000 Kenya 1 ND 0 NA

2000 Pakistan 1 ND 2 Hospital care

2001 Yugoslavia 1 ND 1 Intubation

2001 Albania 1 ND 1 Electrocardiogram

2002 Pakistan 3 154 2 Muco-cutaneous

2003 Turkey 1 5 0 NA

2002-2003 Turkey 50 62 0 NA

2003 Mauritania 1 ND 6 Hospital care

2004 Senegal-France 1 181 0 Hospital care

2005 Turkey 2 5 0 NA

Total 77 494 44



Geographic distribution of CCHF 

Hyalomma tick vectors present  

Serological evidence and presence of vector 

10 – 100 CCHF cases per year 

100 and more CCHF cases per year  

CCHF: sporadic ~ 2000 cases/year 

  8 Case numbers  likely to be an under estimate  

natural reservoir  

wildlife mammals  

and birds 

Amplicator: cattle,  

sheep, goat, camel 
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1. Spread of vector across Europe.                                 2. Increased incidence in tourism areas. 

Development of a vaccine against CCHF virus 

Importance of CCHF  
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3. Threat is national and international 

 

 

 

 

 

 

                            

CCHF listed in top 10 vector-

borne diseases that have the 

greatest potential to affect 

European citizens 

Development of a vaccine against CCHF virus 

CCHF  
Vaccine 

Priority 

area  

WHO Workshop Oman Dec 2015  

Importance of CCHF  
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4. Potential bioweapon 

 

 

 

 

 

 

                            

Development of a vaccine against CCHF virus 

    5. Threat to armed forces. 

Importance of CCHF  



No vaccines or antiviral drugs are approved for CCHF by FDA or EMA. 

 

 

 

 

Bulgarian vaccine candidate has major disadvantages: 

• Requires live CCHF virus 

• Crude preparation (non-standardised homogenisation of mouse brain) 

• No efficacy studies, no interest to generate data package since 70s 

• Is not acceptable to FDA/MHRA/EMA approval 
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Alternative approach badly needed for a modern CCHF vaccine that 

can meet regulatory approval and is proven to be effective. 

Clear need to develop a properly regulated vaccine  

Vaccines & Therapies for CCHF 



Development of the vaccine candidate 
 

Our approach: We have used Modified Vaccinia Ankara (MVA) as a viral vector 

to induce immune responses against an inserted CCHF antigens. 

 

Favourable properties of MVA: 
• Human safety history:  >100,000 doses in 1970s with no adverse effects. 

• Human cells non-permissive. 

• Induction of humoral and cellular immunity. 

• Industrial GMP established. 

• Thermostable. 

• Production of recombinant proteins. 

• Clear commercial opportunities  
• Vaxgene, OBM, Bavarian Nordic, Jansen/Emergent  all in clinical trials with MVA-based 

vaccines. 

• Approximately extra 100,000 people vaccinated with no adverse signs. 

• Inexpensive, low cost approach 

 
  13 Development of a vaccine against CCHF virus 



Development of the vaccine candidate 
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Antigen sequence 

N-terminal tPA for secretion 

& Nab induction 

GFP for selection of  

recombinant viruses 

L R 

Transfer 

plasmid 

L R 

L R 
MVA genome 

L R 

MVA permissive cell 

MVA 

GFP+ plaque 

purification 

C-terminal V5 for in vitro  

antibody recognition 

Development of a vaccine against CCHF virus 

Recombinant MVA 

Wyatt & Moss 



Choice of CCHF vaccine antigen 

Nucleoprotein [NP] (S-segment of CCHFv) 

• Highly conserved between CCHFv strains. 

• Most immunogenic protein in CCHFv. 

• Successfully used for other viruses. 

 

 

Glycoprotein [GP] (M-segment of CCHFv) 

• External envelope spike glycoprotein – readily accessible by antibodies. 

• GPs commonly and successfully used for other virus pathogens. 

 

  Two vaccine constructs made: MVA-NP and MVA-GP. 

  15 Development of a vaccine against CCHF virus 
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Confirmation of antigen expression 
 

Anti-V5 antibody 

(expected size of GP-V5 fusion protein = 76.6kDa, 

positive control protein = 62kDa) 

Anti-CCHF rabbit polyclonal sera 

(similar post-translational cleavages in 

MVA-GP to native protein) 

Development of a vaccine against CCHF virus 

(NB: Findings were similar with MVA-NP construct showing positive protein expression) 

 

 



Single vs. booster dosing 

  17 MVA – NP dose studies demonstrate utility of prime boosting   

Media 

NP peptide pool 

PMA + ionomycin 

Single MVA-NP dose 

Double MVA-NP dose 

Saline control 
 

Animals culled (n=3/group) at days 3, 8 and 12  

post-vaccination for immunogenicity studies. 
Balb/C mice, 107 pfu delivered i.m. 

Antigen-specific T-cell responses made to CCHF NP peptides. 

   (20mers overlapping by 8aa, two pools containing 31 peptides) 

Single MVA Double MVA Saline

A
n
ti
g
e
n
-s

p
e
c
if
ic

 I
F

N
-

 s
e
c
re

ti
n
g
 c

e
lls

/

1
0

6
 s

p
le

n
o
c
y
te

s

0

200

400

600

800

1000

 Prime-boost approach gave greater frequencies of Ag-specific T-cells 
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Results for MVA-GP shown. 

