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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



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%
Cl 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% Cl, 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% ClI
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.
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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 1
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 | 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 | 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



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



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



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 (I1BS), 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-



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],
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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



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 paté, 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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In this chapter | 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 | 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 | 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 o = 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].
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SUMMARY

Campylobacter sp. are a globally significant cause of gastroenteritis. Although rates of

infection in Australia are among the highest in the industrialized world, studies describing
campylobacteriosis incidence in Australia are lacking. Using national disease notification data
between 1998 and 2013 we examined Campylobacter infections by gender, age group, season and
state and territory, Negative binomial regression was used to estimate incidence rate ratios
(IRRs), including trends by age group over time, with post-estimation commands used to obtain
adjusted incidence rates. The incidence rate for males was significantly higher than for females
[IRR 1:20, 95% confidence interval (CI) 1-18-1-21], while a distinct scasonality was demonstrated
with higher rates in both spring (IRR 1-18, 95% CI 1-16-1-20) and summer (IRR 1:17, 95% CI
1:16-1-19). Examination of trends in age-specific incidence over time showed declines in incidence
in those aged <40 years combined with contemporaneous increases in older age groups, notably
those aged 70-79 years (IRR 1998-2013: 1-75, 95% CI 1-63-1-88). While crude rates continue to
be highest in children, our findings suggest the age structure for campylobacteriosis in Australia
is changing, carrying significant public health implications for older Australians.

Key words: Campylobacter, epidemiology, foodborne infections, foodborne zoonoses, incidence.

extra-intestinal manifestations that include bacteraemia,
Guillain-Barré syndrome and reactive arthritis [3].
Despite campylobacteriosis being one of the most
common causes of foodborne illness in industrialized
countries, outbreaks of disease arc less frequently
reported, with most cases thought to be sporadic, in
that they are otherwise unrelated to each other [4].
Poultry are recognized as a major reservoir for
Campylobacter sp., leading to contamination along the
production chain and transmission to humans through
contaminated meat at the retail level [5]. Other domesti-

INTRODUCTION

Campylobacter sp. are internationally significant patho-
gens, causing an estimated 96 million cases of food-
borne illness annually [1]. Campylobacteriosis presents
as an acute self-limiting enteritis, characterized by
watery diarrhoca, abdominal pain and fever, with
symptoms lasting for about 1 week [2]. In addition,
Campylobacter infections can result in a number of

* Author for correspondence: Mr €. R. M. Moffau, National

Centre for Epidemiology and Population Health, Rescarch School —— cated animals including cattle and pigs, and environ-
fl;tr;"l 2602““"“' : v ¥ C mental sources such as contaminated water, also play

(Email: cameron.moffatt@anu.edu.au)

a role in the transmission of infection to humans [3].
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In Australia, the crude incidence of Campylobacter
infections was 1158 cases/100 000 population or 17
733 notifications in 2011 [6]. As such, Australia has
one of the highest rates of infection in the developed
waorld; being ten times that of the United States, dou-
ble that seen in the European Union, but about 25%
less than in New Zealand [5]. International data also
suggests changes in the age structure of campylobac-
teriosis, with increasing and decreasing rates of inci-
dence reported across different age strata in England
and the United States [7, 8].

Notifications, however, represent only a small pro-
portion of all cases, with an estimate of underreport-
ing in Australia showing that for every 100
notifications, 1001 (95% credible interval 664-2251)
cases of campylobacteriosis occur in the community
[9]. Further Australian estimates have suggested that
234000 domestically acquired infections occur each
year, including 3200 hospital admissions [10].
Despite the high incidence of campylobacteriosis,
there have been no published studies describing the
epidemiological patterns and national disease trends
in Australia. To improve the understanding of the
reported incidence of campylobacteriosis in Aus-
tralia we compared the rates of infection by sex, age
group, season, and Australian states and territories,
including trends over time across age groups.

METHODS

In this study, we used national data on reported cases
of campylobacteriosis in Australia to analyse disease
incidence by gender, age group, season and state
and territory from 1998 to 2013. Campylobacteriosis
is a notifiable condition in all Australian states and
territories, except New South Wales (NSW), with all
states and territories, except NSW, having public
health legislation mandating its reporting by doctors
andfor pathology providers [11]. A confirmed case
requires laboratory definitive evidence of the isolation
or detection of Campylobacter sp. [12]. Since 1991, the
states  of Queensland, South Australia  (SA),
Tasmania, Victoria, and Western Australia (WA);
and the two territories: the Australian Capital
Territory (ACT) and the Northern Territory (NT)
have all collected and reported core data on cases to
the National Notifiable Diseases Surveillance System
(NNDSS). Ethics approval lor this study was granted
by the Australian MNational University Human
Research Ethics Committee.

25

Data sources

We requested de-identified campylobacteriosis
NMNDSS notifications (including ‘notification receive
date’, “true onset date’, ‘diagnosis date’, ‘age at
onset’, and ‘sex’) for each state and territory for
1991-2014 from the Communicable Disease
Network of Australia (CDNA). Because of incom-
pleteness of some NNDSS data fields we restricted
our analysis to cases with diagnosis dates from 1998
to 2013 inclusive. We also removed 2014 data from
our final analysis because of significant changes in
diagnostic practices in Australian primary testing
laboratories, namely the widespread introduction of
culture-independent diagnostic methods. *Diagnosis
date’ was used for all analyses, which is defined as ill-
ness onset date, or where onset date is unknown, the
earliest of the specimen collection date, the notifica-
tion date, or the date the notification is received.
Detail on species and postcode locations for notifica-
tions was not requested.

Rates of illness/100 000 population were caleulated
using the mid-year (June quarter) estimated resident
population by age and sex for each state and territory,
for each year between 1998 and 2013 from the
Australian Bureau of Statistics (ABS) [13, 14].

Analysis

The primary aim of our analysis was to examine the
reported incidence of campylobacteriosis over time,
across age proups and between states and territories.
Age was calegorized into the following groups for
descriptive analysis <1 year, |-4 years, 5-9 years
and in 10-year age groups from 10-19 years until
=80 years. We defined
(December, January, Febroary), autumn (March,
April, May), winter (June, July August) and spring
(September, October, November). ABS population
numbers, obtained as the mid-year (30 June estimate)
by age, sex and state and territory for each year, were
used as denominators in the calculation of population
incidence rates. Initial descriptive analysis included
caleulation of crude incidence rates/100000 popula-
tion by age group, sex, and state, Mean age of males
and females was compared by ¢ test. We then used
negative binomial regression to estimate incidence
rate ratios (IRR) with 95% confidence intervals (Cls)
by sex, season, stale, and trend over time by age
group. P wvalues from the Z statistic for the null
hypothesis that the coefficient was zero are also
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Fig. 1. Crude incidence rates for campylobacteriosis for Australia and individual states and territories, 19982013,

presented. We assumed a linear time trend for inci-
dence rates, using the interaction between age group
and year to produce a trend over time, with year
defined as the year of diagnosis and treated as a con-
tinuous variable. We also used post-estimation
commands to estimate incidence rates for sex, state
and year and total changes in incidence from 1998
to 2013 by age group. For the final model, 10-year
age groups from 0-9 years until =80 years were
used as a reduced number of age groups yielded a bei-
ter model based on both Akaike’s Information
Criterion and Bayesian Information Criterion. All
statistical analyses were performed using Stata v.14
(StataCorp, USA).

RESULTS

Deseriptive analysis

There were 246 151 notifications to NNDSS of cam-
pylobacteriosis with diagnosis dates belween 1

January 1998 and 31 December 2013. Complete
data was obtained on the state or territory of residence

of all these cases. Age at onset data was missing for
451 (0-18%) cases, with data on gender missing for
605 (0-25%) cases. There were 72 (0-03%) cases
where both age at onset and gender data were missing.
In total, 1128 (0-46%) cases were excluded from the
final dataset, giving a total of 245 023 campylobacter-
iosis cases for inclusion in the analysis. The male:
female ratio was 1-2:1, with males comprising 133
187 (54:4%) of cases. The mean age at onset for cam-
pylobacteriosis was 33-9 vears (s.p. = 23-28, minimum
<1, maximum 105 years). For females, the mean age
was 35-1 years (s.n. =23-31, minimum <[, maximum
105 years), and for males it was 32-9 years (s.0.=
2320, minimum <I, maximum [05 years) (¢ test
24-3, P<0-001).

Crude incidence rates for campylobacteriosis in
Australia and for individual states and territories are
shown in Figure 1. Mationally, erude incidence varied
over time, with the highest annual rate seen in 2001
(124-7/100 000), decreasing to 92-8/100000 in 2013,
There was no obvious increasing or decreasing trend
over time during that period. For states and territories
crude incidence also varied over the period of
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Fig. 2. Crude incidence rate pyramids by gender and age group for Australia and individual states and territories, 1998

2013,

reporting, being as high as 177-5/100000 in SA in
2001 and 172:2/100000 in Tasmania in 2012, to as
low as 69-2/100000 in Victoria in 1998 and 66-7/
1000000 in the NT in 2011.

Mationally the highest crude age-specific rates were
observed in children aged between | and 4 years,
with 254-5 cases/100000 population in males and
204-2 cases/100000 in females, with the lowest rates
observed in females aged 10-19 years (697 cases/
100000 population). Males had consistently higher rates
of infection across all age groups, Crude sex and age-
specific patterns of incidence were similar across most
states and territories (Fig. 2). However, rates for NT
children, in particular those aged <5 years, were mark-
edly higher than elsewhere in Australia, reaching 684-7
cases/ 100000 and 5993 cases/100000 for males and
females aged <1 wyear and 515 1/100000 and 445-7/
100000 for males and females aged -4 years, although
these rates were determined on the basis of smaller case
numbers in these sex and age strata than in other states
and territories.
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Factors associated with incidence

The rate of infection in males was 20% higher com-
pared to females (Table 1: IRR 1-20, 95% CI 1-18-
1-21). Mationally, notifications were shown to have a
distinct seasonality, with similar rates in winter as
autumn and statistically significant higher rates in
both spring (IRR 1-18, 95% CI 1-16-1-20) and summer
(TRR 1-17, 95% CI 1-16-1-19). Compared to the state
of Victoria (the reference category), the highest IRR
for Campylobacter infection was observed in the NT
(IRR 1-40, 95% CI 1-34-1-45), with significantly higher
IRRs also observed in ACT, SA and Tasmania,
Significantly lower IRRs for Campylobacter infection
were observed in both Queensland (IRR 096, 95%
CI 095-0-98) and WA (IRR 0-91, 95% CI (0-89-0-93),

Trends over time

Examination of the interaction between age group and
year showed significant differences in the trends over
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Table 1. Negative binomial regression for Campylobacter notifications by gender, season, state and age group and
time, Australia 1998-2013

Notifications (n = 245023) IRR 95% CI P value
Gender {Reference: female, n= 111 836)
Male 133187 1-20 1-18-1-21 <0-001
Season {Reference: autumn, n = 55 972)
Winter 56518 1-01 0-99-1-03 0-26
Spring 66 135 1-18 1-16-1-20 <0-001
Summer 66 398 117 1-16-1-19 <0001
State (Reference: Victoria, n = 89 369)
Australian Capital Territory 6581 1-31 1-27-1-35 <0001
Northern Territory 3576 1-40 1-34-1-45 =0-001
Queensland 67193 0963 0-943-0-978 <0-001
South Australia 35234 1-31 1-29-1-33 =0-001
Tasmania 10 145 1-31 1-28-1-35 =0-001
Western Australia 32928 0-910 0-894-0-926 =0-001
Total change in incidence by age group, 1998-2013
0-9 years 46 944 0-63 0-60-0-66 <0-001
1019 26 160 0-97 0-92-1-03 0-35
20-29 45195 0-78 0-74-0-81 =001
30-39 32972 0-89 0-84-0-94 =0-001
40-49 27639 1-06 1-01-1-12 0-03
50-59 24954 1-13 1-07-1-20 <0001
60-69 19 609 1-36 1:28-1-45 =001
70-79 13 896 1-75 1-63-1-88 <0-001
=80 7634 1-72 1-57-1-89 <0001

IRR, Incidence rate ratio; CI, confidence interval.

time in different age groups (Table 1, Supplementary
Fig. 51). Adjusted rates of incidence between 1998
and 2013 decreased for younger age groups (i.e. those
aged =40 wyears), while for older age groups there
were increases in incidence of campylobacteriosis
(Fig. 3). Significant declines over the I5-year study
period were observed in children aged 0-9 vyears
(IRR 0-63, 95% CI 0-60-0-66). The largest increases
over time were observed in older age groups, notably
the 70-79 vears (IRR 1-75, 95% CI 1-63-1-88) and
=80 years (IRR 1-72, 95% CI 1-57-1-89) age groups.

DISCUSSION

Considerable variations in the crude incidence of cam-
pylobacteriosis among Australian states and territor-
ies and between age groups over time were observed.
While crude rates of disease remain highest in the
very young, our findings support a shift in the age
structure of campylobacteriosis in Australia, with
IRRs increasing for older age groups over time,
Further examination of predicted age-specific rates
indicates a declining incidence in cases aped <40
years but combined with a concomitant rise in

incidence in older age groupings, notably those aged
T70-79 years. Our analysis also affirms male gender
to be significantly associated with a higher incidence
of infection, along with the occurrence of a distinct
seasonality with incidence rising markedly over the
Australian spring and summer,

It has been suggested that over the past decade
there has been an increase in campylobacteriosis in
higher-income countries [3]; however, examination of
published incidence rates shows there are considerable
inter-country variations in incidence as well as
between regions within individual countries [15].
Increases in overall incidence have been observed in
the European Union [16], the United States [17] and
the UK [7] but Japan has reported no discernible
change [18], while in New Zealand, long recognized
as having highest rates of campylobacteriosis, marked
declines in incidence have been observed following
interventions in poultry primary production and pro-
cessing [19]. In Australia, national incidence has
remained high but with the direction of any national
trend being more difficult to discern, in part because
of the ‘regional’ variations between states and territor-
ies. Due Lo the size of the Australian continent there is
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Fig. 3. Megative binomial regression margin plot for predicted incidence of campylobacteriosis by age group in Australia.

considerable climatic diversity. This ranges from trop-
ical and monsoonal zones in the north, subtropical
and temperate zones along the more populous eastern
seaboard, smaller Mediterranean zones in the south
and southwest, and a dominant semi-arid and desert
zone covering the sparsely populated mterior [20].
Given the seasonal patterns and climatic sensitivities
of Campylobacter sp. [21] our findings of variations
in incidence across regions of Australia are not wholly
unexpected. Other explanations for the increases and
decreases in both unadjusted and adjusted incidence
over time might include differences in population
exposures and behaviours, differences in laboratory
detection and surveillance methods, differences in pri-
mary production practices and their regulation, or
differences in relative contributions of assorted
Campylobacter reservoirs to human disease [3].

Our findings from analysis of crude rates are
broadly consistent with a number of studies from
other high income countries that report a bimodal
age-related pattern of incidence, with the highest
infection rates in children aged <3 years, and with a
second peak seen in younger adults aged between 20
and 29 years [22, 23]. These findings may be a reflec-
tion of differences in the relative contribution of envir-
onmental factors involved in the causal pathway of
campylobacteriosis across these different age groups
[24]. For example the high incidence shown for
young children could reflect their more active explor-
ation of their environment using hand-to-mouth
behaviour [25], with the high incidence seen in NT
children perhaps indicative of climatic differences or
some other undefined environmental risks. In other
age groups, poor hygiene practices as well as increased
risky cating behaviour subseguent to moving out of
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the family home have been tendered as explainers
for the peaks seen in young adults [26, 27). A further
consideration is the impact of acquired immunity on
the epidemiology of campylobacteriosis [27].

While acknowledging a ‘general’ bi-modal pattern
of age-related incidence for campylobacteriosis, we
would also contend that in the Australian context
our crude and adjusted incidence patterns actually
demonstrate a tri-modal pattern, with a third incidence
peak seen in those aged =60 years. Adults aged =65
years are recognized as being more susceptible than
younger adults to certain enteric infections, including
campylobacteriosis. A number of age-related factors
may also contribute to their increased susceptibility
and disease severity, including weakening of the
immune system, changes to the gastrointestinal tract,
a higher prevalence of comorbid conditions and
more frequent use of antacids and immunosuppressant
medication [28].

Our finding of a predicted increase in incidence over
time among older adults is supported by analyses of
data from England and Wales suggesting the age
structure of campylobacteriosis has shifted, with
older persons emerging as the population most at
risk [7, 29]. In addition to the host factors previously
deseribed, social factors such as population ageing
and demographic changes, including post-war popula-
tion increases and the ‘baby boom’ of the 1960s may
also play a role [29]. Given that the proportion of
the Australian population aged =65 years is projected
to increase from 14% (3-2 million) in 2012 to around
19% (5-8 million) in 2031 [30] any such change in
the age structure of disease could carry significant
health system implications. Studies of older persons
infected with Campylobacter sp. show increased



hospitalization and mortality, with elinical care fur-
ther complicated by higher levels of comorbidities
and risk for invasive infection [8, 31]. However,
whether such a shift in the age structure of campylo-
hacteriosis across high-income countries can be gener-
alized is less certain, with a recent US study showing a
decreasing rate of campylobacteriosis with increasing
age [8].

That male gender was significantly associated with
increased risk for infection in our study is a finding
consistent with the epidemiology of Campylobacter
in high-income country settings. This was further
reflected in males having consistently higher rates of
infection across all age groups, with the exception of
those aged between 20 and 29 years [23, 32].
Explanations for the predilection towards males are
not easily reconciled. Given the large differences in
incidence between males and females in the youngest
age groups where behavioural differences might be
less pronounced, physiological differences may play
a role in higher male disease incidence. This hypoth-
esis is supported by an animal model showing both
infection and shedding rates for C jejuni to be greater
in male mice [33].

Campylobacteriosis has been shown to exhibit a
distinet seasonality in temperate regions, although
clear reasons for this feature have proven difficult to
ascertain [25]. Our finding, demonstrating a sharp
rise in IRR in spring, with continuing and significantly
elevated rates in summer is consistent with previous
comparisons of high income countries in both the
Morthern and the Southern Hemispheres [21]. The
consistency of a bacterial infection to exhibit summer
peaks suggests the direct effect of a large scale envir-
onmental influence on a shared exposure route [34].
Although we did not examine any interaction between
temperature and incidence, it is nevertheless plausible
that increasing spring temperatures and the mainten-
ance of high temperatures over summer greatly
increase the risk for foodborne transmission of
Campylobacter [35].

