
Significance for Western Australia:Significance for Western Australia: Our work will reduce the risk and severity of Our work will reduce the risk and severity of 
by by identifying the source of the organism leading to approidentifying the source of the organism leading to appro

Research Group ObjectiveResearch Group ObjectiveResearch Group ObjectiveResearch Group Objective

by determining circulating strains of by determining circulating strains of C. difficileC. difficile, the characteristics of affected , the characteristics of affected by determining circulating strains of by determining circulating strains of C. difficileC. difficile, the characteristics of affected , the characteristics of affected 
patients, and potential sources of the organism so that measures to control and patients, and potential sources of the organism so that measures to control and 

prevent infection can be identified.prevent infection can be identified.

BACKGROUNDBACKGROUNDBACKGROUNDBACKGROUND
C. difficile C. difficile is a sporeis a spore--forming bacterium forming bacterium 

It is from the same family that causes tetanus, It is from the same family that causes tetanus, 
botulism and gangrene botulism and gangrene botulism and gangrene botulism and gangrene 

C. difficileC. difficile is the leading cause of infectious is the leading cause of infectious 
diarrhoea in hospital patients but also causes diarrhoea in hospital patients but also causes 
more severe disease (pseudomembranous more severe disease (pseudomembranous 
colitis) which can lead to the surgical removal colitis) which can lead to the surgical removal 
of the colon or deathof the colon or death11

The CDC just ranked The CDC just ranked C. difficileC. difficile as one of the as one of the 
three most threatening antibioticthree most threatening antibiotic--resistant resistant three most threatening antibioticthree most threatening antibiotic--resistant resistant 
microorganisms in the USA, responsible for microorganisms in the USA, responsible for 
250,000 infections and 14,000 deaths per year at 250,000 infections and 14,000 deaths per year at 
an extra US$1 billion per yearan extra US$1 billion per year22an extra US$1 billion per yearan extra US$1 billion per year22

Only a third of hospital cases can be linked to Only a third of hospital cases can be linked to 
previous hospital casesprevious hospital cases33

Clostridium difficileClostridium difficile infections (CDI) are increasinglyinfections (CDI) are increasinglyClostridium difficileClostridium difficile infections (CDI) are increasinglyinfections (CDI) are increasingly
recognised in the communityrecognised in the community44 so other potential so other potential 
sources of the organism must be consideredsources of the organism must be considered ����������	�


How can we improve CDI detection?How can we improve CDI detection?How can we improve CDI detection?How can we improve CDI detection?
BackgroundBackground:: DiagnosingDiagnosing infectioninfection byby growinggrowing CC.. difficiledifficile inin thethe laboratorylaboratory isis
slowslow (takes(takes atat leastleast 11 day)day) andand cancan bebe difficultdifficult becausebecause sporesspores needneed toto
germinategerminate intointo vegetativevegetative cellscells toto grow,grow, CC.. difficiledifficile willwill notnot growgrow inin thethe
presencepresence ofof oxygen,oxygen, andand faecesfaeces containcontain manymany otherother bacteriabacteria thatthat cancan
outgrowoutgrow CC.. difficiledifficile..55

1.1. Adding the bile salt Adding the bile salt 
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sodium taurocholate (T)sodium taurocholate (T)
to growth media (CCFA) to growth media (CCFA) 
significantly improved significantly improved �������
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detection of detection of C. difficileC. difficile spores.spores.66

2.2. A commercially available growth A commercially available growth 
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medium (ChromID C. difficile agar, medium (ChromID C. difficile agar, 
Biomerieux [CDIF]) also improved Biomerieux [CDIF]) also improved 
detection of vegetative cellsdetection of vegetative cells77
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and the inhibition and the inhibition 
of other bacteria.of other bacteria.88 �����#��$!" �����#����"�
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3.3. CDIF was more likely than TCCFA to detect CDIF was more likely than TCCFA to detect C. difficile C. difficile in in C. difficile C. difficile 

