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Genomic epidemiology 
• Epidemiology informed by whole 

genome sequencing 
– NGS technology 
– Host and/or pathogen 

• Used for communicable and non-
communicable diseases 
– GWAS 

• Number of studies increased in last 5-6 
years 

• Lot of work in progress 
 



Recent articles 



Recent articles 



Recent articles: review and 
commentary 



Applications 
• Transmission 

– Estimating Ro 

– Transmission in social networks 

– Anthroponoses, zoonoses (incl reverse zoonoses) 

• Host switching  
– Incl. Zoonoses 

• Phenotype:genotype relationships 
– Broad definition of phenotype (host association, seasonality, carbon source 

utilisation) 

• Geographical movements and incursion 
– Number and origin of introductions 

• Evolution 
– Impact of interventions (vaccination) 

– Changes in virulence 

– Antimicrobial resistance (Debbie Williamson) 



• 3 year outbreak of TB in British Colombia 
– In community struggling with alcoholism, drug 

abuse and transient housing status 

• Typed isolates using mycobacterial 
interspersed repetitive unit–variable-number 
tandem-repeat (MIRU-VNTR) 
– Evidence that outbreak was due to a single clone 

• Traditional contact tracing could not identify a 
source 

Gardy et al, 2011 New Engl J Med, 364, 730-739   



• Whole genome 

sequences for 36 

isolates 

• Found two distinct 

lineages 

• Identical MIRU-

VNTR types 

• Suggested two 

concomitant 

outbreaks 



Social network analysis 

• Interviewed cases and constructed a social 
network to look for key: 

– Persons 

– Places 

– Behaviours 

• Highlighted the most probable source case 



Combining phylogeny and 
SNA 

• Brought phylogeny 
and social network 
together 

• MT001 = most 
probable source for 
first outbreak 
– “superspreader” 
– Most cases 

unconnected with 
each other, but had 
contact with MT001 



Truth and error (Croucher et al) 

 See Tim Vaughan’s talk 



Genomic epidemiology of 
Campylobacter spp. in New Zealand 

~ 400 genomes in NZ collection 



Campylobacter: Mechanisms of 
evolution 

• NZs dominant enteric bacterial pathogen (8,000 
cases) 

• Mutation and recombination (HGT) 

• Evidence from multiple studies indicate 
recombination much more important than 
mutation for C. jejuni 

– Natural transformation 

– Transduction 

• See Tim Vaughan’s talk 

 

 

 

 

 



AOAS, resubmitted 



Ratio of recombination to 
mutation (events) 

From Fearnhead et al 2014 

Based on Single locus MLST variants – i.e. varied at one of 7 housekeeping genes 



• Compared just 2 isolates: Human and poultry 
isolates, same genotype, time and space. 

• Epidemic strain 
• 83 genes differed, 55 with amino acid 

differences.  
• 96.7% were imported via recombination.  
• Recombination much more important  than 

mutation for generating divergence. 
• Imported from multiple lineages since 

common ancestor 
• MRCA ~ 120-130 years ago, recent 

population growth 
 

ST 474 

flaA 14 

Non-homologous recombination, ykgC 

2011 

ST 474 evolution 



Host association and reservoir attribution 
which animals are people getting infected from? 

• Whole genome sequencing to identify markers associated with host 

– ykgC oxidoreductase – ruminant associated? 

– Cj1069-rpsF region 

– Sheppard et al vit B5 synthesis, GWAS study (PNAS 2013) 

IV (5248 bp) 

III (~5381 bp) 

II 4924 bp) 

I (~2988 bp) 

 

0.001 

NZ C. jejuni isolates  



Mutation and the short-term evolution of 

C. jejuni in vivo (Anja Friedrich) 

• Chicken feed trial experiment 

– Caprylic acid  

• Inoculated with C. jejuni  

– ST-474 and ST-45 strains 

• Isolates recovered on days 33, 39 and 43 

• 27 genome sequenced, + 2 parents 

*Gardner and Hall 2013  



Mutation and the short-term evolution of 

C. jejuni in vivo (Anja Friedrich) 

• Only ST-474 recovered 

– 15 core SNPs/point mutations (kSNP*) confirmed 

• 6 independent mutations in one gene 

– mreB, actin homologue involved in cell shape 

– No obvious cell shape changes? 

