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1. INTRODUCTION

The Food and Agriculture Organization of the United Nations (FAO) and the World Health Organization
(WHO) convened an Expert Consultation on Risk Assessment of Microbiologica Hazards in Foods in WHO
Headquarters, Geneva, Switzerland from 23 - 27 July 2001. Thelist of participantsis presented in Annex 1.

Dr Jorgen Schlundt, Coordinator, Food Safety Programme, Department of Promotion of the Human
Environment, Sustainable Development and Healthy Environments Cluster in WHO opened the consultation on
behalf of the two sponsoring organizations. In welcoming the participants Dr Schlundt stated that FAO and WHO
are in the forefront of the development of risk based approaches for the management of public health hazards in
food. In doing so, they are extending the experience and expertise developed in risk assessment of chemical hazards
to microbiological hazards.

There is heightened global awareness of microbiological food safety and the need to reduce significantly
the occurrence of foodborne illnesses. Dr Schlundt noted that the highest governing body of WHO, the World
Health Assembly, recognized this fact when it met in May 2000 and for the first time issued a resolution that
focused on the microbiological problems relating to food safety. The resolution also highlighted the need for
science based involvement of public health considerations within the future standardization work in this area. Dr
Schlundt also highlighted the activities of the Codex Alimentarius Commission (CAC) in the area of
microbiological risk assessment. In response to reguests from the CAC as well as to the needs of their member
countries, FAO and WHO had embarked on a programme of activities with the objective of conducting risk
assessments on specific pathogen-commodity combinations.

The consultation elected Dr. Servé Notermans (the Netherlands) as Chairperson of the expert consultation.
Dr Henrik Wegener (Denmark) was appointed as Rapporteur. The consultation also appointed a chairperson and
rapporteur for each of the working groups. Professor Tom Humphrey (United Kingdom) and Dr. George
Nasinyama (Uganda) were nominated as Chairperson and Rapporteur respectively for the working group on
Campylobacter spp. in broiler chickens. Professor Tom McMeekin (Australia) and Dr Ron Lee (United Kingdom)
were nominated as Chairperson and Rapporteur respectively for the working group on Vibrio spp. in seafood.

2. BACKGROUND

Risk assessment of microbiological hazards in foods has been identified as a priority area of work for the
CAC. At its 32™ session the Codex Committee on Food Hygiene (CCFH) identified a list of pathogen-commodity
combinations for which it required expert risk assessment advice. In response, FAO and WHO, jointly launched a
programme of work with the objective of providing expert advice on risk assessment of microbiological hazards in
foods to their member countries and to the CAC.

Dr. Hajime Toyofuku, WHO, and Dr. Sarah Cahill, FAO provided participants with history of the FAO,
WHO and Codex activities on microbiological risk assessment including the background to the current work. In
their presentation, they aso highlighted the objectives and expected outcomes of the current meeting. Dr Jean-
Louis Jouve, Chief, Food Quality and Standards Service, FAO provided the expert consultation with guidance on
how to conduct their review and evaluation of the background documents.

The FAO/WHO programme of activities on microbiological risk assessment aims to serve two customers -
the CAC and the FAO and WHO member countries. The CAC, and in particular the CCFH, has requested sound
scientific advice as a basis for the development of guidelines and recommendations as well as the answers to
specific risk management questions on certain pathogen-commodity combinations. Member countries on the other
hand need specific risk assessment tools to use in conducting their own assessments and, if possible, some modules
that can be directly applicable to anational risk assessment.

To implement this programme of work, FAO and WHO are convening a series of joint expert
consultations. To date two expert consultations have been convened to address risk assessment of Salmonella spp.
in broiler chickens and eggs and Listeria monocytogenes in ready-to-eat foods. In March 2001 FAO and WHO
initiated risk assessment work on Campylobacter spp. in broiler chickens and Vibrio spp. in seafood, both of which
were identified as priority issues by the CCFH (see Annex 2). Two ad hoc expert drafting groups were established
to examine the available relevant information on the abovementioned pathogen-commodity combinations. These
groups prepared background documentation on hazard identification, exposure assessment and hazard
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characterization of Campylobacter spp. in broiler chickens and Vibrio spp. in seafood. These documents were
reviewed and evaluated by the joint expert consultation.