DNADNA--positive human faeces: From 50 faeces, 47 (94%) and 41 (82%)positive human faeces: From 50 faeces, 47 (94%) and 41 (82%)
grew grew C. difficileC. difficile on CDIF and TCCFA, respectively.on CDIF and TCCFA, respectively.88
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grew grew C. difficileC. difficile on CDIF and TCCFA, respectively.on CDIF and TCCFA, respectively.88

4.4. Three examples of rapid alternative tests Three examples of rapid alternative tests 
(the BD GeneOhm Cdiff assay, the Meridian(the BD GeneOhm Cdiff assay, the Meridian �������
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(the BD GeneOhm Cdiff assay, the Meridian(the BD GeneOhm Cdiff assay, the Meridian
illumigene illumigene C. difficile C. difficile and the Cepheid Xpert and the Cepheid Xpert 
C. difficileC. difficile), which instead detect ), which instead detect C. difficileC. difficile

DNA, provided results within 2 hours but DNA, provided results within 2 hours but 
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DNA, provided results within 2 hours but DNA, provided results within 2 hours but 
were less sensitive than growth methods.were less sensitive than growth methods.99

5.5. DNADNA--detection and toxindetection and toxin--detection detection 
���

5.5. DNADNA--detection and toxindetection and toxin--detection detection 
methods, were also inferior to growing methods, were also inferior to growing 
C. difficileC. difficile for detecting the bacterium for detecting the bacterium 
in piglets.in piglets.1010
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in piglets.in piglets.1010
�

���#���'��0 ���	�-�	��0 1�#�1��*�	��'��

%&���

2���

1��*�	��'��

%&���

�$!" 3��4��(�4�!��5��6��7 8���9(
 ����
�����

ACKNOWLEDGEMENTS
This work is a combination of multiple projects and as such we are grateful for financial assistance provided

REFERENCES 9Foster NF and Riley TV. 4th ICDS, Bled, 2012. P87, www.icds.si/docs/abstract_book.pdf.

This work is a combination of multiple projects and as such we are grateful for financial assistance provided
by The University of Western Australia, WA Health, National Health and Medical Research Council, Cepheid,
Biomerieux, Sanofi Pasteur, Australian Pork Limited, Meat and Livestock Australia and Pork CRC.

REFERENCES
1Elliott B, Chang BJ, Golledge CL, et al. Intern Med J. 2007; 37: 561-8.
2CDC, Antibiotic Resistance Threats in the United States, 2013. 
www.cdc.gov/drugresistance/threat-report-2013 [accessed 12/10/2013].
3Eyre DW, Cule ML, Wilson DJ, et al. N Engl J Med. 2013; 369: 1195-205.
4Leffler DA and Lamont JT. Am J Gastroenterol. 2012; 107: 96-8.
5Burnham CA and Carroll KC. Clin Microbiol. 2013; 26: 604-30.

9Foster NF and Riley TV. 4th ICDS, Bled, 2012. P87, www.icds.si/docs/abstract_book.pdf.
10Knight DR, Squire MM and Riley TV. ClostPath 2013 Meeting, Palm Cove, 2013.
11Riley TV, O’Neill GL, Bowman, RA, et al. Epidemiol Infect, 1994; 113: 13-20.
12Thomas C, Stevenson M, Williamson  DJ, et al. Clin Infect Dis, 2002; 35: 1457-62.
13Riley TV, Med J Aust, 2009; 190: 661-2.
14Slimings C, Armstrong P, Beckingham W, et al. (submitted).
15Foster NF, Collins DA, Ditchburn SL, et al. (submitted). 5Burnham CA and Carroll KC. Clin Microbiol. 2013; 26: 604-30.

6Foster NF and Riley TV. Pathology. 2012; 44: 354-6.
7Boseiwaqa LV, Foster NF, Thean SK, et al. Pathology. 2013; 45: 495-500.
8Carson KC, Boseiwaqa LV, Thean SK, et al. J Med Microbiol, 2013; 62: 1423-7.