Poultry meat has been demonstrated to be the pre-
dominant foodborne source of campylobacteriosis in
developed countries [3, 5], with such findings arguably
applicable to the Australian context, despite a current
paucity of local source attribution data. In Australia,
the poultry meat sector is particularly large and is
dominated by two main producers, with primary pro-
cessing oceurring in all states [36]. In 2012, Australia
introduced a national Primary Production and
Processing Standard for poultry meat [37] but there
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is little publicly available data on what, if any,
industry-initiated actions occurred between 1998 and
2013, Access to such information could have been
used to model the effects of mmterventions on ingi-
dence. Given the increasing recognition that a *One
Health" approach, including greater cooperation and
engagement by stakeholders is necessary to reduce
the national burden of campylobacteriosis [38] we
draw particular attention to the importance of data
sharing between animal industries, agriculture and
human health agencies to gain better understanding
of campylobacteriosis in Australia. Australian stake-
holders (e.g. veterinarians, scientists, policy makers,
public health authorities, and industry) may benefit
from undertaking closer examination of international
successes, particularly in New Zealand, where inte-
grated surveillance strategies have improved the
understanding of disease drivers and contributed to
a significant decline in disease incidence [39].

Limitations

There are a number of lmitations to this study.
Because campylobacteriosis is recognized as a largely
sporadic infection, minimal public health data is col-
lected for most cases and we were unable to exclude
overseas acquired and outbreak associated cases
from our analysis, Despite overseas travel previously
being identified as a risk factor for infection in
Australia, absolute numbers of cases with this risk
have previously been reported as being small [40],
leading us to conclude that most infections are likely
to be domestically acquired. Similarly the impact of
outbreaks on campylobacteriosis numbers is likely to
be negligible given recognition that outbreaks are
infrequent events relative to overall incidence [4].
Another potential limitation was an absence of com-
prehensive speciation data. We assumed that most
infections were caused by C. jejuni and to a lesser
extent C. coli. There are however indications that C.
coli might contribute a larger number of infections
than previously thought [41], with the importance of
other emerging pathogenic species largely unknown
in Australia. Similarly our dataset lacked geographic
precision beyond the level of state or territory.
Australia is a large and geo-climatically diverse con-
tinent and significant differences between urban and
rural incidence have been demonstrated elsewhere
internationally [15]. Such detail would be useful in fur-
ther exploring differences in age, gender and origin of
infection. Finally the increasing use by primary testing
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laboratories of culture-independent testing, notably
nucleic acid tests, to diagnose enteric infections carries
implications for disease surveillance and reporting
with incidence rates likely to increase due to improved
sensitivity in detection [42]. This latier point directly
influenced our decision to exclude 2014 notifications
from the analysis because of the widespread uptake
of these methods across Australia in that year.

CONCLUSIONS

Our examination of the incidence of campylobacterio-
sis in Australia provides further illustration of the epi-
demiological complexities surrounding this common
enteric pathogen. Australia continues to have a high
rate of infection but considerable variation in inci-
dence exists between sexes, age groups, and stales
and territories. While common or similar sources of
transmission might be responsible for most disease
across the different age groups, a transition to higher
rates 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 inereased disease risk.

SUPPLEMENTARY MATERIAL
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In this chapter | 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 paté,

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 paté 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

37



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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Abstract

Campylobacter spp. are a globally important cause of bacterial gastroenteritis, with Australia experiencing
higher rates of illness than many comparable high-income countries. Despite the high disease incidence,
outbreaks of campylobacteriosis in Australia are infrequently detected and reported, We examined the epide-
miology of Campylobacter outhreaks in Australia, with particular emphasis on assessing transmission routes
and evidence as reported during public health investigations. A national register of enteric and foodborne
disease outbreaks was used to summarize data on all Campylobacter outbreaks reported in Ausiralia between
2001 and 2016. Outbreak data were reviewed and analyzed for trends over time. Additional information was
sought from state and tenitory epidemiologists, to validate transmission routes, A total of 84 Campylobacter
outbreaks were reported, with 51 (61%) being classified as foodborne. Specific food vehicles were identified for
33 (65%) outbreaks, with 28 (85%) implicating chicken or chicken-containing dishes. Although no increase in
the proportion of foodborne Campylobacier outbreaks was observed, examination of specific food vehicles
demonstrated a si_gnjﬁl::mt increase in outbreaks because of pou]lry-liw:r containing foods (p=0.04). One
quarter of all 1042 outhreak-associated cases occurred in aged-care facilities (ACFs), including |7 associated
hospitalizations and three deaths. After review of evidence data, 23 outhreaks (27%) were determined to have
an unknown route of transmission, including 10 (43%) outbreaks occurring in ACFs. Campylobacter spp.
remain a less commonly reported cause of gastroenteritis outbreaks in Awustralia. Although many reported
outbreaks can be linked to foodborne transmission, over a quarter were unable to identify either a food vehicle
or transmission source, particularly for outsreaks occurring in aged care. Increased efforts to improve evidence
collection and understanding of transmissicn dynamics for outbreaks of campylobacteriosis, particularly in aged
care, are required.

Keywords: Campylobacter, disease outbreaks, foodborne diseases, waterborne diseases, zoonoses, homes for
the aged

Introduction such as Guillain-Barre syndrome, reactive arthritis, and imitable
bowel syndrome may also occur (Fitzgerald, 2015).

AMPYLOBACTER SPP. ARE an important cause of gastro- Poultry, particularly broilers, are recognized as the pri-

enteritis and responsible for an annual global estimate of 96
million {95% Ul 52-177 million) cases of foodbome infection
(Kirk et al, 2015). Although campylobacteriosis most com-
monly prasents as a self-limiting enterocolids, extraintestinal
infections (e.g., bacteremia) and postinfectious complications
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mary reservoir for fondborne infections, with ruminants such
as cattle and sheep and monogastric species such as pigs
also being important carriers (Kaakoush er al, 2015). In
addition to illness acquired through undercooked or cross-
contaminated foods of animal origin, campylobacteriosis
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CAMPYLOBACTER OUTBREAKS IN AUSTRALIA

may also result from animal interactions, ingestion of un-
pasteurized milk, contaminated water, or less commonly
through person-to-person contact (Kaakoush er al., 2013).

In high-income settings like the European Union (EUY) and
England, where foodbome disease surveillance is well es-
tablished, Campylobacter spp. are the most commonly re-
ported enteric pathogens (Buropean Food Safery Authority
[EFSA], 2017; Nichols et al., 2012). During 2016, 246,307
cases were reported among EU member states (notification
rate 66.3 per 100,000 population) and 52,381 cases were
reported in England and Wales (notification rate 89.7 per
100,000} (BEuropean Food Safety Authority [EFSA], 2017;
Gastrointestinal Infections Department, 2018). Similarly in
Australia, disease incidence remains high (Moffatt er al,
2017a), with 24,239 confirmed cases reported in 2016, a
national notification rate of 100.2 per 100,000 {Australian
Government Department of Health, 2019).

Despite the high incidence and case numbers, Campyle-
baecter outbreaks remain less frequently reported in Australia
(Unicomb et al., 2009; Moffatt ef al,, 2017a). This ¢contrasts
markedly with Salmonella enterica, another enteric pathogen
of public health significance, responsible for ~ 1000 out-
breaks in Australia between 2001 and 2016 (Ford ef al,
2018). Nevertheless, outbreak data contribute to our under-
standing of Campylobacter's epidemiology, showing food
vehicles such as poultry-liver pdté have become an estab-
lished cause of outbreaks internationally (Little et al., 2010;
Lanier et al., 2018).

Using national outbreak and disease notifications data, we
examined Campylebacter outbreaks in Australiz, expanding

309

upon a previous assessment for the period 2001-2006 (Uni-
comb et al., 2009). The aim of this smdy was to provide a
contemporary understanding of the epidemiology of cam-
pylobacteriosis outbreaks in Australia, with particular focus
on transmission routes and evidence levels obtained during
investigations.

Materials and Methods

All Auvstralian states and territories have public health
legislation mandating the reporting of Campylobacter in-
fections and suspected outbreaks of food or waterborne
gastroenteritis {OzFoodNet Working Group, 2018). How-
ever, campylobacteriosis only became notifiable in the state
of New South Wales (NSW) in 2017, falling outside of study
parameters. OzFoodMet, a national network performing sur-
wveillance and investigation of enteric and foodbome disease
in Australia, maintains a National Outbreak Register (here-
after called the Register) with all states and territories con-
tributing outbreak data (Kirk er al., 2008). Two states, NSW
and Wictoria, use local alternatives to the Register for re-
cording details of nonfoodborme Campylobacter outhreaks,

Data were extracied from the Register providing details of
Campylobacter outbreaks between 2001 and 2016. In-
formation included nominated transmission routes, settings
where outbreaks occurred, settings where food was prepared
(if applicable), dates of outhreak notifications, implicated
Campylobacter species (if known), numbers of persons ex-
posed, numbers of cases, hospitalizations and deaths, types of
epidemiological investigation (case—control study. analytical

TasLe 1. DEFINITIONS FOR OUTHBREAKS OF CAMPYLOBACTERIOSIS BY TRANSMISSION ROUTE

Outbreak
transmission type

Definition

Foodborne outbreak

An event where 22 persons are diagnosed with laboratory-confirmed campylobacteriosis after

consuming a common food or meal, and where analytical epidemiology or food microbiology
implicates the food or meal as the source of illness

Suspected foodborne
outhreak

An event where >2 persons are diagnosed with laboratory-confirmed campylobacteriosis after
consuming a common food or meal, and where compelling descriptive evidence from an

epidemiological investigation and/or food safety inspection implicates the food or meal as the

source of illness
Waterborne outhreak

An event where 22 persons are diagnosed with laboratory-confirmed campylobacteriosis afier

exposure to a common water source (either drinking or recreational) and where analytical
epidemiology or water testing implicates water as the source of illness

Suspected waterborne
outbreak

An event where =2 persons are diagnosed with labqramry—cuntinnod campylobacieriosis afier
exposure o a common water source (either drinking or recreational) and where compelling

descriptive evidence from an epidemiological and/or environmental investigation implicates

water as the source of illness
Person to person
outbreak

An event where 22 persons are diagnosed with laboratory-confirmed campylobacteriosis after
exposure o a perscn or group of persons known or suspected to be infectious, or an

environment where an infected person has been known to have contaminated and where illness
onset dates suggest ongoing transmission

Animal to person
outbreak

An event where =2 persons are diagnosed with laboratory-confirmed campylobacteriosis after
animal exposure and compelling descriptive epidemiological or environmental evidence and/or

laboratory evidence implicates the animal as the source of illness

Unknown

An event where 22 persons are diagnosed with laboratory-confirmed campylobacteriosis after

some common expasure but where a mode of transmission is unable to be determined

Unknown (revised)

An event where 22 persons are diagnosed with laboratory-confirmed Campylobacter infection

afler a common exposure bul where a recognized mode of ransmission is unable o be
determined via either outbreak register detail and/or local review by a state or territory

epidemiologist
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TaBLE 2. CHARACTERISTICS OF CAMPYLOBACTER OUTER

MOFFATT ET AL.

Eaks BY Transmission ROUTES, AustraLia 2001 To 2016

Median
Ne. outbreaks No. cases no. cases (min. No. hospitalizations
Transmission route (% by route) (%0 lab-confirmed) o max., ) (%6 cases) Ner, deaths
Foodborne 51 (60.7) T23 (30.7) 10(2 to 63) 51 (7.1) 2
Waterborne 5 (6.0) 104 (30.8) 22 (7 to 46) 5(4.8) 0
Animal to person 2(24) 16 (37.5) 8 (6w 10) 1 (6.3) 1
Person to person 3(3.6) 16 (B1.3) 4 (3t 9) 3 (18.8) 0
Unknown 23 (27.4) 183 (48.1) 6 (3w 9) 12 {6.6) 0
Taotal B4 (100) 1042 (34.6) 7 (210 63) 72 (6.9) 3

cohort study, or case series), and levels of evidence obtained.
Outbreak definitions were adapted from the Register’s Data
Dictionary (Version 1.5, December 2017) to describe out-
breaks occurring through specific transmission routes
{Table 1). Nominated food vehicles were grouped under the
following categories: poultry-liver dishes: chicken kebabs;
other chicken/chicken-containing dishes; chicken unspeci-
fied; other food vehicle; other poultry-meat; unpasteurized
milk; and unknown foad vehicle, For this dauset the term
poultry is used in reference to domestic fowls, with poultry-
liver referring to either chicken or duck and poultry-meat
used in reference to duck alome. Other chicken/chicken-
containing dishes describe food vehicles where chicken has
been identified as the ingredient suspected of being con-
taminated (e.g., pasta dishes or dumplings). To examine
trends in foodborne Campylobacter outbreaks we obtained
annual totals for foodborne outhreaks reported between 2001
and 2016, Annual campylebacteriosis notification rates per
100,000 population were obtained from the National Notifi-
able Diseases Surveillance System (Australian Government
Department of Health, 2019) for comparison against annual
outbreak counts,

To provide greater etiologic certainty, outbreaks with a
single laboratory-confirmed Campylobacter cese or where
additional enteric pathogens were detected were excluded.
Also excluded were Campylobacter clusters, A cluster was
defined as an increase in infections that are epidemiologically
related in time, place, or person where investigations were
unable to implicate a common mode of transmission or
source of infection responsible for that increase (OzFoodMNet
Working Group, 2018).

Outbreak details were forwarded to state and territory
foodborne disease epidemiologists, including queries re-
garding missing or potentially erroneous data. Epidemiolo-
gists were also asked to review local records to identify other
outbreaks not identified in the Register, with this approach
identifying one additional outbreak. We obtained separate
details for nonfoodborne Campylobacter outbreaks from
NSW and Victoria as both use local databases 1o record
nonfoedborne outbreaks.

Each outbreak was assigned an evidence level based on
published indicators of evidentiary strength for foodbome
disease outbreaks (Moffatt er al., 2016b). Options for evi-
dence included the following; descriptive epidemiological
evidence (hereafter called descriptive); statistical; laboratory
and descriptive; descriptive and trace-back; laboratory and
statistical; laboratory and trace-back; statistical and trace-
back; and trace-back. For nonfoodborme outbreaks, options

referencing trace-back were not considered. Evidence levels
were not assigned for outbreaks where the transmission route
‘was unknown. If our reassessment of transmission differed to
the original data, we asked state and territory epidemiologists
to examine local records to assist with validation. If no
compelling detail was available, our reassessment was
adopted.

Data describing Campylobacter isolation in food and en-
vironmental samples were assessed and included detection in
the following: unopened epidemiologically implicated food;
opened epidemiologically implicated food; food consumed
without epidemiological implication; other microbiological
evidence; isolation from premises and equipment; no iden-
tification in laboratory samples; or no samples taken, A de-
scriptive assessment of factors contributing te pathogen
contamination and survival was also undertaken but excluded
growth factors becanse of data paucity and a reduced likeli-
hood for Campylobacter spp. to proliferate on foods (Park,
2002). Contributing factors to contamination of food or water
included ingestion of contaminated raw product intended to
be cooked, cross-contamination from raw ingredients, food
handler contamination, storage in contaminated environ-
ment, ingestion of contaminated raw product intended to be
consumed raw, or unknown. Contributing factors related to
survival included insufficient time/temperature during
cooking or reheating, inadequate disinfection, inadequate
acidification, inadequate thawing and cooking, other process
failure, or unknown. Evidence levels for contributing factors
included assumed or suspected, confirmed through observa-
tion during inspection, confirmed verbally during inspection,
confirmed with measured evidence, or unknown,
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FIG. 1. Annuwal Campylobacter notification rates and
outhreak counts, Australia, 2001-2016.
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Data were analyzed using Microsoft Excel (Microsoft,
2013, Microsoft, Redmond, WA) and Stata SE version 13
(StataCorp, 2013; Stata Statistical Software: Release 13;
StataCorp LP, College Station, TX). We used descriptive
statistics, including chi-square tests for homogeneity and
trend, to assess changes in the proportions of foodborne
outbreaks reported over the study period. Examination of
aged-care outbreaks used median tests to compare cases,
hospitalizations, and outbreak duration between outbreaks
classified with foodborne versus unknown transmission
routes. The probability value for significance testing was
=0.05. Ethics approval was obtained from the Australian
National University’s Human Research Ethics Comimiltee
(Protocol: 2018/531).

Results

Between 2001 and 2016 we identified 8 Campylobacter
outbreaks in Australia. Details on transmission route and
associated disease burden are given in Table 2, with food-
borne or suspected foodborne transmission (hereafler de-
scribed as foodborne transmission or foodbome outbreaks)
accounting for 61% (51/84) of outbreaks. Outbreaks were
reported by all states and territories with the more populous
states having higher outbreak counts (data not shown). Spe-
ciation detail was available for 44% (37/84) of outbreaks,
with Campylobacter jejuni the dominant etiologic agent (35/
37). Two outbreaks comprised mixed Campylobacter coli
and . jejuni infections. During this time annua’ notification
rates for campylobacteriosis remained high, averaging =110
cases per 100,000 population, Conversely, the reported out-
break counts were small (median 5, min. 1 to max. 10), and
varied between years (Fig. 1).

Characteristics of foodbome outhreaks by setting are given
in Table 3. Among foodborne outbreaks, 399 (20/51) oc-
curred in the setting of restaurants/cafes, followed by 16%
(8/51) in ACFs, and 10% (5/51) in **other’ settings, with the

an

latter including take-away food businesses (small-scale food
venues providing made to order foods collected and eaten
elsewhere by consumers). When compared with other trans-
mission routes, associations with foodbome transmission
were observed in restaurants (f= 16.99 p<0.001) and aged-
care facilities (ACFs) (> =7.41 p=0.006). Implicated foods
were mostly prepared within the setting of the outbreak;
however, five outbreaks involved foods prepared by com-
mercial caterers, whereas molecular epidemioclogy linked
another community outbreak to commercially produced
chicken meat. Food vehicles were identified for 65% (33/51)
of outbreaks, with poultry meat or offal implicated in 85%
(28/33). Among these poultry-related food wvehicles, liver
dishes (e.g., pité) comprised 39% (11/28), followed by other
chicken-containing dishes (33%, 8/28), chicken kebabs
(189, 5/28), chicken unspecified (11%, 3/28), and duck (4%,
1/28). During the study period, OzFoodNet reported 2097
foodborne outhreaks (personal communication Rose Wright,
February 13, 2019}, After revising transmission route data,
we determined that Campylobacter spp. accounted for 2.4%
(51/2083) of foodbome outbreaks between 2001 and 2016.
Although no significant trend in foodborne outbreaks caused
by Campylobacter spp. was shown, we did observe a sig-
nificant increase in the proportion of foodbome Campylo-
bacter outbreaks linked to poultry-liver ()"2 =422 p=0.04).
Among poultry-liver outbreaks, 73% (8/11) involved res-
taurants, 18% (2/11) involved commercial catering, whereas
one outhreak involved pité prepared in a private residence.