The purpose of this report is to present the summary of the draft documents on hazard identification,
hazard characterization and exposure assessment on Campylobacter spp. in broiler chickens and Vibrio spp. in
seafood as well as the discussions and recommendations of the expert consultation.

3. OBJECTIVESOF THE CONSULTATION

The consultation examined the information provided by the expert drafting groups on hazard characterization and
exposure assessment of Campylobacter spp. in broiler chickens and Vibrio spp. in seafood with the following
objectives;

1. Tocriticaly review the documents prepared by the ad hoc expert drafting groups giving particular attention to:

the scope of the work and the approach taken or the proposed approaches to undertake the risk
assessments of these pathogen-commodity combinations;

the assumptions on which the exposure assessments and hazard characterizations are or will be based;
the associated uncertainty and variability;
the data needed to improve and complete the work.

2. To provide scientific advice to FAO and WHO member countries on the risk assessment of Campylobacter
spp. in broiler chickens and Vibrio spp. in seafood based on the available documentation and the discussions
during the expert consultation.

3. Toidentify the areas in which risk management guidance is needed from the CCFH to further define the future
direction of the work.

4. SUMMARY OF THE GENERAL DISCUSSIONS

The drafting groups presented overviews of the hazard identification, exposure assessment and hazard
characterization components of the risk assessments on Campylobacter spp. in broiler chickens and Vibrio spp. in
seafood to the expert consultation. A summary of this and the discussions of the expert consultation are given in
sections five and six of this report.

The expert consultation acknowledged and expressed its appreciation for the body of work that had been
carried out by the drafting groups and the quality of the material presented.

The consultation formed two working groups addressing Campylobacter and Vibrio respectively. The
composition of the two working groupsis outlined in the tables below.

Campylobacter spp. in broiler chickens

I ndependent experts Expert member s of the drafting groups
Louis Anthony Cox, United States Bjarke Bak Christensen, Denmark
Marja-Liisa Hanninen, Finland Aamir Fazil, Canada

Tom Humphrey, United Kingdom Emma Hartnett, United Kingdom

Servé Notermans, The Netherlands AnnaLammerding, Canada

Susana Maria de los Milagros Jiménez, Argentina Greg Paoli, Canada

Paul Mead, United States Hanne Rosenquist, Denmark

George Nasinyama, Uganda
Henrik Wegener, Denmark
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Vibrio spp. in seafood

I ndependent experts Expert member s of the drafting groups
Awa Kane Aidara, Senegal Angelo DePaola, United States
Dorothy-Jean McCoubrey, New Zealand |. Karunasagar, India

Ron Lee, United Kingdom Ken Osaka, Japan

Tom McMeekin, Australia John Sumner, Australia

Noel Murray, New Zealand Mark Walderhaug, United States

Mitsuaki Nishibuchi, Japan

Mark Tamplin, United States
Paul Brett Vanderlinde, Australia
Shigeki Y amamoto, Japan

The expert consultation discussed the approaches taken by the two expert drafting groups to respond to the
risk management questions posed by the 33" session of the CCFH and found that the approaches in general were
sound. It was recognized that there are inherent challenges and problems relating to developing "globally applicable
risk assessments" based on national risk assessments, or, in the absence of national risk assessments, from relevant
data available in different countries. Also, the expert consultation redlized that the current FAO/WHO
microbiological risk assessment work could not reach the level of detail achievable in national microbiological risk
assessment work. This was due to the need for it to be widely applicable but also due to the limited resources
available to the sponsoring organi zations.

The expert consultation recognized that the availability of suitable data for microbiological risk assessment
was a critical issue. For example, it identified data in relation to food consumption patterns and food handling
practices in different countries as a very important issue for the development of internationally applicable risk
assessment tools. In relation to data availability the expert consultation noted that the FAO/WHO "Calls for data’
were attempting to address this. However, it felt that the current process had limitations and was unlikely to reach
the attention of al relevant data contributors due to language barriers and the fact that their distribution was almost
exclusively by electronic means. It was considered that this process could be improved by addressing the language
and distribution issues and also by providing potential contributors with detailed guideines for data collection and a
template for data submission.

