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Objectives:  To report the quarterly incidence of hospital-identified Clostridium 
difficile infection (HI-CDI) in Australia, and to estimate the burden ascribed to 
hospital-associated (HA) and community-associated (CA) infections.

Design, setting and patients:  Prospective surveillance of all cases of CDI 
diagnosed in hospital patients from 1 January 2011 to 31 December 2012 in 450 
public hospitals in all Australian states and the Australian Capital Territory. All 
patients admitted to inpatient wards or units in acute public hospitals, including 
psychiatry, rehabilitation and aged care, were included, as well as those 
attending emergency departments and outpatient clinics.

Main outcome measures:  Incidence of HI-CDI (primary outcome); proportion 
and incidence of HA-CDI and CA-CDI (secondary outcomes).

Results:  The annual incidence of HI-CDI increased from 3.25/10 000 patient-
days (PD) in 2011 to 4.03/10 000 PD in 2012. Poisson regression modelling 
demonstrated a 29% increase (95% CI, 25% to 34%) per quarter between April 
and December 2011, with a peak of 4.49/10 000 PD in the October–December 
quarter. The incidence plateaued in January–March 2012 and then declined by 
8% (95% CI,  11% to  5%) per quarter to 3.76/10 000 PD in July–September 
2012, after which the rate rose again by 11% (95% CI, 4% to 19%) per quarter to 
4.09/10 000 PD in October–December 2012. Trends were similar for HA-CDI 
and CA-CDI. A subgroup analysis determined that 26% of cases were CA-CDI.

Conclusions:  A significant increase in both HA-CDI and CA-CDI identified 
through hospital surveillance occurred in Australia during 2011–2012. Studies are 
required to further characterise the epidemiology of CDI in Australia.
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al rates of hospital-associ-
d Clostridium difficile infec-
n (HA-CDI) have increased
matically over the past 10

years. The emergence of fluoroqui-
nolone-resistant C. difficile polymer-
ase chain reaction (PCR) ribotype
(RT) 027 in North America in 2003
and in Europe in 2005 has been asso-
ciated with increased morbidity and
mortality.1,2 The appearance of RT027
in Australia was delayed, with the first
reported case occurring in Western
Australia in 2009 in a patient who
apparently acquired the infection
overseas.3 The first case of locally
acquired infection did not occur until
2010 in Melbourne, Victoria.4 The rea-
sons for this delay are unclear but
could be due to Australia’s geography,
which may impede the introduction of
new strains into the country, and slow
their spread due to the distances
between major cities.5 Also, Aus-
tralia’s conservative policies on fluor-
oquinolone use in humans and
animals6 may have offered some pro-
tection.

Rates of community-associated
CDI (CA-CDI) are also increasing
worldwide.7,8 Patients with CA-CDI
tend to be younger, less likely to have
been exposed to antibiotics (although
antibiotic exposure is still a major risk
factor) and have fewer comorbidities
than patients with HA-CDI.7

A recommendation from the Aus-
tralian Commission on Safety and
Quality in Health Care (ACSQHC) for
hospital surveillance programs in all
Australian states and territories to

ed by
rs in
rveil-
nd by
s had
n. By
a sub-

stantial increase in the incidence of
CDI,9,10 and reports from Tasmania9

and Victoria11 indicated that about

30%–40% of cases were CA-CDI.
There has been no collation or analy-
sis of surveillance data at a national
level. Our aim was to collate results
for the first 2 years of surveillance in
all Australian states and territories,
and to evaluate temporal trends for
these data.

Methods

Each jurisdiction provided surveil-
lance data, using the national defini-
t ion of  CDI and method for
calculation of rates, from 1 January
2011 to 31 December 2012.12 Ethics
approval was not required for the
study because we collated and ana-
lysed aggregate-level data (not indi-
vidual records).

Outcome measures

The primary outcome was hospital-
identified CDI (HI-CDI), defined as
CDI diagnosed in a patient attending
any area of an acute public hospital

(ie, patients admitted to inpatient
wards or units, including psychiatry,
rehabilitation and aged care, and
those attending emergency and out-
patient departments). This reflects the
burden of CDI on a hospital and
includes both HA-CDI and CA-CDI,
as well as infections of indeterminate
or unknown origin.