Nonfoodborne outbreak characteristics are given in
Table 2. Before review, 11% (9/84) of Campylobacter out-
breaks had an unknown transmission route. This increased to
27% (23/84) after we identified 14 outbreaks recorded as
being foodborne but lacking the necessary evidence to
meet the foedborne outbreaks definitions as given in Table 1.
Among the most frequently identified settings for out-
breaks with an unknown source were ACFs {n=10), mili-
tary facilities (n=4), and private residences (n=4). Among

TABLE 3. CHARACTERISTICS OF FOODBORNE CAMPYLOBACTER QUTEREAKS BY SETTING, AUSTRALIA 2001-2016

Foodborne outbreaks

Median no.
No. outbreaks No. outbreaks No. cases cases (min Ne. hospitalizations

Chutbreak sefiing {all roures) (%0 foodborne) (% lab-confirmed) fo max.) (No. deaths)
Restaurants 20 20 (100.0) 228 (28.9) 10 (2 to 35) 13
Aged care 22 B (36.4) 143 (28.0) 14.5 (3 to 49) 100(2)
Other settings® 5 5(100.0) 85 (32.9) 5(2 1o 63) 1
Camps 7 3(42.9) 43 (14.0) 14 (6 to 23) 0
Private residences 9 3(33.3) 16 (50.00 5w 0
Schools 2 2 (100.0) 42 (38.1) 21 (6 to 36) 1
Other institutions 3 2 (66.7) 61 (14.8) 30.5 (5 to 56) 1
Picnics 2 2 {100.0) 8 (87.5) 4 4]
Community 2 2 (100.0) 27 (100.0) 13.5 (3 to 24) 4
Military facility 5 1(20.0) 18 (15.8) 19 19
Commercial caterer 1 1 (100.0) 11 (54.5) 11 1
Function i 1 (100.0) 31 (12.9) 31 1
Workplace 1 1 {1000 9 (22.2) 9 0
Totals 81" 51 723 (30.7) 10 (2 10 63) 51 (2)

:Irgcludr;s three takeaway food establishments, a sporting club, and a dairy farm.
Eighty-four outbreaks identified in total, Three nonfeodbome outbreaks occurred in serings not described above, that is, a child care

center, a hospital, and an unknown setting.
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TABLE 4, CHARACTERISTICS OF CAMPYLOBACTER QUTBREAKS REPORTED IN AUSTRALIAN AGED-CARE
Faciurmies, 2001-2016

Na. Median No. Median sutbreak
Transmission No. Nao. lab-confirmed no. cases hospitalizations  duration in hours
rolie outbreaks (%)  cases (%) cases (%) (min. to max.)  (toral dearhs) (mtin. to max.)
Unknown 10 (45.4) 82 (32.5) 35 (39.8) 6.5 (3w 15) 3 (M 72 (24 10 120
Foodborne 8 (36.6) 143 (56.7) 40 (45.5) 14.5 (3 to 49) 10 (2) 72 (24 to 168)"
Animal to person 2 (9.0) 16 (6.3) 6 6.8) B (6w 1l 1(1) 144°!
Waterborne 1{4.5) T2 3(34) T{=) 00 120
Person to person 1 (4.5} 4 (1.6) 4 {4.5) 4(-) 30 Mo data
Totals 22 (100.0) 252 (100.0) B8 (100.0 8.5 (3 10 49) 17 (3) 96 (24 o 168)*"°

"Number of outhreaks with data.

waterborne outbreaks (n=15), three oceurred in camps, with
single outbreaks in a child care center and an ACF. Rainwater
tanks were identified as the source for four outkreaks, with a
water bore the source for the fifth, Outbreaks invelving
person-to-person transmission were reported in an ACF,
child care center, and private residence, whereas two out-
breaks in a single ACF were linked to zoorotic transfer
{Moffart er al., 2014).

Outbreaks were reported most frequently in ACFs, with
26% (22/84) occurring in this setting. Transmssion source
and associated disease burden for ACF outbreaks are given in
Table 4. Among ACF outhreaks, 36% (8/22) involved
foodbome transmission, whereas 459 (10/22) had an un-
known transmission source. Foodbome outbreaks in ACFs
were larger (median 14.5 cases) than those with an unknown
ransmission route (median 6.5 cases), whereas hospitaliza-
tion frequency was significantly higher (=474, p=0.03).
Among foodborne outbreaks in ACFs, three-guarters (6/8)
did not identify a food vehicle.

Examination of evidence levels obtained among the 73%
(61/84) of outbreaks where a transmission rouie was deter-
mined showed 49% (30/61) utilized descriptive epidemio-
logical evidence, 21% (13/61) statistical evideace, whereas
13% (8/61) used descriptive and statistical evidence in con-
Jjunction with microbiological findings. A further 10 out-
breaks, including nine reported as foodborne, relied upon
limited descriptive evidence, most often a common meal or
restaurant exposure among cases but without a specific food
vehicle being identified.

Data on food and environmental sampling conducted
during investigations was available for 81 oulbreaks, with
3% (59/81) of these investigations having no food or other
samples collected for microbiological testing, For outbreaks
invelving sampling, 59% (19/32) yielded negative results,
whereas 25% produced supportive evidence only {e.g., the
presence of fecal indicator bacteria in a water sample).
Campylobacier spp. were detected only four times in epide-
miclogically implicated foods, comprising chicken-liver
pété, duck livers, chicken wontons, and retail chicken meat.
Campylobacter spp. was also recovered once from a rain-
water tank supplying drinking water,

Investigators identified 57% (29/51) of foodborne out-
breaks had one or more factors associated with pathogen
contamination, whereas 47% (24/51) detailed fastors relating
to pathogen survival. Issues most frequently recorded were
the ingestion of contaminated raw products inlended 1o be
cooked (n=17) and cross-contamination from raw ingredi-

ents (n=14), whereas for survival factors, insufficient tem-
perature or cooking time was identified in 92% (22/24) of
outbreaks., Most evidence used in determining contamination
(83%, 24/29) and survival factors (71%, 17/24) were based
on investigator assumption, 2s opposed to direct observation
or measurement,

Discussion

Our study suggests that Campylobacter gastroenteritis
outbreaks oceur infrequently in Australia. Among outbreaks
with recognized transmission sources, most were foodborne,
with chicken or chicken-containing dishes the most com-
monly identified food vehicles. Although no rise in outbreaks
over time was observed we did detect an increase in food-
borne outbreaks involving poultry-liver. Other transmission
sources seem to play a limited role in causing outbreaks in
Australia. ACFs were the most frequently repoerted outbreak
setting, whereas foodborne transmission occurred mostly in
restaurants. A number of ACF outbreaks were reclassified w
having an unknown transmission source, highlighting the
challenges when pathering evidence to support inferences of
foodborne transmission in thal setting.

Despile robust food safety standards, Australia like many
high-income countries, experiences significant disease bur-
den because of Campylobacter spp. (Havelaar er al., 2015;
Maoffart er al., 2017a). Despite this burden our results show a
median of five outbreaks per year, with no increase in food-
borne Campylobacter outbreaks as a proportion of all food-
borne outhreaks over time. This infrequency of outhreaks
relative to disease burden may be partly explained by Cam-
pylobacter's innate physiology. Although invariably present
on foods like raw poultry, the organism’s fastidious growth
requirements, coupled with sensitivity to environmental
stressors limit its capacity to proliferate on food and survive
cooking and freezing (Park, 2002). Similarly, international
reporting shows Campylobacter contributes only a small
proportion of the foodborne outbreak burden, although some
increases are being reported, Between 2004 and 2008, the
United States observed a two-fold increase (Geissler er al.,
2017), whereas in England the proportion of Campylobacter
outbreaks increased significantly between 1992 and 2008,
despite a decline in overall foodborne outbreaks (Gormley
et al., 2011). Such apparent differences with Australia could
be attributed (o variations in risk factors, transmission routes,
surveillance and notification practices, or food regulation
requirements.
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Campylobacteriosis is recognized as a predominamly
foodborne illness, with poultry being the major reservoir and
the consumption and handling of poultry mest major risk
factors (Skarp et al., 2016). Globally, meat consumption has
risen markedly over the past 20 years, driven largely by in-
creases in poultry consumption, with Australians consuming
=40 kg of poultry-meat per capita each year (Australian Bu-
reau of Agricultural and Resource Economics and Sciences
(ABARES) 2019). Consistent with this, our findings show a
majority of outhreaks with a known transmissicn route were
recorded as being foodborne, with chicken or poultry-
containing meals the primary food vehicles. Although this
study did not observe any increase in foodborme Campylo-
bacter outbreaks per se, it did identify a significant increase
in outhreaks linked to food vehicles such as pété (Parry et al.,
2012; Moffatt ef al., 2016a), mirroring international outbreak
reports implicating poultry-liver dishes (Liule er al., 2010;
Lanier er al., 2018). The ability of Campylobacter spp. to
penetrate poultry livers through the hepatobiliary ducts
(Whyte er al., 2006), coupled with changes in eating habits
and cooking practices ( Jones er al, 2016), provide a strong
rationale for this observed increase.

Another food vehicle group responsible for outbreaks are
unpasteurized dairy products. In the United States, these
account for 69% of foodborne Campylobacter outbreaks
(Geissler er al, 2017), whereas we identified a single out-
break linked to unpastenrized milk, representing <2% of
foadborne Campylobacter outbreaks. This discrepancy is
explained by regulatory differences where in the United
States, despite a federal ban on interstate commercial sales,
numerous states permit sale of unpasteurized products within
the state in which they were produced (Langer er al., 2012).
In contrast, Australia legally requires all milk and dairy
products undergo pasteurization {or an equivalent process) o
eliminate pathogenic microorganisms (Food Standards Aus-
tralia and New Zealand (FSANZ), 2009), thus largely
avoiding the issue.

‘Water sources are another recognized cause of Campylo-
Bacter outbreaks, with numerous large-scale events involving
ground and surface water being reported throughout Europe,
North America, and New Zealand (Moreira ¢! al., 2017).
Although Australian estimates suggest 11% of campylo-
bacteriosis cases are linked to water exposure (Gibney et al.,
2017, the majority of waterborne outbreaks have involved
recreational exposure to Cryprosporidium infections (Dale
et al., 2010). Our study identified five waterborne outbreaks
linked to drinking water, with four involving rainwater
storage tanks and the fifth linked 1o bore water, Using rain-
water tanks for household drinking water is common practice
in Australia, particularly in rural and remote areas and the
microbiological quality of such water is recognized as being
less reliable (Environmental Health Commitiee (enHealth),
2011). Overall outbreak risk because of drinking water is
probably low as a majority of Australians can iccess high-
quality, regulated mains water; however, private supplies,
particularly those utilizing rainwater storage tanks, carry
some risk.

This study identified two outbreaks in an ACF involving
probable zoonotic transmission through a puppy, highlight-
ing a potentially emerging area of concern. Carriage and
excretion of Campylobacter spp. in puppies and adolescent
dogs is well-recognized (Hald er al., 2004), whereas associ-
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ations between human illness and puppy ownership have
been demonstrated (Stafford er al., 2007, Mughini Gras 1 al.,
2013). Although cognizant of the benefits of companion and
therapy animals, the presence of puppies in such setiings
raises human health concerns (Moffatt et afl., 2014), Given
our study has reported a number of ACF outbreaks without
identified transmission sources we would encourage active
efforts to exclude potential zoonotic transfer by serutinizing
age and species detail for all visiting or resident animals.

Our study shows ACFs to be the most common setting for
Campylobacter outbreaks in Australia. Between 2001 and
2006, 18% (6/33) of outbreaks occurred in ACFs (Unicomb
et al, 2009), increasing to 26% (22/84) during our review
period. Previously, Campylobacter spp. was shown to be the
third highest cause of foodborne outbreaks in Australian
ACFs (Kirk er al, 2011). This contrasts with U.5. and UK
data showing few foodborne aged-care outbreaks are attrib-
uted to Campylobacter spp. (Levine er al., 1991; Ryan er al.,
1997). Such discrepancies could relate to a reporting bias,
with all Australian states and territories reguiring ACFs to
report gastroenteritis outbreaks, Although this practice is
well established in Awstralia, (Communicable Diseases
Network Australia, 2010), potential underreporting of out-
break events should not be dismissed.

Although there are suggestions that higher rates of food-
borne outbreak reporting in Australian ACFs may relate to
more intensive investigation practices (Kirk et al., 2012), our
study shows a high proportion of these outbreaks lack evi-
dence of foodborne transmission. Aged care is a challenging
environment for investigations, with attempts to interview
residents or retrospectively examine documentation leading
to inconclusive findings (Winguist et al., 2001). Our study
shows food and environmental samples collected during
outbreak investigations rarely result in Campylobacter spp.
being detected, with this outcome in contrast to the relative
successes achieved with trace-back sampling for 5. enrerica
after egg-associated outbreaks in Australia (MofTatt ef al.,
2017h). Given the proportion of ACF outbreaks with un-
known transmission and their differing characteristics with
outbreaks we have classified as foodbome, alternative
transmission routes require consideration,

The Register has proved an invaluable tool in assisting
varied public health and regulatory stakeholders with moni-
toring disease trends, developing policy and guiding food
safety programs (Kirk et al, 2008). We believe our liaison
processes with states and territories, particularly requesting
reviews of local records, have improved the quality of data
presented, while addressing previous concerns regarding
weak evidence and poor documentation of Register-darived
data (Kirk er al., 2011). A key aim of this study was to assess
the guality of evidence used in assigning transmission routes,
with the results showing that a number of outbreaks nomi-
nally recorded as being foodborne lacked the evidence to
meet foodborne outbreak case definitions, Nevertheless dif-
ferences in surveillance practices may have led to some
foodborne outbreaks not being reported, with not all states
and territories routinely contributing data to the Register until
2003. In addition, NSW only mandated the requirement to
notify campylobacteriosis in 2017,

Public health capacity (o routinely investigate even a small
proportion of Campylobacter cases is currently constrained,
with further difficulties imposed by the absence of a routing
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subtyping system. However, a recent Danish study has shown
whole genome sequencing may identify a higher degree of
Campylobacter clustering and outbreak occurrence than
previously thought ( Joensen ef al., 2018). This illustrates the
potential for this method as the basis for integrated surveil-
lance routinely eomparing human-derived isclates against
those from established reservoirs. Although this could assist
with detection of community-level outbreaks and the iden-
tification of sources within the primary producion and pro-
cessing  sector, it remains possible that point-source
foodbome outbreaks will remain uncommon because of
Campylobacter's physiology,

Conclusions

Campylobacter spp. remain a less commonly identified
cause of gastroenteritis outhreaks in Australia, Although most
outbreaks can be linked to foodbome transmission, including
an increasing number caused by poultry-liver dishes, our study
shows that gaps persist in evidence and knowedge around
transmission. This is particularly evident for ACFs, where a
higher frequency of outbreaks and an increased susceptibility
of residents to poor health outcomes, mean efforts to better
elucidate outbreak causes should be afforded a Figh priority.
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SUMMARY

In October 2013, public health authorities were notified of a suspected outbreak of gastroenteritis
in students and guests following a catered function at a university residential college. A
retrospective cohort study was undertaken to examine whether foods served at the function
caused illness, A total of 56 cases of gastroenceritis, including seven laboratory-confirmed cases
of Campylobacter jejuni infection, were identified in 235 eligible respondents. Univariate analysis
showed a significant association with a chicken liver paté entrée [relative risk (RR) 3-64, 95%
confidence interval (CI) 2-03-6-52, P < (-001], which retained significance after adjustment for
confounding via multivariable analysis (adjusied RR 2-80, 95% CT 1-26-6-19, P=0-01). C. jefuni
and . coli were also isolated in chicken liver paté recovered from the college’s kitchen.
Subsequent whole genome multilocus sequence typing (wgMLST) of clinical and food-derived C.
Jejuni isolates showed three genetically distine: sequence types (STs) comprising ST528, ST535
{both chnically derived) and ST991 (food derived). The study demanstrates the value of utilizing
complementary sources of evidence, including genomic data, to support public health
investigations. The use of wgMLST highlights the potential for significant C. jejuni diversity

in epidemiologically related human and food isolates recovered during outbreaks linked to
poultry liver,

Key words: Campylobacter, molecular epidemiology, outbreaks, whole genome sequencing, zoonaotic
foodborne diseases.

INTRODUCTION
* Author for correspondence; Mr C. R. M, Moffai, National
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of Population Health, Auvstralian National University, Canberra,
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Campylabacter sp., are the most commonly reported
cause of bacterial gastroenteritis worldwide and pre-
sent as a significant challenge to public health and
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food safety [1]. In Australia, campylobacteriosis is the
most common enteric condition notified to health au-
thorities, with a reported incidence of 101 cases/100 000
population in 2012 [2].

Infection with Campylobacter sp., usually results in
an acute self-limiting gastroenteritis, characterized hy
diarrthoea and abdominal pain, with accompanying
fever and symptoms such as general malaise and myal-
gia [3]. The incubation period is typically between 2 and
5 days, with illness duration lasting from several days to
2 weeks [3]. Transmission is predominantly reparded as
being foodborne, with food production animals, espe-
cially poultry but also ruminant species being recog-
nized as important reservoirs for human infection [4].

From a public health perspective, a noted feature of
campylobacteriosis is the infrequency of outhreak
events relative to disease incidence [5]. Im recent
years there has been an inerease in published outbreak
reparts, particularly those linked to poultry-derived
liver products such as pité and parfaits [6-8]. At the
same time the increasing availability of sequence-
based typing and advances in bioinfcrmatics have
enabled greater insight into the characterization of
Campylobacter jejuni [9]. However the potential for
genomic diversity even in epidemiologically linked iso-
lates requires further appreciation and carries poten-
tial implications for public health surveillance [7].

On 30 October 2013, a medical practitioner reported
several cases of gastroenteritis in students from a uni-
versity residential college, including one laboratary-
confirmed case of campylobacteriosis. Contact with the
college and rapid interviewing of unwell students iden-
tified a catered function as a potential sowree of illness.