The expert consultation recommended that dialogue between risk assessors and risk managers should be
enhanced to provide timely feedback on model creation and documentation and to better serve the needs of the risk
managers. The consultation suggested that presentations by a representative member of the expert drafting groups
at the CCFH would be a productive means of increasing understanding of the potential uses and limitations of
microbiological risk assessment among risk managers and enabling the CCFH to better identify their risk
assessment needs.

The consultation noted that currently the risk assessment work that had been carried out on both
Campylobacter spp. in broiler chickens and Vibrio spp. in seafood was weighted towards the situation in developed
countries, primarily due to differences in data availability in developing and developed countries. However, due to
the international nature of this work the expert consultation recommended that both expert drafting groups attempt
to further include the situation in devel oping countries in the draft risk assessments.

4.1 CAMPYLOBACTER SPP. IN BROILER CHICKEN

The expert consultation found that the approach taken and the assumptions made in the draft
Campylobacter risk assessment were acceptable. However, it was noted that there were a large number of
uncertainties relating to important areas in the farm-to fork model, primarily due to lack of data to develop and
validate the models.

The expert consultation acknowledged that in the current draft of the Campylobacter farm-to-table model
the various components were not yet fully integrated, and needed further development before estimates of the risk
to public health and the efficacy of interventions to reduce Campylobacter could be generated. Although, this was
felt to be a limitation in reviewing the model, the expert consultation recognized the capacity of the farm-to-table
modd to identify gaps in data and felt that it could be used to stimulate relevant research on Campylobacter.
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Furthermore, when finalized and further validated the expert consultation was of the opinion that it would
congtitute an important contribution to the management of risks to public health posed by Campylobacter spp. in
broiler chickens.

The expert consultation identified several areas in which it recommended the expert drafting group should
focus particular attention in completing the risk assessment. These included the introduction of Campylobacter in
poultry flocks, the application of specific interventions in poultry processing plants and the preparation of meals
outside the home. Furthermore, it recommended that FAO and WHO identify means of validating the model when
completed.

The expert consultation noted that risk management questions posed by the CCFH in relation to
Campylobacter spp. in broiler chickens were identical to those formulated for Salmonella spp. in broiler chickens.
However, due to the significant differences between these two pathogens the consultation felt that the preparation
of arisk profile prior to the formulation of the risk management questions could have focused these questions to
better address the particularities of Campylobacter.

4.2 VIBRIO SPP. IN SEAFOOD

The expert consultation accepted the logic of using an available model (that of Vibrio parahaemolyticusin
United States oysters) as the basis for the development of globally applicable models for the same organism in
oysters and other seafood products, and for its extension to other Vibrio spp.. It was stressed that appropriate data
from a number of countries needed to be included in order to achieve this.

The expert consultation noted that appropriate data were needed in order to include differences in seafood
consumption and preparation patterns, aquaculture and harvesting practices as well as biological effects introduced
by different species of shdlfish, crustacea and fish in the model. These were in addition to the more readily
identifiable variables of water and air temperature, water salinity, prevalence and number of pathogenic vibrios in
the environment and the proportion of strains presumed to be pathogenic.

It was noted that only example mitigations had been included in the model for V. parahaemolyticus in
oysters in order to demonstrate the way in which these could be incorporated. There was a need for the risk
managers to identify the various mitigations that should be included. It might not be necessary to have
comprehensive models in order to identify the relative effects of different intervention strategies.

The expert consultation recognized the considerable resources needed for completion of the four separate
Vibrio risk assessments identified to date and the difficulty of completing al of these to a satisfactory standard in
the identified timeframe. There was a need to review the work involved and resources available and for the CCFH
to identify which of the assessments were of greatest importance.

5.HAZARD IDENTIFICATION, HAZARD CHARACTERIZATION AND EXPOSURE
ASSESSMENT OF CAMPYLOBACTER SPP. IN BROILER CHICKENS

5.1. EXECUTIVE SUMMARY

An understanding of Campylobacter spp., and specifically Campylobacter jejuni in broiler chickens is
important from both public health and international trade perspectives. As a result, there is an urgent need to
evaluate this pathogen-commodity combination by quantitative risk assessment methodology.