• Other mutations in motility genes 

– ptmG flagellar glycosylation gene 

– Motility accessory factor 

 

SEM of parent strain 

*Gardner and Hall 2013  



Multiple mutations in mreB 
• No recombination? 

• Expected 3-8:1 

recombination to 

mutation from SLV and 

WGS studies 

• Observed only 

mutations (15) 

• No other 

diverse/compatible 

Campylobacter to 

recombine with? 

• Purged by purifying 

selection? 

 

Inoculum strain 



Parallel evolution? (same SNPs in 
Oxford, UK human cases) 

Oxford 

cases 

Chicken 

trial 

mreB 6 



Global view:  
Campylobacter niche specialism 

 

• Evidence of generalists and specialists 

– Agricultural strains  

– Wildlife strains 

• C. jejuni just 4,000 years old? Traced back to 
common ancestor 

• Species convergence / introgression 

– Associated with livestock strains 

– Sheppard et al Science 2008:  
Vol. 320  pp. 237-239  

 



Hybrid speciation in agricultural 
Campylobacter 

• Hybridization facilitates niche adaptation in 

diverse taxa. 

• Introgression mainly jejuni - coli 

Sheppard et al 2011 



Livestock populations in NZ  
Barbara Binney 

Cattle 

Binney et al, New Zealand Vet Journal  2014 



Tracing genealogical histories… 
• Epidemic Campylobacter jeuni 

strain ST 474 - common ancestor 
introduced in ruminants early 
1800s? 

• Bottleneck and subsequent 
expansion as poultry industry 
expanded? 

 

In Campylobacter Ecology and Evolution. 

Eds Sheppard, Méric 

Compatibility analysis 



Ruminant 



Campylobacter jejuni sources in water 

Most Campylobacter in water in Manawatu from wildlife – even in dairy catchments 

Water birds 

Sheep 

Cattle 



Pathogen prediction (Barbara Binney) 

MLST

Pathogenic 

Families Matched

prediction 

score

predicted to be 

human pathogen

W194b ST2381 40 79.701 yes Water rail associated

N3d ST2381 41 84.042 yes Water rail associated

W83a ST2381 44 97.693 yes Water rail associated

N191 ST42 428 858.871 yes Cattle associated

S263a ST42 430 865.367 yes Cattle associated

N31 ST42 442 889.374 yes Cattle associated

Whole genome sequencing ~ 400 NZ isolates 

Some strains of C. jejuni less pathogenic? Consistent with epidemiology 



Multiple water rail associated lineages in New Zealand 

Nearest to common ancestor 

NJ tree glnA allele 

http://en.wikipedia.org/wiki/File:Porphyrio_hochstetteri_-Tiritiri_Matangi_Island-8b-3c.jpg
http://en.wikipedia.org/wiki/File:Weka_(bird).jpg


Pan-genome analysis NZ Campylobacter: 
evidence of new species 

C. jejuni 

Human and agricultural 

Wildlife and water 

Water and water rails 

(including pukeko, takahe and 

purple swamp hens) 

C. coli 

‘C. aotearoa’ 

‘C. gallirallus’ 



Private island location undisclosed 

Takahē Campylobacter study 

• Aim: Investigate the influence 
of geographic isolation and 
translocation on the 
molecular differentiation of 
commensal Campylobacter 

• Faecal samples and swabs  

118 takahē 

– Nov 2011 - Apr 2013 

• 6 locations in NZ 



C. Aotearoa 70 genome: 
location and population structure 

NeighborNet tree of nucleotide sequences of 52 rMLST genes 
Amino acid core genome 

rMLST 

Strong evidence of spatial structuring of genotypes according to translocation site 

Implications for translocation as a conservation tool 



Salmonellosis: multiple serotypes, 
complex epidemiology 

• In NZ salmonellosis is the second most notified foodborne 
disease after campylobacteriosis.   

From French et al Development and application of new tools for the analysis of 

Salmonella surveillance data… Final report, SCIG-MAS-001  April 2011 

Non-typhoidal 

>15,000 cases 



Typhimurium DT 160 most 
prevalent serotype until 2011 

• In 1998, Salmonella DT160 
identified as a human pathogen 
in NZ 

• Initial outbreak in Christchurch 
in humans and sparrows (2000) 

• Subsequently isolated from 
farmed animals and wild birds.  

