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•  Human African trypanosomiasis  

•  Buruli ulcer  

•  Chagas disease  

•  Cholera/Epidemic diarrhoeal diseases  

•  Dengue/dengue haemorrhagic fever  

•  Cystic echinococcosis 

•  Cysticercosis 

•  Dracunculiasis (guinea-worm disease)  

•  Leishmaniasis  

•  Leprosy 

•  Lymphatic filariasis  

•  Onchocerciasis  

•  Schistosomiasis  

•  Soil-transmitted helminthiasis  

•  Trachoma 

•  Endemic Treponematoses (yaws, pinta, endemic syphilis)  

WHO - Neglected Tropical Diseases 

What is Echinococcosis? 



Echinococcosis: 

• Infection with Echinococcus sp 

• Several species of Echinococcus infect humans, of 

which two species cause most cases of human disease. 

Commonly referred to as ‘hydatid disease’ 

• Echinococcus multilocularis causes alveolar 

echinococcosis. It is restricted to the northern 

hemisphere and is rare except in parts of central Asia 

and China 

• Echinococcus granulosus sensu lato causes cystic 

echinococcosis. It is distributed worldwide, causing most 

of the medical burden of echinococcosis. 
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Strategies for vaccine development: 
 

Vaccinate humans 

• Most infections occur in poor people living in poor 

countries 

• Registration of a new human vaccine is very 

expensive and unlikely to be supported for 

echinococcosis  

 

Vaccinate definitive hosts 

• An attractive option because generally these are 

less numerous than intermediate hosts 

Vaccinate animal intermediate hosts 

• Break the life-cycle and indirectly remove the cause 

of human infection 



E. multilocularis 

• Both definitive and intermediate hosts are wild animals, 

making vaccination a very difficult problem and, while 

not impossible, prohibitively expensive for a non-

transmissible human disease 

 

E. granulosus 

• Both definitive hosts and intermediate hosts are 

typically domestic animals, making vaccination an 

attractive option for this species 



Vaccination of the definitive hosts of cestode parasites 

• Little evidence of host-protective immunity 

• Several attempts have been made to develop vaccines 

• None have led to repeatable outcomes 

• No vaccines are available or likely to be registered 

 

 

 

Vaccination of the intermediate hosts of cestode parasites 

• Immunity plays a central role in the natural regulation of taeniid 

metacestode infections 

• 100% immunity can be induced with antigens from the egg 

(oncosphere) 

• The world’s first defined antigen vaccine against any parasitic 

infection was developed for a taeniid cestode (Taenia ovis; 

Johnson et al. 1989, Nature 338:585-7. 



For these reasons: 
 

The only practical progress that has been made in vaccination 

against echinococcosis has been made for vaccination of the 

intermediate hosts of E. granulosus sensu lato 

 

 

What is this sensu lato? 

• E. granulosus is a genetically diverse group of parasites 

• 88% of human infections are caused by E. granulosus 

sensu stricto (genotypes G1 & G3). 

• 11% of human infections are caused by E. canadensis 

(previously E. granulosus genotypes G6 & 7) 

• Less than 1% of human infections are caused by other 

species within the E. granulosus sensu lato group 







Global Distribution of CE transmission 

Deplazes et al. 2017 Adv. Parasitol. 95:315-492 



Principal hydatid control measures used in the past 
 
 

•  Dog treatment (praziquantel) 

•  Dog control 

− Euthanasia of  ‘not-owned’  dogs 

− Control movement to prevent scavenging 

•  Slaughter management 

•  Abattoir controls 

•  Home slaughter controls 

•  Diagnosis of infection in dogs 

•  Public education 



The path towards vaccine development for E. granulosus 

 

• What did we know about immunity to this group of 

parasites? 



Michael A. Gemmell (1926-2003) 





Michael Rickard 





David Heath 





Graham Mitchell 





A good start: 

• Concomitant immunity is a natural feature of infection 

• Protective mechanisms include antibody and complement 

• Protection can be achieved using non-living antigens 
 





Taenia  ovis 

 

Degree  of  

technical 

difficulty 

Medical 

significance 

of  vaccine 



Taenia  ovis 

Taenia  saginata 

Degree  of  

technical 

difficulty 

Medical 

significance 

of  vaccine 



Taenia  ovis 

Taenia  saginata 
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Vaccine development strategy: 

 

1. Identify of a lifecycle  stage  susceptible  to  immune  attack 

2. Exhaustive  investigations  with  native  proteins to identify 

protective proteins 

3. Recombinant  antigens  tested  in  animal  trials using the 

target species 

4. mRNA of the orthologues of protective antigens cloned from 

other species 
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Taenia ovis 

Dog 

             

      

 

Sheep 



Vaccine development strategy – T. ovis: 

 