The objective of this work was to undertake the first steps of arisk assessment that will ultimately provide
estimates for 1) the risk of illness from pathogenic Campylobacter spp. in broiler chickens consequential to arange
of levelsin raw poultry for the general population and various susceptible population groups and 2) the change in
exposure and illness likely to occur for different interventions in primary production, processing, handling and
preparation of poultry. This report describes the first three steps of the risk assessment. It will be concluded at a
future date with the completion of the risk characterization. The fina report will aso include discussion and
evaluation of potential intervention strategies and uncertainty analysis. Methods of validating such a model will be
explored.
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5.1.1 Hazard identification of Campylobacter spp. in broiler chickens

Campylobacter is the leading cause of zoonotic enteric infections in most developed countries. Human
cases are usualy caused by C. jejuni or to a lesser extent by Campylobacter coli. Most human Campylobacter
infections are classified as sporadic cases or as part of small family related outbreaks. Identified outbreaks are not
common. Information on the burden of human Campylobacter infections for the developing countries is very
limited. However, it is likely that the rate of campylobacteriosisis especialy high among children below 2 years of
age causing substantial morbidity and eventually mortality.

The principa reservoir of pathogenic Campylobacter spp. is the alimentary tract of wild and domesticated
mammals and birds. Campylobacter is commonly found in poultry, cattle, pigs, sheep, wild animals and birds, and
in dogs and kittens. C. jejuni is predominantly associated with poultry and C. coli is predominantly found in pigs.

It is well recognized that poultry products can be contaminated with Campylobacter. However,
Campylobacter isalso found in beef, pork, other meat products, raw milk and milk products, fish and fish products,
fresh vegetables and modified atmosphere packaged foods such as unsmoked bacon and salad vegetables.

Campylobacter may be transmitted from the reservoirs to humans by direct contact with contaminated
animals or animal carcasses or indirectly through the ingestion of contaminated food or water. Case-control studies
conducted worldwide have repeatedly identified handling raw poultry and eating poultry products as important risk
factors for sporadic campylobacteriosis. Other food related risk factors that have repeatedly been identified include
consumption of other meat types, undercooked or barbecued meat, raw seafood, unpasteurized milk or dairy
products and drinking untreated surface water. Eating meat cooked outside the home (at restaurants) and not
washing the kitchen cutting board with soap (indicating cross-contamination) have also been identified as risk
factors. Other risk factors include exposures when travelling abroad, contacts with pets and farm animals, and
recreational activities in nature. Person-to-person transmission is apparently infrequent, because infected humans
constitute a minor reservoir for C. jejuni, and asymptomatic excretion of Campylobacter is uncommon.

5.1.2 Hazard characterization of Campylobacter spp. in broiler chickens

Introduction

This section focuses on evaluating the nature of adverse health effects associated with foodborne
Campylobacter spp. and how to quantitatively assess the relationship between the magnitude of the foodborne
exposure and the likelihood of adverse health effects occurring. In this document, human infection refers to the
status of pathogen persistence and multiplication within the gastrointestinal tract with or without symptoms. Iliness
refers specifically to the state where overt symptoms occur as a result of the infection.

Objective

The objective and scope of the Campylobacter hazard characterization isto provide:
areview of the characteristics of the host, organism and food matrix effects;
asummary and review of available data and information on adverse health effects;
a dose-response model based on human feeding study data.

Approach

Information was compiled from published literature and from unpublished data submitted to FAO and
WHO by public headlth agencies and other interested parties. The first section of the document provides a
description of the public health outcomes following infection and including sequelae, pathogen characteristics
influencing its ability to dlicit infection and illness, host characteristics that influence the acquisition of infection,
and food-related factors that may affect the survival of C. jejuni in the human gastrointestinal tract.

The second section of the hazard characterization document presents the data and methods available to
derive a dose-response relationship for C. jgjuni. The ultimate goal was to derive a dose-response moded that
mathematically describes the relationship between the numbers of organisms that might be present in a food and
consumed (the dose), and the human health outcome (the response). In order to achieve this, human feeding tria
datafor two strains of C. jejuni were used. The data were used to derive estimates for the probability of infection as
well as the probability of illness.
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Key findings

The current document has attempted to synthesize and summarize the information that was available either
in the literature, or through the call for data to describe the factors that influence the likelihood of an individual
becoming infected, ill, and developing sequelae. The quantification of the importance of most of these factors
requires a substantial amount of additional research. Nevertheless, the information and analysis conducted does
allow some advances to be made in estimating the risk from Campylobacter and putting into context the apparent
importance of other contributory factors.