• After 2000, increased 
significantly progressing from 
the South to the North Island.  

• Now 2nd behind Typhimurium 
RDNC-May 06. 

 

 

http://www.flickr.com/photos/rebarbashphotos/4731107103/


Epidemiology and Infection, 139(8):1262-71, 2011 

DT160 epidemiology 



Salmonellosis in 

humans 2000-2009 
 

 

Blue=Brandenburg 

(sheep, direct contact) 

 

Purple=Typhimurium 156 

(food, cattle) 

 

Green=Typhimurium 160 

(wild birds, food) 

 

Cases2kml (Chris Jewell) 

http://4.bp.blogspot.com/__y-lXOrOC8A/TGqIcJ-_2gI/AAAAAAAACLs/OWIDyufycr4/s1600/sheep-600.jpg


Salmonellosis in 

humans 2000-2009 
 

 

Blue=Brandenburg 

(sheep, direct contact) 

 

Purple=Typhimurium 156 

(food, cattle) 

 

Green=Typhimurium 160 

(wild birds, food) 

 

http://4.bp.blogspot.com/__y-lXOrOC8A/TGqIcJ-_2gI/AAAAAAAACLs/OWIDyufycr4/s1600/sheep-600.jpg


S. Tyhimurium DT 160: initial genotyping 
study 

**Total of 76 isolates comprising 23 human, 24 avian, 29 poultry environment. 

Omar et al 2010 



Multi-
dimensional 

scaling plot of 
PFGE distance 

matrix:  
Salmonella 

Typhimurium 

Pleydell et al 2013  

DT160 evolved into RDNC-May 06? 



Genome sequencing: preliminary 
SNP analysis  

50/120 isolates 

sequenced 

 

~400 SNPs (needs full 

QA) 

 

Resolves phylogeny – 

all unique profiles 

 

Evidence for zoonotic 

spread 

 

Collaboration with 

ESR: Phil Carter, 

Muriel Dufour 

Sam Bloomfield Human 

Wild bird 

Poultry (env) 



More 
recent 

isolates 
peripheral 

in tree 

2000-2001 

2008-2009 



Mutidimensional scaling based on core genome SNPs 



Mutidimensional scaling based on core genome SNPs 



Mutidimensional scaling based on core genome SNPs 



Mutidimensional scaling based on core genome SNPs 



Mutidimensional scaling based on core genome SNPs 



Relationship between year of 
‘epidemic’ and genetic dissimilarity 

Over time course of epidemic radiating out in recent years, increasing diversity 



Bayesian skyline plot (Tim Vaughan) 

Increase in population size just prior to peak in human cases 

Massive increase in bacterial population just prior to major human epidemic 



56 variant 
(RDNC May 06) 
evolved from 

DT160? 

DT160 
56 variant 



Host transitions- zoonotic or 
anthroponotic spread? 



Conclusions: how will it help inform policy? 
• Transmission 

– Speed of spread Ro, what vaccine coverage needed? 

– Transmission in (social) networks – who’s infecting 
whom? (people and animals, conservation studies) 

– Importance of different transmission routes (zoonotic 
versus person to person?) 

• Host switching  
– When, where, which way? 

• Phenotype:genotype relationships 
– Refining source/reservoir attribution? 

– Diagnostics 

• Number and origin of introductions 
– Informing biosecurity (where come from, how often)  

• Evolution 
– Impact of interventions such as vaccination 

– Effects of antimicrobial use 

– Prediction of emergent strains 

Ongoing genomic epi 

studies in mEpiLab 

 

STEC O157 

Non-O157 STEC 

Salmonella 

Campylobacter 

Leptospira 

Enterococci 

 

Patricia Jaros 



Campylobacter and STEC: 
genotype:phenotype studies 

Brown SBI type 5 

with stx2c 

 

Sucrose non-

fermenter 

 

Other studies (Lee 

et. al AEM 2012) 

have shown  stx2c  

strains to be 

‘stress sensitive’ 

 

 

Omnilog system 

Tessy George 



Food safety and the NZ economy? 
Clostridium ….? 

rMLST 
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