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Abstract  

Introduction.   

Infection with Campylobacter spp. causes considerable disease burden in Australia. Despite 

this impact, a focused examination of the epidemiology of campylobacteriosis in Australia 

has been lacking. Disease incidence, outbreak potential and outcomes such as hospitalisation, 

represent key themes upon which the epidemiology of infectious pathogen can be assessed. 

Examination of these themes addresses gaps in epidemiological understanding, helping to 

inform prevention and control efforts. The initial thesis chapter provides detail on 

microbiological, clinical and epidemiological aspects of Campylobacter infection. Each 

theme is then separately addressed through a chapter that includes one or more studies 

presented as published manuscripts. These chapters also comprise a preface with further 

background, the research aim(s), study rationale and methodological considerations. A 

concluding chapter considers the themes through a discussion of the relationship between 

increasing age and Campylobacter-associated risk. 

Methods.   

Incidence. The aim was to describe and assess incidence trends for campylobacteriosis from 

1998 to 2013, using national surveillance data. Negative binomial regression was used to 

estimate incidence rate ratios (IRRs) for gender, season, state and trend over time by age-

group. Outbreaks. The aim was to describe the epidemiology of Campylobacter outbreaks in 

Australia using national outbreak data. Descriptive analyses were used to examine outbreak 

characteristics, including transmission routes and strength of evidence. An additional study 

describing an outbreak investigation that incorporated whole genome sequencing is included. 

Hospitalisation. The aims included quantifying Campylobacter-associated hospitalisations, 

describing their clinical characteristics, and examining factors associated with inpatient 
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investigation and management. Data from 2004 to 2013 were obtained from Australian 

Capital Territory (ACT) public hospital administrative and laboratory datasets. Morbidity 

coding sensitivity was calculated to assess hospital underreporting, with descriptive statistics 

being used to examine clinical and epidemiological characteristics. Factors associated with 

blood culturing, bacteraemia, antibiotic treatment and non-susceptibility of isolates to 

antimicrobials were assessed using multivariable logistic regression. 

Results.  

Incidence. The study included 245,023 Campylobacter notifications. Incidence among males 

was significantly higher (IRR 1.20, 95% confidence interval (CI) 1.18-1.21), and a distinct 

seasonality was demonstrated in spring (IRR 1.18, 95% CI 1.16-1.20) and summer (IRR 1.17, 

95% CI 1.16-1.19). Age-specific incidence trends showed declines in those <40 years and 

concurrent increases among older age-groups, particularly those >70 years (IRR 1.75, 95% 

CI 1.63–1.88). Outbreaks. From 2001 to 2016, 84 Campylobacter outbreaks were identified 

in Australia. Of these, 61% (51/84) were foodborne, with Campylobacter responsible for 

2.4% (51/2083) of all documented foodborne outbreaks. There was no increase in outbreaks 

over time but the proportion of foodborne outbreaks involving poultry-liver increased 

(p=0.04). Aged-care facilities (ACFs) were the most common setting, accounting for 26% 

(22/84) of outbreaks and a quarter of total outbreak-associated cases (252/1042), including 17 

hospitalisations and three deaths. Twenty-seven percent (23/84) of outbreaks had an unknown 

transmission route, including 10 ACF outbreaks. Hospitalisation. There were 685 

Campylobacter-associated hospitalisations, with a mean annual hospitalisation rate for the 

ACT of 13.6%. The sensitivity of morbidity coding among Campylobacter-associated 

hospitalisations was 52.8% (95% CI, 48.9-56.7%). The median (M) age of hospitalised cases 

was 38.4 years and was significantly higher than non-hospitalised community cases (M=31.0, 

p<0.001). Age-specific admission rates were higher for females, while for both sexes the 
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highest hospitalisation rates were observed in those ≥60 years. Comorbidities were present in 

34.5% (237/685) of people admitted, with these patients being older and more likely to 

experience generalised complications, including dehydration, hypotension and renal 

impairment (all p<0.001). Bacteraemia and acute kidney injury were observed in 4.1% 

(28/685) and 3.6% (23/685) of people admitted, while inpatient mortality was low (0.15%). 

Campylobacter bacteraemia was estimated at 0.71 cases per 100,000 population per year. 

Half of Campylobacter-associated hospitalisations (333/685) had blood cultures performed. 

Factors associated with bacteraemia included liver disease (adjusted Odds Ratio (aOR) 48.89, 

95% CI 7.03-340.22, p <0.001), Haematology unit admission (aOR 14.67, 95% CI 2.99-

72.07, p =0.001) and age 70-79 years (aOR 4.93, 95% CI 1.57-15.49). Antibiotics were 

provided to one-third of admissions (219/685), with treatment rates increasing over time (p 

<0.05). Factors associated with antibiotic treatment included Gastroenterology unit admission 

(aOR 3.75, 95% CI 1.95-7.20, p <0.001), blood collection for culture (aOR 2.76, 95% CI 

1.79-4.26, p <0.001) and age 40-49 years (aOR 2.34, 95% CI 1.14-4.79, p =0.02). Increasing 

non-susceptibility of isolates over time was observed (p =0.01). This was associated with 

overseas travel (aOR 11.80 95% CI 3.18-43.83, p <0.001) and negatively associated with 

tachycardia (aOR 0.48, 95%CI 0.26-0.88, p =0.02), suggesting a healthy traveller effect. 

Conclusion. Australia has experienced high and sustained rates of campylobacteriosis, with 

increasing incidence predicted among older age-groups. Despite the high incidence, 

outbreaks have been demonstrated to occur infrequently. Conversely, hospitalisations are 

significantly underestimated. Further work is required to understand hospitalisation, 

including examination of age and comorbidity as predictors. Campylobacter generates a 

significant public health and clinical burden, with risk of infection and poor health outcomes 

highest among older Australians.  



vii 
 

Table of Contents 

Chapter 1 – An overview of Campylobacter spp. as a human pathogen ................................. 1 

Introduction ....................................................................................................................... 1 

Microbiology ..................................................................................................................... 1 

Reservoirs and routes of transmission for infection ............................................................ 2 

Pathogenesis and clinical presentation ............................................................................... 4 

Diagnosis and treatment..................................................................................................... 5 

Epidemiology and risk factors ........................................................................................... 6 

Outbreaks .......................................................................................................................... 7 

References ......................................................................................................................... 9 

Chapter 2 – Examining the incidence of infection with Campylobacter spp. in Australia ..... 18 

References ....................................................................................................................... 22 

Manuscript 1 – Incidence theme ...................................................................................... 24 

Chapter 3 – Outbreaks of campylobacteriosis infection in Australia .................................... 33 

References ....................................................................................................................... 39 

Manuscript 2 - Outbreak theme ........................................................................................ 42 

Manuscript 3 – Outbreak theme ....................................................................................... 50 

Chapter 4 Campylobacter-associated hospitalisation ........................................................... 58 

References ....................................................................................................................... 68 

Manuscript 4 – Hospitalisation theme .............................................................................. 72 

Manuscript 6 – Hospitalisation theme .............................................................................. 94 

Chapter 5 - Discussion ........................................................................................................ 98 



viii 
 

References ..................................................................................................................... 106 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 
 

Chapter 1 – An overview of Campylobacter spp. as a human pathogen 

Introduction 

Campylobacter spp. are an internationally leading cause of gastroenteritis, resulting in an 

estimated 96 million cases of foodborne disease each year [1]. The majority of these 

infections are caused by two species Campylobacter jejuni and C. coli. In this chapter I 

provide a brief review of campylobacteriosis, with an emphasis on disease occurrence in high 

income settings [2], such as Australia, Canada, the European Union (EU), Japan, New 

Zealand (NZ), the United Kingdom (UK) and the United States (US). In this background 

review I include descriptions of the microbiology, reservoirs and transmission routes, 

pathogenesis and clinical features, diagnosis and treatment, epidemiological burden and 

outbreaks caused by Campylobacter spp.  

