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Community-associated vs community-acquired

Source vs reservoir
The reservoir of an organism is the site where it resides, metabolizes, and multiplies. 
The source of the organism is the site from which it is transmitted to a susceptible 
host, either directly or indirectly through an intermediary object.
The reservoir may or may not be the source from which an agent is transferred to a 
host. (Brachman P, Medical Microbiology Ed. S Baron 1996)



Antimicrobials





Community-associated infection

This clearly meant that there were sources/reservoirs of C. difficile in the community. 
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Lauren Bloomfield

45% CAI
25% in tertiary hospitals
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C. difficile infection in Australia

*This is an underestimation of case numbers in Australia, since counts are of 
hospital-identified CDI alone, not accounting for CDI cases detected or 
undiagnosed in the community.

Incidence: 4.00/10,000 patient days (PD)
23.8/100,000 population

Prevalence: 7% of all diarrhoeal specimens
Mortality: 7%
Length of stay: 16.8 days
Costs: $12,000-19,000 per case
 >8,500 cases per year*

 ~600 deaths per year
 ≥$107 million per year in costs
 14% of all hospital-associated infections

ACSQH, 2022
Cheng et al., 2016
Putsathit et al., 2015
Collins et al., 2016
Chen et al., 2017
Bond et al., 2017

Deirdre Collins

Surveillance

• Mandatory since 2010
• Counts numbers of 

“hospital identified” CDI
• Includes a proportion of 

CA-CDI
• No requirement to 

determine source but 
many hospitals do

• But use McDonald 
“interim” definitions from 
2007!

• No estimation of severity
• This all needs revision



In some parts of the world 50% of CDI is now 
community-associated - ~25% in Australia in 2011/12

(Slimings et al Med J Aust 2014; 200: 272–276)

Claudia Slimings



What do the analyses show about CDI in Australia? 
In Australian public hospitals: 
• separations with a CDI diagnosis increased by 29% from 2020 and 2021
• community-onset CDI (pre-existing CDI symptoms on admission) accounted for over 80% 
of separations
• healthcare-associated hospital-onset CDI accounted for less than 20% of all CDI 
diagnoses.
What do these findings mean and why are they important? 
The findings from this report suggest that: 
• community-onset CDI is a significant health problem in Australia
• hospital-based strategies to prevent healthcare-associated hospital-onset CDI are 
effective 
• changes in CDI rates coinciding with the response to COVID-19 may be linked to 
improved IPC strategies and changes in access to healthcare during the pandemic. 

Clostridioides difficile infection: Data snapshot report: 2020 and 2021
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Asymtomatic carriers

• Infants
• Adults
• Healthcare workers



The natural history of C. difficile 
infection

C. difficile





Animal reservoirs

• Companion animals
• Food animals
• Horses
• Wild animals
• Reptiles
• Birds





The natural history of C. difficile infection

C. difficile







Animal strains in Australia

• Ribotype 127 60%
• Ribotype 126 16%
• Ribotype 033 13%

• Ribotype 014 23%
• Ribotype 033 13%
• Ribotype QX009  12%
• Ribotype 237 10%

• Many new ribotypes from  animals – CDT+ but no RT078

Pigs

Knight et al. Appl Environ Microbiol 2013, 2014

60%

70%
5-7days old

Dan Knight



The NGO Eurogroup for Animals (2021) estimated that in 2019, 
over 1.6 billion livestock (mainly ovine, bovines, poultry and 
pigs) were transported alive across the EU and beyond its 
borders by road, sea, rail, and air for trade purposes. 

Animal Frontiers, Volume 12, Issue 1, February 2022, 
Pages 16–24, https://doi.org/10.1093/af/vfac010

https://doi.org/10.1093/af/vfac010


May-September 2004

Food sources



Sample type Prevalence

Carrots 1.8-5.3% (1/19)

Onions 1.9-5.6% (1/18)

Beetroots 7.4-22.2% (4/18)

Potatoes 16.6-50.0% (8/16)

Total 6.6-19.7% (14/71)

Su-Chen Lim PCR ribotype
Toxin gene profile

tcdA tcdB cdtA/cdtB n (%)

QX 145 - - - 39 (13.7)
UK 101 + + - 32 (11.2)
QX 104 - - - 30 (10.5)