A CDI case was defined as a patient
having diarrhoea (an unformed stool
taking the shape of the container),
and the stool sample yielded a posi-
tive result in a laboratory assay for C.
difficile toxin A and/or B, or a toxin-
producing strain of C. difficile was
detected in the stool sample by cul-
ture or PCR. Cases were only included
once in an 8-week period, and
patients < 2 years old at the date of
collection were excluded.

As some jurisdictions undertook
enhanced surveillance, HA-CDI and
CA-CDI were included as secondary
outcomes, with each CDI case classi-
fied according to the place of probable
exposure, as follows:13
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• HA-CDI: diagnosis of CDI made
> 48 h after admission to a hospital, or
< 48 h after admission to a hospital
but < 4 weeks after the last discharge
from a hospital.
• CA-CDI: symptom onset in the
community or < 48 h after admission
to a hospital provided that symptom
onset occurred > 12 weeks after last
discharge from a hospital.
• Indeterminate/unknown: patient
with CDI who does not fit any of the
above criteria for exposure setting (eg,
onset 4–12 weeks after last discharge
from hospital) or exposure cannot be
determined because of lack of data.

Study sample

Data on HI-CDI were provided from
450 public hospitals in New South
Wales, Queensland, South Australia,
Tasmania, Victoria, Western Australia
and the Australian Capital Territory,
covering 92% of all patient-days in
Australian acute public hospitals.14

No data were received from the
Northern Territory. All participating
jurisdictions used the national defini-
tion of HI-CDI, but there were varia-
tions in the denominator used to
calculate rates. Qld, SA and Tas used
patient-days (number of days of
patients’ hospitalisation during a
specified period), while the remainder
used occupied bed-days (total daily
numbers of occupied beds during a
specified period). The yearly variance
between these two measures is esti-
mated to be < 1%, and we use the
term patient-days (PD) in this study.15

In addition, all contributors except
WA excluded patients < 2 years old
from denominator data.

As not all hospitals in each jurisdic-
tion undertook enhanced surveillance
of CDI cases, we analysed three study
samples: (i) data from all participating
jurisdictions were used to analyse
overall HI-CDI rates; (ii) data from the
ACT, SA, Tas, Vic and WA allowed
classification into HA-CDI and non-
HA-CDI (ie, CA-CDI, indeterminate
and unknown cases); (iii) data from
Tas, Vic and WA allowed classification
into HA-CDI and CA-CDI. WA
obtained enhanced surveillance data
from metropolitan public hospitals
(accounting for 92% of all CDI cases
in WA), but not rural public hospitals.

There were some differences in the
definition of HA-CDI used. Tas, Vic
and WA classified HA-CDI according
to the national definition, whereas the
ACT and SA defined it as cases where
specimen collection occurred > 48 h
after admission.

Statistical analysis

We used Stata version 12.1 (Stata-
Corp) for statistical analysis. The inci-
dence of CDI per 10 000 PD was
calculated as: CDI cases/number of
PD  10 000; 95% confidence intervals
were calculated for Poisson distrib-
uted counts. Overall and quarterly
incidence rates were calculated for
HI-CDI, with stratification according
to source of exposure (HA-CDI, non-
HA-CDI and CA-CDI). Poisson
regression models were used to esti-
mate percentage changes in incidence
rates and 95% CIs; temporal trends
and seasonal effects were tested using
a Poisson regression model including
a piecewise linear spline with four

change points identified from the
temporal pattern of HI-CDI across all
jurisdictions. Overdispersion was
assessed by examining the deviance
statistic of the Poisson model and also
the log likelihood test of a negative
binomial model compared with a
Poisson model. Serial autocorrelation
was assessed by inspection of the
model residuals over time. There was
no evidence of overdispersion or
autocorrelation, and Poisson models
were selected.

Results

All hospital-identified CDI

A total of 12 683 HI-CDI cases were
identified during the study period,

1 Incidence of hospital-identified Clostridium difficile infection (HI-CDI) in Australia, January 2011 – December 2012, by state 
or territory

Rate per 10 000 patient-days (95% CI)*

State or territory
Number of HI-

CDI cases
Number of 

patient-days All HI-CDI
Hospital-

associated CDI
Non-hospital-
associated CDI

Community-
associated CDI

Australian Capital Territory 307 465 270 6.60 (5.88–7.38) 5.24 (4.61–5.95) 1.35 (1.04–1.73) na

New South Wales 4 674 13 261 612 3.52 (3.42–3.63) na na na

Queensland 1 250 5 939 178 2.10 (1.99–2.22) na na na

South Australia 1 216 2 344 137 5.19 (4.90–5.49) 2.53 (2.33–2.75) 2.65 (2.45–2.87) na

