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Abstract

Background: Campylobacter spp. infections are a globally important cause of enterocolitis, causing substantial
morbidity. Capturing accurate information on hospitalisations is challenging and limited population-level data exist
to describe the clinico-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 department surveillance data used to calculate 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 admissions were identified, with the sensitivity of morbidity
coding 52.8% (95% CI 48.9–56.7%). 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 more likely to develop electrolyte disturbances, hypotension,
renal impairment 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 is substantial but can be improved through
data linkage. We observed demographic differences among those hospitalised but further work is needed to
determine risk factors and predictors for hospitalisation.

Keywords: Campylobacter, Infectious gastroenteritis, Hospitalisation, Length of stay, Comorbidity, Epidemiology, 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

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

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: cameron.moffatt@anu.edu.au
1National Centre for Epidemiology and Population Health, Research School
of Population Health, Australian National University, Canberra, ACT 2602,
Australia
Full list of author information is available at the end of the article

Moffatt et al. BMC Infectious Diseases           (2021) 21:10 
https://doi.org/10.1186/s12879-020-05694-0

http://crossmark.crossref.org/dialog/?doi=10.1186/s12879-020-05694-0&domain=pdf
http://orcid.org/0000-0003-1717-1853
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:cameron.moffatt@anu.edu.au


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
Campylobacter, 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 calcu-
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
‘A045 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 1 day. Private
hospital admissions were not sought due to the acute
nature of campylobacteriosis and absence of private hos-
pital EDs.

Hospital microbiology data
Hospital 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 ‘A045’ 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 ≥110 bpm), hypotension (systolic blood
pressure < 90mmHg), 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 μmol/L
and females of 45–90 μmol/L and/or urea of 3.0–
8.0 μmol/L). Charlson Co-morbidity Index (CCI) scores
[12] were calculated as a marker of comorbidity.

ACT surveillance notifications and emergency presentation
data
Campylobacter 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 calculate 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 ≥48 h after admission and
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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.

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).

Fig. 1 Flow diagram detailing selection of 685 Campylobacter-associated admissions and emergency department presentations via linkage of
public hospital administrative data and laboratory data
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Descriptive characteristics
Age and sex characteristics
Age and sex characteristics are shown in Table 1. Males
were older (M = 41.2 years, range < 1 to 92.3) than fe-
males (M = 38.5, range < 1.0 to 92.3) but this difference
was not significant. For ACT resident admissions, the
median age was 38.4 years (range < 1.0 to 92.3 years),
compared with 31 years (range < 1.0 year to 99.0 years)
among ACT community cases (Χ2 = 17.7, p < 0.001).
Non-ACT residents were significantly older (M = 50.8,
range < 1 year, maximum 90.8 years, Χ2 = 5.5, p = 0.02).
Hospitalisation rates increased noticeably among pa-
tients aged ≥60 years. The proportion of females admit-
ted across most 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 (n = 180), markedly increased the median LOS
(M = 3.0 days, 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) (Χ2

202.0, p < 0.001). A positive correlation between increas-
ing age and CCI scores was observed (rs = 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 1.0 day (range 1.0 to 22.0, Χ2 68.93, p <
0.001). A positive correlation between increasing LOS
and CCI scores was demonstrated (rs = 0.25, n = 237, p <
0.001), while a larger proportion of admissions with co-
morbidities had times to admission greater than the 3
day median (Χ2 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

Fig. 2 Counts of Campylobacter notifications and associated public hospital admissions among Australian Capital Territory residents, 2004 to 2013

Moffatt et al. BMC Infectious Diseases           (2021) 21:10 Page 4 of 10



admission greater than the median compared to males
(Χ2 6.03, p = 0.01). A positive correlation between in-
creasing age and time to admission was observed (rs =
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 (Χ2 = 128.30, p < 0.001)
along with male gender (Χ2 = 12.56, p < 0.001).
Hypotension (Χ2 = 27.91, p < 0.001) and electrolyte im-
balances (Χ2 = 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 (rs = 0.32, n = 682, p <
0.001) and LOS (rs = 0.22, 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 (Χ2 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, Χ2 = 7.70, p <
0.01). An association between comorbidity per se and
systemic illness was observed (Χ2 8.80, p < 0.01) with in-
dividual associations seen for admissions with liver dis-
ease (Χ2 = 50.78, p < 0.001) and leukaemia (Χ2 = 5.67 p =
0.02).
Acute Kidney Injury (AKI) was diagnosed among 3.4%