1. Exhaustive  investigations  with  native  proteins to identify 

protective proteins 

2. Recombinant  antigens  tested  in  animal  trials using the 

target species (sheep) 

 

 

 



Group 
 

Number of cysticerci 
in each sheep 

Mean Protection 
% 

 
Controls 

 
11, 14, 15, 16, 17, 18, 20, 25, 28, 
29, 44, 45, 46, 48, 57 
 

 
28.9 

 
 - 

45W 
 

0, 0, 0, 1, 7 1.6  94 

    
Controls 13, 16, 22, 27, 35, 35, 37, 48, 

50, 52, 56 
35.5 - 

    
18K 
 

0, 0, 0, 0, 0, 0, 0, 0, 0, 1 0.1 99 

 

 

T. ovis  -  sheep 

Johnson, Harrison, Lightowlers et al. 1989. Nature 338:585-7 



PT 



Vaccine development strategy – E. granulosus: 
 

 

• The E. granulosus genome did not contain orthologues of the protective 

antigens of Taenia sp that could be identified in Southern blots 

 

• However, native oncosphere antigens were protective as vaccines 

against E. granulosus infection in sheep 

 

• Protective oncosphere antigen fractions were identified by David Heath 

(Heath & Lawrence 1998 Parasite Immunology 18:347-57)  

 

• The protective EG95 antigen was cloned from E. granulosus 

oncosphere mRNA and expressed in E. coli my Marshall Lightowlers 

(Lightowlers et al. Parasite Immunology 18:547-62)  



 EG95 hydatid vaccine trial - Australia 

 

Group Number of  viable hydatid 

cysts in individual sheep 

Mean Protection % 

    

Controls 64,  62,  51,  23,  11,  11,  7,  

4,  4,   3,   2 

21.1  

    

EG95 

Vaccinated 

0, 0, 0, 0, 0, 0, 1 0.1 99 

    

 



EG95 
 
Experimental vaccine trials  

•  Australia 
•  New Zealand 
•  Argentina 
•  China 
•  Chile 
•  Romania 
•  Turkey 

 

94-100% protection 
in every 

experiment 



 

Features  of  vaccine-induced immunity: 

•  Immunity  is  transferred  with  antibody 

•  Antibody  +  complement  kills  oncospheres in  vitro 



EG95 

153aa 

mwt 16.6 

pI 9.3 

QLCLILFATSVLAQEYKGMGVETRTTETPLRKHFNLTPVGSQGIRLSWEVQ

HLSDLKGTDISLKAVNPSDPLVYKRQTAKFSDGQLTIGELKPSTLYKMTVE

AVKAKKTILGFTVDIETPRAGKKESTVMTSGSALTSAIAGFVFSCIVVVLT  



Can we make the vaccine antigen as 

a synthetic peptide? 



DIETPRAGKKESTV 

               AGKKESTVMTSGSA 

                               TVMTSGSALTSAIA 



  
             QLCLILFATSVLAQEYKGMGVETRTTETPLRKHFNLTPVGSQGIRLSWEVQHLSDLKGTDISLKAVNPSDPLVYKRQTAKFSDGQLTIGELKPSTLYKMTVEAVKAKKTILGFTVDIETPRAGKKESTVMTSGSALTSAIAGFVFSCIVVVLT

 NSARVQLCLILFAT
                LCLILFATSVLAQE
                             ATSVLAQEYKGMGV
                                            QEYKGMGVETRTTE
                                                            GVETRTTETPLRKH
                                                                          TETPLRKHFNLTPV
                                                                                        KHFNLTPVGSQGIR
                                                                                                      PVGSQGIRLSWEVQ
                                                                                                                      IRLSWEVQHLSDLK
                                                                                                                                    VQHLSDLKGTDISL
                                                                                                                                                   LKGTDISLKAVNPS
                                                                                                                                                                 SLKAVNPSDPLVYK
                                                                                                                                                                                PSDPLVYKRQTAKF
                                                                                                                                                                                               YKRQTAKFSDGQLT
                                                                                                                                                                                                              KFSDGQLTIGELKP
                                                                                                                                                                                                                              LTIGELKPSTLYKM
                                                                                                                                                                                                                                           KPSTLYKMTVEAVK
                                                                                                                                                                                                                                                         KMTVEAVKAKKTIL
                                                                                                                                                                                                                                                                        VKAKKTILGFTVDI
                                                                                                                                                                                                                                                                                      ILGFTVDIETPRAG
                                                                                                                                                                                                                                                                                                   DIETPRAGKKESTV
                                                                                                                                                                                                                                                                                                                AGKKESTVMTSGSA
                                                                                                                                                                                                                                                                                                                               TVMTSGSALTSAIA
                                                                                                                                                                                                                                                                                                                                              SALTSAIAGFVFSC
                                                                                                                                                                                                                                                                                                                                                            IAGFVFSCIVVVLT