15Foster NF, Collins DA, Ditchburn SL, et al. (submitted). 
16Hensgens MP, Keessen EC, Squire MM, et al. Clin Microbiol Infect, 2012; 18: 635-45.
17Knight DR and Riley TV. Appl Environ Microbiol, 2013; 79: 5689-92.
18Knight DR, Thean S, Putsathit P, et al. Appl Environ Microbiol, 2013; 79: 2630-5.

Our work will reduce the risk and severity of Our work will reduce the risk and severity of C. difficileC. difficile infection (CDI) for infection (CDI) for Western AustraliansWestern Australians
identifying the source of the organism leading to appropriate interventionsidentifying the source of the organism leading to appropriate interventions..

Is Is C. difficileC. difficile infection becoming more common in WA?infection becoming more common in WA?
BackgroundBackground:: InIn 19831983 therethere werewere approximatelyapproximately 33 newnew casescases ofof CDICDI
perper 1010,,000000 occupiedoccupied bedbed daysdays (OBDs)(OBDs) atat SirSir CharlesCharles GairdnerGairdnerperper 1010,,000000 occupiedoccupied bedbed daysdays (OBDs)(OBDs) atat SirSir CharlesCharles GairdnerGairdner
Hospital,Hospital, WAWA.. ByBy 19881988 thisthis hadhad increasedincreased toto 77 newnew casescases andand
stabilisedstabilised..1111 InIn 19981998 thisthis fellfell toto <<22//1010,,000000 OBDsOBDs followingfollowing restrictionrestriction ofof
certaincertain antibioticsantibiotics..1212 ThereThere areare concernsconcerns thatthat ratesrates havehave risenrisen onceoncecertaincertain antibioticsantibiotics..1212 ThereThere areare concernsconcerns thatthat ratesrates havehave risenrisen onceonce
againagain asas hashas beenbeen seenseen globallyglobally..1313

1.1. StateState--wide surveillance of hospitalwide surveillance of hospital--
identified (HI) CDI has shown a identified (HI) CDI has shown a identified (HI) CDI has shown a identified (HI) CDI has shown a 
rising rate of infection in WA.rising rate of infection in WA.1414

Rates of CDI were higher in the Rates of CDI were higher in the Rates of CDI were higher in the Rates of CDI were higher in the 
summertime.summertime.

2.2. From Jan 2011From Jan 2011--Dec 2012 there Dec 2012 there 
��

��

��

��

/
�#
�
�
	�


�
�
#�
1
�
�
:�
�
#�
��
'�

�
&
#�
#�
�
�
��
�
�
;�
�
�
�9
<
$

2.2. From Jan 2011From Jan 2011--Dec 2012 there Dec 2012 there 
were 4.6 cases of HIwere 4.6 cases of HI--CDI per CDI per 
10,000 OBDs in WA.10,000 OBDs in WA.1414 In Jan In Jan 
2012 it reached 16.3 per 10,000 2012 it reached 16.3 per 10,000 �

�

��

�

�

��

/
�#
�
�
	�


�
�
#�
1
�
�

�
&
#�
#�
�
�
��
�
�
;�
�
�
�9
<
$

2012 it reached 16.3 per 10,000 2012 it reached 16.3 per 10,000 
OBD at SCGH.OBD at SCGH.1515

3.3. Almost half (46%) of 80 HIAlmost half (46%) of 80 HI--CDI cases investigated began in the CDI cases investigated began in the 
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3.3. Almost half (46%) of 80 HIAlmost half (46%) of 80 HI--CDI cases investigated began in the CDI cases investigated began in the 
community (occurred <2 days into hospital stay) community (occurred <2 days into hospital stay) 
–– most (62%) of these patients had recently stayed in hospital while 16% had most (62%) of these patients had recently stayed in hospital while 16% had 

no recent history of hospitalisation.no recent history of hospitalisation.1515no recent history of hospitalisation.no recent history of hospitalisation.