UK 014/020 + + - 18 (6.3)
QX 393 - - - 18 (6.3)
QX 142 - - - 18 (6.3)
UK 056 + + - 17 (6.0)
Novel 3 + + - 12 (4.2)
Novel 2 - - - 10 (3.5)
UK 012 + + - 10 (3.5)
UK 010 - - - 10 (3.5)
QX 072 - - - 10 (3.5)
UK 051 - - - 10 (3.5)
QX 518 - - - 10 (3.5)
QX 519 + + - 10 (3.5)
UK 002 + + - 10 (3.5)
Novel 4 - - - 7  (2.5)
UK 237 - + + 4 (1.4)
Novel 1 - - - 4 (1.4) 
UK 137 + + - 3 (1.1)
QX 274 + + + 2 (0.7)
UK 033 - - + 1 (0.4)

Total 285





Environmental sources

• Soil
• Water
• Wastewater
• Gardens – home
• Gardens – vegetable (home or commercial)
• Parks







Ribotype 014/020 (39%) 
predominated.



Community- and healthcare-associated infections in females in WA, by 
age group, 2010 – 2014

Age group CAI n (%) HAI HCFO n (%) OR (CI95)

2 - 19 years 29 (43.9) 37 (56.1) 0.92 (0.48 – 1.76)

20 - 39 years 109 (67.2) 53 (32.7) 1.90 (1.19 – 3.05)

40 - 59 years 100 (39.3) 154 (60.6) 1.13 (0.77 – 1.67)

60 - 79 years 141 (31.8) 303 (68.2) 1.18 (0.88 – 1.58)

80+ years 116 (27.9) 300 (72.1) 0.86 (0.61 – 1.21)

Total 495 (57.0) 847 (52.8) 1.09 (0.93 – 1.30)



Maybe confounded by young 
families.

Food preparation
Washing, creating aerosols!
Contaminating benches
Preliminary study of 30 kitchens in 
affluent part of Perth - 10% positive





Gardening centres
~30% of samples positive for C. difficile
Some obvious like animal manures
Some less obvious like compost/mulch
But expired vegetables from large 
stores going into compost/mulch

Su-Chen Lim





Lessons from Australia
CDI not just a hospital issue anymore, it’s a public health issue.
Many sources of C. difficile other than food important (such as 
gardens/lawn/WWTP effluent in WA).
Each jurisdiction will need to look in its own back yard (literally)!
Anywhere there is animal manure there is a problem!
Antimicrobials in production animals (and horses) are driving this 
problem.

Need a good study of CA-CDI involving GPs.
Need a bigger, better study of food contamination.
Requires a One Health approach.



Cephalosporins

One Health



Following faeces: a One Health approach to reduce C. difficile infection 
Su-Chen Lim1,2, Deirdre Collins1,2, Oz Sahin3, Russell Richards3, Damien Batstone3, Simon Reid3, Linda Selvey3 and Thomas V Riley1,2,4,5

1School of Biomedical Sciences, The University of Western Australia, WA, Australia; 2School of Medical & Health Sciences, Edith Cowan University, WA, Australia; 3School of Public Health, The University of Queensland, QLD, 
Australia; 4Medical, Molecular and Forensic Sciences, Murdoch University, WA, Australia; 5Department of Microbiology, PathWest Laboratory Medicine, WA, Australia.

Disease 
transmission

AMR & virulence 
genes

Whole genome sequencing

Use modelling to identify 
low-cost interventions

Inform policies & prevent CDI
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*Sites of studies

Human studies*:
• Descriptive epi, case-control 

studies, identify risk factors. 
• >15 years of clinical and 

typing data.
• CDI in cancer and CF patients.
• CDI in the community: 

colonisation and GP studies.

Animal studies*:
• Prevalence and molecular 

epidemiology of C. difficile in: 
i. Animals and  manure
ii. Soil around the farms.

Environmental studies*:
• Prevalence and molecular 

epidemiology of C. difficile in:
i. Wastewater and 

biosolids.
ii. Garden supplies (soil mix 

and soil conditioner).
iii. Turf.
iv. Retail vegetables.
v. Hospital bathrooms.
vi. Household environment.

*

*
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