Microbiology 

The genus Campylobacter consists of no less than 33 species of gram-negative, non-spore 

forming, predominantly motile microorganisms [3, 4]. The two species causing the majority 

of human disease are Campylobacter jejuni and C. coli. [5]. A number of other species can 

cause gastrointestinal and/or extra-intestinal disease in humans, including C. concisus, C. 

fetus, C. lari, C. upsaliensis and C. ureolyticus but the methods routinely employed in most 

clinical laboratories do not favour recovery of these species [5]. As more can be inferred 

about the contributions of C. jejuni and C. coli to human illness, these species will form the 

basis upon which I describe Campylobacter’s role as a human pathogen.   

Campylobacter spp. are nutritionally fastidious organisms, with an unusual sensitivity to 

environmental stress [6]. While many foodborne enteric pathogens are considered relatively 

robust, the physiology of Campylobacter spp. contrasts with their capacity to navigate 

through the food chain and wider environment. In order to proliferate Campylobacter require 
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microaerophilic conditions and a narrow temperature range of between 37°C and 42°C 

(optimally 42°C) [6, 7]. Given these requirements, Campylobacter spp. are incapable of 

replicating at temperatures typically associated with food storage [6]. Key environmental 

stressors impacting Campylobacter’s ability to survive on foods include a susceptibility to 

cold and heat shock, being readily inactivated by freezing and cooking, desiccation (drying) 

and both osmotic and pH stress [6, 7]. Consequently, it becomes difficult to reconcile 

Campylobacter’s role as a leading foodborne pathogen with its relative fragility. Survival of 

the organism is undoubtedly facilitated through a complex interaction between the organism, 

its hosts and environment, including adaptive survival mechanisms and virulence factors [7], 

the popularity of poultry meat as a protein source, combined with high levels of 

contamination [8, 9] and a lack of consumer awareness of disease and transmission risk [10, 

11]  

Reservoirs and routes of transmission for infection 

The primary reservoir and main amplification site for Campylobacter spp. are the intestinal 

tracts of warm-blooded animals, in particular poultry and wild bird species but also livestock 

animals including cattle, sheep and pigs [12]. Source attribution is a term used to describe 

methods of linking human disease back to putative sources or reservoirs of infection such as 

animals, with approaches evolving from epidemiological studies including outbreak 

investigation and case control studies, to statistical modelling of microbial subtyping and 

population genetics data [13]. While epidemiological approaches can identify factors e.g. 

chicken meat consumption [14], source attribution modelling links human Campylobacter 

isolates to those derived from a variety of sources. These models have provided compelling 

evidence that poultry (specifically chickens), are the major reservoir for Campylobacter spp. 

in high-income settings, with ruminants (cattle and sheep) also being consistently implicated 

in a substantial proportion of cases [15]. The relative contributions of these reservoirs can 
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vary between settings because of cultural, food consumption and primary production 

differences [16].  

Most Campylobacter infections are regarded as being transmitted via food. For poultry, 

contamination and colonisation of broilers with Campylobacter spp. at the farm level leads to 

transmission throughout the poultry production and processing chain, with retail poultry meat 

being heavily contaminated [9]. As Campylobacter is largely a surface contaminant of 

poultry meat [17], human infection most commonly occurs via cross contamination, either 

directly from raw to cooked chicken or another component of a meal or indirectly via kitchen 

utensils or hands that have contacted raw meat or contaminated packaging [18]. For domestic 

ruminants disease risk varies by setting, with non-foodborne transmission and environmental 

contamination identified as being important in Canada [19, 20]. Unpasteurised dairy products 

derived from ruminant species are however an important source, leading to frequent 

outbreaks in settings like the US, where raw milk consumption is more common [21]. 

Water can be an important source of campylobacteriosis with evidence from outbreak 

investigations demonstrating the role of surface and groundwater contamination [22]. Some 

Campylobacter appear able to survive in water, with their persistence favoured by low 

temperature, an absence of sunlight and low numbers of indigenous microbiota [23]. Further 

adaptations such as biofilm formation, a viable but non-culturable state, and interactions with 

other microorganisms may also assist their survival [24]. Surface waters such as reservoirs, 

lakes and rivers become contaminated with Campylobacter spp. as a result of animal faeces, 

sewage effluent and agricultural run-off [23]. In both the Netherlands and NZ, recent studies 

have identified wild birds and farmed poultry as reservoirs responsible for surface water 

contamination [25, 26]. Groundwater, including private water sources such as wells, can also 

become contaminated through septic leakage, wastewater intrusion or cross-connection into 

drinking water distribution systems [23]. In addition, recreational water activity such as 
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swimming in natural water bodies like rivers, lakes and streams has also been identified as a 

risk factor for campylobacteriosis in settings including Canada and Finland [27, 28].  

In addition to food production animals, case control and attribution studies have also 

identified companion animals such as dogs to be potential reservoirs for Campylobacter spp., 

with puppy ownership identified as a risk factor for human campylobacteriosis [29, 30]. 

While uncommon, person-to-person transmission may also occur, with a New Zealand study 

of campylobacteriosis transmission concluding that 4% of cases were transmitted via that 

route [31]. 

Pathogenesis and clinical presentation  

Campylobacteriosis most typically presents as an acute, self-limiting gastrointestinal illness 

characterised by diarrhoea, fever and abdominal pain [32]. Nausea and vomiting may also be 

reported [33]. While the onset of diarrhoea and abdominal pain is often abrupt, some cases 

may experience a prodromal phase of illness involving non-specific signs and symptoms such 

as fever, headaches and malaise lasting >24 hours [34]. The spectrum of diarrhoea ranges 

from loose stools, through profuse watery diarrhoea to bloody stools [35]. The occurrence of 

either bloody diarrhoea or vomiting are indicative of more severe disease [36]. The 

incubation period is typically between 2 to 5 days, with symptoms persisting from between a 

few days to two weeks [37]. The range for incubation is likely influenced by the size of the 

inoculum, with the infective dose for C. jejuni thought to be as low as 500 bacteria [38].  

The pathogenesis of campylobacteriosis is complex with infection aided by mechanisms 

including flagella-mediated motility, adherence to the intestinal epithelium, invasive 

capability, toxin production and chemotactic factors [39]. After ingestion, C. jejuni first 

colonise the mucus lining of the small intestine, before moving to the large intestine as 

infection progresses [38]. Following mucosal colonisation, C. jejuni adhere to the intestinal 
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epithelial cells, before breeching this barrier through direct cell invasion or by passing 

between tight cell junctions [40]. C. jejuni then either reinvade the epithelial cells or are taken 

up by macrophages, with these interactions resulting in the release of chemokines and 

cytokines that contribute to both inflammatory diarrhoea and ultimately clearance of the 

infection [40].  

While campylobacteriosis overwhelmingly presents as an enterocolitis, a number of 

uncommon local and extra-intestinal complications have been recognised. Localised 

complications can include appendicitis [41], cholecystitis [42] and toxic megacolon [43]. 

Among extra-intestinal complications, bacteraemia is most commonly recognised but occurs 

in <1% of patients with Campylobacter enterocolitis [32]. Other extra-intestinal 

complications include cellulitis [44], spontaneous abortion [45], myopericarditis [46], 

pancreatitis [47] and osteomyelitis [48].  

Campylobacter infection can also result in an increased risk for development of post-

infectious sequelae including Guillain-Barré Syndrome (GBS), a neurological disease that 

causes ascending paralysis; reactive arthritis (ReA), an arthropathy characterised by sterile 

joint inflammation and irritable bowel syndrome (IBS), a functional disorder of the 

gastrointestinal tract [49-51]. Antecedent C. jejuni enteritis is linked to around 30% of all 

GBS cases making it the most commonly identified bacterial cause of this syndrome [50]. 