METHODS
Epidemiological investigations

Initial interviewing of cases was conducted using a
rapid hypothesis-generating  questionnaire, which
included a 3-day food history. Findings from these
interviews revealed that all cases had attended a
large catered function held at the college on the even-
ing of 25 October 2013, A retrospective cohort study
was undertaken to test the hypothesis that one or
more foods served at this unction were responsible
for causing illness. Ethics approval was not sought
as the investigation was conducted as part of a public
health response.

Lists of function attendees and their contact details,
including university email addresses and mobile

51

telephone numbers, were obtained via the residential
college. A parallel environmental investigation was
conducted that included interviewing of catering
staff and sampling of residual foods, Interviews with
function attendees were conducted by telephone
using a standard questionnaire that captured details
of symptoms, onset and exposure dates and times,
and consumption of specific food and beverages
based on the menu for the function.

A clinical case was defined as any person who
attended the function on 25 October 2013 and subse-
quently developed signs or symptoms consistent with
gastroenteritis, including diarrhoea, abdominal pain
andfor vomiting between 26 October and 4
November 2013, Clinical cases were encouraged to
provide a faecal sample to assist with the epidemio-
logical investigation. A laboratory-confirmed case
was defined as per a clinical case, in addition to having
a faecal sample positive for C. jejuni subspecies jejuni.

Questionnaire data were entered into Microsoft
Excel (Microsoft Corp., USA) for descriptive analysis
and Stata v. 14 (StataCorp, USA) for univariate and
multivariable analyses. Statistical analyses included
the caleulation of relative risks (RRs), adjusted rela-
tive risks (aRRs), associated 95% confidence intervals
(CIs), and P values using a two-tailed Fisher's exact
test, For the multivariable analysis, regression analysis
was performed using a general linear model. A
Wilcoxon rank sum test and a two-sample test of pro-
portions were used to assess differences in age between
cases and non-cases and differences in the proportion
of male and female cases.

Microbiological investigations
Bacterial strains and identification/speciation

Campylobacter identification and speciation were
confirmed by characteristic appearance on culture
media, and testing for: oxidase, antibiotic susceptibil-
ity to nalidixic acid and cephalothin, and hydrolysis of
hippurate [10]. Hippurate-negative strains were sub-
mitted for polymerase chain reaction assays for the de-
tection of the hippuricase gene and the aspartokinase
gene to identify C jejuni and C. coll, respectively [11].

Whale genome sequencing { WGS) and bioinformatics
analysis

WGS and comparative genomics were applied to
human and food-derived outbreak isolates to determine
the sequence-level similarities of the epidemiologically
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Fig. 1. Campylobacter-associated gastroenteritis cases by date of onset, Australia, October and November 2013 (n = 56).

linked C. jejuni cases and food isolates, as we hypothe-
sized that significant variability could be found in epi-
demiologically linked cases.

After extraction of genomic DNA, sequercing li-
braries were created using the Nextera XT DNA prep-
aration kit ([lumina, USA). Sequencing was
performed on the NextSeq 500 platform with 150-bp
paired-end chemistry. The sequenced reads were
mapped to the complete C. jejuni reference sequence
RMI122] (NCBI accession no. NC_003912-7), and
single nucleotide polymorphisms (SNPs]  were
detected using Snippy v. 3.0 (https://github.com/tsee-
mann/snippy), with a minimum mapping coverage
threshold of 10 and a base-call stringency of 30%., A
phylogenetic tree was constructed using core genome
SNPs using FastTree v. 2.1.8 [12]. The multilocus se-
quence type (MLST) was inferred in silico from
assembled WGS reads using MLST w. 2.0 [hitps:/
github.com/tseemann/mlst).

RESULTS
Epidemiological investigations
Descriptive results

A total of 269 persons were identified as having
attended the function on 25 October 2013, OF these,
87% (235/269) were interviewed as part of the cohort
study. In total, 56 clinical and laboratory-coafirmed
cases of gastroenteritis were identified in the study
respondents, giving an attack rate of 24% (56/235),
Included in these cases were seven persons with micro-
biclogically confirmed C. jejuni infection. Faecal
samples were collected between 3 and 7 days after

the function with a median incubation period of 61 h
(range 39-T4 h) in those providing samples. The epi-
demic curve (Fig. 1) shows the onset dates for clinical
and confirmed cases, with a median incubation time of
61 h (range 5-188 h). Duration of illness was not cal-
culated as most cases were symptomatic at the time of
questionnaire completion. There was no statistically
significant difference in age between cases and non-
cases (=0-37), nor in the proportion of male and fe-
male cases (P=028). The most frequently reported
symptoms were diarrhoea (82%), abdominal pain
(79%), nausea (61%), and fever (59%). Eighteen
cases reported visiting a general medical practitioner,
including one who presented to a hospital emergency
department. No hospital admissions were reported.

Analytical results

Table | shows the results for the univariate epidemio-
logical analysis. Increased risk of illness was shown for
chicken liver pité being eaten as an entrée (RR 3-64
95% CI 2:03-6-32, P<0-001), An inverse association
with illness was demonstrated if the alternative
entrée option, the beetroot salad, had been consumed
(RR 0-51 95% CI 0-31-0-83, P=0-005). Following
multivariable analysis only the chicken liver paté
retained statistical significance as an exposure variable
(aRR 2-80, 95% CI 1-26-6-19, P=10-01).

Chicken liver pdté preparation

On 31 October, the kitchen was inspected and leftover
paté samples were collected. An interview with the
catering manager revealed that the pité had been pre-
pared by an agency chef, using a new recipe. The pité

52



2074 C. R. M. Moffatt and others

Table . Relative risks for food exposures following @ Campylobacter jejuni outhreak, Australia, October 2013

Exposed Unexposed
Mo Tanal Taotal
Menu item il no. AR (%) No.ill no. AR (%) RR 95% CI P value
Cold canapés 36 131 2748 20 104 19-23 143 0-88-231 014
Hot canapés 14 75 2533 n 160 23-13 110 0-68-1-77 071
Any canapés 38 147 2585 18 48 2045 126 0-78-207 035
Chicken liver pété with port wine jelly 44 118 3729 12 117 10-26 64 203-652 <0001
and crostini
Baby beet salad with micro herbs and 19 118 16-10 37 17 3162 0-51 0-31-0-83 0-005
feta
Any entrée 54 208 2596 2 27 741 350 091-13-56  0-03
Spatcheock with Dutch carrots and red 31 111 2793 25 124 2016 -39 0-87-2-20 016
wine jus
Moroccan lamb on rosti with onion jam 36 137 26-28 20 98 20-41 1-28  0-B0-2:08 030
and glaze
Vegetarian main meal option 2 15 1333 34 220 24.55 054 0-15-201 0-32
Any main meal 35 226 2434 1 9 11-11 219 034-1410 036
Rose brillée with biscotti i0 107 2804 26 128 20-31 1-38 0-87-2-18 017
Chocolate marguise with raspberry 33 135 2444 23 100 23:00 106 0-67-1-69 0-80
Any dessert 50 195 2564 [ 40 15-00 171 0-79-3-71 0-15

AR, Auack rawe; RR, relative risk; CI, confidence interval,

preparation began 2 days prior to the function, with
the chicken livers being soaked in milk and then left
overnight in a cool room. The following day they
were drained and sautéed in a pan, along with
onion, garlic butter and port wine. The livers were
described as being ‘medium cooked’, having a slightly
pink inside. A temperature probe was not used to as-
sess their internal temperature following this cooking
step. The livers were then seasoned and blended, he-
fore a mixture of clarified butter and vegetable oil
was added, The paté mixture was then wanslerred to
moulds and placed in a cool room. The pité remained
in the cool room until ~30 min prior to dinner service.

Microbiological investigations

Eight stool samples were obtained from cases, with
seven being culture positive for € jejuni subspecies
Jejuni. Four isolates from chicken liver pité underwent
confirmation, speciation and molecular analysis. Two
were identified as being C. jejuni and two as C coli
All environmental swabs taken from the kitchen on
31 October 2013 were negative for Campylobacter
sp., Salmonella sp. and Escherichia coli.

To further define the relationship between human
and food isolates of C. jejuni, nine isolates underwent
WGS and  phylogenetic  analysis (Fig. 2). This
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demonstrated three distinet clusters of isolates (five
case isolates of MLST ST328 C jejuni) that differed
by a maximum of eight SNPs from each other, two
ST535 case isolates that differed by 30 SNPs, and two
ST991 paté isolates that differed by 65 SNPs. The
‘WGS analysis confirmed that the human case isolates
were genetically distinct from the food isolates (Table 2).

DISCUSSION

Our epidemiological analysis demonstrated that
chicken liver pité, served as an entrée, was the food
vehicle responsible for an outbreak of campylobacter-
iosis at a university college. We found a significant as-
sociation between consuming chicken liver paté and
development of gastroenteritis. This finding was sup-
parted by microbiological evidence yielding C. jejuni
in clinical specimens and the recovery of both C. jejuni
and C. eoli from leftover pdté sampled from the resi-
dential college’s kitchen, Further, the food safety in-
vestigation determined that the chicken livers used in
the pité had likely been prepared in a manner that
would have allowed Campylobacter sp. to survive
the cooking process.

The epidemiology of campylobacteriosis in indus-
trialized countries is characterized by the infrequency
of reported outbreaks relative to the overall incidence
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Fig. 2. Phylogenetic tree of nine Campplobacter jejuni outbreak isolates based on core-genome single nucleotide

polymorphisms (SNPs), Australia 2013,

Table 2. Core single nucleotide polymorphism distances between Campylobacter jejuni clinical and food outbreak

isolates, Australia, October 2013

Identifier Pété sample A Paté sample B Case 1 Case2 Case3 Cased Case5 Case6 Case7 Reference
Paté sample & 0 65 22944 22940 22943 22942 23241 22941 23242 22924
Pité sample B 65 0 12957 22033 22956 229055 23262 22956 23263 21943
Case 1 22944 22957 0 7 8 13123 5 13130 5004
Case 2 22940 22953 4 5 6 13121 3 13126 5002
Case 3 22943 22956 1 o 7 13122 4 13127 5005
Case 4 22942 22955 H 7 1] 13121 5 13126 5004
Case 5 23241 23262 13123 13121 13122 13121 © 13122 30 12847
Case 6 22941 22956 5 E 4 5 13122 O 13127 5003
Case 7 23242 23263 13130 13126 13127 13126 30 13127 0 12 847
Reference 22924 22043 s004 5002 5005 5004 12847 5003 12847 0

of disease [3, 13]. When outbreaks do occur, the types
of [ood vehicles that are implicated have been shown
to vary internationally, with Australia identifying
chicken meat as a major food vehicle [5], while else-
where dairy products, particularly raw milk, and un-
treated drinking water have been identified as causes
of outbreaks [13, 14]. Commentary on the ncrease
in outhreaks of campylobacteriosis linked to offal,
specifically poultry livers [15, 16] supports the estab-
lishment of liver pité and similar dishes, as an increas-
ingly important food vehicle during such events,

One factor potentially contributing to the apparent
increase in liver-associated campylobacteriosis out-
breaks is a change in consumer eating habits, with con-
sumption of raw and minimally cooked foods gaining
maore widespread acceptance [17]. Such a trend has per-
haps evolved without sufficient awareness or under-
standing of potential risks associated with raw or
minimally cooked foods, as evidenced by the increasing
number of outbreaks of salmonellosis linked to foods
containing raw eggs in Australia [18]. While poultry
production and consumption has soared in Australia
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it remains difficult to obtain data describing domestic
offal consumption, although it is reported that 95% of
Australian chicken offal is exported [19.

The relative infrequency of outbrzaks due to
Campylobacter sp., compared to outbreak-prone
foodborne pathogens, such as Safmonella sp., creates
a significant challenge in highlighting and maintaining
awareness in consumers, restaurants and the catering
sector of nsks associated with poultry-liver use.
C. jejuni in particular, is a prolific surface contaminant
of poultry meat but the organism’s inherent suscepti-
hility to heat suggests that effective cooking practices
will kill most organisms, leaving cross-contamination
as a more likely mechanism for infection [20, 21].
Piité, however, represents one of the few food vehicles
where internal contamination of the liver tissue is
likely and undercooking can result in campylobacter-
i0sis. [22], For poultry livers used in paté to be free of
Campylobacter, they need to be held 2t an internal
temperature =70 °C for 2-3 min [22]. However, an im-
pertant consideration for those preparing pété is en-
suring that cooked livers retain ‘pinkness’, a feature
regarded as being desirable to consumers; if cooked
too long the livers will become pgrev, with their
flavour and texture being compromised [22]. The use
of such subjective measures to determine the readiness
of cooked poultry liver could potentially result in the
occurrence of an outbreak situation such as we have
described.

Our results revealed a high degree of difference be-
tween the two human outbreak-associzted sequence
types, as well as distinct differences between these
and the sequence type found in the pité recovered
from the kitchen, Despite the absence of a definitive
genetic link between the clinical and food isolates,
we do not believe this adversely impacts sur investiga-
tion’s conclusion that Campylebacier-contaminated
chicken liver pité was responsible for this outbreak.
The small differences in SNPs in cases with the same
sequence type, suggests a common source and further
supports the closeness of the epidemiological associ-
ation we have outlined,

Our findings also align with other studies employing
maolecular typing of outbreak isolates where recovery of
differing C. jejuni strains from epidemiologically linked
cases has been demonstrated [7, 23]. In this investiga-
tion, cases within the two distinet groups differed by
more than 13 000 SNPs. Explanations for such differ-
ences in cases during outhreaks could include strain
diversity at the reservoir level [24], and the mmpact
of cross-contamination and strain mixing during
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slaughtering and processing [25] or at wholesale or re-
tail sale points [26]. The microbiological processing of
food samples in the laboratory may also not have
uncovered the full genetic diversity within the source.

While there are a limited number of studies con-
cerning C. jefuni MLST from patients from different
parts of the world, the predominant lineages appear
to show some regional differences [27]. Interrogation
of the Campylobacter MLST website shows that
bath ST528 (CC354) and ST535 (CC460) have been
identified previously with sporadic human infection
in Australia, with a suggestion that ST528 may be en-
dernic [28]. ST535 appears to have a more global dis-
tribution, with sporadic cases reported from Canada,
Japan, Germany Thailand and the UK (PubMLST,
accessed October 2015), further illustrating the com-
plexities of C. jejuni’s genetic epidemiology.

While MLST has been demonstrated to be a good
predictor of the genome-level relatedness of O jejuni
isolates [29], the interpretation of outbreak-associated
isolates, including the integration of epidemiological
data with SNP differences, is less well established
[30]. Examples, however, do include the investigation
of outbreaks linked to improperly pasteurized milk
and contaminated drinking water [30, 31], highlight-
ing differing levels of genomic diversity in outbreak
strains, presumably due to the transmission routes
and underlying reservoirs. We believe our investiga-
tion is the first use of WGS to aid characterization
of a C jefuni outbreak caused by contaminated poult-
ry liver, with our results supporting previous findings
showing marked strain diversity in isolates linked to
foodborne poultry liver outbreaks [7, 32]. However a
dearth of local data describing common sequence
types from clinical cases and reservoirs particularly
poultry, presently limits our interpretations and
understanding of the genetic epidemiology of campy-
lobacteriosis in Australia.

A strength of our investigation was the high re-
sponse rate in attendees (87%), underscoring the valid-
ity of our conclusion that liver pité was the food
vehicle responsible for this outbreak. We were able
to commence interviews within 6 days of the impli-
cated function, with the majority of respondents’
details collected ower the following four working
days. Contributing to this suceess was the agreement
by the college to provide student maobile phone and
email details, enabling contact via multiple communi-
cation media. With respect to bias, the closed setting
and mterconnectedness of students could have intro-
duced ascertainment bias. However, our finding of



an inverse association with illness and consumption of
the alternate entrée option, suggests such an effect to
have been unlikely. Similarly, recall bias is another po-
tential issue, with students served the paté potentially
reporting this exposure differently to students who
were served the alternate entrée but who may have
then swapped this or otherwise sampled tke pité.
Despite the common exposure, case misclassification
also remains a possibility, with only 14% (8/57) of
cases submitting stool samples for culture,

CONCLUSIONS

Poultry-liver-derived dishes, such as pété and parfait,
have become established food wehicles during out-
breaks of campylobacteriosis. We believe this study
represents the first use of WGS to aid characterization
of a O jejuni outbreak caused by contaminated
poultry liver, and highlights the potential geretic di-
versity in epidemiologically linked food and human
isolates. The study highlights the uvsefulness of
employing complementary components of epidemio-
logical evidence, including genomic data, to support
public health inference.
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In this chapter | 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 fluoroguinolones [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 o =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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Abstract

Background: Campylobacter spp. infections are a globally important cause of enterocalitis, causing substantial
morbidity. Capturing accurate information on hospitalisations is challenging and limited population-level data exist
to describe the dlinico-epidemiological characteristics of hospitalised cases.

Methods: Hospital administrative and laboratory datasets were linked to identify Campylobacter-associated hospitalisations
between 2004 and 2013. Accuracy of morbidity coding was assessed using laboratory diagnosis as a gold standard, with
health depantment survelllance data used to cakulate population-based rates. Additional patient-level data were collected via
review of medical records. Descriptive statistics were used to assess changes in rates and proportions and to
assess relationships between key variables including age, length of stay, comorbidity and complications.

Results: In total 685 Campylobacter-associated hospital adrmissions were identified, with the sensitivity of morbidity
coding 52.8% (95% Cl 4B.9-56.7%). The mean annual rate of hospitalisation was 13.6%. Hospitalisation rates were
higher for females across most age-groups, while for both genders marked increases were observed for those aged
=60 years, Median admission age was 39.5 years, with an average length of stay of 3.5 days. Comorbidities were present
in 34.5% (237/685) of admissions, with these patients mare likely to develap electralyte disturbances, hypatension,
renal iImpairment or acute confusion (all p < 0.001). Bacteraemia and acute kidney injury were observed in 4.1% (28/
685) and 3.6% (23/685) of admissions, respectively. Inpatient mortality was low (0.15%).

Conclusion: Under reporting of Campylobacter-associated hospitalisations s substantial but can be improved through
data linkage. We observed dermagraphic differences amang those hospitalised but further work is needed to
determine risk factors and predictors for hospitalisation.