The probability of any pathogen initiating an infection is influenced to various degrees by three factors.
These include the pathogen and host characteristics and the matrix or conditions of ingestion. The influence of
specific components within these three factors was qualitatively described based on current thinking.
Unfortunately, thereis currently insufficient information on which to base a detailed analysis, that would alow fine
distinctions to be drawn between, for example, the probability of illness upon ingestion of any one strain versus any
other, or ingestion in milk versus water, or for an individual who is taking medication versus a very young child.

The adverse effects that can occur following infection with C. jejuni were also summarized. They included
acute gastroenteritis and non-gastrointestinal sequelae such as reactive arthritis, Guillain-Barré syndrome (GBS),
and Miller-Fisher syndrome. Reactive arthritis has been estimated to occur in approximately 1% of patients with
campylobacteriosis. Guillain-Barré syndrome is a serious paralytic condition, which has been estimated to occur
once in every 1000 cases. Finaly, Miller-Fisher syndrome, which is considered to be a variant of Guillain-Barré
syndrome is aso reported to occur, however, there are no estimates on the frequency of the occurrence of this
condition following campylobacteriosis.

The hazard characterization also describes dose-response models that can be used to mathematically
describe and estimate the probability of infection following the ingestion of a dose of C. jejuni. The dose-response
equations used were based upon the single-hit hypothesis, fit to human feeding trial data conducted using healthy
volunteers and two strains of C. jejuni (Figure 5.1). It was proposed that pooling the infectivity data for the two
strains from the feeding trial study may be appropriate, and this offers a new interpretation of the available
information.
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The probability of illness is conditional upon the probability of infection. Using the data from the human
feeding trial study, there does not appear to be a clear trend for the behaviour of this conditional probability. When
the data for both strains are pooled, the conditional probability tends to exhibit a dose-independent relationship
(Figure 5.2). It isimportant to recognize that although the conditional probability is dose-independent, the ultimate
probability of illness increases with ingested dose.

In conclusion, the probability of infection upon ingestion of a dose of C. jegjuni can be estimated with the
caveat that the data are from a feeding study involving healthy volunteers, and using a milk matrix and a limited
number of Campylobacter strains. The impact of population immunity, sub-population susceptibilities or other
factors cannot be quantified from the data. The probability of illness following infection can also be estimated using
a dose-independent probability. Some researchers have proposed a decreasing conditional probability based on
consideration of only one of the two Campylobacter strains. Again, the impact of other factors, such as
susceptibility, on the probability of illness cannot be quantified due to a lack of adequate epidemiological data and
resolution to this level. Finally, the progression of the illness to more serious outcomes and the development of
some sequelae can be crudely estimated from the approximate proportions reported in the literature.
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(C) Conditional probability increasing with dose.
Gapsin the data

Data on strain variability regarding virulence/pathogenicity.
Studies on the mechanisms of infectivity, virulence/pathogenicity in the human host.

Quantitative information about infection and illness rates at low doses and with other strains of C. jgjuni
ranging from 10° to 10° organisms.

Complete epidemiological data from outbreak studies including enumeration of Campylobacter in suspected
food items or in drinking water, numbers of people exposed, attack rates, and demographics of those exposed,
particularly immunocompromised population groups and, children under the age of five.

Data describing the impact of acquired immunity resulting from recent exposure to Campylobacter.

Studies to e ucidate the true number of human infections caused by Campylobacter, including GBS etc., and to
determine the burden of disease attributable to different sources of Campylobacter.

To utilize an dternative approach to dose-response for management purposes in a country that lacks
enumeration data in their system, several pieces of country specific information are required. Data are needed
on the number of Campylobacter illnesses associated with chicken in that country in a time interval (e.g. per
year). Coupled with this, the prevalence of contaminated chickens at a point in the farm-to-table chain is aso
required. The further down-stream the prevalence estimation (i.e. closer to the consumer) the more utility in the
approach for risk mitigation strategies.

5.1.3 Exposur e assessment of Campylobacter spp. in brailer chickens

Introduction

To evaluate the risk posed to the human population by the presence of Campylobacter spp. in broiler
chickens, an exposure assessment model was developed. The aim of this assessment was to estimate the likelihood
and magnitude of exposures to Campylobacter as a result of consumption of a chicken meal. Exposure assessments
that consider Campylobacter spp. in broiler chickens have been developed independently by Canada, Denmark and
the United Kingdom. However, each of these models specifically focused upon the localized situation.