ReA is reported to occur in between 1 to 5% of persons previously infected with 

Campylobacter spp. [49], while the prevalence of IBS following campylobacteriosis is 

estimated at 12% [52].  

Diagnosis and treatment  

Laboratory diagnosis for Campylobacter infection has traditionally been established by 

culture of clinical samples, most often faecal specimens [33]. More recently, culture-
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independent testing methods have emerged as an alternative to culture, providing greater test 

sensitivity and same-day results, although the absence of an isolate limits additional 

characterisation including antimicrobial susceptibility testing [33]. Most infections do not 

require antimicrobial treatment, instead maintenance of hydration and electrolyte balance are 

the main focus of patient management [32]. Antibiotics may be recommended for some 

patients, including those with prolonged or severe symptoms, systemic infections, and those 

within high-risk groups including the elderly or immuno-compromised [35]. 

Fluoroquinolones or macrolide antibiotics are generally prescribed, although variations in 

antibiotic guidelines exist between high-income countries [53-55]. These variations can be 

attributed to increasing fluoroquinolone resistance in Campylobacter isolates, particularly in 

North America and Europe [56, 57].  

Epidemiology and risk factors  

Males have been consistently shown to have higher rates of campylobacteriosis, with this 

extending across most age-groupings [56, 58]. Overall age distribution is generally described 

as being bimodal, with prominent incidence peaks observed among infants and children <5 

years of age, and again in younger adults, ranging between 15-45 years of age [59, 60]. 

Hospitalisation occurs in around 10% of cases [60, 61], while mortality is low with a reported 

case fatality rate of 0.1% [62]. Most deaths have been reported as occurring in older adults or 

those with underlying comorbidities [62, 63].  

In high-income settings, including Australia, the EU, NZ and the US, Campylobacter spp. are 

the most frequently reported cause of bacterial gastroenteritis [64-67]. A recent review 

concluded that the incidence of infection in North America, Europe and Australia has 

increased over the last decade [68]. Despite these reported increases, considerable 

intercountry variations in incidence rates exist. Higher rates are reported in NZ (135.4 cases 

per 100,000 population) and Australia (101.8 cases per 100,000 population) [65, 66], 



7 
 

compared to the EU (64.8 cases per 100,000 population) [64] while rates are considerably 

lower in the US (19.5 cases per 100,000 population [67]. These differences might be 

attributed to population profiles, laboratory detection methods, surveillance systems, food 

practices and the relative importance of different reservoirs and transmission routes between 

countries [68].  

Numerous cases control studies have been conducted to identify risk factors and transmission 

routes associated with sporadic campylobacteriosis. Common risk factors identified have 

included poultry meat consumption [30, 69-71], consumption or contact with untreated water 

[71-73] and contact with animals [30, 71-73]. To better synthesise this evidence, meta-

analyses of case control studies examining risk factors for sporadic campylobacteriosis have 

been undertaken. These analyses have generated largely comparable findings, including the 

importance of overseas travel, animal contact, exposure through environmental sources, host 

factors such as pre-existing chronic conditions, recent antacid use and the consumption of a 

variety of foods, including poultry meat [14, 74].  

Further assessment of disease burden can be made through calculation of disability-

adjusted life years (DALY), a measure of impact of years lived with disability and of years 

of life lost due to premature mortality [75]. Campylobacteriosis burden varies considerably 

between regions, reflecting not only differences in regional incidence but also variations in 

the methods used in their calculation. In the EU Campylobacter burden was estimated at 

8.28 DALY per 100,000 population [76], while in Australia estimates were 81.6 DALY per 

100,000 population [77].  

Outbreaks  

Outbreaks of Campylobacter spp. gastroenteritis in high-income settings are reported less 

frequently than the incidence of infection might otherwise suggest. Reviews of outbreaks in 
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these settings reveal that poultry meat, particularly undercooked or raw chicken, is often 

identified as a food vehicle or putative source of cross-contamination, although the relative 

importance of this exposure varies between settings [56, 78, 79]. Poultry-liver containing 

foods, such as pâté, have become particularly well-recognised as transmission vehicles during 

foodborne outbreaks [80, 81]. Another significant outbreak risk is the ingestion of 

unpasteurised or raw milk [56]. Ground and surface water contamination are also important 

causes of often large-scale events [82, 83] but the frequency of waterborne outbreaks varies 

considerably between countries. Other less frequently reported outbreaks sources include 

direct zoonotic transfer from animals [84], environmental exposure [85] and person-to-person 

transmission, including via sexual contact [86]. 

This chapter has provided an overview of key microbiological, epidemiological and clinical 

considerations with regards to campylobacteriosis, with a deliberate focus on comparisons 

involving high-income settings. In the following chapters key facets of Campylobacter’s 

epidemiology in Australia will be examined using the three key themes of incidence, 

outbreaks and outcomes, with the latter focused on hospitalisation. Each of the thematic 

chapters is based around one or more studies, presented as published peer review 

manuscripts. A background to each of themes and studies will also be provided, in addition to 

details on study rationale and methodologies beyond what has been described in the 

accompanying manuscripts. A final discussion chapter will review the findings from the 

thematic analyses chapters, with the intention of assessing the clinical and public health 

significance of Campylobacter infection in Australia.  
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Chapter 2 – Examining the incidence of infection with Campylobacter spp. in Australia 
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In this chapter I examine the use of routinely collected surveillance data to describe the 

incidence of campylobacteriosis in Australia between 1998 and 2013. Surveillance data are 

especially valuable for assessing the health status of a population, providing the scientific and 

factual detail essential for informed decision-making around prevention and control efforts 

[1]. An important use of surveillance data is to measure disease occurrence in a population 

via rates, with incidence referring to the number of new illnesses diagnosed during a given 

period in a specified population [2]. Use of measures such as incidence rates as well as more 

advanced rate comparisons over time are important in aiding the development and evaluation 

of future disease impact, prevention, and control strategies [3]. In Australia, surveillance for 

campylobacteriosis utilises a passive, laboratory-based approach, with reporting of cases 

mandated under individual state and territory public health legislation [4, 5]. For the purposes 

of national surveillance, de-identified notification data are forwarded by states and territories 

to the Australian Government Department of Health [4]. 

As described in Chapter 1, Campylobacter is the leading cause of bacterial gastroenteritis in 

Australia and other comparable high-income settings, with the incidence of infection 

observed to be increasing [6]. In addition to high crude rates of campylobacteriosis reported 

in Australia [5], burden of disease estimates project in excess of 230,000 infections per 

annum, including 3,000 associated hospitalisations [7], 12,500 ReA cases and 70 GBS cases 

[8]. Trend analyses conducted in high-income settings have also provided evidence 

suggesting changes in the age structure for Campylobacter infections, with increasing rate of 

incidence predicted among older age-groupings [9]. Campylobacter’s unique epidemiological 

features, including gender disparity, age distribution and seasonality [6] are also amenable to 

review using incidence based methods. Despite the impact of campylobacteriosis in 

Australia, there was an identified need for a detailed examination of disease incidence [5]. 

Consequently this analysis of surveillance data, including modelling of incidence trends, 
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represents an important contribution to understanding the epidemiology of 

campylobacteriosis in Australia.  