Keywords: Campylobacter, Infectious gastroenteritis, Hospitalisation, Length of stay, Comorbidity, Epidemiclogy, Clinical
coding, Data accuracy

Background

In high-income settings, Campylobacter spp. are the most
frequently reported bacterial enteric pathogen, with in-
creasing disease incidence observed in the United States
(US), European Union and Australia [1-3]. Campylobac-
teriosis typically presents as an acute enterocolitis, charac-

terized by profuse diarrhoea and abdominal pain, along
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with nonspecific symptoms including fever, myalgia and
lethargy [4]. While uncommon, complications including
bacteraemia and post-infectious sequelae such as reactive
arthritis and Guillain-Barré syndrome also occur [5-7].
National (and provincial-level) enteric surveillance sys-
tems are frequently passive, capturing only limited data on
outcomes such as hospitalisation and death [8]. Conse-
quently, estimating hospitalisation has become an estab-
lished method for describing foodborne-related disease
burden [8-10]. Nevertheless, differences in data sources
and the assumptions underpinning these methods make
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intercountry comparison of hospitalisation rates challen-
ging [8].

Given increasing disease incidence and concerns regard-
ing accuracy of estimates, it is important to re-examine
Canpylobacter, with the aim of this study to quantify as-
sociated hospitalisations and describe their epidemio-
logical and clinical characteristics, including the spectrum
of illness, risk factors and associated outcomes.

Methods

Setting

The Australian Capital Territory (ACT) is a self-governing
territory in south-eastern Australia, surrounded by the
state of New South Wales (NSW). It contains the national
capital Canberra, with an estimated population of 410,000
[11]. Two public hospitals service the ACT. Canberra
Hospital, an acute care teaching facility of approximately
600 beds, acts as the tertiary referral centre to both the
ACT and surrounding parts of NSW', while Calvary Public
Hospital, is a smaller acute care teaching facility of ap-
proximately 250 beds. Both hospitals support around 550,
000 people in the ACT and surrounding NSW. Three pri-
vate hospitals operate within the ACT but only the two
public hospitals have emergency departments (EDs).

Outcome definition and objectives

A Campylobacter-associated admission was defined as
any inpatient episode clinically and temporally linked to
a hospital-derived Campylobacter isolate. Our study ob-
jectives included examining admission counts and caleu-
lating hospitalisation rates, describing the clinical and
demographic characteristics of admissions and assessing
the impact of admission characteristics, including age,
gender and comorbidity, on outcomes including length
of stay (LOS) and time to admission.

Data sources and data collection

Hospital administrative data

We obtained public hospital admissions data between 01
January 2004 and 31 December 2013, where the Inter-
national Classification of Diseases (ICD) morbidity code
‘AD45 Campylobacter enteritis' was recorded as a pri-
mary or secondary diagnosis. Included were unit record
(UR) and admission numbers, birth dates, gender, ad-
mission and discharge dates, admission sources, admis-
sion units and discharge destinations. LOS was
calculated by subtracting admission from discharge
dates, with reporting in whole days. Same day admis-
sions and discharges received a LOS of 1day. Private
hospital admissions were not sought due to the acute
nature of campylobacteriosis and absence of private hos-
pital EDs.
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Hospital microbiology data

Haospital microbiology data for the period 01 January
2004 to 31 December 2013 were used to identify admis-
sions where Campylobacter spp. were isolated from clin-
ical samples but where ICD code ‘AD45' was not
assigned. UR and admission numbers, birth dates, gen-
der, isolation dates, specimen type (e.g. faeces, blood),
and hospital, ward and unit identifiers were provided, fa-
cilitating linkage with administrative data. All Campylo-
bacter diagnoses were made via culture, with routine
speciation not performed before 2013. Details on con-
current isolation or detection of additional enteric path-
ogens were also provided.

Medical record data

Medical records were reviewed to confirm admissions
and retrieve details unavailable via administrative data
sets. This included the presence or absence of signs and
symptoms, onset dates (defined as the date of earliest
diarrhoea), time to admission (defined as difference in
whole days between the onset and admission date),
travel history, comorbidities, complications and dis-
charge summaries. Time to admission was calculated for
initial acute admissions and not for readmissions or
inter-state hospital transfers.

Key signs of infection sought included tachycardia
(resting heartrate 2110 bpm), hypotension (systolic blood
pressure < 90 mmHg), electrolyte imbalance (levels out-
side of typical reference range for serum sodium of 135-
145 mmol/L and/or potassium of 3.5-5.2 mmol/L) and
acute renal impairment (levels above typical reference
range for serum creatinine in males of 60-110 pmol/L
and females of 45-90pmol/L and/or urea of 3.0-
8.0 pmol/L). Charlson Co-morbidity Index (CCI) scores
[12] were calculated as a marker of comorbidity.

ACT surveillance notifications and emergency presentation
data

Canmpylobacter notification data between 01 January 2004
and 31 December 2013 were obtained from the ACT
Government Health Directorate. After identifying ACT
resident Campylobacter-associated admissions, we sought
to link these back to notification data using birth date,
gender, postcode and specimen collection date. This en-
abled calculation of a hospitalisation rate for ACT campy-
lobacteriosis cases. Hospital-generated microbiology data
also enabled matching of non-admitted ED presentations
to notification data to caleulate an ED presentation rate
for ACT residents.

Exclusions

Admissions were excluded if additional enteric patho-
gens were detected or isolated from a sample, if diar-
rhoeal symptoms commenced 248 h after admission and

73



Maffatt et al. BMC infectious Diseases (2021) 21110

if Campylobacter spp. were isolated during a planned or
elective admission. The exception to this was for
planned admissions involving bone marrow or stem cell
transplantation. Given the importance of microbial
translocation and overgrowth in patients being treated
for haematological malignancies [13], we postulated this
patient group had underlying Campylobacter spp. car-
riage at the time of admission.

Analysis
Hospitalisation and non-admitted ED presentation
rates were calculated using ACT resident admission
and surveillance data. Sensitivity, specificity, positive
and negative predictive values for ICD coding using
laboratory diagnosis as the gold standard were calcu-
lated. Age and gender specific rates of hospitalisation
were calculated for ACT residents. Changes in rates
and proportions over time were assessed using linear
tests for trend, while two-sample tests of proportions
were used to assess equality between groups. Rela-
tionships between outcome and independent variables
were assessed using Pearson's chi-squared or Fisher’s
exact tests. Equality of median tests and Spearman’s
correlations were used to analyse non-normally dis-
tributed continuous data including age, LOS, CCI
score and time to admission.
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Results
Linking hospital administrative data to laboratory data
We identified 685 Campylobacter-associated admissions
during the study period (Fig. 1). Hospital administrative
data identified 52% (359/685) of admissions, laboratory
data 45% (310/685) with the remaining 16 admissions
identified via medical record review. For admissions
identified via administrative data, 84% (300/359) had
Campylobacter enteritis recorded as a primary diagnosis
code. For admissions identified via laboratory data, pri-
mary diagnosis codes were available for 81% (250/310),
with two-thirds (168/250) assigned a non-specific gastro-
enteritis code. Sensitivity of morbidity coding using la-
boratory diagnosis as the standard was 52.8% (95% CI
48.9-56.7%), and specificity was 57.1% (95% CI 37.2—
75.5%). The positive and negative predictive values were
96.7% (95% CI 94.2-98.3%) and 4.9% (95% CI 2.8-7.8%).
ACT residents comprised 86% (593/685) of admis-
sions, with a hospitalisation rate of 13.6% (593/4361)
(Fig. 2). EDs were the admission source for 94% (555/
593) of ACT resident admissions, with a further 10%
(436/4361) of ACT Campylobacter notifications linked
to at least one non-admitted ED presentation. No trends
over time were observed in the proportions of Campylo-
bacter-associated admissions or non-admitted ED pre-
sentations. Admissions did not appear to show any
obvious seasonal pattern (data not shown).

L TITTI T -

Admission with 1D cade —
AD4.5 Compplobacter enteritis
& ialate (n=347)

Exclusians [ublic hospital laboratary IW
Buplicates fn ] Cameviohocter izalate data. - Compyinbacter
i ! [n=144%) enteritis (n=391)
\I\I
Exclusians Exchasions
.5 isalstion during admission | L * Syemphom orset 248 hrs past admission [n=15]
+ Mon-admitted ED generated isalate fn=S18)  fGemmsmmmmm m"l’:‘":;“': ‘eh;::‘a e« Dther enteric pathegen / ICD eode AD4S recorded (n=13)
* Deher non-admitted haspital isalates (n=T1) -~ i = Dither enteric pathogen / IC0 code AD4S pot recorded {n=T)
- = Flannad [ elaciive admission (n=T)

R |
H Mon-admitied Emargency Departrment
i generated izclates Il !

Admission with ICD cade —
AQ4S Compyinbocter enterilis
only {ne12)

Admissions with
Comgplobacier spp. isalate
only fn=310)

{7 Campylabacter notificatian data all
i scurees (ACT tesidants)

public hospital administrative data and lzbaratory data

Campylobacter-assaciated
hespital adméxsions (ne68S)
ACT residents =593

Additional admissions
idermtified during medical
record review n=16)

Fig. 1 Flow diagram detailing selection of 685 Campylobacrer-associated admissions and emergency departrment presentations via linkage of

74



Maffatt et al. BMC Infectious Diseases (2021) 21:10

Page 4 of 10

r " [:1604] 18,00

E

8 16.00 =
7 500 £
E 1400 o
= k]
= 400 12.00 I
£ w00 %
5 am 8
= 800 £
= s
S 200 600 m
2 £
3 400 8
g 100 ]
2 rmm—mmm—m—————_ee s mm———— 100 &
5

3 Q Q.00

2004 2005 2008 2007 2008 2009 2010 2011 2012 2013
Year
= Hospital admissions . Total notifications seeeee % hospltalised
Fig. 2 Counts of Campylabacter natifications and associated public hospital admissions amang Australian Capital Territary residents, 2004 to 2013

Descriptive characteristics
Age and sex characteristics

Age and sex characteristics are shown in Table 1. Males
were older (M =41.2years, range <1 to 92.3) than fe-
males (M =385, range < 1.0 to 92.3) but this difference
was not significant. For ACT resident admissions, the
median age was 38.4years (range <10 to 92.3 years),
compared with 31 years (range < 1.0 year to 99.0 years)
among ACT community cases (X*=17.7, p<0.00L).
Non-ACT residents were significantly older (M =50.8,
range < 1 year, maximum 90.8 years, X*=55, p=002).
Hospitalisation rates increased noticeably among pa-
tients aged =60 years, The proportion of females admit-
ted across maost age-groups was higher than for males,
although these differences were small and non-
significant (Fig. 3).

Prior care, source of admission and admitting unit
Twenty-seven percent (187/684) of admissions consulted
a general practitioner (GP) prior to hospitalisation, while
13.4% (92/685) were hospitalised after an earlier non-
admitted ED presentation. There were 29 admissions
(4.2%) preceded by both GP consultations and non-
admitted ED presentations. EDs were the admission
source for 91.8% (629/685) of admissions, with the re-
mainder via community or outpatient admissions, inter-
hospital transfers or care type changes.

Length of stay (LOS) The median LOS for Campylo-
bacter-associated admissions was 2.0 days (range 1.0-
38.0), with no gender or residency differences observed.
Exclusion of same day Emergency Medicine unit admis-
sions (m=180), markedly increased the median LOS
(M =3.0days, range 1.0-38.0) and average LOS (Table
1). A moderately positive correlation between age and

LOS was observed (Spearman’s=0.3557, p= <0.001).
Higher median LOS were observed for units including
Oncology, Haematology, and Geriatrics, while significant
correlations between increasing age and LOS, were ob-
served among General Medicine, Renal Medicine and
Gastroenterology admissions (data not shown).

Comorbidities

Comorbidities were documented in 34.6% (237/685) of
admissions. The most prevalent were diabetes 30.8%
(73/237), malignancies (including solid and disseminated
tumours, blood and lymphatic cancers) 27.4% (65/237),
chronic kidney disease 19.0% (45/237), cerebrovascular
disease 17.3% (41/237) and history of myocardial infarc-
tion 13.1% (31/237). The median CCI score was 2 (range
1 to 12). Males comprised 53.6% (127/237) of admissions
with comorbidities but no gender differences in CCI
score were observed. Admissions with comorbidities
were older, having a median age of 66.7 years (range 3.5
to 92.3 years) versus 28.8 years (range < 1.0 to 92.3) (X*
2020, p < 0.001). A positive correlation between inereas-
ing age and CCI scores was observed (r, = 0.18, n =237,
p <0.001). LOS were longer in admissions with comor-
bidities, with a median of 4.0 days (range 1.00 to 38.0
days) versus 1.0day (range 1.0 to 22.0, X* 6893, p<
0.001). A positive correlation between increasing LOS
and CCI scores was demonstrated (r, =025, n =237, p<
0.001), while a larger proportion of admissions with co-
morbidities had times to admission greater than the 3
day median (X* 4.55, p = 0.03).

Time to admission

The median time between onset and hospitalisation for
initial acute admissions (n = 662) was 3.0 days (range <
1.0 to 24.0). A higher proportion of females had times to

75



Maoffatt et al. BMC Infectious Diseases

(2021) 2110

Table 1 Demographic and clinical characteristics of 685
Campylobacter-associated admissions in Australian Capital

Territary (ACT) public hospitals, 2004-2013
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Table 1 Demographic and clinical characteristics of 685
Campylobacter-associated admissions In Australian Capital
Territary (ACT) public hospitals, 2004-2013 (Continued)

Gender
Male (n, %)
Femnale
ACT resident (%)
Median (4 age in years for all admissions (range)

Indigenous Australian (%)

350510
335 (49.0)
593 (86.:6)

397 (< 10—
S23)

7100

hge-groups % (hospitalisation rate per 100000 population?®

O-9years (n=30
10-19 vears (n=67)
20-29years (n= 158}
3038 years (n= 93]
4048 years (n = 67}
S0-59years (n=757)
B0-69 years (n = 68)
J0-79 years in=74)
B0+ years (n=71)
Acute care admission ()

Awerage length of stay (range)

Same day acute admissions (n= 268

Nan-same day acute admissians [n = 405)
Qrher separation types (n=12)

Median (&) kength of stay (rangel
Nar-same day acute admissions {n =405)

Comarbidity as per Charlsan Comorbidity Index (CC1)
lcount, (percentageal)

CCl scorve {n, %)
1
2
> 2 (%, tange)

Medlan (M) time to admission from illness onset for
acute admisslons ® (range)

key signs of infection ©
Electralyte disturbance (n, %)
Tachycardia
Renal impairment
Hypatension

Histary of recent averseas ravel (n, %)

Re-admission =28 days related to campylobacterosls,

including nen-acute status changes (n, %)
Intensive care wnit admissian (n, %)

Surgical or invasive diagnastic procedure related ta

438 {567)
578 {11.97)
2307 (23.72)
1358 {15.58)
578 (11.81)
832 (11.17)
9,93 (19.53)
10,80 {39:40)
1036 (65.35)
673 (383)

3.5 days (1.0~
380)

1.0 day

49days (2.0
380)

84 days (10—
230

20 days (1.0
3B0)

4.0 days (20—
380

237 (34.5)

85 (363)
81 (34.2)
70(295, 3-12)

A0 days (< 1.0
230)

410 (60.2)
241 (354)
127 (18.7)
87 (128)
11 (18
38 (58)

10 (1.5
45 165)

campylobacteriosis (n, %)

Death during admission or £ 28days post discharge (0, 5 (07
)

Blood sample taken for culture (percentage 333 (75
Campylobacter positive)
Antimicrobial therapy during admission [, %) N5 {320

AT residents only "636 cbservations “681
observations

admission greater than the median compared to males
(X* 6.03, p=0.01). A positive correlation between in-
creasing age and time to admission was observed (r, =
0.15, n = 662, p < 0.001).

Key signs of infection

These were observed in 74.5% (510/685) of admissions
(Table 1), with electrolyte imbalance being the most
commonly reported. Renal impairment was associated
with any CCI-linked comorbidity (X = 128.30, p < 0.001)
along with male gender (X*=1256, p«<0.001).
Hypotension (X*=27.91, p<0.001) and electrolyte im-
balances (X* = 22.24, p < 0.001) were also associated with
underlying comorbidities. Correlations between the pres-
ence of multiple signs of infection (including electrolyte
imbalance, tachycardia, renal impairment and
hypotension), and increasing age (r,=0.32, n =682, p<
0.001) and LOS (r, =022, »n =682, p<0.001}) were ob-
served. Admissions without comorbidities were more
likely to have bloody diarrhoea, self-reported fevers, ab-
dominal pain and headaches documented, while key
signs of infection and Campylobacter-associated read-
missions occurred more frequently in admissions with
comorbidities (Table 2).

Complications and other outcomes
A diversity of complications were documented at dis-
charge, with systemic disease and acute kidney injury
the most frequently recorded (Table 3). The median age
for admissions with systemic disease was 60.8 years
(range 12.0 to 90.1) compared to 38.6 years (range < 1.0
to 92.3) among other Campylobacter-associated admis-
sions (X? 9.60, p =0.002). The median LOS was 3.5 days
(range 1.0 to 28.0), being significantly greater than other
admissions (M 2.0 days, range 1.0 to 38.0, X*=7.70, p<
0.01). An association between comorbidity per se and
systemic illness was observed (X* 8.80, p < 0.01) with in-
dividual associations seen for admissions with liver dis-
ease (X = 50.78, p < 0.001) and leukaemia (X* = 5.67 p=
0.02).