(23/685) of admissions. These were significantly older

Table 1 Demographic and clinical characteristics of 685
Campylobacter-associated admissions in Australian Capital
Territory (ACT) public hospitals, 2004–2013

Gender

Male (n, %) 350 (51.0)

Female 335 (49.0)

ACT resident (%) 593 (86.6)

Median (M) age in years for all admissions (range) 39.7 (< 1.0–
92.3)

Indigenous Australian (%) 7 (1.0)

Age-groups % (hospitalisation rate per 100,000 populationa)

0–9 years (n = 30) 4.38 (5.67)

10–19 years (n = 67) 9.78 (11.91)

20–29 years (n = 158) 23.07 (23.72)

30–39 years (n = 93) 13.58 (15.58)

40–49 years (n = 67) 9.78 (11.91)

50–59 years (n = 57) 8.32 (11.17)

60–69 years (n = 68) 9.93 (19.53)

70–79 years (n = 74) 10.80 (39.40)

80+ years (n = 71) 10.36 (65.35)

Acute care admission (%) 673 (98.3)

Average length of stay (range) 3.5 days (1.0–
38.0)

Same day acute admissions (n = 268) 1.0 day

Non-same day acute admissions (n = 405) 4.9 days (2.0–
38.0)

Other separation types (n = 12) 8.6 days (1.0–
23.0)

Median (M) length of stay (range) 2.0 days (1.0–
38.0)

Non-same day acute admissions (n = 405) 4.0 days (2.0–
38.0)

Comorbidity as per Charlson Comorbidity Index (CCI)
(count, (percentage))

237 (34.5)

CCI score (n, %)

1 86 (36.3)

2 81 (34.2)

> 2 (%, range) 70 (29.5, 3–12)

Median (M) time to admission from illness onset for
acute admissions b (range)

3.0 days (< 1.0–
23.0)

Key signs of infection c

Electrolyte disturbance (n, %) 410 (60.2)

Tachycardia 241 (35.4)

Renal impairment 127 (18.7)

Hypotension 87 (12.8)

History of recent overseas travel (n, %) 11 (1.6)

Re-admission ≤28 days related to campylobacteriosis,
including non-acute status changes (n, %)

38 (5.6)

Intensive care unit admission (n, %) 10 (1.5)

Surgical or invasive diagnostic procedure related to 45 (6.6)

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

campylobacteriosis (n, %)

Death during admission or ≤ 28 days post discharge (n,
%)

5 (0.7)

Blood sample taken for culture (percentage
Campylobacter positive)

333 (7.5)

Antimicrobial therapy during admission (n, %) 219 (32.0)
aACT residents only b636 observations c681
observations
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Fig. 3 Campylobacter-associated public hospital admissions and percentage hospitalised by age-group and gender among Australian Capital
Territory residents, 2004–2013

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

Comorbidity present (n = 237)