The study aims are described in detail in the manuscript accompanying this chapter but in 

summary I seek to describe the incidence of campylobacteriosis over time, looking in 

particular at trends by age group, gender and locality, with the latter studied at the level of 

Australian states and territories. Seasonality was included as a secondary aim. A description 

of the negative binomial regression model used is also provided in the manuscript’s methods 

section but it is appropriate that I provide some background to this approach, including a 

practical rationale for its use. Surveillance data, including those used in this analysis, most 

often take the form of discrete count data, a data type where observations for dependent 

variables have non-negative integer values [10]. In modelling such data it is important to 

understand what probability distribution will be most appropriate, with the conventional 

distribution used in predicting the probability of events occurring over time being the Poisson 

distribution [10]. Application of a Poisson distribution to surveillance data however is 

problematic. In reality the distribution of Campylobacter notifications will vary considerably 

when assessed against independent variables of interest such as age, gender, location or 

season. This results in overdispersion of the data, a feature characterised by the sample 

variance exceeding the mean, a violation of a key assumption of Poisson distribution [11]. In 

other words, risk of campylobacteriosis among the general population is not constant, with 

this being evidenced by characteristics such as higher crude rates of illness in the very young 

and among males [6]. As an alternative, negative binomial distribution can be used to account 

for the underlying error (bias) structure in surveillance data, using an additional input 

parameter to adjust the variance independently from the mean [11]. Use of negative binomial 

regression has become well established in the analysis of surveillance data for a variety of 

enteric pathogens including salmonellosis [12] and giardiasis [13]. In Stata™, the negative 
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binomial regression command also includes results for a Poisson model, enabling direct 

comparison of both distributions upon the data. A dispersion statistic, the likelihood ratio 

(LR) chi square test is included with this output. For the accompanying manuscript this 

revealed a very large dispersion parameter α = 0 (LR 4739.91, p<0.0001), justifying the use 

of a negative binomial approach. Limitations to this study have been addressed in the 

accompanying manuscript but some important considerations for future examination of 

incidence would include the impact of culture independent testing on incidence rates [14, 15] 

and examination of incidence using different location identifiers, for example comparing 

urban versus rural rates of infection [16, 17].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



22 
 

References 

1. Gregg, M.B., ed. Field Epidemiology. 3rd edition ed. 2003, Oxford University Press: 

Oxford. 

2. Porta, M., ed. A dictionary of epidemiology. 5th ed. 2008, Oxford University Press: 

New York. 

3. Perilla, M.J. and E.R. Zell, Analysis and Interpretation of Reportable Infectious 

Diseases Data, in Infectious Disease Surveillance, N.M. M’ikanatha, et al., Editors. 

2013, Wiley-Blackwell: Chichester. 

4. National Notifiable Diseases Surveillance System (NNDSS) Annual Report Working 

Group, Australia's notifiable disease status, 2015: Annual report of the National 

Notifiable Diseases Surveillance System. Commun Dis Intell (2018), 2019. 43. 

5. OzFoodNet Working Group, Monitoring the incidence and causes of diseases 

potentially transmitted by food in Australia: Annual report of the OzFoodNet 

network, 2012. Commun Dis Intell (2018), 2018. 42. 

6. Kaakoush, N.O., et al., Global Epidemiology of Campylobacter Infection. Clin 

Microbiol Rev, 2015. 28(3): p. 687-720. 

7. Kirk, M., et al., Foodborne illness, Australia, circa 2000 and circa 2010. Emerg 

Infect Dis, 2014. 20(11): p. 1857-64. 

8. Ford, L., et al., Sequelae of foodborne illness caused by 5 pathogens, Australia, circa 

2010. Emerg Infect Dis, 2014. 20(11): p. 1865-71. 

9. Gillespie, I.A., S.J. O'Brien, and F.J. Bolton, Age patterns of persons with 

campylobacteriosis, England and Wales, 1990-2007. Emerg Infect Dis, 2009. 15(12): 

p. 2046-8. 

10. Kim, H. and D. Kriebel, Regression models for public health surveillance data: a 

simulation study. Occup Environ Med, 2009. 66(11): p. 733-9. 



23 
 

11. Hilbe, J.M., Negative binomial regression. 2011: Cambridge University Press. 

12. Ford, L., et al., Increasing Incidence of Salmonella in Australia, 2000-2013. PLoS 

One, 2016. 11(10): p. e0163989. 

13. Coffey, C.M., et al., Evolving epidemiology of reported giardiasis cases in the United 

States, 1995-2016. Clin Infect Dis, 2020. 

14. Iwamoto, M., et al., Bacterial enteric infections detected by culture-independent 

diagnostic tests--FoodNet, United States, 2012-2014. MMWR Morb Mortal Wkly 

Rep, 2015. 64(9): p. 252-7. 

15. May, F.J., et al., The effects of culture independent diagnostic testing on the diagnosis 

and reporting of enteric bacterial pathogens in Queensland, 2010 to 2014. Commun 

Dis Intell Q Rep, 2017. 41(3): p. E223-E230. 

16. Levesque, S., et al., Campylobacteriosis in urban versus rural areas: a case-case 

study integrated with molecular typing to validate risk factors and to attribute sources 

of infection. PLoS One, 2013. 8(12): p. e83731. 

17. Spencer, S.E., et al., The spatial and temporal determinants of campylobacteriosis 

notifications in New Zealand, 2001-2007. Epidemiol Infect, 2012. 140(9): p. 1663-77. 

 

 

 

 

 

 

 

 

 



24 
 

Manuscript 1 – Incidence theme  

 



25 
 



26 
 



27 
 



28 
 



29 
 



30 
 



31 
 



32 
 

 

 

 



33 
 

Chapter 3 – Outbreaks of campylobacteriosis infection in Australia 
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In this chapter I examine the theme of outbreaks of campylobacteriosis, with the chapter 

centred on two published manuscripts. The first manuscript provides a review of national 

summary data on outbreaks of campylobacteriosis identified in Australia between 2001 and 

2016. The second manuscript describes the detailed findings from a public health 

investigation into an individual outbreak linked to consumption of poultry-liver pâté, 

including use of genomic data to support the interpretation of findings.  

In infectious disease epidemiology an outbreak is most usually defined in terms of a sudden 

increase in disease frequency, related to time, place, and within a defined population [1]. In 

Australia, foodborne outbreaks are defined as incidents where ≥2 persons experience a 

similar illness after consuming a common food or meal, and where through use of 

combinations of descriptive and analytical epidemiological evidence, food and traceback 

microbiology and food safety investigation, a food or meal is implicated as the cause [2]. As 

shown in Table 1 of the first manuscript accompanying this Chapter, this definition can be 

readily adapted for specific pathogens like Campylobacter spp. and for transmission routes 

other than food.  

Undertaking surveillance and review of foodborne and enteric disease outbreaks serves a 

number of important purposes, including the identification of common and high risk food 

vehicles, the identification of new and emerging pathogens, the identification of settings 

where outbreak-associated foods are prepared and eaten, the identification of actionable 

points where contamination can be reduced and the description of trends in outbreaks over 

time [3]. In Australia, surveillance for outbreaks of foodborne and enteric disease is 

conducted via the OzFoodNet Network, a group established to improve national surveillance 

and conduct applied research into the causes of foodborne illness [4]. OzFoodNet maintains a 

National Outbreak Register, with all states and territories contributing standardised outbreak 

summary data to this system [4].  
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As described in the preceding chapters, a noted feature of the epidemiology of 

Campylobacter infections in high-income settings has been the infrequency of outbreak 

events and associated cases, relative to the numbers of disease notifications and the incidence 

of disease [5, 6]. However this feature is perhaps not as easily generalised, with outbreak 

surveillance data from countries including Germany and the US suggesting that 

Campylobacter outbreaks can occur with greater frequency [7, 8]. By comparison, an earlier 

Australian review of Campylobacter outbreaks occurring between 2001 and 2005, found 

them to be relatively uncommon events, with <1% of laboratory confirmed infections being 

linked to known outbreaks [9]. Since that time further reporting in Australia has suggested an 

increase in outbreak occurrence, with the emergence of poultry-liver containing foods viewed 

as being important transmission vehicles [10]. Outbreaks caused by direct zoonotic 

transmission have also been reported, highlighting the potential for non-foodborne 

transmission routes [11]. More recently greater consideration has also been given to the 

potential impact of genomics on outbreak surveillance and investigation, with WGS being 

advocated as a means of improving outbreak detection among seemingly sporadic cases of 

infection [12].  