Acute Kidney Injury (AKI) was diagnosed among 3.4%
(23/685) of admissions. These were significantly older
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Percentage hospitailised

Table 2 Comparison of signs, symptoms, and other outcomes among Compylobacter-associated admissions with and without
documnented comorbidities (as per Charlson Co-morbidity Index)

Comorbidity present (n = 237)

2

Signs and symptoms associated with enteracolitis Yes L Mo % Total pvalue
Diiarrhoea 231 QBT i 93 675 023 043
Bleady diarhioea 28 187 ()] 352 149 1351 < 0001
Self-repored fever 129 581 341 7&0 470 2857 < Q001
Fever (238°C) 114 500 224 514 338 o 0,74
Abdorminal pain 141 ar 403 957 564 3300 <0001
Mausea 142 798 mn 876 453 570 0.02
Vamiting 14 583 34 565 348 027 0.60
Myalgia / arthralgia as Ta 122 an 157 E ) 0a7
falaise 102 9% 152 S68 254 EAES 007
Headache 53 663 149 298 202 2031 <0001

Key signs and symptoms of infection
Hypotension 52 prk] a5 ra ar 2754 < O0a1
Tachycardla ] 382 152 EER] 41 122 0.27
Electrabyte imbalance 160 715 241 538 410 2246 = 0001
Renal impairment =} 421 29 &5 127 12795 < 0001
Acute confusion 34 1456 4 0% 38 5450 < 000
Bacterzemia 7 72 11 15 23 280 <001

Other outcomes
ICU admission 10 42 a - 10 <0001°
Death within 28 days of discharge 5 21 Q - 5 <0017
Campylobacrer-associated readmission 22 93 16 36 33 0.65 0.002

* Fisher's ewact test
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Table 3 Complications recorded at discharge amang
Campylobacter-assodated hospital admissions in the Australian
Capital Territary, 2004-2013

Frequency (%)
Extra-intestinal / systemic disease
Bacteraemia (laboratary proven) 28 (419
Sepsis (discharge diagnaosis) 19 [22%)
Intestinal complications
Appendicitis (histalogically confirmed) 4 (1.2%)
Mesenteric adenitis & (0n3%)
Acute pancreatits 4 (06%)
Acute cholecystitis 1 (0.2%)
Other significant complication
Acute kidney injury 23 (34%)
Acute myocardial Infarction 6 (0.9%)
Delirium 3 [0.4%)
Metabalic acidosis 3 10.4%)
Atrial filbriflation 2 103%)
Rhabdarryalysis 2 {D3%)
Febrile seizure 1 {0.2%)
Hypavolernic shock 1{0.2%)
Spontaneaus abartion 1(0.2%)
Perfarated diverticulum 1 (0.2%)
Peritonitis 1(0.2%)
Pulmicnary embalism 1(0.2%)
Thrombocytopaenia 1 {0.2%)
Transient kchasemic Attack 1 (0.2%)
Reactive complication
Guillan-Barré Syndrome 2 (0.3%)
Myopericarditis 2 (0.3%)
Reactive arthritis 1 (0.2%)
Igh nephropathy 1 (0338
Unnecessary surgery
Apperdicectary (narmal histalogy) & [1.2%)

(M 73.9 years, range 33.2 to 87.5, median test X* = 19.92,
p<0.001), and took longer to present following symp-
tom onset (M 5.0 days, range < 1.0 to 14, X* = 16.87, p<
0.001). No differences in gender, LOS or CCl score were
observed among acute admissions without AKI. Renal
impairment was observed in 18.7% (123/672) of acute
admissions. This group was also older (M 73.8 years,
range 23.7 to 92.3, X" =101.51, p<0.001), had longer
LOS (M 4.0days, range 1.0 to 310, X*=2791, p<
0.001), and a greater proportion of admissions with CCI
scores > 2 (M 2, range 1 to 12, X* =29.57, p < 0.001). A
significant association with male gender was observed
(X% = 1243, p < 0.001).
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Readmissions <28 days after discharge occurred among
9.6% (66/685) of admissions, with 57.6% (38/66) being
Campylobacter-associated. These included 27 admis-
sions for ongoing enterocolitis and 11 for non-acute
care. The median age and LOS for acute readmissions
were 36.9 years (range 10.1 to 85.6) and 1day (range 1
to 7 days). No gender-based associations were observed.

Surgical or invasive diagnostic procedures (n=52)
were performed during 6.6% (45/685) of admissions.
Colonoscopies accounted for 46% (24/52), appendecto-
mies 31% (16/52) and gastroscopies 19% (10/52) of pro-
cedures. The median age of those undergoing
procedures was 28.8 years (range 12.0 to 81.4), signifi-
cantly lower than for other acute admissions (M =40.1
years, range < 1.0 to 92.3, X2=8.54, p <0.01), while me-
dian LOS was 4 days (range 1 to 22), being compared to
2 days (range 1 to 38 days, X* = 20.70, p <0.001).

Discussion

In this study, only one out of every two Campylobacter
infections was identified via hospital discharge data.
While hospitalisation is considered a marker of severity
for foodborne bacterial infections [14], estimating enteric
pathogen hospitalisations is challenging given concerns
regarding the completeness of surveillance data and the
accuracy of pathogen-specific diagnoses and morbidity
coding [15]. By identifying all hospital-derived Campylo-
bacter isolates and linking these to inpatient admissions
and surveillance data we calculated the sensitivity of
morbidity ceding associated with Campylobacter infec-
tion to be 52%, indicating substantial measurement
error. This has been demonstrated in similar settings
with US [15] and Swedish [16] studies reporting appro-
priate use of ICD coding among hospitalised campylo-
bacteriosis cases to be 43 and 51% respectively.

The 14% hospitalisation rate we reported is high, reflect-
ing Campylobacter-associated morbidity in Australia [3,
9]. Intercountry comparisons of hospitalisations however
reflect differences in incidence and data capture. In New
Zealand, 12.6% of cases were reported as hospitalised (al-
though data was complete for only 62.2% of cases) [17]
while in Germany, where hospitalisation status is routinely
collated, the rate was 10% [18]. Elsewhere hospitalisation
rates have ranged from estimates of 5.1% in Canada [19)]
to 26.9% in a Swedish study [16].

Population characteristics of campylobacteriosis in de-
veloped settings are typified by increased disease inci-
dence in males and a bimodal age-distribution, with
peaks in children aged <5years and adults <45 years
[20]. We observed higher female admission rates across
all age groupings, a finding reported in a number of
studies examining hospitalisation for enteric infections
[21, 22). Reasons for this remain uncertain but inad-
equate social support for older women has been
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proposed as a contributing factor [21], while our study
suggests females may delay seeking care, The increase in
admissions aged 20-29years reflects higher case num-
bers, with Campylobacter-associated hospitalisation rates
increasing most dramatically after 60 years. These obser-
vations are consistent with reported changes in the
population structure for campylobacteriosis in Australia
and similar settings [3, 23], highlighting the potential
hospitalisation costs for the elderly and necessitating a
need for age-specific interventions [24].

Signs and symptoms observed were typical of campylo-
bacteriosis, with most admissions having diarrhoea and
abdominal pain recorded [4]. Reports suggest older cam-
pylobacteriosis cases may report some signs and symp-
toms, including bloody diarrhoea, abdominal pain,
vomiting and fevers less frequently [25]. Our data support
this juxtaposition, although it seems unlikely that age-
related differences in presentation would impact a Cam-
pylobacter diagnosis due to the proclivity of stool testing.

Reported LOS vary dependent upon the measures of
central tendency used. We reported mean and median
LOS of 3.5 and 2.0 days, while for acute non-same day ad-
missions the mean and median LOS were 4.9 and 4.0 days.
These appear comparable to findings elsewhere [19, 26].
Similarly we observed cases with bacteraemia or under-
lying comorbidities to have longer LOS [27, 28]. Notably
40% of admissions involved same day care, illustrating the
spectrum of hospitalisation, while linkage of surveillance
and laboratory data revealed 10% of non-hospitalised cases
presented to EDs for non-admitted acute care. Reasons
for this ED burden might include pereeived symptom se-
verity and lack of access to a GP [29].

One third of patients had a comorbidity, a proportion
similar to studies deseribing hospitalisations for infectious
gastroenteritis [27]. These patients were generally older,
took longer to present and had longer LOS. Diabetes was
the most frequently recorded comorbidity, followed by
malignancies and chronic kidney disease. While some evi-
dence suggest diabetes and chronic kidney disease in-
crease risk for Campylobacter enterocolitis [30, 31],
relationships between Campylobacter infection and malig-
nancies are more well established [32, 33). Admissions
with comorbidities experienced electralyte imbalances,
renal impairment, hypotension, acute confusion and acute
readmission more frequently.

Half of acute admissions had blood cultures, with a paosi-
tivity rate of 7.5%. These admissions involved older pa-
tients with higher comorbidity levels, although associated
mortality was low, features consistent with findings else-
where [28, 34]. Although no deaths occurred among blood
culture positive cases, there was one death in a case diag-
nosed with blood culture negative sepsis.

Our study suggests renal impairment may occur more fre-
quently in patients' hospitalised with campylobacteriosis.
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This is supported by studies describing increased renal dys-
function among hospitalised gastroenteritis cases [30, 35, 36,
Furthermore comaorbidities including lidney disease, hyper-
tension, diabetes and a history of organ transplantation have
been shown to increase AKI risk among patients with infec-
tious diarrhoea [30].

Around 7% of admissions underwent surgical or inva-
sive diagnostic procedures, with appendectomies and
colonoscopies most frequently performed. Among ap-
pendix specimens, 50% showed histological evidence of
inflammation, although specimens were not microbio-
logically tested. The issue of Campylobacter-associated
appendicitis remains contentious, with a study re-
examining archived appendices using nucleic acid testing
detecting C. jejuni in 22% of specimens [37].

Limitations with our study include the cross-sectional
design and generalisability of findings given the small
provincial source population [38]. Local epidemiology is
also an important consideration, with ACT campylobac-
teriosis rates higher than most other Australian states
[3]. Differences in health care utilisation also require
consideration [39]. We assumed hospitalisation would
most likely occur in the public sector, with the extent of
private hospital admissions being uncertain. Given the
size and role of private hospitals in Australia’s health
care system [40], our calculated rate of hospitalisation
for ACT residents may be an underestimation, We were
unable to estimate predictors of hospitalisation, however
access to integrated Australian hospital and primary care
data is lacking [41], making comparisons challenging.
While plausible, our findings regarding AKI and renal
impairment require further assessment. AKI diagnoses
were not validated against a standard, eg. Kidney Dis-
ease: Improving Global Outcomes (KDIGO) criteria [42],
while our assessment of renal impairment via serum cre-
atinine levels was simplified.

Conclusion

Haspitalisation data provides an important indicator of
the burden and severity of campylobacteriosis. Improving
the accuracy and completeness of Campylobacter-associ-
ated hospitalisation data, in conjunction with detailed
clinico-epidemiological characterisation is of tangible
benefit to clinicians and public health decision makers.
Undertaking observational studies, including genomic as-
sessment of virulence factors, would improve understand-
ing of patient and pathogen specific predictors of
hospitalisation.
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Abstract

Background: Campylobacter spp. cause mostly sel-limiting enteracolitis, although a significant proportion of cases
reqjuire hospitalisation highlighting potential for severe disease. Among people admitted, blood culture specimens
are frequently collected and antibiotic treatment is initiated. We sought to understand dlinical and host factors
associated with bacteraemia, antibiotic treatment and isclate non-susceptibility among Campylobacter-associated
hospitalisations.

Methods: Using linked hospital microbialogy and administrative data we identified and reviewed Campylobacter-
associated hospitalisations between 2004 and 2013. We calculated population-level incidence for Campylobacter
bacteraemia and used logistic regression to examine factors associated with bacteraemia, antibiotic treatment and
isolate non-susceptibility among Campylobacter-associated haspitalisations.

Results: Amcng 685 Campylobacter-associated haospitalisations, we identified 25 admissicns for bacteraemia, an
estimated incidence of 0.71 cases per 100,000 population per year. Around half of hospitalisations (333/685) had
bloed culturing performed. Factors associated with bacteraemia included underlying liver disease (aOR 48,83, 95% C
7.03-340.22, p <0.001), Haematology unit admission (a0OR 14.67, 95% C| 2.99-72.07, p=0001) and age 70-79 years
(aOR 4.93,95% C| 1.57-15.49). Approximately one-third (219/685) of admissions received antibiotics with treatment
rates increasing significantly over time (o< 0.05). Factors associated with antibiotic treatment included Gastroenterol-
oy unit admission (a0R 3,75, 95% €1 1.95-7.20, p< 0.001), having blocd cultures taken (@0OR 2.76, 95% Cl 1.75-4.26,
p<0.001) and age 40-49 years (a0R 234, 95% Cl 1.14-4.79, p=002). Non-susceptibility of isolates to standard
antimicrobials increased significantly over time (p=001) and was associated with overseas travel (20R 11,80 95% C|
3.18-43.83, p<0.001) and negatively associated with tachycardia (aOR 0.48, 95%C| 0.26-0.88, p=0.02), suggesting a
healthy traveller effect.
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Conclusions: Compylobacter infections result in considerable hospital burden. Among those admitted to hospital, an
interplay of factars invalving clinical presentation, presence of underlying comarbidities, complications and increas-

ing age influence how a case is investigated and managed.

Keywords: Campylobacter infections, Hospitalisation, Bacteraemia, Incidence, Antimicrobial susceptibility,

Antimicrobial therapy, Comarbidity, Elderly

Background

Campylobacter spp. are internationally significant as a
cause of infectious diarrhoeal disease [1]. Most cases of
infectious diarrhoea, including those caused by Campy-
lobacter spp., are self-limiting, with management focused
on maintenance of hydration via fluid repletion [2]. How-
ever, for persons hospitalised with Campylobacter infec-
tion, clinical thresholds for exclusion of bacteraemia and
the consideration of antimicrobial therapy differ due to
symptom severity, risk of complications or the exacerba-
tion of underlying co-marbidities [2].

While bacteraemia is an uncommon complication of
campylobacteriosis, testing and diagnosis typically occurs
when a person is hospitalised [3]. Within a hospital set-
ting, clinical tolerances and the challenge of predicting
bacteraemia among febrile admissions with an enteric
focus are important considerations [4]. Further, the like-
lihood of clinicians commencing antibiotic therapy may
also increase among hospitalised cases, highlighting the
importance of judicial prescribing and understanding of
isolate susceptibility patterns to ensure viable treatment
options remain [5].

We describe rates of bacteraemia, antimicrobial sus-
ceptibility and treatment among a cohort of Campylo-
bacter-associated hospitalisations. We also examined
clinical and host factors associated with the diagnosis of
blood stream infections (BSI), isolate non-susceptibility
and antibiotic treatment of hospitalised cases.

Methods

Background and data

This study forms part of a retrospective review of
Campylobacter-associated hospital admissions in the
Australian Capital Territory (ACT) between January
2004 and December 2013. A Campylobacter-associated
hospital admission was defined as any episode of care for
an admitted patient that was clinically and temporally
linked to a Campylobacter isolate derived from the same
patient, Full details of the setting, data sources, data col-
lection and linkage are described elsewhere [6]. In sum-
mary, they include hospital generated admission data,
hospital microbiology data and clinical data obtained
via individual medical record review. Hospital admis-
sion details were obtained via a data extract that included
patient demographics, admission and discharge dates and

admission unit details. Record inclusion was determined
by an inpatient admission having been assigned an Inter-
national Classification of Diseases (ICD) diagnosis code
‘45— Campylobacter enteritis’ We also obtained a sep-
arate microbiology data extract detailing inpatient isola-
tions of Campylobacter spp., including specimen type,
collection dates and antimicrobial susceptibility data. All
laboratory diagnoses of Campylobacter infection were
made via culture; speciation was not routinely performed
on hospital isolates prior to 2013. Susceptibilities to cip-
rofloxacin, nalidixic acid and erythromycin were assessed
using disk diffusion and according to Clinical and Labo-
ratory Standards Institute breakpoints [7]. Intermediate
and resistant isolates were grouped as non-susceptible to
aid analysis. Due to the potential for multiple specimens
being collected during an individual admission {or across
multiple related admissions), we reported antimicrobial
susceptibility using the earliest available data. Microbiol-
ogy results were then linked to both admissions with and
without ICD code ‘AD45! We undertook a review of med-
ical records to collect additional details on illness presen-
tation, associated complications, patient co-morbidities
(as per the Charlson Co-morbidity Index) [8] and anti-
biotic treatment and prescribing details (e.g.,, antibiotic
type, dosage, frequency and administration route). For
antibiotic treatment, we defined a total daily dose as the
dosage in milligrams (mg) multiplied by the frequency
of administration per day, with the product expressed in
milligrams per day.

Statistical analysis

We calculated bacteraemia incidence per 100,000 per-
sons using the ACT's mid-year estimated resident popu-
lation for each year between 2004 and 2013 [9]. We used
non-parametric methods, including median tests, to ana-
lyse non-normally distributed variables such as age. We
used Pearson’s chi-squared test and Fisher’s exacl tests
to assess simple statistical associations between key out-
come and independent variables of interest, while trends
in proportions were assessed using chi-squared tests.
Preliminary analyses included the estimation of relative
risks (RRs), 95% confidence intervals (Cls) and p-values
to assess potential predictors of blood culturing, antimi-
crobial susceptibility and antibiotic treatment, Variables
examined included age, sex, country of birth, previous
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Campylobacter-associated hospitalisation, overseas travel
history, signs and symptoms, admission unit, comorbidi-
ties and the presence of key signs of infection. Using a
stepwise additive approach, with the most significant var-
iables being added first, we constructed separate logistic
regression models to identify predictors associated with
(i) collection of blood specimens for culture, (i) positive
blood isolates, (iii) non-susceptibility to r;ipmﬂoxa(;,im
(iv) any antimicrobial non-susceptibility and (vii) anti-
biotic treatment during hospitalisation. Erythromyein
non-susceptibility was not assessed due to the limited
number of observations. Clinical relevance and statistical
evidence were used to assist with variable selection for
multivariable analysis. The significance level for removal
from the models was set at p =0.05. We used likelihood-
ratio tests to assess the explanatory power of the mod-
els, with the variable expressing the largest p-value being
removed. Final results were expressed as adjusted odds
ratios (aOR}, with accompanying 95% confidence inter-
vals and p-values. We used Hosmer-Lemeshow tests to
assess the goodness-of-fit for each model. All statistical
analyses were performed using Stata v.14 (StataCorp,
USA).

Results

Campylobacter bacteraemia

Out of 85 admissions, 333 (49%) had blood drawn for
culture and 25 (7.5%) of these tested positive (Fig. 1).
Speciation was performed on 21 (84%) of these case iso-
lates with 15 (71.4%) cases of C. jejuni, 5 (23.8%) cases
of C. coli and a single (4.0%) case of C. [ari bacteraemia.
Amongst the 25 admissions with bacteraemia, 15 were
male (60%) and 10 were female (40%), while the median
age was 59.5 years (range 12 to 90 years). Amongst 308
negative cases there were 177 males (57.5%) and 131
females (42.5%), with a median age of 38.8 years (age
range < 1.0 to 92 years). This age difference was signifi-
cant (median testy? = 5,30, p = 0.02) but no evidence
of a difference in the sex composition was observed
(xz = 0.06, p = 0.81). The age and sex of admissions in
relation to blood culture status is shown in Fig. 2. We
also compared those who had blood drawn for culture
{whether positive or negative) with those that did not
to assess demographic differences. We saw no evidence
of a difference in median age (median testy? = 0.18,
p=068) but did observe males to be more likely
to have blood drawn (x?=1117, p=0.001). We
observed no difference in the proportion of admissions
with documented comorbidities who had blood speci-
mens collected for culture when compared to admis-
sion without comarbidities who had blood taken for
culture (x? = 142, p=023). Bacteraemia generally
occurred in the context of antecedent diarrhoeal illness,
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Fig. 1 Flow diagram for blood culture collection and

subsequent Campylobacter spp. bacteraemia amang a cohort of
Campylobacter-assaciated hospitalisations

"

although two admissions involved primary bacteraemia
(i.e. without diarrhoea) in patients with haematological
malignancies. Comorbidities, while common, were not
a characteristic feature of cases hospitalised with bacte-
raemia as shown in Table 1. No deaths were identified
among cases with bacteraemia.