Tasmania 357 601 534 5.93 (5.34–6.58) 3.36 (2.91–3.85) 2.58 (2.19–3.02) 1.53 (1.23–1.88)

Victoria 3 411 9 009 788 3.79 (3.66–3.92) 2.83 (2.72–2.94) 0.95 (0.89–1.02) 0.93 (0.86–0.99)

Western Australia 1 468 3 164 804 4.64 (4.40–4.88) 3.21 (3.00–3.44) 1.83 (1.67–2.00) 1.48 (1.34–1.63)

All states/territories 12 683 34 786 323 3.65 (3.58–3.71) na na na

ACT, SA, Tas, Vic, WA 6759 15 585 533 4.26 (4.15–4.36) 2.95 (2.86–3.04) 1.45 (1.39–1.51) na

Tas, Vic, WA 5236 12 776 126 4.00 (3.89–4.11) 2.94 (2.85–3.04) 1.22 (1.16–1.29) 1.08 (1.02–1.13)

na = not applicable. *As WA obtained enhanced surveillance data from metropolitan public hospitals only, rates for hospital-associated CDI, 
non-hospital-associated CDI and community-associated CDI are based on data for 6632 HI-CDI cases and 15 080 652 patient-days in the ACT, SA, Tas, 
Vic and WA; and for 5109 HI-CDI cases and 12 271 245 patient-days in Tas, Vic and WA. ◆

2 Incidence of hospital-identified Clostridiu
infection in Australia over time, by state o

Tas = Tasmania. ACT = Australian Capital Territory. S
Vic = Victoria. WA = Western Australia. NSW = New S
Qld = Queensland. 
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giving an aggregate incidence of 3.65/
10 000 PD (95% CI, 3.58–3.71). The
incidence varied from 2.10/10 000 PD
in Qld to 6.60/10 000 PD in the ACT
(Box 1).

The annual incidence rose by 24%,
from 3.25/10 000 PD during 2011 to
4.03/10 000 PD during 2012, with a
peak of 4.49/10 000 PD in October–
December 2011 (Box 2). The inci-
dence plateaued in January–March
2012 and then declined to 3.76/
10 000 PD by July–September, after
which the rate rose again to 4.09/
10 000 PD in October–December
2012. The pattern for each state was
broadly similar.

The two subgroups of jurisdictions
with enhanced surveillance data had
marginally higher HI-CDI rates than

the aggregate rate from all contribut-
ing hospitals: 4.26/10 000 PD for the
ACT, SA, Tas, Vic and WA; and 4.00/
10 000 PD for Tas, Vic and WA.

Hospital-associated CDI

Based on enhanced surveillance data
from the ACT, SA, Tas, Vic and WA,
67% of HI-CDI (4446/6632) was iden-
tified as HA-CDI. The aggregate inci-
dence of HA-CDI during the study
period was 2.95/10 000 PD (95% CI,
2.86–3.04), about double the rate of
non-HA-CDI (1.45/10 000 PD; 95%
CI, 1.39–1.51) (Box 1).

The annual incidences of HA-CDI
and non-HA-CDI rose by 18% and
30%, respectively, between 2011 and
2012, with both rates peaking in Janu-
ary–March 2012 (Box 3).

Community-associated CDI

Based on enhanced surveillance data
from Tas, Vic and WA, 26% of HI-CDI
cases (1320/5109) were confirmed as
CA-CDI (with 70% HA-CDI and 4%
unknown). CA-CDI comprised 88%
(1320/1501) of all non-HA-CDI cases.

The aggregate incidence of CA-CDI
during the study period was 1.08/
10 000 PD (95% CI, 1.02–1.13) (Box
1), rising by 24% between 2011 and
2012 (Box 3). Rates of CA-CDI dou-
bled during 2011, declined slightly in
mid 2012 and rose again by late 2012.

Piecewise Poisson regression 
analysis

Box 4 plots the observed and predicted
incidence for all HI-CDI (A), HA-CDI
(B) and CA-CDI (C), with the corre-
sponding percentage changes in inci-
dence rates shown in Box 5. The data
show that the incidence increased
throughout 2011, particularly in the
second half of the year, then declined
in early 2012 before rising again in late
2012. The trends were similar for HA-
CDI and CA-CDI, except that HA-CDI
increased steadily throughout 2011,
whereas the increase in CA-CDI
occurred towards the end of the year.
The late-year spring peak was repeated
in 2012, albeit at a smaller magnitude
than in 2011 for CA-CDI cases.