Given campylobacteriosis is responsible for a large and growing burden of disease within 

Australia and other high-income countries, and with the availability of additional outbreak 

data from 2007 to 2016, it was appropriate to undertake a detailed re-examination of 

outbreaks and their impact in Australia. The research aim for the first manuscript 

accompanying this chapter was to provide a contemporary understanding of documented 

Campylobacter outbreaks in Australia. Both descriptive epidemiology and statistics were 

used, with a particular emphasis placed on reviewing transmission routes and the evidence 

used in determining modes of infection. Drawing upon previous experience in the 

development of strength of evidence indicators for outbreak data derived from the National 
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Outbreak Register was beneficial to this process [13, 14]. While the burden of 

campylobacteriosis is thought to be poorly estimated by source attribution when using 

outbreak data due to the infrequency of events [15], descriptive reviews of outbreaks data can 

still provide useful insight into potential reservoirs, risk factors and investigative issues 

associated with this common pathogen. 

The second manuscript included under the outbreak theme describes an investigation 

following an outbreak of C. jejuni gastroenteritis among attendees at a university college 

dinner. Given the outbreak setting and apparent infrequency of Campylobacter outbreaks, 

this was viewed as a valuable opportunity for public health learning, with a retrospective 

cohort study being commenced as part of the investigation. This form of observational study 

is regarded as the method of choice for the investigation of acute foodborne outbreaks in a 

well-defined population [16]. The primary hypothesis tested was that a menu item served at 

the dinner was responsible for causing illness among guests. A further analysis feature of this 

study was the use of logistic regression to control for potential confounding. Logistic 

regression is statistical modelling technique that is applied to estimate the simultaneous effect 

of a set of covariates (i.e. predictor or independent variables) on the risk of a binary outcome 

[17], in this instance either developing (or not developing) gastroenteritis following 

attendance at the dinner. Binary outcomes in cohort studies are commonly analysed via 

logistic regression to obtain odds ratios. In this instance, a suggestion by a reviewer to use a 

general linear model was adopted for the second manuscript, enabling the effect estimate to 

be reported as a relative risk (RR). This also maintained uniformity of reporting outcomes 

between the univariate and multivariate results, as logistic regression reports an odds ratio. 

From a practical perspective however, the direction of the effect estimates did not differ 

between models, validating public health actions with regards to liver pâté being the 

implicated food vehicle. Use of logistic regression will be discussed in more detail in Chapter 
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4, where the confounding effects of clinical data, in particular comorbidity and ageing, have a 

greater impact on determining risk profiles. 

While this thesis does not have a specific molecular epidemiological focus, it is important to 

provide some background to WGS as this was an important laboratory component of the 

investigation described in the second manuscript. Molecular methods, particularly Multi-

Locus Sequence Typing (MLST) have been used extensively to subtype Campylobacter 

isolates. MLST lists nucleotide sequence variation among genes encoding proteins that are 

essential for metabolic function (so-called “housekeeping genes”), defining each isolate in 

terms of its sequence type (ST), which then can be grouped into clonal complexes (CCs) 

representing lineages presumably derived from a common ancestor [18]. While having been 

valuable in furthering understanding of the epidemiology of Campylobacter infections in 

humans and animals, MLST has limited ability to discriminate genetically related isolates 

within STs or determine differences in relationships within and between CCs [19]. More 

recently WGS methods have become increasingly available. These offer the benefit of 

comparative genomics, with the capacity to differentiate highly related strains and make 

inferences regarding the relationship between isolates [20]. This has important implications 

for food safety, including outbreak investigations, with WGS data being used by public 

health authorities to supplement epidemiological and traceback evidence [21].  

It has been reported that regardless of the molecular approach used, the genomic diversity 

among epidemiologically linked isolates within an outbreak investigation will be limited to 

only a few changes [22]. However given previous experience from investigating a point 

source outbreak of campylobacteriosis in Australia [23], it was hypothesised that multiple 

strains could be found among epidemiologically linked isolates. This was subsequently 

demonstrated, with the implications addressed in the attached manuscript’s discussion 

section. A common measure of genetic relatedness obtained via WGS and now being used to 
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aid outbreak investigation are Single Nucleotide Polymorphisms (SNPs), or the number of 

nucleotide differences between isolates [21]. If there are a few SNP differences, the isolates 

might be considered as closely related, increasing the likelihood they came from the same 

source, while the presence of many (i.e. hundreds or thousands) SNP differences suggests the 

isolates are more distantly related, and unlikely to originate from the same reservoir 

population [21]. It is therefore important to place SNP distances into context using 

phylogenetic trees that show relationships between isolates. In the second manuscript both 

tree topology (Figure 2) and SNP distance (Table 2) are considered in the context of the 

epidemiological and environmental findings. 
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In this chapter I examine clinical outcomes and the potential for severe disease under the 

theme of Campylobacter-associated hospitalisation. Arguably the need for hospital admission 

can be viewed as a marker for disease severity, with this theme being examined through three 

manuscripts that draw upon retrospectively collected public hospital data from the ACT 

between 2004 and 2013. The first manuscript provides a description of processes undertaken 

to accurately determine Campylobacter-associated hospitalisations, along with a detailed 

review of the clinical and epidemiological characteristics of the inpatient cohort. The second 

manuscript examines factors associated with blood culture collection, bacteraemia, antibiotic 

treatment and isolate non-susceptibility to standard antimicrobials among the hospitalised 

cohort. The third and final manuscript utilises a case report approach to describe the 

presentation and management of a novel case of myopericarditis identified during the review 

of Campylobacter-associated admissions.  

Hospitalisation is an important clinical outcome when assessing the severity of foodborne and 

other enteric infections, including campylobacteriosis [1]. As previously noted in Chapter 2, 

Australia’s state and national disease surveillance systems, along with those in many other 

high-income settings, are typically passive and capture limited data on severity of disease 

markers like hospitalisation and mortality [2, 3]. Use of hospitalisation data to identify cases 

admitted with foodborne and enteric infections can also be problematic, due to issues with the 

accuracy of pathogen specific diagnoses and morbidity coding [4]. Registry-based data 

linkage and case control studies show hospitalisation rates to be around 10% [1, 5] but 

examples where hospitalisation data are routinely incorporated with surveillance reporting 

remain limited [6]. To address issues in settings where data are not routinely linked, the 

development of estimates for the numbers of hospitalisations has become a conventional 

aspect of describing foodborne and enteric disease-related burden in high-income settings [2, 

7, 8].   
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Given the increased awareness of Campylobacter’s epidemiology, including higher rates of 

male disease, age-related risk, increasing incidence and increased non-susceptibility to 

antimicrobials, it is important to have an understanding of potential impacts upon health 

outcomes like hospitalisation. Current data describing the clinical characteristics of 

hospitalised cases in Australia is scarce, with earlier data (circa 30 years prior) being derived 

from a single specialist infectious disease hospital [9] or through small case series involving 

specific complications like bacteraemia [10]. Elsewhere internationally, large reviews of case 

presentation and management appear to have been last undertaken at a time when 

Campylobacter spp. were viewed as emerging pathogens [11], although contemporary data 

describing case characteristics for complications like bacteraemia are more readily available 

[12, 13].  

In view of this background, the aims of the first manuscript presented in this chapter are to 

accurately quantify counts of Campylobacter-associated hospitalisations within a well-

defined population and to provide a contemporary insight into the characteristics of hospital 

admissions to strengthen understanding around disease burden and severity. This work also 

aids in validating previous Australian hospitalisation estimates for foodborne and enteric 

pathogens [7] as well as establishes a basis for future exploration of Campylobacter infection 

and hospitalisation. 