During the period 2004 to 2013, the mean incidence
of Campylobacter bacteraemia in the host population
was (.71 cases per 100,000 population per year (95% CI
0.48-1.05 per 100,000 population) (Fig. 3). We did not
observe temporal trends in the proportion of Campy-
lobacter-associated hospitalisations undergoing blood
collection for culture or in the proportion of posi-
tive blood cultures among Campylobacter-associated
hospitalisations,

Factors associated with the collection of blood sam-
ples for culture and subsequent isolation of Campylo-
bacter spp. are shown in Tables 2 and 3.
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Fig. 2 Jitter plot of age and sex by blood culture status among Campylobacter-associated hospitalisations

Antimicrobial susceptibility

We identified 548 Campylobacter-associated admis-
sions with a primary isolation of Campylobacter spp.
and where subsequent antimicrobial susceptibility test-
ing was performed. For 526 (96%) of these cases there
was available data for three standard antimicrobials,
ciprofloxacin, nalidixic acid and erythromycin, Of the
remainder, nalidixic acid data was unavailable for 21
isolates, with erythromyein susceptibility unavailable
for a single isolate.

During the study period, 13% (70/548) of primary iso-
lates exhibited non-susceptibility to at least one standard
antimicrobial. The proportion of nen-susceptible isolates
ranged from =5.0% in 2004/05 to =20.0% in 2012/13,
with this increase being significant (32 = 6.12, p = 0.01)
(Fig. 4). Among the individual antimicrobials, nalidixic
acid non-susceptibility was reported for 9% (49/527)
of tested isolates, 7% (40/548) for ciprofloxacin and 4%
(21/547) for erythromycin,

Figure 4 shows that lower rates of erythromycin non-
susceptibility were observed while significant increases
in both ciprofloxacin (y*=16.51, p<0.001) and nalidixic
acid non-susceptibility occurred during the study period
(" =10.85, p=0.001). Factors associated with antimicro-
bial non-susceptibility among Campylobacter-associated
hospitalisations are shown in Tables 4 and 5.

Antibiotic treatment

Antimicrobial treatment was provided for 32% (219/685)
of Campylobacter-associated hospitalisations. Those
receiving treatment were observed to be significantly
older (median 48.5 years, range 8 years to 92 years) than
admissions where antibiotics were not administered
(median 34.8 years, range < 1 years to 91 years, )(2 =26.92,
p<0.001). No sex-based differences were observed.
Treatment associated with bacteraemia is described in
Table 1.

Second generation fluoroguinolones were used in
79% (172/219) of treated admissions, Ciprofloxacin was
administered to 82.0% (141/172), with the remainder
receiving norfloxacin. Those receiving ciprofloxacin
were younger (median 47.2 years, minimum 12 years,
maximum 90 years) compared with those receiving nor-
floxacin {median age 64.3 years, minimum 19 years to
maximum 92 years), but this difference was not signifi-
cant. For admissions treated with ciprofloxacin, 91.4%
(129/141) received treatment orally, with a median total
daily dose of 1000 mg. For those receiving parenteral
ciprofloxacin {1 =12), the median total daily dose was
800 mg. The median total daily dosage for oral norfloxa-
cin (n=31) was 800 mg.

Macrolides (azithromycin or erythromycin) were
administered to 21.0% (46/219) of admissions, with

85



Moffatt eral, BMC infect Dis (2021) 21:848 Page 50f12
Table 1 Characteristics of cases haspitalised with Campylobacter bacteraemia, 2004 to 2013
Year (case] Agerangefsex Species Bacteraemia— Antimicrobial Antimicrabial Significant med.i.q\l
source susceptibility treatment history and risk factors
2004 B0+ M . jejuni Enteric—secondary Fully sersitive il Age, nil other significant
2005 (a) 50-59F Campplobacter sp.  Enteric—secondary Fully sensitive PO ciprofloxacin Acute myeloid leukae-
500 mg bd mia
2005 (b) &0-65 F Campylobactersp. Enterlc—secondary Fully sersitive il Wil significant
2005 () 4045 F . jejuni Enteric—secondary Fully sersitive PO ciprofloxacin Iv drug use, PUD an
500mg bd omeprazole
2006 (a) 40-45 M C fejunt Enteric— secandary Fully sensitive FO ciproflaxacin Untreated Stage Il HIV
500mag bd
2008 (a) 20-39 M Campylobacter sp. Enteric—secondary Fully sensitive 1Y azithromin il significant
500 mg gd
2008 (o) B0-55 M Cocali Primary bacteraemia  Ciprofloxadin- Resist- Nl Lymphacytic kmphoma
ant
Erythrarryein- Resist-
ant
2009 0-39F C jejuni Enteric—secondary Fully sensitive PO ciprofloxacin History of renal trans-
250 mg bd plant secondary to Ig4
nephropathy
2010 {a) B0-68 b Campylobacter sp. Enteric—secondary Fully sensitive PO ciprofloxacin Bowe| carcinoma, cur-
500 mg bd rent chernotherapy
2010 {o) 30-39 M C ool Enteric—secondary Fully sensitive PO clprofloxacin Alcoholic liver disease
500 mg bd with portal hypoten-
sion and bleeding
varices
21040 70-79F C Jejuni Enteric—secondary Fully sensitive PO ciprofloxacin T2DM
500 mg bd
2000{d) 10-19F C. jejuni Enteric—secondary Fully sensitive PO azithromycin il sigrilficant.
300 mg qd (upon
discharge]
2010 {8} JO-T9F Ccali Enteric—secandary Fully sensitive PO ciprofloxacin T2DM
500 mg bd
20108 A0—49 M C jejuni Enteric—secondary Fully sensitive PO Marflaxacin 400 mg  Irvitable bowe| syn-
drome
2011 {a) B0-69 M C lari Enterlc—secandary Ciprofloxacin— Resist- - FO Domycycline Alcoholic liver disease
ant 100 mg bd with portal hypaten-
sion, recent intracer-
_ ebral bleed
2011 {b) A04M C jejuni Enteric—secandary Fully sensitive il prescribed Age, nil other significant
P ] 70-79 M Ceali Enteric—secondary Fully sensitive PO ciprofloxacin Asplenic
00 mg bd
202 8&) A0-49 M C jgjuni Enteric—secondary Fully sensitive IV ciprofloxacin Multiple sclerasis, cur-
500 mg bd rent chematherapy
pre-stem cell trans-
plantation, IDDM
2012 (o) 30-35F C fejunt Enteric—secandary Fully sensitive il Pregnant 33/40, ID0DM
201240 J0-79 M C jejuni Enteric—secondary Ciproflozacin— Resist- Nil Diabetic neuropathy,
ant chronic renal failure
Malidixic acid— Resist-
ant
2012 {d) B0-69 F Ceal Enteric—secandary Cipreflaxacin— Resist-  Nil Hil significant
ant
Malidixic acid— Resist-
ant
2013 {a) 20-79 M C. jejuni Enteric—secaondary Fully sensitive il NIl slgrificant
2013 {o) 20-29 M C. jejuni Primary bacteraemia  Fully sensitive PO Cipraflexacin B cell leukaemia, AV
750 mg bd (upon (on sterpids), SIADH
discharge)

86



Moffatt et al BMC Infect Dis  (2027) 21:848

Table 1 (continued)

Page 6 of 12

Year (case) Agerange/sex Species Bacteraemia—

source susceptibility

Antimicrabial Antimicrobial

Significant medical
treatment history and risk factors

2013 (g} 50-59 M C, fefuni Enteric—secondary

23 {d) F0-Ta4 M . fefuni Enteric—secondary

Fully sensitive PO ciprofloxacin

Fully sensitive Mil

Liver failure with cirrho-

500 mg bd sls, portal hypotension
secondary to Hepatitis
C, T2DM, hypothy-
roidism. Awvaiting
transplant.

Age, nil ather significant

FO, per oral; 1V, intravenous; PUD, peptic ulcer disease; HIY, human Immunodeficiancy virus; T2DM, type 2 diabetes mellitus; IDDM, insulin dependent diabetes
rrellitus; AVM, acute vascular necrosis; SIADH, syndrame of inapprapriate antidiuretic hormaone
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Fig.3 Incidence of Campylabacter spp. bacteraemia among ACT residents, 2004 to 2013

Table 2 Factors associated with collection of bloed for culture ameng a cohort of Campylobacter-associated hospitalisations (n = 663)

Predictor variable Estimated adjusted Odds Ratio (aOR) 95% Confidence interval p-value
Infectious Diseases Unit adrission 800 1.58-40.61 am
Febrile during admission (=38 °C) 2130 13.76-32.95 <0001
Tachycardia 1.75 1.13-272 0
Maoderate to severe renal disease 287 1.26-655 am
10-19 years age group 036 0.19-0.71 <001

22 observations contained missing data
Hasmer and Lemeshow goadness of fit x 2 = 2,70, p = 0.61

63.0% (29/46) receiving azithromycin. No age or sex
differences were observed between those receiving
azithromyein versus erythromycin. For admissions
receiving azithromycin, 72.4% (21/29) received treat-
ment orally, with a median total daily dose for both
oral and IV azithromycin of 500 mg. Oral adminis-
tration was provided for 94.1% (16/17) of admissions

receiving erythromycin, with a median total daily dose
of 2000 mg. One patient received an initial total daily
dose of 3200 mg IV erythromyein, prior to this being
reduced to a total daily dese of 1600 mg. For two
admissions (involving the same patient), a tetracycline
{doxycycline) was used to treat a C. lari bacteraemia
and enterocolitis.
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Table 3 Factors associated with blood stream lsolation of Compylobacter spp. among Campylobacter-associated hospitalisations

(n=333)

Predictor variable i - Estlmated adius.tecl Oﬂds Ratio {aOR} 95 % Confidence interval p-value
Mederate to severa liver disease 4880 7.03-34032 <0001
Haematology Unit admission 14567 259-7207 0.001
Age group 70-79 years 493 1.57-1549 =001
Admission during summer months 293 1.14-757 003
Indigenaus Australian 1087 1.00-11789 005

Hosmer and Lermnshow goodness r)fﬁtx:' =07p =070

-
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— Ciprofloxacin == = Erythromycin «es++« Nalidixic acid
Fig. 4 Mon-susceptibility to standard antimicrebials from Campylobacter isolates obtained during Compylobacter-assodated hospitalisations, 2004
o 2013
A

Table 4 Factors associated with ciproflosacin non-susceptible

Table 5 Factors  associated  with  non-susceptibility  to

isolates  among  Campylobacter-associated  hospitalisations  ciprofloxacin, nalidivic acid or erythromycin among a cohort of
(n=411) Campylobacter-associated hospitalisations (f=548)
Predictor variable Estimated 95% p-value  Predictor variable Estimated 95% p-value
adjusted Odds Confidence adjusted Odds Confidence
Ratio (aOR) interval Ratio (aOR) Interval
Bloody diarthoea 030 0,0%-1.03 006 Recent overseas travel 1180 3184383 <0.00
Recent overseas travel 1553 2B6-84.18 0401 Previaus Campylabacter- 1709 26511007 <001
Previous Campylobacter- 1287 1.72-8612 001 associated hospitalisa-
associated hospitalisa- tian
than Tachycardla D48 0.26-089 002

Hosmer and Lemeshow goodness of fit 3 =003, p=0.86

A significant increase in the proportion of Campy-
lobacter-associated  hospitalisations  being adminis-
tered antimicrobials was ohserved over time (y*=4.37,
p=0.04), rising from 27% (14/52) in 2004 to 38% (26/68)

Hasmer and Lemeshaw goodness of fit @ =001, p=1092

of admissions in 2013. No difference in the proportion
of admissions treated with either fluoroquinolones or
macrolides was observed. Among admissions receiving
macrolides a significant increase in the administration
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of azithromycin over erythromycin was observed
(3’ =16.31, p<0.001), most notably from 2011 onwards.
Mo changes over time in the proportion of admis-
sions treated with ciprofloxacin versus norfloxacin were
observed. Factors associated with administration of anti-
biotics during Campylobacter-associated hospitalisations
are shown in Table 6.

Discussion

We observed a high rate of bacteraemia in this study of
Campylobacter-associated hospital admissions. Although
blood cultures are not routinely performed for cases
admitted with infectious gastroenteritis, we observed
for Campylobacter-associated hospitalisations the pres-
ence of fever, pre-existing kidney disease or admission
to par‘ticular subspecialty units increased the likelihood
of blood being collected. Comorbidity and advanced
age were both associated with a subsequent isolation
from blood. One third of admissions received antibiotic
treatment during the study period, with the proportion
of those treated rising significantly over time. We also
observed a temporal increase in the proportion of iso-
lates exhibiting non-susceptibility to standard antimi-
crobials, notably fluoroquinolones. This is notable given
the clinical and public health concern about development
of antimicrobial resistance. Factors associated with cip-
rofloxacin resistance included recent overseas travel and
previous hospitalisation for campylobacteriosis. ‘This
carries important clinical consequences, as the option
to treat with antibiotics may carry greater importance

Table 6 Factors associated with antibiatic administration amaong
a cohort of Campylobacterassociated hospitalisations {n=607)

Estimated -

Predictor variable 95% p-value
adjusted Odds Confidence
Ratio (aOR) Interval
Age 0-8 years 007 0o1-057 om
Age 10-19 years 044 0.20-087 004
Age 40-49 years 134 1.14-4.79 0oz
Emergency Unit admis-  0.06 002-0.17 <0001
sion
Gastroenterology admis- 375 195-7.20 <0001
sion
Gen. Medicine admission 202 122-335 <001
Infectious Diseases 258 103-6.44 004
admission
Wamiting 170 101261 002
Electrohyte imbalance 173 1.12-267 am
Blood spacimen for 276 1.79-4.26 <0001

culture

Haosmer and Lemeshow goodness ufﬁtfg_la, p=032

Page 8of12

among hospitalised cases compared to non-hospitalised
Cases,

Campylobacteriosis most commonly presents as a
self-limiting enterocolitis, with secondary bacteraemia a
recognised, but relatively infrequent complication [10].
A number of studies have sought to determine the inci-
dence of Campylobacter bacteraemia in high-income set-
tings, estimating rates to be between 0.20 and 0.47 cases
per 100,000 population [3, 11, 12]. A more recent Swed-
ish study [13] has reported an incidence of 1.00 case per
100,000 population, with this linked to changes in auto-
mated blood culture collection systems, In our study we
observed only 25 incident cases of bacteraemia, equating
to a mean incidence of 0.71 cases per 100,000 population.
While bacteraemia is relatively infrequent, our popula-
tion rates appears high, likely reflecting high background
incidence of campylobacteriosis in the ACT [14] and a
lower threshold for testing among hospitalised cases.

Blood cultures are the gold standard for the diagno-
sis of BSIs [4]. In our study, patients who had a meas-
ured fever (=38 "C), underlying chronic kidney disease
or who were admitted under the care of the Infectious
Diseases Unit were more likely to have blood drawn for
culture. Fever is a common prompt for blood cultures,
with patients whose measured temperatures are =38 °C
having increased likelihood of bacteraemia [15]. Simi-
larly tachycardia, another vital sign, has also been used in
clinical prediction rules for blood-stream infection [16].
Although comorbidities do not feature in BSI underly-
ing kidney disease has also been shown as a risk factor
for bloodstream infections in older patients [17]. Several
consequences of kidney disease have been proposed to
contribute to infection including malnutrition, chrenic
inflammation, retained uremic solutes, trace element
deficiencies and metabolic abnormalities [18]. The find-
ing that blood culture is more likely to be ordered by
Infectious Diseases clinicians is unsurprising given the
clinical focus of this subspecialty. Conversely, there was
significant evidence that those aged between 10 and 19
years were less likely to have blood cultures performed.
This finding likely reflects fewer hospitalisations being
observed due to the low incidence of campylobacteriosis
in this age grouping [14].

Predicting BSIs is challenging with numerous models
developed for specific populations, settings and sources
of infection [19]. The pre-test probability of bacteraemia
will therefore vary considerably based upon the clini-
cal context and source of infection [15]. Generally only
5-10% of blood cultures are positive, and of those posi-
tive results, between 30 and 50% represent contaminants
[19]. In our study we observed blood cultures to be rou-
tinely requested, with 49% of acute admissions having
blood drawn and 7% being positive for Campylobacter
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spp. These admissions involved both immunosuppressed
and immunocompetent patients. The impacts of comar-
bid and immunosuppressive conditions on clinical
variables used in predicting bacteraemia is less well
understood [15], although associations with campylo-
bacteriosis and invasive disease in immunesuppressed
patients have been described [3, 20]. Transient bacte-
raemia may also be common among immunocompetent
hosts with Campylobacter enterocolitis but is less fre-
quently detected due to the bactericidal effect of human
serum and reduced frequency of blood culture among
acute enterocolitis patients [10], although nearly half of
acute admissions in our study had bleod culturing per-
formed. Notably, similar proportions of acute admis-
sions with and without comorbidities were observed
to have blood drawn for culture suggesting in our study
population that comorbidity exerted limited influence on
decisions to request blood cultures. This is perhaps not
surprising given prediction rules for BSI focus on clinical
signs [15].

Factors associated with a positive blood stream isolate
(bacteraemia)

The statistical association we observed between cases
with positive blood cultures and the presence of under-
lying liver disease and haematological malignancy is in
leeping with hospital-based studies showing higher pro-
portions of these conditions among cases with Campylo-
bacter bacteraemia [11, 21, 22]. In addition, advanced age
was also statistically associated with detection of bacte-
raemia, a characteristic seen in larger population-based
studies of campylobacteriosis [3]. Several studies also
report seasonality with Campylobacter bacteraemia [23,
24]. Our results show hospitalisation during the southern
hemisphere summer to be associated with bacteraemia,
a finding that aligns with the seasonality of Campylobac-
ter enteritis in Australia [14]. A further association with
blood culture positivity was Indigenous status, This result
was derived however from a small number of observa-
tions with, Indigenous Australians comprising 1% of
Campylobacter-associated hospitalisations in the ACT
[8].

