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Abstract

This thesis is concerned with the application of recently developed epidemiological and
statistical tools to inform the optimisation of a national surveillance strategy of consider-
able importance to human health. The results of a series of epidemiological investigations
of surveillance strategies for zoonotic Salmonella are presented. Salmonella are one of
the most common and serious zoonotic foodborne pathogenic bacteria globally. These
studies were motivated by the increasing focus on the cost-effectiveness of surveillance
while maintaining consumer confidence in food supply. Although data from the Danish
Salmonella surveillance and control programme has been used in these investigations, the

techniques may be readily applied to other surveillance data of similar quality.

The first study describes the spatial epidemiological features of Danish Salmonella surveil-
lance and control programme data from 1995 to 2004, using a novel method of spatially
adaptive smoothing. The conditional probability of a farm being a case was consistently
high in the the south-west of Sonderjylland on the Jutland peninsula, identifying this area
for further investigation and targeted surveillance. The identification of clustering of case
farms led into the next study, which closely examines one year of data, 2003, for pat-
terns of spatial dependency. K-function analyses provided evidence for aggregation of
Salmonella case farms over that of all farms at distances of up to six kilometres. Visual
semivariogram analyses of random farm-level effects from a Bayesian logistic regression
model (adjusted for herd size) of Salmonella seropositivity, revealed spatial dependency
between pairs of farms up to a distance of four kilometres apart. The strength of the spa-
tial dependency was positively associated with slaughter pig farm density. We describe
how this might inform the surveillance programme by potentially targeting herds within

a four kilometre radius of those with high levels of Salmonella infection.

In the third study, farm location details, routinely recorded surveillance information, and

industry survey data from 1995 were combined to build a logistic seroprevalence model.
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This identified wet-feeding and specific pathogen free herd health status as protective fac-
tors for Salmonella seropositivity, while purchasing feed was a risk factor. Once adjusting
for these covariates, we identified pockets of unexplained risk for Salmonella seropositiv-
ity and found spatial dependency at distances of up to six km (95% CI: 2-35 km) between
farms. A generalised linear spatial model was fitted to the Jutland data allowing formal
estimation of the range of spatial correlation and a measure of the uncertainty about it.
There was a large within-farm component to the variance, suggesting that gathering more
farm level information would be advantageous if this approach was to be used to target

surveillance strategy.

The fourth study again considers data from the whole study period, 1995 to 2004. A de-
tailed temporal analysis of the data revealed there was no consistent seasonal pattern and
correspondingly no benefit in targeting sampling to particular times of the year. Spatio-
temporal analyses suggested a local epidemic of increased seroprevalence occured in west
Jutland in late 2000. Lorelogram analyses showed a defined period of statistically signifi-
cant temporal dependency, suggesting that there is little value in sampling more frequently

than every 10 weeks on the average farm.

The final study uses findings from the preceding chapters to develop a zero-inflated bi-
nomial model which predicts which farms are most at risk of Salmonella, and then pref-
erentially samples these high-risk farms. This type of modelling allows assessment of
similarities and differences between factors that affect herd infection status (introduction)
and those that affect the seroprevalence in infected herds (persistence and spread). The
model suggested that many of the herds where Salmonella was not detected were in-
fected but at a low prevalence. Using cost and sensitivity, we compared the results with
those under the standard sampling scheme based on herd size, and the recently introduced
risk-based approach. Model based results were less sensitive, but showed significant cost
savings. Further model refinements, sampling schemes, and the methods to evaluate their
performance are important areas for future work, and should continue to occur in direct

consultation with Danish authorities.
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Nomenclature

ACF Autocorrelation function
AFP Acute Flaccid Paralysis
ANN Artificial neural networks

ARIMA  Auto-regressive integrated moving average

BOSSS Bovine Syndromic Surveillance System

BSE Bovine spongioform encephalopathy

CCF Cross-correlation function

CDC Centers for Disease Control and Prevention
CHR Central Husbandry Register

Cl confidence/credible interval

CID Creutzfeldt-Jakob Disease

DLM Dynamic linear models

DMA Danish Meat Association

DRB Danish Meat Association risk-based sampling

DSSCP Danish swine Salmonella surveillance and control programme

EARS Early Aberration Reporting System

ED Emergency department
ESR Institute of Environmental Science and Research Limited
FMD Foot and Mouth Disease

FoodNET Foodborne Disease Surveillance Network

GAM Generalised additive model

GIS Geographic information system

GLM Generalised linear model

HFRS Haemorrhagic fever with renal syndrome

HIV Human immunodeficiency virus
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INAR
MCMC
MRBA
MRBB
NNDSS
OD
OHS
OIE
RADAR
RRV
SARS
SPF
SSI
vCJD
WNV
Z1B

Integer-valued autoregressive models

Markov Chain Monte Carlo

Model derived risk-based sampling A

Model derived risk-based sampling B

National Notifiable Disease Surveillance System
Optical Density

Original herd size based sampling

World Organisation for Animal Health

Rapid Analysis and Detection of Animal related Risk
Ross River virus

Severe Acute Respiratory Syndrome

specific pathogen free

Serological Salmonella Index

variant Creutzfeldt-Jakob disease

West Nile Virus

zero-inflated binomial
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Preface

Family Story

‘Poor little shitter,” her sister said. A tainted wonton
was what did it, that third night of the power cut.

Lines down everywhere, and us out in the sticks,

The power company put us in a priority queue
and sick of it all we hit town and queued instead

at the noodle-house - fuggy, crowded with pale

parents and fractious children also escaping
their darkened homes and wanting light, light

and warm food. The rain steamed off our backs

An ease came as we waited our turn, and children
played among tables. A kind of company, that’s what

we were, such as Chaucer or Boccaccio made a meal of,

only we made a meal of numbers on the menu,
our children too unsure to pronounce the names -

except Katrina, whose seven-year-old mouth

had eaten many wontons and called them out
now with conviction. On the wall, the Health

Inspection rating was unreadable behind yellowing

cellophane, a detail recalled as, hours later in the cold
bedroom, we stroked Katrina’s clammy forehead

while she writhed. ... Poor little shitter, asleep now,



xxii

already a family story, her stained sheets churning
away in a washing machine that had at last,

when our hope was gone, our patience spent,

at the very last - then it was, as tiny red standby
lights throughout the house glowed into life,

the blessed machine shook, stirred itself and beeped.

Tim Upperton

from ‘A House on Fire’ Steele Roberts (2009)