The dataset used in the analysis of Campylobacter-associated hospitalisations described in 

this Chapter was constructed through the linkage of public hospital administrative and 

laboratory datasets, along with data derived from a retrospective review of individual patient 

medical records. A detailed description of these methods, along with an accompanying flow 

diagram are included in the first manuscript contained within this chapter (see Figure 1). 

Through access to hospital laboratory data, it was possible to identify admission episodes 

where Campylobacter spp. had been isolated from a clinical specimen, giving an indication 
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of total numbers of Campylobacter-associated hospitalisations. This allowed for assessment 

of underreporting associated with hospital-generated morbidity data. Although a number of 

measures of ‘diagnostic accuracy’ are presented in the findings of the manuscript, sensitivity 

is the most useful measure to assess underreporting as morbidity coding outcomes are being 

compared against the “gold standard” of laboratory-confirmed Campylobacter infection. 

From a disease surveillance perspective, sensitivity refers to the proportion of cases (or 

health-events) that are detected by a system and can be calculated using the formula True 

Positive / (True Positive + False Negative [14]. For this study True Positive refers to 

admissions with laboratory-confirmation of Campylobacter infection and an accompanying 

primary or secondary International Classification of Diseases (ICD) code A04.5 

Campylobacter enteritis. False Negative refers to those admissions with laboratory 

confirmation but an absence of the ICD code A04.5. The sensitivity results presented can 

therefore be interpreted as the ability of hospital morbidity coding to correctly assign a 

Campylobacter diagnosis to an admission when Campylobacter spp. has been isolated from a 

clinical specimen.  

Descriptions of other statistics used in this study are provided in the Methods section of the 

manuscript, although it is important to note that non-parametric statistical methods were 

favoured due to the underlying distribution of key continuous data including age, length of 

stay (LOS), Charlson Comorbidity Score [15] and time to admission. These data failed to 

meet the requirements of conventional parametric methods as they were non-normally 

distributed and contained significant outliers [16]. LOS data, for example, tends to have a 

rightward skew due to a minority of patients with disproportionately long admissions [17].  

Campylobacteriosis most commonly presents as a self-limiting enterocolitis, with secondary 

bacteraemia a clinically important but relatively infrequent complication [18]. Within high-

income settings the population-level incidence of Campylobacter bacteraemia has been 
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reported as <0.50 cases per 100,000 population [12, 19]. However there is a view that many 

cases of Campylobacter bacteraemia remain undetected due to their transient nature or 

because of protocols within microbiology laboratories regarding incubation periods for blood 

collection bottles [20]. The gold standard for diagnosing bacteraemia is a blood culture [21], 

however predicting whether a case will develop bacteraemia is challenging, with the pre-test 

probability dependent upon the clinical context and source of infection [22]. While signs such 

as fever are often a common prompt [22] ordering of blood cultures in the context of acute 

enterocolitis is less common [18]. Among host factors associated with Campylobacter 

bacteraemia, older age and higher levels of comorbidity such as liver disease and 

immunosuppression have been identified [19]. 

Antimicrobial therapy is not routinely recommended for campylobacteriosis, although it may 

be advised for patients with or at risk of severe disease [23]. There is little detailed data 

available on rates of antibiotic prescribing among either community or hospitalised 

Campylobacter cases, although Australian estimates for acute gastroenteritis cases suggest 

around 5% receive antibiotics [24]. For hospitalised cases with confirmed Campylobacter 

infection, prescribing rates could be expected to be higher. However a threat to effective 

prescribing are the increasing rates of non-susceptibility among Campylobacter clinical 

isolates in high-income countries, particularly resistance to fluoroquinolones [25]. By 

comparison, significantly lower rates of ciprofloxacin non-susceptibility among 

Campylobacter isolates have previously been reported in Australia [26]. For high-income 

settings, international travel remains the most significant risk factor associated with isolate 

non-susceptibility [27, 28]. 

In the second hospitalisation manuscript, the principal analyses involved the use of logistic 

regression to examine explanatory factors associated with blood culture collection, 

bacteraemia, antibiotic treatment and isolate non-susceptibility to standard antimicrobials. 
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Given this methodological focus it is important to provide some further rationale and 

justification. Multivariable logistic regression is most commonly used for the analysis of 

multiple independent (i.e. explanatory variables) in relation to a single binary outcome [29]. 

While the outcome variables in the models were binary, the logistic regression equation does 

not predict the outcome of the binary variable but rather the probability of the outcome. This 

requires transformation of the binary data into a linear form via a logit function [29]. The 

regression process then identifies the strongest linear combination of variables with the 

greatest probability of detecting the observed outcome, a method known as maximum 

likelihood estimation [29]. 

Development of the models presented in the second manuscript involved a number of 

considerations, including selection of explanatory variables, assessment of underlying 

statistical assumptions, choice of model building strategy and the goodness-of-fit for each 

model [29]. Clinical and epidemiological judgement were drawn upon when considering 

variables that included age, gender, country of birth, previous hospitalisation, overseas travel 

history, signs and symptoms associated with enterocolitis, derangement of vital signs, 

comorbidities and admitting clinical units. Variable selection was further aided by univariate 

analysis that provided estimated relative risks (RRs), 95% confidence intervals (CIs) and p-

values. Those variables with univariate test results that included a p-value < 0.20 were 

considered in the models, with this cut-off chosen due to traditional levels such as p≤0.05 

potentially failing to identify important variables [30]. Conversely it should be noted that use 

of a higher cut-off could lead to the inclusion of variables of questionable value, hence the 

deferment to non-automated, clinical and epidemiological judgment in final variable selection 

as described further below. 

The underlying statistical assumptions considered when undertaking a logistic regression, 

include use of binary outcomes, independence of observations, linearity in the logit for 
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explanatory variables, absence of multicollinearity and sample size [29]. In the models 

presented in the study all outcome variables were in a binary format to enable a logistic 

regression analysis to be conducted. Binary outcomes were also recorded for independent 

variables, thereby ensuring they were linearly related to the log odds. Independence of 

individual observations was aided by the 10 year study period, coupled with the sporadic 

nature of most Campylobacter infections. Collinearity was assessed through review of the 

variance inflation factor (VIF) and tolerance. The VIF indicates how much inflation of the 

standard error could be caused by collinearity, while tolerance indicates how much 

collinearity the regression analysis can accept. If the variables have no correlation with each 

other, the VIF and tolerance will be 1. If a variable is closely related to another variable(s), 

and the VIF becomes very large, the tolerance goes to 0. Collinearity diagnostics showed no 

issues with multi-collinearity. The mean VIF and range of tolerances for each of the models 

were as follows: blood specimen collection model (VIF 1.32, tolerance 0.54 – 0.96), positive 

blood culture model (VIF 1.06, tolerance 0.87 – 0.98), ciprofloxacin non-susceptibility model 

(VIF 1.05, tolerance 0.92 – 0.99), any non-susceptibility model (VIF 1.04, tolerance 0.93 – 

0.98) and the antibiotic treatment model (VIF 1.26, tolerance 0.61 – 0.97). Finally logistic 

regression typically requires a large sample size. While the study data were collected from a 

10 year period, a number of different outcomes were modelled. Some, including isolation of 

Campylobacter spp. from blood, are not common events and would require significantly 

larger source populations in order to achieve adequate sample sizes. This issue is identified as 

a limitation in the second manuscript, specifically in the context of imprecision of model 

estimates.  

The statistical approach to model building involves minimizing the number of variables to 

ensure the resulting model is numerically stable, as more variables lead to increases in the 

estimated standard error [30]. In contrast, the epidemiological approach to model building 
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advocates the inclusion of all relevant variables in a model, with the aim of controlling for the 

effects of confounding [31]. To accommodate these approaches, a manual, stepwise building 

strategy was used. This is a modification of forward selection where variables are added one 

at a time, beginning with the most significant explanatory variable as determined by 

univariate screening and investigator consensus. With each addition of an explanatory 

variable to the model, a likelihood ratio test was applied to see if the variable’s significance 

was reduced below a specified alpha-level, in this case α =0.05. If the potential explanatory 

variable was identified as being non-significant it was removed from the model, with this 

process repeated for all candidate variables until a final model was reached.  