Discussion

A standardised approach to the case
definitions used for surveillance of HI-
CDI was implemented by most Aus-
tralian states and territories during

3 Incidence of hospital-identified Clostridium difficile infection (HI-CDI) in 
Australia, 2011–2012, by quarter

Rate per 10 000 patient-days (95% CI)

Year and quarter
Hospital-

associated CDI*
Non-hospital-

associated CDI*
Community-

associated CDI†

2011

January–March 1.89 (1.69–2.10) 1.03 (0.89–1.19) 0.74 (0.61–0.90)

April–June 2.35 (2.14–2.58) 0.94 (0.81–1.09) 0.68 (0.56–0.82)

July–September 2.88 (2.64–3.13) 1.27 (1.11–1.44) 0.96 (0.81–1.12)

October–December 3.65 (3.38–3.94) 1.78 (1.60–1.99) 1.43 (1.25–1.64)

Total 2.70 (2.58–2.82) 1.26 (1.18–1.34) 0.96 (0.88–1.04)

2012

January–March 3.69 (3.41–3.98) 1.83 (1.64–2.03) 1.28 (1.11–1.48)

April–June 3.15 (2.90–3.41) 1.47 (1.30–1.66) 1.10 (0.94–1.28)

July–September 2.68 (2.45–2.92) 1.58 (1.40–1.76) 1.13 (0.97–1.30)

October–December 3.30 (3.05–3.57) 1.69 (1.51–1.89) 1.27 (1.10–1.46)

Total 3.19 (3.07–3.33) 1.64 (1.55–1.73) 1.19 (1.11–1.28)

*Aggregate rates calculated from Australian Capital Territory, South Australia, Tasmania, Victoria and 
Western Australia. † Aggregate rates calculated from Tas, Vic and WA. ◆

ce of hospital-identified Clostridium difficile infection (HI-CDI) in Australia, 2011–2012*

d lines represent predicted incidence per 10 000 PD; dotted lines represent lower and upper 95% confidence limits; vertical grey lines represent the linear splines 
riods; data points represent the observed incidence. † Rates calculated from Australian Capital Territory, South Australia, Tasmania, Victoria and Western 

ated from Tas, Vic and WA. ◆
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2010. Although we found differences
in incidence rates between Australian
jurisdictions, our analyses confirm that
rates of HI-CDI increased Australia-
wide during 2011 and remained high
during 2012.

The incidence of CDI has increased
in many industrialised countries in
the past two decades.5 Since 2003, the
escalation in rates of CDI in North
America correlated with the emer-
gence of a new C. difficile strain
(RT027) that had higher than usual
production of toxins A and B, pos-
sessed a third toxin (binary toxin) and
was fluoroquinolone-resistant. Rates
of CA-CDI are also increasing world-
wide, estimated to comprise more
than a third of all CDI cases in North
America7 and Europe.8

Our findings are consistent with
the overseas data, in that CA-CDI
cases comprised 26% of all HI-CDI
cases in Australia, and rates have sub-
stantially increased since 2011.
Expansion of surveillance activities to
incorporate C. difficile strain typing
would give greater insight into the
epidemiology of CDI in Australia,
particularly in light of recent data
from the United Kingdom showing
that there is less inhospital transmis-
sion of CDI than previously thought.16

There are several potential explana-
tions for the regional and temporal
patterns we observed. Ascertainment
bias due to increased case finding (eg,
through greater awareness, improved
surveillance and increased laboratory
testing) cannot be ruled out, as the
ACSQHC recommendations for hos-
pital surveillance programs were
implemented by the beginning of
2011, and the patterns may reflect
differing adoption strategies across
regions and over time. Changes in
laboratory methods may also be a
factor. Although many laboratories in
Australia have now moved away from
using insensitive enzyme immuno-
assays, this has occurred at different
times, and methods still differ
between areas.17 For example, WA
used PCR for the entire study period;
Qld, Tas and Vic used direct cytotoxin
or toxigenic culture; and SA switched
to PCR during 2012. Recent data from
the United States demonstrate at least
a 30% increase in the incidence of
CDI attributable to adoption of more
sensitive nucleic acid amplification

tests.18 Implementation of more sen-
sitive tests in Australia may have con-
tributed to the observed overall
increasing temporal trend, but it is
less likely to explain the observed
peaks at the end of each year (south-
ern hemisphere spring–summer).
Seasonality in HI-CDI has previously
been described in Canada19 and Ger-
many,20 and such peaks could be due
to seasonal changes in risk factors for
CDI, such as antibiotic prescription
for respiratory tract infections during
winter.19 Further investigation of the
observed trends is necessary, and a
longer period of data collection is
required to substantiate a true sea-
sonal effect in Australia.