  Similar responses in 129Sv/Ev and A129 mice were detected. 

  Immunogenicity was not evenly distributed across the antigen.  

  Responses were specific to the glycoprotein, and similar between          

      mouse strains. 

 

Media 

GP peptides 

Responses in A129 vs. wild-type mice 

IFN- ELISPOT assay 
Solid bars = 129Sv/Ev mice; hatched bars = A129 mice [IFN-α/βR-/-] 

Summed antigen responses Individual peptide pools 

MVA – GP immunisation studies in IFN knockout (CCHF established disease model ) similar to WT mice.     
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Antibody responses 

ELISA studies 

Both MVA-GP and MVA-NP vaccines induced antigen-specific antibodies. 

 

Western blot 

Development of a vaccine against CCHF virus 

MVA-GP MVA-NP 
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Day    0               7              14             21             28               35             42 

Prime Boost 

CCHF 

Challenge Analysis 

Efficacy studies 

No protective effects seen with MVA-NP, but 100% protection from lethal challenge with MVA-GP 

                First demonstration of CCHF vaccine efficacy 

MVA – GP shows 100% protection against an otherwise lethal CCHFV challenge  

  Saline 

  MVA-1974 

  MVA-NP 

  Saline 

  MVA-1974 

  MVA-GP 
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Clinical measurements 

Development of a vaccine against CCHF virus 

MVA-GP immunised 

animals showed no clinical 

evidence of CCHFv 

infection post-challenge: 

• No loss in weight. 

• No significant 

temperature deviations.  

• Clinical signs scored 

healthy on all occasions. 
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RT-PCR for CCHFv gene expression (normalised to mouse HPRT gene expression). 

 

 

 

 

 

 

 

 

 

 

 

Day 32 = 4 days post-challenge 

Day 42 = 14 days post-challenge (end of study) 

 

Viral load was significantly lower in MVA-GP vaccinated mice than in control groups.  

Viral loads 

Blood Liver Spleen 

Development of a vaccine against CCHF virus 
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Histology 
Liver Spleen 

MVA-1974 

MVA-GP 

Immunostaining 

 

Immunised A129 mice,  

4 days post-challenge 

A few, scattered cells with 

cytoplasmic staining within the 

parenchyma. 

Frequent, diffuse, positively stained 

hepatocytes. 

Normal parenchyma. A few, positively stained cells within 

an inflammatory cell focus. 

Development of a vaccine against CCHF virus 



  24 Protection mechanism...  

Mechanism of Protection  

Previous reports and anecdotal evidence point to importance 

of antibody response in protection    

Ergonul, O., Crimean-Congo haemorrhagic fever. Lancet Infect 

Dis, 2006. 6(4): p. 203-14. 

Kubar, A., et al., Prompt administration of Crimean-Congo 

hemorrhagic fever (CCHF) virus hyperimmunoglobulin in patients 

diagnosed with CCHF and viral load monitorization by reverse 

transcriptase-PCR. Jpn J Infect Dis, 2011. 64(5): p. 439-43. 

Tishkova, F. et al., CCHF survivors show strong neutralising 

antibodies are protected from further infection. Mikrobiologiya i 

Virusologiya 
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 Immunise mice with MVA-GP 
Isolate splenocytes (T-cells) and sera (antibody) 

from immunised mice 

Adoptively transfer splenocytes  

into naïve mice 
Passively transfer sera  

into naïve mice 

Challenge with CCHF virus 

Determine survival effects 

Passive/Adoptive transfer 

Mechanism of Protection  

Preliminary results with MVA – 

GP show cellular AND antibody 

responses may be important 
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Conclusions 

• Vaccine is based on CCHF glycoproteins expressed in a 

viral vector. 

• CCHF-specific antibodies and T-cells. 

• 100% protection from disease in a pre-clinical model. 

• MoA appears to rely on both T cell and antibody 

Next steps include:  

• NHP pre-clinical data package 

• Assess cross neutralisation of CCHFv strains 

• Assess prime boost stretegies 

26 Immunogenicity & efficacy of a novel CCHF vaccine 

Buttigieg et al., (2014) PLOS one.9 (3)  91516-28 



  27 Alternatives  

DNA-based vaccines expressing the CCHFv M segment 
Spik K, et al., (2006) Vaccine 24: 4657–66. 

CCHF Virus Like Particles:  

Recombinant tobacco leaves expressing GN and GC 

Ghiasi et al., (2011). Clin Vaccine Immunol 18: 2031–7. 

Inactivated virus from cell culture 

Anti Tick vaccines: Cement & midgut antigen (Bm86) partially protective   

Labuda et al 2006 PLOS one 2 (4)  e24 

Canakoglu et al., (2015). PLOS NTD. 

Alternative  Vaccine Approaches 

Recombinant Adenovirus  
Feldmannu et al.,  



  28 VSV as a vector for a CCHF vaccine? 

100% Efficacy for preventing tertiary cases in ring vaccinations: 

 16 cases in 21 day vaccine delay compared to 0 for no delay 



Vaccine Target 
• Healthcare workers in endemic countries 

• At risk occupations; abattoirs, farmers 

• At risk local population in endemic countries 

• International response healthcare workers 

• Military personnel 

• Farm animals 
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