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Onchocerca volvulus in humans 
MACROFILARIAE 

Subcutaneous nodules 
(scapulae, skull, iliac crest, 

knees, elbows) 

MICROFILARIAE 

Eyes 

Skin 

Limited pathological 
significance 

Pruritis, lichenification, 
premature aging, 

leopard skin, Sowda 

PREVALENCE (APOC, 2005):  37 million infected in sub-Saharan 
     Africa 

Disease burden (Mathers et al., 2007): 349,000 blind   
     601,000 severely visually disabled 
     1,346,000 pruritis 

    Total 2,296,000 



Onchocerca ochengi in cattle 
 The closest relative of the 

human parasite 
 Transmitted by the same group 

of insect vectors (Simulium 
damnosum complex) 

 Adult parasites form 
collagenous nodules with 
comparable structure to human 
nodules 

 Extremely similar antigenically 
 Parallel response to drugs 
 Contains Wolbachia  

 



Is onchocerciasis eradicable in 
Africa? 

 Transmission interrupted after 15 – 17 years 
 River Gambia focus, Senegal (semi-annual treatment) 
 River Bakoye focus, Mali (annual treatment) 

 Transmission ongoing after 13 - 17 years 
 North Region, Cameroon (annual treatment) 
 Several districts in Uganda (annual treatment) 

 Challenges with ivermectin 
 Lack of adulticidal effect 
 Ivermectin resistance – Ghana? 
 Severe adverse events in loiasis 
 Conflict (DRC, Sudan, Uganda) 
 



A little serendipity... 
 A ‘control’ animal infected 

with O. ochengi developed a 
co-infection 
(dermatophilosis) 

 Repeated treatments with 
oxytetracycline over 6 
months led to incidental 
clearance of all nodules 

 In parallel, research in rodent 
models of filariasis showed 
that antibiotics affected the 
worms’ development and 
reproduction 



Controlled trial of oxytetracycline 



One giant leap for 
Lord Trees... 



Wolbachia: background 
 Obligate intracellular bacterium related to rickettsiae 
 Probably the most prevalent vertically-transmitted 

symbiont on Earth 
 An estimated 40% of arthropods are infected 
 Much more limited distribution in parasitic nematodes 

(some filariae, and a parasite of banana plants!)  

 Diverse effects on their hosts 
 Reproductive parasite in many arthropods; e.g. sex-ratio 

biases 
 Mutualist: provision of nutrients, pathogen protection, 

immune evasion 



What is the basis of the symbiosis? 
 Genome sequence of Wolbachia from Brugia malayi (wBm) 

suggests that it may provide nutrients to the worm host 
(Foster et al., 2005): 
 Haem 
 Riboflavin 
 Flavin adenine dinucleotide 
 Nucleotides 

 In onchocerciasis, Wolbachia attracts neutrophils around 
adult worms: 
 Antibiotic treatment leads to clearance of neutrophilia, 

followed by eosinophil infiltration and death of adult worms 
(Hansen et al., 2011) 

 Suggests that Wolbachia is a ‘defensive mutualist’ 



Methods 

Proteins Proteomics 
What is the 
organism made of? 

RNA 

DNA 

Transcriptomics 

Genomics 
What do the 
organism’s 
instructions say? 

Which instructions 
are “read” at what 
time? 

http://benbow.org.uk/familyfood/wp-content/uploads/2010/09/protein-art.jpg
http://www.autoblog.com/photos/chevrolet-camaro-production/1334095/


The Wolbachia genome of O. ochengi 
 The first Wolbachia 

genome from its 
clade and the smallest 
sequenced to date 
 11% smaller than 

wBm 
 160 fewer intact 

genes than wBm 
 
 
 



Haem  
Folate  
Riboflavin  
FAD  

   

Gene losses 

  n = 88 

Amino acid metabolism 
1% 

Amino sugar metabolism 
3% 

Cofactor metabolism 
10% 

DNA replication and repair 
13% 

Membrane transport 
8% 

Other membrane proteins 
6% 

Oxidative phosphorylation 
3% 

Peptidoglycan synthesis 
1% 

Phage-related 
1% Pole morphogenesis 

1% 

Repeat-motif proteins 
7% 

Ribosome components 
3% 

Secondary 
metabolism 

5% 

Structural RNA 
processing 

1% 

Transcriptional 
regulation 

3% 

Uncharacterised 
33% 



Transcriptome 
overview 

Nucleosides and nucleotides 

Protein metabolism 

Cofactors & vitamins 



Differential transcription: 
soma/gonad 

 Soma 
 Membrane transport 

 VirB2 
 Major facilitator superfamily 

permease 
 Multiple resistance/pH 

regulation protein 
 Cation diffusion facilitator 

 Respiration 
 Cytochrome c oxidase 

(subunit III) 
 Thiol-disulfide isomerase  

 Gonad 
 Translation 

 Elongation factor Tu 
 Several ribosomal proteins 
 Polypeptide deformylase 

 DNA replication 
 Uracil-DNA glycosylase 
 HU nucleoid protein 
 Secreted nuclease Nuc 

 Membrane transport 
 Preprotein translocase subunit SecF 
 Signal peptidase I 

 Respiration 
 FoF1-type ATP synthase (δ subunit) 

 



Expression of abundant proteins 
Protein No. unique peptides Function 

Chaperonin GroEL 45 Protein processing 

Outer membrane protein 26 Membrane transport 

ATP-binding subunit Clp protease 25 Protein processing 

Wolbachia surface protein (WSP) 17 Interactions with host 

Hypothetical protein WPa 0007 14 Unknown 

Hypothetical protein WPa 0828 11 Unknown 

Peptidoglycan-associated lipoprotein 9 Cell envelope stabilisation 

Molecular chaperone DnaK 9 Protein processing 

Putative modulator of DNA gyrase 8 Protein processing 

Succinyl-CoA synthetase, β subunit 8 Energy production 

F-type H+-transporting ATPase, subunit β 7 Energy production 

Fructose-bisphosphate aldolase 7 Nucleotide synthesis 



Wolbachia: conclusions 
 Metabolic role 
 ‘Supplementary 

mitochondrion’ → ATP 
production 

 Recycling and detoxification 
of iron? 

 Immune defence 
 Stimulation of antibacterial 

(neutrophil) response 
 Wolbachia surface protein 

(WSP), heat-shock protein 
GroEL, peptidoglycan-
associated lipoprotein (PAL) 

 Inhibition of eosinophil 
effector mechanisms 

 

Vulva 

Microfilariae 

Wolbachia 

Secretory 
pore 

Secreted WSPs 

WSP 
PAL 

GroEL 
Other 

lipoproteins? 

Neutrophils 

Eosinophil 
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