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Outline

• Epidemiology
– Recent studies of human case data

• Genotyping – human and animal reservoirs
– MLST

• Source attribution modelling
• Recent trends – post intervention



Pathogens

Source: ESR



Campylobacteriosis in NZ

From Baker et al 2006



Epidemiology: seasonal pattern



Epidemiology: spatial pattern
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Spatial epidemiology - age

Pre-school children predominantly rural



Spatial epidemiology - age

School children predominantly urban



Interventions in poultry 
industry demanded

Poultry ~ 40% of meat consumption

2006



Source attribution

• Essential for:
– Managing public health risks
– Prioritising resources
– Directing research effort



Approaches to ‘source 
attribution’

– (Analytical) epidemiology
• Population-based epidemiological studies 

– Simulation modelling / Risk assessment 
– Molecular epidemiology

• Microbial subtyping / source tracking
• Applying molecular tools, population genetics and 

epidemiological modelling to inform public health 
policy

• NZFSA and industry funded
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Population-based 
epidemiological studies

• Cross-sectional, cohort, case-control, 
case-case.

• Can estimate relative risk / odds 
ratios / PAF for different exposures 
– e.g. Campylobacter and eating poultry, 

foreign travel, environmental, 
occupational

diseaseSource/ 
exposure



Issues with case-control studies
• Can be very valuable but…
• Prone to reporting bias

– “I must have eaten chicken….”

• If high level immunity, similar 
exposures in cases and controls – low 
power



Chicken – confusing / conflicting 
evidence?

Ikram 1994, New Zealand Campylobacter study



Approaches to ‘source 
attribution’

– (Analytical) epidemiology
– Simulation (RA) modelling 

• Multiple pathways / exposures
• Food and environmental sources
• Simulation of propagation of pathogen along 

pathway
• Hazard or risk based (need D-RR)
• Good for assessing interventions

– Molecular epidemiology
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Multi Locus Sequence Typing 

• PCR highly conserved genes
• 7 housekeeping genes
• Use allelic variation to 

describe subtypes:
– ST = sequence type – unique 

pattern of 7 alleles
– Clonal complex = group of 

related STs identified by 
progenitor ST

– Website: Oxford University
http://campylobacter.mlst

.net
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ST-45ST-42

ST-257

ST-353

ST-403

ST-21
ST-61ST-682

ST-177

ST-828 C. coli

Minimum spanning tree of all known 
isolates on PubMLST website
2954 STs, ~5000 isolates

Campylobacter populations 



ST-61 complex

1.7%3Chicken
4.5%8lamb
7.9%8ruminant offal/ meat
9.7%17sheep
30.1%53cattle
35.2%62human stool
PercentageFrequencysource



NZ Manawatu study 2005-
• Are human isolates the same as 

those found in different 
sources?

• Identify genotypes common to 
particular sources

• Modelling (risk attribution)
• Feasibility study: useful 

approach to embed within 
surveillance in NZ?



Sampling



Numbers of samples/isolates: 
C. jejuni

• Human 520 (770 samples)
• Poultry 562 samples 75% +ve
• Red meat 1312 samples 12% +ve
• Ruminant faeces 278 samples 58% +ve
• Env. Water 335 samples 30% +ve
• Wild bird 192 samples 13% +ve

March 1st 2005 to Feb 29th 2008



Rare internationally

Red = Ruminant 
associated strains

MLST
Human cases 
in Manawatu



Water strain

Ruminant strain

Minimum spanning tree: isolates from the Manawatu

Poultry strains



ST 474

ST 48

ST 354

ST 190

ST 45

Human 
cases over 

3-year 
period 



Host associated sequence types in NZ
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Chi sq 18.13, P<0.011
N=71 ruminant
N=394 poultry

Case-case comparison



Generalised outbreak
ST-474 and ST-190 responsible 
for over 40% of 2006 winter 
outbreak cases…nationally



Auckland MLST (T. Wong)

Auckland

Human

474

Pink = human
Rest poultry



Source attribution 
• Molecular tools and modelling

– Proportional similarity
• Area of overlap

– Dutch model
• Simple deterministic assignment

– Hald model
• Bayesian model assignment with uncertainty

– Island model
• Population genetics approach



Proportional Similarity Index (PS)
The PS estimates the area of overlap between the frequency 
distributions of e.g. bacterial sub types from different sources.

Human 
origin

“Bovine”
origin



The Hald model (Hald et al 2004)

pij = matrix of prevalence of different strain types
Mj= relative amount of food consumed

aj = relative ‘danger’ of food (or environmental) sources. 
qi = relative ‘virulence’ of strains.  

ijjijij qaMp )(=λ

Number of 
cases of 
type i
attributable 
to food 
source j

Estimates number of cases with measure of 
uncertainty (Bayesian inference)



Modified Hald Model

• Model prevalence uncertainty
• Hierarchical model for bacterial 

parameters (q)
• Exponential prior for source specific 

parameters (a)
• Omit food consumption weights (M)
• Include potentially pathogenic 

subtypes



Island model (Wilson et al 2008)

• Population genetics approach 
• Genealogical method based on ‘coalescent’

– Cross-validation
• Use MLST data in animal populations (“islands”) to 

estimate:
– Mutation rates
– Recombination rates
– Migration rates (inter-host transmission)

• From these estimate ‘migration’ into human 
population
– Source attribution



Source attribution in New Zealand: 
Island model 



Source of human cases, 
Lancashire, England

D. Wilson, Lancaster University, UK

cattle

sheep

poultry



Source attribution: comparing 
models

Attribution of 520 human cases in 
the Manawatu
Left column: Dutch model

Middle column: modified Hald model

Right column: Island model



Comparing models
• PS index and Dutch models easy to 

compute
• m. Hald and Island models include more of 

information from data – more complex
• m. Hald model captures food and pathogen 

factors
• Island model can assign all human cases
• Therefore… recommend multiple, 

comparative approach…





Poultry industry intervention 
trials

Post spin-chill:

Tasker blue (Sulphuric 
acid and copper)

Sanova (ASC)

Pre spin chill:

Inspexx
(hydrogen peroxide and 
peroxyactic acid)

T1 T2 T3



Poultry – count data at retail
Company A

Company C

Company B





Recent trends in NZ

Decline in 
carcase counts 
observed

Mandated 
standard and 
performance 
target set

NMD



50%
reduction



Conclusions
• NZ has unique epidemiology 

– Rural ruminant exposure in young children
– Urban poultry across all ages
– Dominant strain: ST474

• Source attribution modelling
– Tools advanced in recent years
– Applied to Campylobacter identified food, 

particularly poultry, most important source, cattle 
second

• Focussing on poultry  – early signs of success
• Environmental exposures less well defined

– May become more important 
– Ruminants and wildlife
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