Factors associated with non-susceptibility

to antimicrobials

We observed statistically significant evidence of an
increase in the proportion of isolates exhibiting non-sus-
ceptibility to standard antimicrobials, with this increase
driven primarily by non-susceptibility to flueroquinolo-
nes (including nalidixic acid). In keeping with trends in
comparable settings only low rates of non-susceptibility
to macrolides were observed [25, 26]. Internationally,
fluoroquinolone resistance among Campylobacter spp.
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has become a major public health problem [5]. Increases
in the proportion of clinical isolates demonstrating cipro-
floxacin resistance has been observed in the United King-
dom (UK) and United States (LIS) [25, 27], while in the
European Union (EU) more than half (54.6%) of human-
associated C. jejuni and two-thirds (66.6%) of C. coli iso-
lates were resistant to ciprofloxacin in 2013 [28].

Australia has previously reported low rates of fluoro-
quinolone non-susceptibility among clinical Campylo-
bacter isolates (around 2% in 2006) [29]. This has been
credited to a national pharmaceutical subsidy scheme
that restricted human quinolone use and through regu-
lation forbidding quinolone use in food-producing ani-
mals [30]. More recent studies reveal this situation has
changed markedly, with current rates of ciprofloxacin
resistance in clinically-derived Campylobacter isolates
now ranging between 13 and 20% [31, 32].

Overseas travel is a well-established risk factor for the
acquisition of ciprofloxacin-resistant Campylobacter
infections [26, 33]. In our study, cases with ciprofloxa-
cin resistance all reported travel to India and South-East
Asia, destinations associated with high rates of antimi-
crobial resistance among enteric pathogens (including
Campylobacter spp.) [34, 35]. Nevertheless, the major-
ity of ciprofloxacin non-susceptible isolates in our study
had no recent overseas travel identified, meaning factors
associated with domestic acquisition of ciprofloxacin
resistance require greater consideration. US data simi-
larly shows increases in domestically acquired ciprofloxa-
cin resistance [27].

We observed that ciprofloxacin non-susceptibility was
also associated with previous hospitalisation with campy-
lobacteriosis. There is a paucity of population-level data
on recurrent hospitalisations involving non-susceptible
Campylobacter isolates. However, rates of recurrent
camp}rlobacteriosis in community settings have been
reported to be as high as 248 episodes per 100,000 cases
per year in the five years following an initial infection
[36]. Explanations for our finding could be either host
or pathogen-related, including higher rates of humoral
immunodeficiency in patients hospitalised with recurrent
campylobacteriosis [11, 37] or because of de nove muta-
tions or increases in resistant organisms already present
at subclinical levels.

While there has been debate around isolate non-
susceptibility and disease severity, reanalysis of the
issue appears to show no substantial clinical differences
between resistant and susceptible Campylobacter iso-
lates [38]. Consequently, our finding of reduced odds
for bloody diarrhoea and tachycardia among admissions
with ciprofloxacin non-susceptibility and any antimicro-
bial non-susceptibility respectively, most likely represents
the so-called “healthy traveller” effect [39].
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Factors associated with antibiotic treatment

during admission

During the study period we observed statistically signifi-
cant evidence of an increase in the proportion of Campy-
lobacter-associated hospitalisations receiving antibiotic
treatment. Antimicrobial therapy for Campylobacter
enterocolitis is not routinely advised but may be recom-
mended for patients with or at risk of severe disease,
including high volume or bloody diarrhoea, high fever,
symptom duration greater than one week, pregnancy or
immunocompromised status [2, 10, 40]. Given that hos-
pitalisation can be viewed as a marker of disease severity
[41], the rates of treatment within our study population
might be expected to differ from those among non-hos-
pitalised campylobacteriosis cases.

Other research on campylobacteriosis in the ACT has
found no concomitant increase in hospitalisations during
the same period as the current study [6]. Antibiotic treat-
ment rates may be a reflection of local treatment prac-
tices rather than a response to disease severity, with data
showing rates of appropriate prescribing and compliance
with antibiotic guidelines in ACT hospitals to be the low-
est in Australia during the study period [42].

One-third of Campylobacter-associated hospitalisa-
tions received antibiotics, either empirically or as tar-
geted therapy for confirmed campylobacteriosis. Second
generation fluoroguinolones—mainly per oral cipro-
floxacin—comprised 80% of treatment, with macrolides
the remainder. Australia has been successful in efforts to
limit use of quinolones in humans and to prohibit their
use in food-producing animals [30]. This has preserved
their clinical use in Australia, with ciprofloxacin and nor-
floxacin remaining as empirical treatment options for
acute infectious diarrhoea, while being recommended
alongside azithromycin for treatment of domestically
acquired Campylobacter enteritis [40]. Conversely, the
high rates of quinolone resistance experienced in the UK,
EUJ and US has seen macrolide treatment recommended
or a greater emphasis placed on travel history and knowl-
edge of local resistance patterns to guide empirical pre-
scribing [43, 44].

Within our hospitalised study population, the strong-
est predictor of antibiotic treatment was collection of
a blood specimen for culture. Both antibiotic prescrip-
tion and ordering of blood cultures are clinical deci-
sions, suggesting that the underlying clinical context
abserved by treating clinicians impacts both practices
inducing them to be positively associated. Admission
under specific clinical units, including Gastroenterol-
ogy, Infectious Diseases and General Medicine were
also associated with increased odds of receiving antimi-
crobial therapy. Hospitalisation implies a higher level of
morbidity, potentially explaining the higher likelihood
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of antibiotic administration. Variation in treatment
focus could also be expected between subspecialties,
especially when underlying comorbidities are exacer-
bated. Such decision making may be further influenced
by routine clinical behaviour, unease regarding the con-
sequences of BSI or by the acceptability of not obtain-
ing blood cultures among particular specialities [4].

Age was also found to be an important factor in treat-
ment, with paediatric admissions being less likely to
receive antibiotics. This finding reflects that fluoro-
quinolones—the most commonly prescribed antibiotic
class— are not recommended for use in children due
to safety concerns [45]. We also observed that patients
aged 40-49 years were more likely to be prescribed
antibiotics. Reasons for this are less certain, but around
20% of admissions to high prescribing units such as
Gastroenterology and Infectious Diseases were in this
age range.

Vomiting and electrolyte imbalance were also asso-
ciated with provision of antibiotic therap}r. Vomiting
is a less frequently reported symptom of campylobac-
teriosis but serves as an indicator for disease severity
[46] and a predictor of bacteraemia [47], While we did
not assess the severity of dehydration, it is likely that a
population such as ours included a higher proportion
of cases with more pronounced symptomatology and
severity of symptoms compared with non-hospitalised
cases,

Limitations

There are a number of potential limitations with our
study. Firstly, our rates of bacteraemia may underestimate
the true incidence, as we identified cases using only pub-
lic hospital lahoratory data. Other cases of Campylobac-
ter bacteraemia may have been diagnosed and managed
in the community or the private hospital sector, although
the clinical significance of these is less certain. A second
limitation relates to the precision of our model estimates,
with the small numbers of observations for some out-
comes making detection of clinically meaningful associa-
tions challenging. Despite this, the observed associations
still align plausibly with Campylobacter’s epidemiology.
A third limitation relates to the generalisation of our
findings. Our study population was hospital-based and
drawn from a single Australian territory, with regional
and international differences in the epidemiology of
campylobacteriosis being observed in high income set-
tings [14, 22, 48]. Finally, antimicrobial susceptibility test-
ing and bacterial speciation were not performed on all
isolates, limiting exploration of species-specific features
such as higher macrolide resistance rates among C. coli
isolates [49].
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Conclusions

Canipylobacter infections cause a substantial disease bur-
den, as reflected by the high number of hospitalisations
and high incidence of bacteraemia in our study. While a
spectrum of illness can be observed among haospitalisa-
tions, many cases exhibit signs suggestive of systemic dis-
ease. Furthermore, both the proportion of cases receiving
antibiotic treatment and those having isolates that were
non-susceptible to standard antimicrobials increased
over time. Given the increasing incidence of Campy-
fobacter infections, particularly among older patients,
understanding hospitalisation burden becomes increas-
ingly important. This study provides some evidence in
relation to clinical factors influencing the management of
hospitalised cases in high income settings,
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Abstract
Background: Campylobacter spp. are a common cause of mostly self-limiting enterocolitis. Although rare, pericarditis
and myopericarditis have been increasingly documented as complications following campylobacteriosis. Such cases

| have occurred predominantly in younger males, and involved a single causative species, namely Campylobacter jejun,
We report the first case of myopericarditis following Campylobacter coli enterocolitis, with iliness occurring in an
immunocompetent middle-aged female.

Case presentation: A 51-yo female was admitted to a cardiology unit with a 3-days history of chest pain. The woman
had no significant medical history or risk factors for cardiac disease, nor did she report any recent overseas travel. Four
days prior to the commencement of chest pain the woman had reported onset of an acute gastrointestinal iliness,
passing 3—4 loose stools dally, a situation that persisted at the time of presentation. Physical examination showed the
woman's vital signs to be essentially stable, although she was noted to be mildly tachycardic. Laboratory testing showed
mildly elevated C-reactive protein and a raised troponin | in the absence of elevation of the serum creatinine kinase.
Electrocardiography (ECG) demonstrated concave ST segment elevations, and PR elevation in aVR and depression in lead
Il. Transthoracic echocardiogram (TTE) revealed normal biventricular size and function with no significant vahvular
abnormalities. There were no left ventricular regional wall motion abnormalities, No pericardial effusion was present but
| the pericardium appeared echodense. A diagnosis of myopericarditis was made on the basis of chest pain, typical ECG
changes and troponin rise. The chest pain resolved and she was discharged from hospital after 2-days of observation,
but with ongoing diarthoea. Following dischaige, a faecal sample taken during the admission, cultured Campylobacter
spp. Matrix assisted laser desorption ionization time-of-flight (Bruker) confirmed the cultured isolate as C coll.
Conclusion: We report the first case of myopericarditis with a suggested link to an antecedent Campylobacter coli
enterocolitis. Athough rare, myopericarditis is becoming increasingly regarded as a complication following
campylobacteriosis. Our report highlights potential for pericardial disease beyond that attributed to Campylobacter jejuni.
However uncertainty regarding pathogenesis, coupled with a paucity of population level data continues to restrict
condusions regarding the strength of this apparent association.

| Keywords: Campylobacter infections, Campylobacter coli, Myopericarditis, Etiology, Female, Case report

Background

Campylobacter species are among the most widespread
and commonest cause of bacterial enterocolitis worldwide
[1]. C jejuni is recognised as the leading caute of human
illness, although C. coli might account for up to 25% of
Campylobacter enterocolitis [2]. Complications such as
bacteraemia or the development of post-infectious sequelae
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have an established place in the epidemiology of campylo-
bacteriosis, with cardiac complications being less com-
monly reported [1]. We describe what we believe to be the
first case of myopericarditis associated with C. coli entero-
colitis and discuss the epidemiology and pathogenesis of
this condition.

Case presentation

A 51-yo female was admitted to the cardiology unit of an
Australian public hospital with a 3-day history of continu-
ous, dull, non-radiating, non-pleuritic, left lateral chest
pain, with associated diaphoresis, nausea, palpitations and
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pre-syncope. Some relief of chest pain was achieved by
leaning forward. Administration of combined paracetamol
and codeine phosphate also relieved the pain. Four days
prior to the commencement of chest pain the woman had
reported onset of an acute gastrointestinal illness, passing
3—4 loose stools daily. This diarrhoea was persistent at the
time of presentation. The woman had no significant med-
ical history or risk factors for cardiac disease, nor did she
report any recent overseas travel.

Physical examination showed the woman to be afebrile
but mildly tachycardic, with a heart rate of 106 bpm.
Blood pressure was 120/76 mm Hg. Examination of the
chest revealed normal heart sounds, without any mur-
mur or rub. Jugular venous pressure was normal
Pulmonary examination was normal with no signs of re-
spiratory distress (RR 18), although mild tachypnea was
noted during the course of her admission. The abdomen
was soft and non-tender.

Laboratory testing showed a mildly elevated C-reactive
protein (30.0 mg/L; normal range <5.0 mg/L) and a
raised troponin I (maximal value 70 ng/L at the time of
emergency department presentation; normal range <16)
in the absence of elevation of the serum creatinine
kinase. Liver enzymes were mildly elevated with an ALT
65 U/L (normal range <55 U/L) and ALKP 142 U/L
(normal range 20-110 U/L). Full bloed count and serum
electrolytes were unremarkable.

Serial electrocardiographs demonstrated concave ST
segment elevations involving leads 1, II, III, &VF and V6,
PR elevation in aVR and PR depression in lead II (Fig. 1).
Differential diagnoses of completed acute myocardial
infarction or pericarditis secondary to recent diarrhoeal
illness were made, with the woman initially managed for
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an acute coronary syndrome with subcutaneous clexane
70 mg bd, aspirin 100 mg daily, clopidogrel 75 mg daily
and metoprolol 25 mg bd prior to expert cardiology
review and echocardiogram. Transthoracic echocardio-
gram (TTE) revealed normal biventricular size and func-
tion with no significant valvular abnormalities. No
pericardial effusion was present but the pericardium
appeared echodense and thickened. A diagnosis of myo-
pericarditis was made.

Clexane and clopidogrel were ceased and colchicine
500meg bd commenced. The chest pain resolved and
she was discharged from hospital after 2 days, but with
ongoing diarrhoea. Following hospital discharge, a faecal
sample taken during the admission, cultured Campylo-
bacter spp. in isolation. Matrix assisted laser desorption
ionization time-of-flight (Bruker) confirmed the cultured
isolate as C. coli.

Discussion

Acute pericarditis is a not uncommon, frequently idio-
pathic disorder that mostly follows a benign clinical
course, Some myocardial involvement often accompanies
acute pericarditis, with the term myopericarditis indicat-
ing the pericardium as the primary focus [3]. Viruses are
often implicated when acute pericarditis or myopericardi-
tis are linked to infection, with bacterial causes less
commaonly described [3]. Diagnostic criteria for acute peri-
carditis include chest pain, pericardial friction rub, 5T seg-
ment elevations and pericardial effusion, with a clinical
diagnosis made when two of these criteria are met [3]. A
clinical diagnosis of myopericarditis includes the add-
itional detection of elevated cardiac enzymes or a new
onset of depressed left ventricular systolic function [3].

EraR SRR

Fig. 1 Electrocardiogram of case patient showing ST segment elevations in leads 1, IL IIl, aVF and V6 and PR segment depression in lead Il
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Campylobacter spp. have an uncommon but increas-
ingly recognised link with myopericarditis, as supported
by a growing body of case reports and reviews of litera-
ture [4-6]. Qur report is notable in terms of the
observed differences in both pathogen and host charac-
teristics, Firstly, our patient was positive for C. coli, a
species well recognised as a cause of enterocolitis, but
not previously reported in association with myopericar-
ditis. Secondly, the patient was a healthy, middle-aged
female, in contrast to previous patients where most were
younger immunocompetent males [4-6]. Although
Campylobacter does show tendency to czuse higher
rates of disease in men compared to women, the appar-
ent predilection towards men in myopericarditis is strik-
ing. However despite this observation, epidemiological
evidence of a causal association between campylobacter-
losis and myopericarditis is lacking. We identified a
single study that showed a greater incidence of myocar-
ditis in Campylobacter positive cases than controls at
16.1 cases per 100,000 person-years (95% Cl 2.3-114.4)
compared to 1.6 cases per 100,000 person-years (95% CI
0.2-11.4), but the result was not significant and absolute
case numbers were small [7].

It is important to make distinction between myoperi-
carditis associated with C. jejuni or C. coli ard that with
C. fetus. The former are recognised causes of enteric dis-
ease in humans and likely represent archetypal causes of
Campylobacter myopericarditis. Conversely C. fetus is an
atypical, invasive species, capable of evading the host im-
mune system by means of complement resistant surface
proteins [8]. As such it is more frequently isolated from
blood and pericardial fluid, with enteric symptoms either
absent or less pronounced [9)]. For C. jejuni (and C. coli)
associated myopericarditis, the putative mechanisms
include direct infection of the pericardium or myocar-
dium, an immune hypersensitivity reaction, or the effect
of bacterial toxins [10]. Currently evidence for direct in-
fection is limited to two reports of C. jejuni detection in
pericardial fluid [11, 12]. A dominant immune-mediated
response also seems less likely given the short window
between the onset of enteric and cardiac symptoms, as
distinct to that seen with C jejuni and development of
other immune-mediated disease (eg, Guillain-Barré
syndrome and reactive arthritis) [10]. Although there is
a lack of evidence for a specific Campylobacter-associ-
ated cardiotoxin [13), the short window period surely
favors a toxin-mediated mechanism [4, 6]. Furthermore,
the infrequency of C. coli myopericarditis as highlighted
by our case might possibly be explained by the domin-
ance of C. jejuni at the species level, along with the
lower incidence of cytotoxin and enterotoxin production
by C. coli compared to C. jejuni [13].

It is unclear whether antibiotic treatment influences
the outcome of Campylobacter spp. myopericarditis,
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however a recent examination of C. jejumi-associated
myopericarditis cases showed treatment with -either
macrolide or fluoroquinolone antibiotics to be a com-
mon practice although without any apparent consensus
on dosage and treatment duration [5]. However campy-
lobacteriosis is generally regarded as a self-limiting
illness with antimicrobial therapy recommended for im-
munocompromised patients, patients whose symptoms
are severe or persistent, or who develop extra-intestinal
infections [1]. For our case confirmation of Campylobac-
ter spp. in stool occurred following hospital discharge,
with a mechanism for myopericarditis such as direct in-
fection or toxin-mediated response not able to be readily
determined. As such antimicrobial therapy was not
commenced. Treatment for the myopericarditis was
conservative, using nonsteroidal anti-inflammatory drugs
(NSAIDS) and colchicine. Among case reports describ-
ing Campylobacter-associated myopericarditis we identi-
fied a single episode where colchicine, as an adjunctive
to aspirin, was used in treating myopericarditis, with the
case reported as fully recovered at a 3-month review
[14]. Anecdotally, clinical outcomes for C jejuni (and C,
coli) associated myopericarditis appear favourable [5]
with low rates of morbidity, mortality, evolution to heart
failure and worsening ventricular function [15].

Conclusion

We report the first case of myopericarditis linked to a C.
coli enterocolitis, with the illness running a benign clin-
ical course. While increasingly recognised as a complica-
tion of campylobacteriosis, the paucity of population
level data restricts further conclusions on the strength of
any association between Campylobacter infection and
myopericarditis. Further, the mechanism(s) of pathogen-
esis also remain uncertain, although anecdotally may
favour a toxin-mediated response.
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Chapter 5 - Discussion

Through the preceding chapters, | 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
[71

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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