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New Zealand: Food and waterborne diseases high on the list of 
notifiable diseases

Most zoonotic, 
many food and 
waterborne

Number of notifications by disease, 2019

Campylobacteriosis 6202

Measles 2213

Giardiasis 1749

Pertussis 1206

Salmonellosis 1188

Yersiniosis 1186

Shiga toxin-producing Escherichia coli  infection 1101

Cryptosporidiosis 1035

Invasive pneumococcal disease 497

Acute gastroenteritis 489

TotalDisease



2006

Campylobacter in NZ: 1980-2006



Manawatū sentinel site 2005-2018

• ‘One health’ approach: human, animal and environment

• Identify Multilocus Sequence Types common to particular sources

• Modelling (reservoir attribution)



Manawatu sentinel site
2005-18

Campylobacter population 
structure:

according to 7-genes

C. jejuni



Reservoir attribution 
‘Asymmetric Island model’ (AIM)

Human

Wild bird

ChickenSheep

Cow

Water

• Population genetics / evolutionary 
modelling approach

• Used to find out source of human 
infections

• Flow into the human “island” from 
animal “islands”



Reservoir attribution

Mullner et al 
Infect Genet Evol. 2009 9(6):1311-9

Assigning the source of human campylobacteriosis in New 
Zealand: A comparative genetic and epidemiological approach





Relationship between campylobacteriosis notifications and hospitalisations 

Data Sources: ESR Ltd notification data; NZHIS hospitalisation data (filtered)



50% decline in notifications and hospitalisations
Est $50-70M saving per annum

Sears et al 2011, 
Emerging Infectious Diseases 17, 1007-15

Poultry interventions

Large waterborne outbreak
J Infect. 2020 Sep;81(3):390-395



Arrival of ST-6964 in 2014 and antibiotic resistance



Antibiotic resistant Campylobacter in NZ

Very low by international standards
Low use of Abs in New Zealand poultry industry

Resistance in 
humans 
similarly low 
~1-3% FQ



Whole genome sequencing and Antimicrobial Resistance:
Emergence of new strain: Campylobacter jejuni ST-6964 

• August 2014:  first two human cases of new C. jejuni
ST-6964 detected in sentinel site

• Found in 4 poultry companies and ‘breeder’ (parent) 
flocks

• Resistant to tetracycline and fluoroquinolones

– 0->37% in poultry 

– Sharp increase in AMR and ST 6964 in human cases 
across NZ (ESR study)

– Chicken liver outbreak, Wellington
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Whole genome sequencing showed AMR strain 
was new to New Zealand 

ST 1517

CC 354
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Key questions?

• How long has it been in NZ?

• How has it been transmitted between 
poultry companies?

• What has driven the emergence?

• What is the main source of human infection?

• How is it evolving? 

• Genetic basis for resistance?

These could only be addressed by Whole 
Genome Sequencing and a One Health 
approach



Pacbio and Illumina sequencing of 230 C. jejuni ST-6964 isolates from poultry 
farms and human cases

Taranaki group

Auckland/
Waikato group

NeighborNet of wgMLST allelic profile, 1276 loci



SNP-based phylogeny, plasmid and prophage integrated 
elements

• Plasmid absent from company C

• Evidence of 3 prophage integrated 
elements

• CJIE1v identified in 3 locations in 
PacBio reference strains

French et al Emerg Infect Dis. 2019 Dec;25(12):2226-2234



Transmission of Campylobacter in the poultry 
industry

• Within company?

• Local spread?

• Spread through contact 
networks?
– Feed

– Chicks

– Personnel



Transmission in the poultry industry

Greening et al 2020 under review



Company C

Comparing genetic relatedness of 
isolates revealed association with 
parent company and geographical 
location (evidence of local spread)
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Modelling genetic 
distance and potential 
transmission networks feed

live 
birds

hatching 
eggs

waste

unimodal

Multivariable model (Distance-based redundancy 
analysis):
Parent company, farm and road and feed networks 
associated with genetic distance 

bimodal

bimodal

unimodal



Key questions addressed by whole 
genome sequencing

• How long has it been in NZ?

– ~mid-late 2013.

• How has it been transmitted between poultry 
companies?

– Within company

– Local spread – road/feed network

• What is the main source of infection?

– All companies contributing to human 
infection

• Genetic basis for resistance?

– megaplasmid and mutation





Public health significance?

• Resistant to two classes
– Unless invasive, antibiotics not 

recommended
– Sensitive to GP drug of choice, 

erythromycin
– …but others still given by some 

GPs 

• New strain hasn’t caused 
increase in notifications

• But potential for spread of 
other, more virulent 
pathogens



Source Assigned – case 
control study 

design using WGS

• Conducted 2018-19
• >600 cases, 600 controls
• Over 150 isolates each from poultry, cattle, sheep
• >1200 isolates sequenced

• Risk factors associated with poultry and cattle





Current situation

• ST-6964 was 4th most prevalent in 
human cases in 2018/19

• Most prevalent in poultry

• Recent work with industry indicates 
carry-over between flocks important 
for ST6964 transmission

Source SACNZ study

https://www.mpi.govt.nz/dmsdocument/39896-source-assigned-campylobacteriosis-in-new-zealand-study-sacnzs-report

https://microreact.org/project/ds4r5sfegYQaHg4mzttZCo

https://www.mpi.govt.nz/dmsdocument/39896-source-assigned-campylobacteriosis-in-new-zealand-study-sacnzs-report
https://microreact.org/project/ds4r5sfegYQaHg4mzttZCo


Conclusions
• Campylobacteriosis still concerning for New Zealanders 

despite significant gains in 2006/7

– Sporadic food-associated cases

– Large waterborne outbreak in 2016

– Emergence of AMR linked to poultry consumption

• Poultry industry, government and research providers 
working together to achieve targets and further drive 
down contamination and notification rates

• AMR situation can change very rapidly

• MPI new strategy

• Advances in genome sequencing and modelling playing 
increasingly important roles in determining origin, 
evolution, transmission and prevention

Requires a One Health approach
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