Goodness-of-fit testing is a method of determining how well a model fits the sample data 

[29]. For logistic regression models, the Hosmer and Lemeshow goodness-of-fit test is a 

well-established and widely used summary statistic for model fit [30]. This test involves 

dividing sample observations into equal groups based on their estimated probability of having 

the outcome of interest. If the model has good fit, subjects who experienced the outcome 

should be placed into the higher risk groups. A poorly fitted model would result in 

observations being evenly spread among the risk groupings for both binary outcomes [29]. It 

is computed as the Pearson chi-square from the contingency table of observed frequencies 

and expected frequencies, with a good fit yielding a large p-value [32]. The Hosmer and 

Lemeshow goodness of fit statistics for each model are included in Tables 2-6 of the second 

manuscript. 

The final manuscript included in the chapter is a case report. Case reports are detailed 

descriptions of one or a few clinical cases involving an unusual disease or complication [33]. 

While unable to measure disease risk or frequency they can still be beneficial in drawing 

attention to emerging or rare clinical events as well as contribute to the development of 

hypotheses used in larger clinical or epidemiological studies [33]. Acute pericarditis refers to 
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inflammation of the pericardium, a thin fluid-filled sac that surrounds the heart, with the term 

myopericarditis used to describe additional inflammation involving the myocardium [34]. In 

high-income settings, most pericarditis and myopericarditis cases are regarded as being 

idiopathic, while those thought to be of an infectious origin are generally attributed to viruses 

[34]. The epidemiology of Campylobacter-associated myopericarditis suggests it is relatively 

uncommon, with disease occurring predominantly in younger, healthy males, and with 

involvement of a single causative species, C. jejuni [35]. More recently there has been an 

increasing number of pericarditis and myopericarditis cases documented as complications 

following Campylobacter infection [36].  
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Chapter 5 - Discussion  

Through the preceding chapters, I have considered three key components of Campylobacter’s 

epidemiology, namely the incidence of disease, the potential for outbreaks and the severity of 

outcomes via examination of hospitalisations. My exploration of these themes has enabled a 

consideration of both the public health and clinical aspects of this common enteric pathogen. 

It is apparent from the studies presented that both public health and clinical medicine share a 

large disease burden, however much of this burden is disguised by the sporadic nature of 

infection, the physiology of the organism and the capacity of health systems to link cases to 

outcomes.  

In Chapter 2, the incidence of Campylobacter infection in Australia was shown to be high in 

relation to comparable international settings. Typical of Campylobacter’s epidemiology was 

the finding of increased rates of disease in males and a seasonality characterised by rising 

case numbers during the southern hemisphere spring. Age distribution was tri-modal, with 

crude incidence highest in those aged <5 years, between 20-40 years and those over 65 years, 

with increasing incidence predicted for older age-groups.  

Chapter 3 demonstrated that outbreaks of campylobacteriosis were infrequent events in 

Australia, with no evidence of any increase in events during the study period. While the 

emergence of poultry-liver containing foods was identified as a risk, the relative contribution 

of raw dairy products or waterborne transmission was much less than in other high-income 

settings. However gaps in understanding transmission dynamics remain, mainly due to the 

challenges of conducting detailed investigations in settings like aged-care.  

In Chapter 4, using linked hospital administrative data and microbiology data, it was shown 

that Campylobacter-associated hospitalisations were a considerably underestimated health 

outcome. The review of admission characteristics also revealed a broad spectrum of illness 

ranging from uncomplicated enterocolitis through to more severe manifestations such as 
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bacteraemia. Among admissions, trends in increasing antibiotic use, along with increasing 

levels of clinical isolate non-susceptibility to standard antimicrobials were also observed. 

Numerous explanatory factors were identified as being important in the investigation and 

management of hospitalised cases, including aspects of clinical presentation, the presence of 

certain comorbidities, the development of complications and the increasing age of cases. 

The manuscripts accompanying the thematic chapters include broad discussions of study-

specific results in the context of Campylobacter infections in high-income settings. While the 

themes may appear disparate for the purposes of an overall discussion, significant insight into 

the epidemiology of Campylobacter spp. can be obtained through considering them in toto. 

To that end, a common feature identified across all three themes is the relationship between 

increasing age and risk of campylobacteriosis. 

The predicted increase in incidence of campylobacteriosis among older Australians over time 

is supported by international analyses of disease incidence, with data from England and 

Wales suggesting a change in the age structure of infections, with older persons becoming the 

population most at risk [1, 2]. Like most developed countries, Australia's population is ageing 

as a result of sustained low fertility and increasing life expectancy [3], in addition to social 

factors such as the post-Second World War baby boom. In 2017, 3.8 million Australians 

(15%) were aged 65 years and over, with this projected to increases to 8.8 million (22%) by 

2057 [4].  Specific age-related contributors to increased susceptibility to infections include a 

weakening of the immune system, gastrointestinal tract changes, higher prevalence of 

comorbidities and more frequent use of antacids and immune suppressant medication [5].  

A probable driver of disease incidence, including higher rates among older Australians, is a 

lack of public awareness of campylobacteriosis as a public health issue. Previous studies 

conducted in Australia and other high-income settings have revealed a high proportion of 
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respondents were unaware of Campylobacter and its role as a major foodborne pathogen. The 

risk to the elderly of foodborne illness acquired via the inappropriate handling of raw poultry 

is well established, with experts identifying the washing of knives, cutting boards and 

preparation surfaces with hot water and detergent being especially important [6]. Targeted 

interventions aimed at improving knowledge and understanding of safe food handling among 

the elderly will form an important aspect in reducing disease incidence among this group. 

One potential approach to this is through use of trusted information sources, e.g. healthcare 

providers, to deliver information and raise awareness of food safety issues with older patients 

[7].  

In Australia, ACFs are common settings for gastroenteritis outbreaks, although the majority 

of events involve likely person-to-person transmission of viral pathogens [24]. 

Campylobacter spp. have previously been observed as causing outbreaks in ACFs [20], with 

these now becoming the most common setting for campylobacteriosis outbreaks in Australia 

as described in Chapter 3. Elderly persons residing in ACFs are particularly susceptible to 

outbreaks of infectious diseases not only because of the physiological changes that 

accompany ageing and the effects of comorbidities but also because of the physical and 

cultural characteristics of the facilities in which they live [8, 9]. The vulnerability of this 

subpopulation has been bought into stark relief most recently with the high attack rates and 

case fatality rates seen among elderly ACF residents with COVID-19 disease [10].  

In high-income countries, burden of disease estimates suggest Campylobacter has a low 

associated mortality [11, 12]. However such estimates lack consideration of comorbidity and 

ageing on death. Previously, a Danish study demonstrated significant excess long-term 

mortality among the elderly up to one year post Campylobacter infection [13]. In the US, 

persons aged ≥65 years have been shown to be at greatest risk of death due to diarrheal 

illness [14], with nursing home residents comprising a disproportionate number of fatal cases 
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[15, 16]. Given the health status of ACF residents, relative mortality can be significant in this 

setting. While few in absolute number, it is nevertheless telling that all Australian 

Campylobacter outbreak-associated deaths occurred among elderly ACF residents [17].   

Foodborne transmission was identified as causing a number of ACF outbreaks, highlighting 

the importance of food safety protocols. Under Food Standards Australia New Zealand’s 

Standard 3.3.1, ACFs are required to develop and implement HACCP-based (Hazard 

Analysis Critical Control Point) food safety programmes to protect vulnerable residents [18]. 