Who is being affected?Who is being affected?
Patients with CDI were older Patients with CDI were older (median age, 60.5) (median age, 60.5) Patients with CDI were older Patients with CDI were older (median age, 60.5) (median age, 60.5) 

26% had three or more other health conditions 26% had three or more other health conditions (most commonly (most commonly 
oesophageal reflux [46%], hypertension [43%] or chronic lung disease [36%])oesophageal reflux [46%], hypertension [43%] or chronic lung disease [36%])

Most patients (63%) had taken antibiotics in the last 3 monthsMost patients (63%) had taken antibiotics in the last 3 months1515Most patients (63%) had taken antibiotics in the last 3 monthsMost patients (63%) had taken antibiotics in the last 3 months1515

Could livestock be a source of Could livestock be a source of C. difficileC. difficile in the in the Could livestock be a source of Could livestock be a source of C. difficileC. difficile in the in the 
community?community?

BackgroundBackground:: WhileWhile inin thethe NorthernNorthern hemispherehemisphere therethere areare reportsreports ofof
strainsstrains ofof CC.. difficiledifficile (eg(eg.. RTRT 078078)) previouslypreviously onlyonly foundfound inin animalsanimals nownow
causingcausing humanhuman infections,infections, asas yetyet therethere isis nono directdirect evidenceevidence provingproving
transmissiontransmission betweenbetween humanshumans andand animalsanimals oror viavia contaminatedcontaminated foodfood..1616

1.1. Strains of Strains of C. difficile C. difficile that have caused human CDI in Australia were that have caused human CDI in Australia were 
isolated from local sheep and lambs but the carriage rate was low isolated from local sheep and lambs but the carriage rate was low 
(0.6% and 6.5%, respectively, of 371 samples) suggesting they are (0.6% and 6.5%, respectively, of 371 samples) suggesting they are 

1717unlikely to be a major source of human infections.unlikely to be a major source of human infections.1717

2.2. In contrast, 56% of samples In contrast, 56% of samples 
from <7from <7--dayday--old calves old calves 
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contained contained C. difficileC. difficile; the ; the 
prevalence decreased with prevalence decreased with 
increasing age.increasing age.1818
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3.3. The animal The animal C. difficile C. difficile strains strains 
isolated did not include the isolated did not include the 
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isolated did not include the isolated did not include the 
dominant livestock strain in dominant livestock strain in 
the Northern hemisphere the Northern hemisphere 
(RT 078) but did include strain(RT 078) but did include strain(RT 078) but did include strain(RT 078) but did include strain
types associated with human types associated with human 
infection.infection.1818

Disease surveillance is important in identifying increases in disease occurrence which Disease surveillance is important in identifying increases in disease occurrence which 
might suggest: 1) circulation of particularly harmful bacterial strains, 2) a more might suggest: 1) circulation of particularly harmful bacterial strains, 2) a more 

susceptible population, or 3) an increase in exposure to the organism. There has been susceptible population, or 3) an increase in exposure to the organism. There has been susceptible population, or 3) an increase in exposure to the organism. There has been susceptible population, or 3) an increase in exposure to the organism. There has been 
a significant increase in the rate of CDI in Western Australia which is also occurring a significant increase in the rate of CDI in Western Australia which is also occurring 
AustraliaAustralia--wide. Particular strain types have emerged, the susceptible population is wide. Particular strain types have emerged, the susceptible population is 

increasing as the population ages and sicker people are being hospitalised in place of increasing as the population ages and sicker people are being hospitalised in place of increasing as the population ages and sicker people are being hospitalised in place of increasing as the population ages and sicker people are being hospitalised in place of 
those who can be treated in the home, and communitythose who can be treated in the home, and community--acquired CDI appears to be acquired CDI appears to be 

increasing suggesting more exposure to the organism. A potential source of human CDI increasing suggesting more exposure to the organism. A potential source of human CDI 
is livestock since similar strain types are being found but there remains a lack of is livestock since similar strain types are being found but there remains a lack of is livestock since similar strain types are being found but there remains a lack of is livestock since similar strain types are being found but there remains a lack of 

evidence of direct or indirect transmission between animals and humans.evidence of direct or indirect transmission between animals and humans.


