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Infec:ous	
  diseases	
  –	
  all	
  shapes	
  &	
  sizes	
  

Worms	
  -­‐	
  helminths	
  

Phage	
  
Image	
  David	
  Goulding	
  

Clostridium	
  difficile	
  –	
  ‘bad	
  guy’	
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  David	
  Goulding	
  



Helminths	
  are	
  parasi:c	
  worms…	
  



…that	
  parasi:se	
  many	
  host	
  species	
  



Tree	
  of	
  life	
  



Roundworms	
  (nematodes)	
  

Strongyloides	
  raA	
  (threadworm)	
  

Ascaris	
  lumbricoides	
  (roundworm)	
   Necator	
  ancylostoma	
  (hookworm)	
  

Trichuris	
  (whipworm)	
  

Trichuris	
  (whipworm)	
  



Onchocerca	
  volvulus	
  –	
  river	
  blindness	
  

Simulian	
  black	
  fly	
  

Onchocerciasis	
  nodule	
   Worm	
  mass	
  inside	
  a	
  nodule	
   nodulectomy	
  

Onchocerca	
  volvulus	
  life	
  cycle	
  



Tapeworms	
  (cestodes)	
  

Hymenolepis	
  microstoma	
  (rodent	
  tapeworm)	
  

Pork	
  tapeworm	
  Taenia	
  solium	
  aRachment	
  organ	
   Cys:cercosis	
  

Echinococcus	
  granulosus	
  life	
  cycle	
  

Echinococcus	
  granulosus	
  	
  



Flukes	
  (Trematodes)	
  

Schistosoma	
  mansoni	
  cercariae	
  

Schistosoma	
  mansoni	
  	
  adult	
  male	
  and	
  females	
  

Schistosoma	
  life	
  cycle	
  

Fresh	
  water	
  snail	
  

Schistosoma	
  mansoni	
  	
  	
  
adult	
  male	
  and	
  females	
  

Clinical	
  manifesa:on	
  of	
  	
  
schistosomiasis	
  



History	
  of	
  helminths	
  

Harpers,	
  1959	
  



1st	
  WHO	
  report	
  on	
  	
  
Neglected	
  Tropical	
  Diseases,	
  2010	
  

Buruli	
  Ulcer	
  

Chagas	
  disease	
  (American	
  trypanosomiasis)	
  

Cys:cercosis	
  

Dengue	
  haemorrhagic	
  fever	
  

Dranunculiasis	
  (guinea	
  worm	
  disease)	
  

Echinococcosis	
  

Fascioliasis	
  

Human	
  African	
  trypanosomiasis	
  

Leishmaniasis	
  

Leprosy	
  

Lympha:c	
  filariasis	
  

Onchocerciasis	
  

Rabies	
  

Schistosomiasis	
  

Soil	
  transmiRed	
  helminthiasis	
  

Snakebite	
  

Trachoma	
  

Yaws	
  

Why	
  are	
  helminths	
  	
  
important	
  today?	
  



Neglected	
  Tropical	
  Diseases	
  (NTD)	
  

…primarily	
  infec:ous	
  diseases.	
  

…thrive	
  in	
  impoverished	
  se`ngs,	
  especially	
  tropical	
  climates.	
  

…[mostly]	
  parasi:c	
  diseases,	
  spread	
  by	
  insects…	
  and	
  snails	
  …	
  [or]	
  spread	
  
by	
  contaminated	
  water	
  and	
  soil	
  infested	
  with	
  the	
  eggs	
  of	
  worms.	
  

…transmission	
  cycles…	
  perpetuated	
  by	
  poor	
  standards	
  of	
  living	
  and	
  
hygiene.	
  

…concentrated	
  in	
  se`ngs	
  of	
  extreme	
  poverty.	
  



Where	
  does	
  helminthiases	
  occur?	
  



Where	
  does	
  schistosomiasis	
  occur?	
  



Where	
  does	
  onchocerciasis	
  occur?	
  