Signs and symptoms associated with enterocolitis Yes % No % Total Χ2 p-value

Diarrhoea 231 98.7 444 99.1 675 0.23 0.63

Bloody diarrhoea 28 18.7 121 35.2 149 13.51 < 0.001

Self-reported fever 129 58.1 341 78.0 470 28.57 < 0.001

Fever (≥38 °C) 114 50.0 224 51.4 338 0.11 0.74

Abdominal pain 161 81.7 403 95.7 564 33.00 < 0.001

Nausea 142 79.8 311 87.6 453 5.70 0.02

Vomiting 114 58.8 234 56.5 348 0.27 0.60

Myalgia / arthralgia 35 76.1 122 87.1 157 3.22 0.07

Malaise 102 91.9 152 96.8 254 3.18 0.07

Headache 53 66.3 149 89.8 202 20.31 < 0.001

Key signs and symptoms of infection

Hypotension 52 22.3 35 7.8 87 27.94 < 0.001

Tachycardia 89 38.2 152 33.9 241 1.22 0.27

Electrolyte imbalance 169 72.5 241 53.8 410 22.46 < 0.001

Renal impairment 98 42.1 29 6.5 127 127.95 < 0.001

Acute confusion 34 14.6 4 0.9 38 54.60 < 0.001

Bacteraemia 17 7.2 11 2.5 28 8.80 < 0.01

Other outcomes

ICU admission 10 4.2 0 – 10 < 0.001a

Death within 28 days of discharge 5 2.1 0 – 5 < 0.01a

Campylobacter-associated readmission 22 9.3 16 3.6 38 9.65 0.002
a Fisher’s exact test
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(M 73.9 years, range 33.2 to 87.5, median test Χ2 = 19.92,
p < 0.001), and took longer to present following symp-
tom onset (M 5.0 days, range < 1.0 to 14, Χ2 = 16.87, p <
0.001). No differences in gender, LOS or CCI 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, Χ2 = 101.51, p < 0.001), had longer
LOS (M 4.0 days, range 1.0 to 31.0, Χ2 = 27.91, p <
0.001), and a greater proportion of admissions with CCI
scores > 2 (M 2, range 1 to 12, Χ2 = 29.57, p < 0.001). A
significant association with male gender was observed
(Χ2 = 12.43, p < 0.001).

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 1 day (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, Χ2 = 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, Χ2 = 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 coding 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 < 5 years 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

Table 3 Complications recorded at discharge among
Campylobacter-associated hospital admissions in the Australian
Capital Territory, 2004–2013

Frequency (%)

Extra-intestinal / systemic disease

Bacteraemia (laboratory proven) 28 (4.1%)

Sepsis (discharge diagnosis) 19 (2.8%)

Intestinal complications

Appendicitis (histologically confirmed) 8 (1.2%)

Mesenteric adenitis 6 (0.9%)

Acute pancreatitis 4 (0.6%)

Acute cholecystitis 1 (0.2%)

Other significant complication

Acute kidney injury 23 (3.4%)

Acute myocardial infarction 6 (0.9%)

Delirium 3 (0.4%)

Metabolic acidosis 3 (0.4%)

Atrial fibrillation 2 (0.3%)

Rhabdomyolysis 2 (0.3%)

Febrile seizure 1 (0.2%)

Hypovolemic shock 1 (0.2%)

Spontaneous abortion 1 (0.2%)

Perforated diverticulum 1 (0.2%)

Peritonitis 1 (0.2%)

Pulmonary embolism 1 (0.2%)

Thrombocytopaenia 1 (0.2%)

Transient Ischaemic Attack 1 (0.2%)

Reactive complication

Guillan-Barré Syndrome 2 (0.3%)

Myopericarditis 2 (0.3%)

Reactive arthritis 1 (0.2%)

IgA nephropathy 1 (0.2%)

Unnecessary surgery

Appendicectomy (normal histology) 8 (1.2%)
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proposed as a contributing factor [21], while our study
suggests females may delay seeking care. The increase in
admissions aged 20–29 years 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 perceived symptom se-
verity and lack of access to a GP [29].
One third of patients had a comorbidity, a proportion

similar to studies describing 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 electrolyte imbalances,
renal impairment, hypotension, acute confusion and acute
readmission more frequently.
Half of acute admissions had blood cultures, with a posi-

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.

This is supported by studies describing increased renal dys-
function among hospitalised gastroenteritis cases [30, 35, 36].
Furthermore comorbidities including kidney 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, e.g. Kidney Dis-
ease: Improving Global Outcomes (KDIGO) criteria [42],
while our assessment of renal impairment via serum cre-
atinine levels was simplified.

Conclusion
Hospitalisation 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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