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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
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Clostridium difficile (also named Clostridioides difficile (Lawson et al., 2016))

• An ancient genus, hundreds of millions of years old - anaerobic
• The population structure of C. difficile consists of at least 8 clades, each of which 

includes toxigenic strains (Griffiths et al. 2010; Dingle et al. 2011; Stabler et al. 2012). 

• Genes for toxins A & B are contained on a 19.6-kB Pathogenicity Locus (PaLoc), 
absent in non-toxigenic strains

• When present, the PaLoc is always found at the same chromosomal location (Braun et al. 

1996; Dingle et al. 2011) and it is tempting to conclude that the PaLoc was stably integrated 
before the clades diverged – but evidence says otherwise.

• However, nontoxigenic strains are present throughout the C. difficile population, 
occasionally sharing the same multilocus sequence type (ST) as toxigenic strains (Dingle 
et al. 2011).

• This irregular distribution resembles that of an MGE and some evidence of a phage.



Pangaea was the super-continent that existed during the late Paleozoic roughly 300 
million years ago. It was surrounded by a super-ocean called Panthalassa. 





PaLoc absent (non-toxigenic)

Clade 1 PaLoc: ST3(001)

Clade C-I

Clade 2 PaLoc: ST1(027)

Clade 3 PaLoc: ST5(023)

Clade 4 PaLoc: ST37(017, A-B+)

Clade 5 PaLoc: ST11(078)
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Figure 3. Species-wide average nucleotide 
identity (ANI) analysis.

Knight et al. eLife 2021;10:e64325. 
DOI: https://doi.org/10.7554/eLife.64325

Dan Knight



Elliott et al. Infect Genet Evol 2017



Taxonomic placement of cryptic 
clades predates C. difficile emergence
by millions of years

Previous studies using BEAST have 
estimated the common ancestor of C1–5 
existed between 1 to 85 or 12 to 14 
million years ago (mya) (He et al., 2010; 
Kumar et al., 2019). Here, we used an 
alternative Bayesian approach, BactDating
(Xavier Didalot), to estimate the age of all 
eight C. difficile clades currently described. 
The last common ancestor for C. difficile 
clades C1–5 was estimated to have existed
between 1.11 and 6.71 mya. In contrast, 
all three cryptic clades were estimated to 
have emerged millions of years prior to 
the common ancestor of C1–5.

Knight et al. eLife 2021;10:e64325. 
DOI: https://doi.org/10.7554/eLife.64325



Phylogeographical tropism of C. difficile 
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J Clin Microbiol 55:865– 876. https://doi.org/10.1128/JCM.01296-16.

“Phylogeographic analyses show a North American origin for RT017, as has been found for the 
recently emerged epidemic RT027 lineage.” 



Timeline of C. difficile RT 017 reports around the world. Outbreaks refer to an increase in 
the regional prevalence of RT 017, which is confirmed either to be clonal or with evidence 

suggesting that isolates came from the same source. Endemic presence refers to 
prevalence reports that were not associated with outbreaks.

Imwattana et al. Emerg Microbes Infect 2019



The period between 1848 and 1855 is known in the U.S. as California Gold Rush. The rush started when James W. Marshall 
found gold at Sutter’s Mill in California. 300,000 Chinese came and made up 10% of the Californian population at the time.





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




Knight, D.R., Squire, M.M., Collins, D.A. and Riley, T.V. 2017. Genome analysis of Clostridium difficile PCR 
ribotype 014 lineage in Australian pigs and humans reveals a diverse genetic repertoire and signatures of 
long-range interspecies transmission. Front Microbiol 7: 2138. doi: 10.3389/fmicb.2016.02138

Dan Knight



ML phylogeny built 
on 1076 core 

genome SNVs

ST258

No geographic or temporal clustering and absence of 
subpopulations that were exclusively associated with human, 

porcine or bovine hosts

C. difficile ST11 core genome SNV phylogenetics



1990 1993/4 2000 2000s 2010s

Ceftiofur licensed for animal
use in North America

Ribotype 027 mutates to FQ resistance 
in 2 places independently (He et al. 2013)

Ceftiofur licensed for animal 
use in Australia

Source: National Hospital Discharge Survey, 
Annual Files, 1996--2009. Available at 
http://www.cdc.gov/nchs/nhds.htm

Source: WA Department of Health. Available at 
http://www.public.health.wa.gov.au/cproot/6124/2/hiswa-agg-report-q4-
2014.pdf

Community infection 
completely missed in 
North America!

http://www.cdc.gov/nchs/nhds.htm
http://www.public.health.wa.gov.au/cproot/6124/2/hiswa-agg-report-q4-2014.pdf
http://www.public.health.wa.gov.au/cproot/6124/2/hiswa-agg-report-q4-2014.pdf


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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Animal reservoirs

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



May-September 2004

Food sources



Clostridioides difficile in feral horse 
populations in Australia

Natasza M. R. Hain-Saunders1 Daniel R. Knight, Andrea Harvey, 
Mieghan Bruce, Brian A. Hampson and Thomas V. Riley

C. difficilewas isolated from 45 of the 380 samples (11.8%)—forty 
ribotypes (RTs) were identified,28 of which (70%) were novel. 





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)

Lauren Bloomfield



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







Systems Dynamics was the One Health approach chosen 

The modelling process used in Systems Thinking is iterative, and often
participatory, to achieve consensus on the problem being modelled and to ensure
the system structure is realistically replicated, revealing system behaviour that
often deviates from initial expectations.

The process involved the following key steps:
•Stakeholder identification and problem scoping
•Identifying key variables and their relationships
•Building a Causal Loop Diagram
•Identifying feedback loops
•Iceberg model development and analysis
•Leverage points (intervention strategies)



Summary Causal Loop Diagram showing the key feedback loops associated with the transmission of Clostridioides difficile in Australia. Arrows 
denote the direction of the causal relationship. A blue arrow denotes a “positive (+)/same” relationship (both change in the same direction), 
and a red arrow denotes a “negative (-)/opposite” relationship (variables change in opposite directions, i.e. an increase in one causes a 
decrease in the other)

Courtesy of Oz Sahin, Simon Reid and Russell Richards @



Courtesy of Su-Chen Lim 



What does this teach us about IP & C?
CDI not just a hospital issue, it’s a worldwide public health issue.
Geography is a guide to what strains of C. difficile will be found.
Knowing the strain (RT or better ST) helpful.
Each jurisdiction needs to understand its own back yard ie needs a 
reference laboratory!
Many sources of C. difficile other than food important (such as 
gardens/lawn/WWTP effluent).
Anywhere there is manure there is a problem!
Putting antimicrobials into production animals is not a good idea.
In Australia, we need a good study of CA-CDI involving GPs.
Requires a One Health approach.



Cephalosporins

One Health



Acknowledgements

Australian Commission on Safety & 
Quality in Healthcare
NH&MRC
Australian Pork Limited
Meat & Livestock Australia
Health Department of WA
Otsuka Pharmaceuticals
Jessica Chisholm
Karla Cautivo
Michele Squire
Claudia Slimings
Deirdre Collins
Lauren Bloomfield
Natasza Hain-Saunders
Sicilia Perumalsamy
Dan Knight
Korakrit Imwattana
Peng An Khun
Niraj Shivaperumal
Su Chen Lim
Papanin Putsathit

Oxford University/PHL (Derrick 
Crook, David Eyre, Kate Dingle)
Leeds University (Mark Wilcox)
TechLab (Bob Carman, David Lyerly)





virox.comdiversey.com gamahealthcare.com

Thanks to Teleclass Education
PATRON SPONSORS