Disease	
  characteris:cs	
  

Dranunculus	
  

Fascioliasis	
  

Lympha:c	
  filariasis	
  

River	
  blindness	
  



Disease Morbity, 
DALYs* 

(millions) 

Deaths  
(1000s) 

Viral HIV-AIDS 84.5 2,600 

Bacterial Tuberculosis 34.7- 46.5a  1,600 

Protozoa Malaria 35.7a - 46.5 1,300 

Helminths Schistosomiasis 4.5  - >18b    280 

Hookworm 0.1 - 22.1a 65 
Ascariasis 1.8 - 10.5a 60 
Trichuriasis 1.0 - 6.4a 10 
Lymphatic filariasis 5.8 
Onchocerciasis 0.5 

*	
  Disability	
  adjusted	
  life	
  years.	
  	
  	
  
Source:	
  World	
  Health	
  Report	
  (2004)	
  WHO.	
  Except	
  for:	
  	
  a	
  Chan	
  (1997)	
  Parasitol.	
  Today;	
  b	
  King	
  et	
  al	
  (2005)	
  Lancet	
  

Global	
  burden	
  of	
  infec:ous	
  disease	
  



Schistosoma	
  
mansoni	
  

1st	
  parasi:c	
  	
  
trematode	
  

Helminths	
  &	
  genomics	
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Brugia	
  malayi	
  
yeast	
   C.	
  elegans	
   human	
   Plasmodium	
  

	
  Mycobacterium	
  
tuberculosis	
   Drosophila	
   mouse	
  

1st	
  parasi:c	
  	
  
nematode	
  



WTSI	
  helminth	
  genomes	
  
Olson	
  lab	
  

hRp://www.sanger.ac.uk/resources/downloads/helminths/	
  



Challenges	
  we’re	
  tackling	
  

•  De	
  novo	
  sequencing	
  
•  Source	
  DNA	
  

– Scarce	
  
– Variable	
  

•  Long	
  range	
  informa:on	
  (DNA	
  hungry)	
  



WTSI’s	
  niche	
  in	
  helminth	
  genomics	
  

•  High	
  quality	
  reference	
  genomes	
  
•  Automated	
  &	
  manual	
  improvement	
  

 

Tsai	
  et	
  al.	
  (2010)	
  Genome	
  Biology	
   ORo	
  et	
  al.	
  (2010)	
  Bioinforma:cs	
  

IMAGE	
  –	
  Itera:ve	
  Mapping	
  &	
  Assembly	
  
For	
  Gap	
  Elimina:on	
  

ICORN	
  –	
  Itera:ve	
  Correc:on	
  of	
  	
  
Reference	
  Nucleo:des	
  



•  Initial draft published in 2009 
–  survey of gene content 
–  was 51,000 contigs ... New draft now 9,000    (N50 16 -> 78 kb) 
–  was 19,000 scaffolds ...New draft now 570    (N50 0.8 -> 32 Mb) 

•  Latest: 174 scaffolds (81% of genome) mapped to chromosomes* 
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*using	
  linkage	
  map	
  from	
  Criscione	
  et	
  al	
  (2009)	
  Genome	
  Biol.	
  10:R71.	
  

Schistosoma	
  mansoni	
  



Echinococcus	
  mulJlocularis	
  

N50	
  throughout	
  ‘sprint	
  1’	
  of	
  manual	
  improvement	
  

N50	
  	
  
(bp)	
  



Echinococcus	
  mulJlocularis	
  



Worm	
  therapy	
  



Auto-­‐immune	
  protec:on	
  



DIY	
  worm	
  therapy	
  
Latrine	
  walking	
  in	
  Cameroon	
  



DIY	
  worm	
  therapy	
  
Whipworm	
  treatment	
  of	
  au:sm	
  



Parasi:c	
  helminths	
  

•  Hugely	
  diverse	
  group.	
  

•  Medical	
  &	
  economical	
  impact	
  for	
  billions	
  of	
  
people,	
  par:cularly	
  in	
  developing	
  countries.	
  

•  Key	
  reference	
  genomes	
  from	
  Sanger	
  will	
  
accelerate	
  research	
  into	
  these	
  organisms.	
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Cestodes Trematodes Nematodes 

flatworm, segmented flatworm, non-
segmented round worms 

e.g. tapeworms 
(pork tapeworm)  

e.g. flukes 
(Schistosomes) 

e.g. major intestinal 
worms, filarial worms 

(river blindness) 

hermaphrodite hermaphrodite or 
dioecious male & female 

no digestive tube digestive tract to 
caecum digestive tract to anus 

oral sucker oral sucker lips and teeth 

Helminth	
  Morphology	
  


