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Preface

It was both odd and unjust, said Gauss, a real example of the pitiful arbi-

trariness of existence, that you were born into a particular time and held

prisoner there whether you wanted it or not. It gave you an indecent ad-

vantage over the past and made you a clown vis-a-vis the future.
Measuring the World, Daniel Kehlmann 2005.

Seltsam sei es und ungerecht, sagte Gauss, so recht ein Beispiel fiir die
erbarmliche Zuflligkeit der Existenz, da man in einer bestimmten Zeit ge-
boren und ihr verhaftet sei, ob man wolle oder nicht. Es verschaffe einem
einen unziemlichen Vorteil vor der Vergangenheit und mache einen zum
Clown der Zukunft.

Die Vermessung der Welt, Daniel Kehlmann 2005.
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Abstract

This thesis is concerned with the molecular epidemiology of Campylobacter jejuni and
Salmonella in New Zealand and the development of source attribution tools for these
pathogens. Although campylobacteriosis is the leading enteric zoonosis worldwide, the
pathogen’s complex epidemiology and difficulties with existing typing schemes, have
posed challenges for the control of this disease.

The first study of this thesis gives an overview of existing approaches to microbial
risk assessment and source attribution, with particular respect to campylobacteriosis,
and describes their advantages and shortcomings. Further, the chapter discusses pheno-
and genotyping techniques for Campylobacter spp. and the value of including microbial
typing data in risk assessments. In the second study, data from a sentinel surveillance
site in the Manawatu region was used to investigate the molecular epidemiology of
human campylobacteriosis cases. This analysis revealed the presence of a dominant C.
jejuni clone, namely sequence type (ST) 474, which accounted for 30.7 % of human
cases in the study and identified risk factors for infection with ruminant and poultry
associated STs. The third study investigated the link between C. jejuni in human
cases and samples taken from poultry. By applying epidemiological and population
genetic techniques this part of the thesis provided further evidence that poultry is
a major contributor to human infection. In the fourth study an existing Bayesian
source attribution model was modified and consecutively applied to New Zealand’s
major foodborne zoonoses: campylobacteriosis and salmonellosis. The majority (80
%) of human campylobacteriosis cases attributable to C. jejuni were estimated to
have been acquired from poultry sources, whereas wildlife source were estimated to
contribute only a minor proportion of cases. In the fifth study the Salmonella dataset
was descriptively analysed and a large proportion of human cases was found to be
caused by ‘exotic’ Salmonella types. In the final study of this thesis four different
genetic and epidemiological source attribution methodologies were applied to the same

dataset in a comparative modelling framework.
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The studies in this thesis show that epidemiological studies combined with molecu-
lar tools and modeling can provide valuable risk-based tools to inform the surveillance
and control of zoonotic pathogens. Methods from these studies may be readily ap-
plied to the control of other (food borne) zoonoses and provide new opportunities for

epidemiological investigations and source attribution modelling of major pathogens.
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CI Confidence interval

CC Clonal complex

cfu colony forming unit

Crl (Bayesian) credible interval

CRISPR Clustered regularly interspaced short palindromic repeats
DNA Desoxyribonucleic acid

ELISA Enzyme-linked immunosorbent assay

ERL Enteric Reference Laboratory

ERIC Enterobacterial repetitive intergenic consensus
ESR Environmental Science and Research Ltd.

EU European Union

EZDRG Enteric Zoonosis Disease Research Group
FAO World Agricultural Organisation

FAME Fatty acid methyl ester

HACCP Hazard Analysis and Critical Control Points
HL Heat-labile (antigen)

HS Heat-stable (antigen)

mCCDA Modified Cefoperazone Charcoal Desoxycholate agar
MCMC Markov Chain Monte Carlo

MEE Multi locus enzyme electrophoresis

MLST Multi locus sequence typing

viii



MPRM Modular process risk model

MRA Microbial risk assessment

MST Microbial source tracking

MST Minimum spanning trees
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NZ New Zealand
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OIE World Organisation for Animal Health
OR Odds ratio
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QRA Quantitative risk assessment

RA Risk assessment
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ST Sequence type
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