Objectives

The objective of the exposure assessment was to develop a model that details the prevalence and numbers
of Campylobacter throughout the production chain from farm-to-table. However, the model presented to the expert
consultation only considered whole fresh broiler chickens, prepared for consumption by oven roasting in the home.

Approach

The approach taken was described in detail in the background document on Campylobacter spp. in broiler
chickens that was prepared for and presented to the expert consultation. In its preparation, it was felt that the most
efficient means of facilitating discussion at the expert consultation would be to limit the detailed descriptions within
the exposure assessment section to five key stages; rearing, transport, processing, cross-contamination and cooking.
These stages were chosen according to their level of development and their predicted importance in contributing to
the overall confidence in the final risk assessment results. Other stages were described only superficialy and will
be included for discussion at future expert consultations.

Farm-processing

The exposure assessment was approached in a farm-to-table manner (Figure 5.3). The mode framework is
modular in nature and each stage of the supply chain is described by a distinct mathematical model. This provides a
flexible tool for risk managers, which may be used to estimate the risk to public health and investigate the impacts
of potential interventions. Only meals prepared in the home and cooked using oven-roasting are currently
considered but this could be expanded in the future.

The exposure assessment begins by considering the Rearing and Transport module of the supply chain.
The aim of this module is to estimate the probability that a broiler chicken will be colonized and the probability a
bird will be contaminated on the exterior at the point of slaughter. The levels of colonization and external
contamination associated with any given bird are also considered. From this point, the slaughter of the birds and
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subsequent stages of processing are investigated, corresponding to the second module of the overall framework,
Saughter and Processing. The output from this module is the probability that a chicken carcass is contaminated
with Campylobacter at the end of processing, and the associated level of contamination on such a product. The
exposure assessment concludes with the final module, Preparation and Consumption. This module addresses the
preparation of a product in the home environment and subsequent cooking. The result is an estimate of the
probability an individual is exposed to at least one Campylobacter, along with a measure of the numbers of
Campylobacter cells ingested. Each of these models is stochastic and incorporates the inherent uncertainty and
variability associated with the model through the use of Monte-Carlo ssimulation. The integration of the modules
outlined above then feeds into hazard characterization. Each of these modulesis described in detail below.

Rearing Slaughter Preparation Health
& => & = & => >
Transport Processing Consumption ConEELEnEEs

FIGURE 5.3 Mode framework for the risk assessment of Campylobacter spp. in broiler chickens.

Rearing and transport

To estimate the colonization and contamination status of a broiler chicken at the point of slaughter two
parameters are used. These are a measure of the national prevalence of flocks that contain at least one colonized
bird and the within-flock prevalence of such a flock. The probahility that a bird is colonized at slaughter is then the
product of these two factors. Here, a colonized bird is defined as a positive bird, and a flock that contains at least
one positive bird is defined as a positive flock.

Data are often available to estimate the flock prevalence; however, data may not be available to estimate
the within-flock prevalence of positive flocks. Therefore, a dynamic model describing the colonization process of a
flock following exposure has been developed. In brief, the model assumes that the transmission of Campylobacter
within a flock is initiated by an exposure event, which results in the colonization of a single bird. Once this first
bird is successfully colonized, transmission ensues amongst the birds with which the first colonized bird makes
contact on adaily basis, that is, the birds' socia cluster. This continues until a threshold is reached where the level
of contamination in the feed, and water supply is sufficient to result in the colonization of an exposed bird. From
here onwards colonized birds appear randomly throughout the entire flock. This process continues until either all
the birds become colonized or depopulation occurs and the birds are removed for slaughter.

The within-flock transmission dynamics may depend upon the source of Campylobacter. The above
description applies to the colonization of the first bird as a result of some point source. However, if one considers
exposure as a result of contaminated feed or water, under such circumstances a large proportion of the flock will be
exposed and colonization of birdsis likely to occur randomly throughout the flock. Further, if vertical transmission
occurs it may be that initialy there are severa birds that are colonized and hence initiate the process of flock
colonization. Therefore, the model is developed such that the dynamics of within-flock transmission are dependent
upon the source of the organism. Coloniz