EG95  and  14 mer  peptide  derivatives 



EG95 14mer
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Antisera to: EG95 6-DT 12/13-DT

21/22-DT 24-DTEG95Antisera to:

Western  Blot  of  E. granulosus  oncosphere  antigen 

with  sera  from  sheep  vaccinated  with  synthetic  peptides 



EG95 and truncated derivatives 
 

 

 
 

 

 (1)     QLCLILFATSVLAQEYKGMGVETRTTETPLRKHFNLTPVGSQGIRLSWEVQHLSDLKGTDISLKAVNPSDPLVYKRQTAKFSDGQLTIGELKPSTLYKMTVEAVKAKKTILGFTVDIETPRAGKKESTVMTSGSALTSAIAGFVFSCIVVVLT 

 

 

 

 

 

(2)      QLCLILFATSVLAQEYKGMGVETRTTETPLRKHFNLTPVGSQGIRLSWEVQHLSDLKGTDISLKAVNPSD 

 

(3)         QHLSDLKGTDISLKAVNPSDPLVYKRQTAKFSDGQLTIGELKPSTLYKMTVEAVKA 

                 

(4)                                  GELKPSTLYKMTVEAVKAKKTILGFTVDIETPRAGKKESTVMTSGSALTSAIAGFVFSCIVVVLT 

 

 

 

 
 
 
(1) EG95: 153 amino acids 

 
 

(2) EG95-1: 70 amino acids, overlaps with EG95-2-GST by 20 amino acids 
 
 

(3) EG95-2: 56 amino acids 
 
 

(4) EG95-3: 65 amino acids, overlaps with EG95-2-GST by 18 amino acids 
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Western  Blot  of  E. granulosus  oncosphere  antigen 

with  sera  from  sheep  vaccinated  with  truncated  EG95  proteins 

Woollard, Gauci, Heath, & Lightowlers 2001. Vaccine 19, 498-507 

 



• Vaccination with peptides of truncated proteins was 

unsuccessful 

 

• Protective immunity requires immunization with the 

entire EG95 protein 

 

• Protection is achieved through conformational 

antigenic epitopes 

 

• The tertiary structure of the protein predicts a 

Fibronectin Type III domain 

 





Can we vaccinate against E. canadensis 

• Causes 11% of human cases of cystic echinococcosis  

• Can the EG95 vaccine be used to prevent transmission of E. 

canadensis?  





eg95-1G1
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The E. canadensis genome contains a small gene family 

encoding EG95-like proteins. These were characterised 

 

Chow et al. 2008 Experimental Parasitology 119:499-505 



Chow et al. 2008 Experimental Parasitology 119:499-505 

The EG95 orthologue in E. canadensis has several amino acid 

changes compared to E. granulosus 
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…. and this translates to E. canadensis being antigenically different 



• We do not know whether the EG95 from E. granulosus would protect 

camels, goats, pigs against infection with E. canadensis.  

• Nor do we know if the EG95 a1 protein from E. canadensis would protect 

against an homologous infection. 



Commercial production and registration of the 

EG95 vaccine 



CHINA 



Argentina 



Field application of the EG95 vaccine 

 

• Argentina 

• Peru 

• Chile 

• Morocco 

• China 

 











Rio  Negro  EG95  Vaccination  (Edmundo Larrieu) 

EVALUATION BY NECROPSY AFTER 6 YEARS  

Sheep with cysts  Control area Vaccinated area 

Before vaccination      69.6%         56.3%  

After vaccination       40.8%          21.1%  p=0.003 

   

 

Number of cysts/animal   Control area Vaccinated area 

After vaccination  1.4  0.3 

 

Number of farms with at  

least 1 infected animal   Control area Vaccinated area 

After vaccination 94.7% 23.5% 

 

 





CHINA 
 

China incorporated EG95 vaccination in the National Program for Control 

of Echinococcosis. To date, 155M vaccine doses have been applied in 7 

northwest endemic provinces. 

 

To this time, little scientific information has been available about the 

impact of EG95 vaccination in China or of other control measures 

introduced for ecinococcosis.  The scientific world hopes this information 

will be published in the not-too-distant future! 



Challenges for livestock vaccination: 

•  Lack  of  incentive  for  livestock  owners  to  vaccinate 

•  Lack  of  animal  handling  facilities 

•  Remote  locations,  coordination  difficulties 

•  Cost,  irrespective  of  the  cost  of  the  vaccine  itself 
 

 



Conclusion 
 

• We now have the tools we need to prevent cystic echinococcosis 

- An effective drug to treat infection in dogs: praziquantel 

- An effective vaccine to prevent infection in livestock: EG95 

 

• New research in echinococcosis is not a high priority… 

• It is time to ACT, to initiate new programs of control echinococcosis 

 

• and reduce the incidence of echinococcosis  