The major strength of our study is
the use of a standardised definition of
HI-CDI across Australia, which, along
with the establishment of surveillance
systems for HI-CDI in each state and
territory according to ACSQHC
guidelines, enabled a study of
national CDI rates. National CDI sur-
veillance is predicated on a labora-
tory-based system and includes
validation processes. Nevertheless,
several limitations exist.

First, although a standardised defi-
nition of HI-CDI was used by all sur-
veillance programs included in the
analysis, and good coverage of hospi-
tal admissions was achieved for CDI
surveillance (92% of all patient-days
in Australian acute public hospitals),
not all participating hospitals under-
took enhanced surveillance for differ-
ent CDI classifications, restricting the
analyses that could be performed.
Rates of CA-CDI were based on sub-
group analyses of data from three
states and may not be representative
of Australia as a whole. However, the
overall HI-CDI rate and the propor-
tion of HA-CDI from this subgroup

were similar to those from the fuller
dataset and there is therefore no rea-
son to suspect that CA-CDI rates are
not nationally representative. There
was also some variation in the defini-
tion of HA-CDI, although surveil-
lance programs across Australia are
increasingly adopting the recom-
mended definition.

A second important limitation lies
with the differences in the types of
hospitals included. However, this lim-
itation is reduced by restricting the
analyses to public hospitals and using
number of patient-days to calculate
rates. Nevertheless, as the rates
reported here do not take into account
the different casemix of hospitals in
each state or territory, comparison of
rates between states and territories
should be interpreted with caution.
The study analysed aggregate rather
than individual-level data, therefore
important confounders (eg, comor-
bidity) that are not reported to the
surveillance programs could also not
be taken into account. Further, there
was variation in the denominator
data, with some jurisdictions using
patient-days and others using occu-
pied bed-days. However, the yearly
variance between these was estimated
to be less than 1%, although the
monthly variance can be greater, par-
ticularly in small hospitals.15 In addi-
tion, all contributors except WA
excluded patients aged < 2 years from
the denominator. However, the 0–4-
years age group accounts for less than
4% of hospital separations of all types
in Australia, and inclusion of < 2-year-
olds in the denominator is unlikely to
substantially affect the results or alter
the conclusions of this study.14

Despite these limitations, this is the
first analysis of national CDI surveil-
lance data and presents the best cur-

5 Mean percentage changes (95% CI) in incidence rates of hospital-identified Clostridiu
infection (HI-CDI) in Australia per quarter, for specific time periods*

Period All HI-CDI†
Hospital-associated 

CDI‡
Com

Jan–Mar 2011 to Apr–Jun 2011 12% (3%, 22%) 27% (9%, 47%)  1

Apr–Jun 2011 to Oct–Dec 2011 29% (25%, 34%) 25% (17%, 33%) 4

Oct–Dec 2011 to Jan–Mar 2012  2% ( 7%, 4%)  4% ( 14%, 7%) 

Jan–Mar 2012 to Jul–Sep 2012  8% ( 11%,  5%)  16% ( 21%,  10%) 

Jul–Sep 2012 to Oct–Dec 2012 11% (4%, 19%) 23% (9%, 39%)

* Time periods represent four important change points in the temporal trend of CDI identified by Poisson r
linear splines. The percentage changes in incidence therefore represent the average change per quarter sp
time periods. † Rates calculated from Australian Capital Territory, South Australia, Tasmania, Victoria and 
‡ Rates calculated from Tas, Vic and WA. 
275MJA 200 (5) · 17 March 2014
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rently available snapshot of the burden
of disease in Australia. The findings
demonstrate a significant rise in both
HA-CDI and CA-CDI cases identified
through hospital surveillance in Aus-
tralia since 2011. Further analysis of
trends over time will aid understand-
ing of the possible seasonality of CDI
in Australia. In addition to enhancing
coverage by existing surveillance strat-
egies, studies are required to better
characterise the epidemiology of CDI
in Australia and to identify sources of
CDI in the community.
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