A positive finding from Australian data has been a lower incidence of Campylobacter 

infections among ACF residents compared with community dwelling persons aged ≥65 years, 

suggesting the impact of food safety regulation in ACFs and higher infection risk for elderly 

persons preparing food at home [19].  

Investigating outbreaks of bacterial gastroenteritis in ACFs can be challenging [17]. Review 

of evidence supporting foodborne transmission resulted in numerous outbreaks being 

reclassified as having an unknown transmission source. This finding highlights the 

importance for investigators to actively exclude other routes of transmission, in particular 

direct zoonotic transmission from animals either visiting or residing in ACFs [20].  

In comparison to non-admitted community cases, persons hospitalised with Campylobacter 

infection were observed to be significantly older. Rates of admission also increased 

incrementally with age, most notably for those aged ≥60 years. This feature is consistent with 

the epidemiology of campylobacteriosis in a variety of high-income settings including 

Germany, New Zealand and Scotland where elderly persons have the highest rates of 

hospitalisation [21-23].  

Among Campylobacter-associated admissions, correlations between increasing patient age 

and length of stay and level of comorbidity were observed. These findings reflect the results 
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from other Campylobacter-specific studies showing comorbidity and age ≥60 years to be 

independently associated with hospitalisation [24]. While it has been suggested cases with 

co-morbidities will be more likely to seek health care for gastrointestinal symptoms, 

including faecal specimen testing, than those without comorbidities [24], the generalisability 

of this to a hospitalised population remains to be proven. The relevant importance of 

comorbidity over age has been disputed, with some research showing age as the only 

independent factor associated with hospitalisation [25]. Overall the levels of comorbidity 

described in the ACT hospitalisation study were similar to those of other studies describing 

patients hospitalised with gastroenteritis [26]. A correlation between increasing age and 

increasing time to hospital admission was also observed, although this did not appear to 

translate into prolonged LOS or adverse clinical outcomes. For persons hospitalised 

following acute gastrointestinal illnesses there is currently limited data available on factors 

influencing treatment delays [27].  

While predominantly causing acute enterocolitis, Campylobacter infection may result in a 

variety of complications ranging from localised infection to disseminated spread or post-

infectious sequelae [28]. One of the most important extra-gastrointestinal manifestations of 

Campylobacter species is bacteraemia, which is predominantly associated with C. jejuni, C. 

coli, and C. fetus infections [28]. At a population level bacteraemia is a rare manifestation, 

more likely to occur among patients who are immunocompromised or either very young or 

very old [29]. In the UK and US, blood isolates have been reported as accounting for 0.15% 

and 0.26% of all Campylobacter isolates [30, 31], while a Danish registry based study 

estimated the incidence of Campylobacter bacteraemia at 2.9 per 1 million person-years [32]. 

While advanced age has been statistically associated with bacteraemia [32], other population 

level data have suggested Campylobacter spp. bacteraemia predominately affects younger 

individuals without major underlying diseases [33]. In the ACT hospitalisation study 
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modelling suggested the strongest explanatory variables for bacteraemia were advanced age 

and concurrent illnesses. However a quarter of Campylobacter blood stream infections 

described in Chapter 4 were likely transient episodes, involving younger cases without 

evidence of comorbidity or concurrent pathology. An earlier Australian study examining 

hospitalised cases of Campylobacter enteritis reported a bacteraemia rate of 1.6% (14/885) 

[34]. This was noticeably lower than the 7.5% positive blood culture rate observed in the 

ACT hospitalisation study. Such differences could be due to changes in blood culture 

protocols and systems, highlighting a potential for Campylobacter bacteraemia to be 

underestimated [35]. However the clinical significance of additional cases detected via 

universal blood culturing of hospitalised cases is perhaps less certain, given they may 

represent transient episodes of bacteraemia as suggested in the ACT study.  

In high-income settings, age has been identified as the most important risk factor for death 

among cases hospitalised with diarrhoeal illness, although Campylobacter-specific mortality 

is still regarded as being low [30, 36]. For Campylobacter bacteraemia, especially in patients 

with concurrent pathologies, deaths within 30 days of diagnosis have been reported to be as 

high as 10-15% [28]. There is also evidence to suggest that medium and long term mortality 

is impacted (e.g. deaths within 6 months or a year) among elderly persons hospitalised with 

Campylobacter infection [37]. Despite a high incidence of bacteraemia among the study 

group, no associated inpatient deaths were observed, while overall inpatient mortality among 

Campylobacter-associated admissions was low (0.15%). The lower mortality associated with 

Campylobacter infections has been linked to the reduced propensity of common species to 

cause invasive disease [36].  

In addition to bacteraemia and other localised, reactive and post-infectious complications of 

Campylobacter spp., the ACT hospitalisation study showed numerous cases experienced 

significant derangement in their vital signs and exacerbations of underlying health conditions. 
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The prevalence of electrolyte disturbances, renal dysfunction and hypotension were all higher 

among older admissions. Acute exacerbations of chronic conditions were notable, in 

particular underlying kidney disease. This aligns with evidence showing increased risk of 

renal impairment among hospitalised gastroenteritis cases, including those with antecedent 

Campylobacter infection and pre-existing kidney disease [38, 39].  

Rates of antimicrobial prescribing among the hospitalised elderly are considerable in high-

income settings, with point-prevalence surveys showing significantly higher prescribing for 

patients aged ≥75 years higher when compared to an adult reference population aged 18–64 

years [40]. Although infections per se in the elderly can be more frequent and severe [41] 

rates of antibiotic prescribing could also be expected to differ when considering the site of 

infection or involvement of a self-limiting pathogen such as Campylobacter. In the ACT 

hospitalisation study cases receiving antibiotics were significantly older than cases who did 

not receive antibiotics. However the percentage of Campylobacter-associated admissions 

aged ≥75 years who received antibiotics (39%) did not differ significantly to the 35% of 

admissions aged 18-65 years who received antibiotics. While older age was not identified as 

an independent explanatory factor for antibiotic treatment, the ACT study did show a 

significant negative association with antibiotic treatment for cases aged <20 years. This 

finding reflects ciprofloxacin’s use in children being contraindicated [42].  

Overall, the impact of age and associated frailty on clinical outcomes among hospitalised 

cases is evidenced by increased admission rates, LOS, risk of extra-intestinal disease and 

exacerbations of underlying health conditions. Given the projected increase in the proportion 

of elderly persons living in high-income settings, associated morbidity, including 

hospitalisation due to Campylobacter spp. can be expected to increase. Cost considerations 

are also important with those ≥65 years already having the highest rates of general practice 

consultation and hospitalisation for acute gastroenteritis [43]. This transition to higher rates 
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of disease in older persons carries significant implications for public health and clinical care. 

As such there is a need for improved understanding of risk factors specific to older 

Australians, combined with targeted public health messaging to educate this group of 

increased disease risk. 

In addition to highlighting some of the recognised complexities and characteristics of 

Campylobacter’s epidemiology, this research has identified a number of areas of public 

health and clinical concern warranting further investigation. Briefly these include addressing 

disease risk among elderly Australians, better understanding outbreak transmission in aged-

care, understanding predictors of hospitalisation, determining rates of antibiotic use between 

hospitalised and community cases, and quantifying associations between Campylobacter 

infection and complications including myopericarditis and acute kidney injury.  

In conclusion, Australia experiences a high incidence of campylobacteriosis with rates of 

disease being predicted to increase significantly among a growing elderly population. In spite 

of the high incidence of disease, outbreaks have been proven to be relatively uncommon 

events. Conversely, the extent of hospitalisation associated with this common enteric 

infection appears to be significantly underestimated. While Campylobacter infections have 

the capacity to cause suffering across all strata of Australian society, an increasingly 

disproportionate share of the public health and clinical burden will likely be carried by those 

who are particularly vulnerable, namely elderly and older Australians. 
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