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Tedesco et al. (1974) describe clindamycin colitis

History

“serious colitis” following administration of clinda-
mycin is in the range of one in 50,000 to one in
100,000. This information is in striking contrast
with a prospective study? of 200 patients in hos-

pitals who were given clindamycin for various
reasons. In that study, diarrhea (21 percent) and
pseudomembranous colitis (10 percent) were fre-
quently found. Since all symptoms disappeared on
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-u”‘” Historical background

Clostridium difficile — an Largely ignored until 2000s
anaerobic Gram +ve Bit of diarrhoea in the elderly
bacillus Not too many people died!

specific anti-anaerobe
drugs developed in 70s,
e.g. clindamycin

clindamycin-associated
diarrhoea became a real
problem in some hospitals
in the USA

outbreaks of
pseudomembranous colitis

cause elucidated in 1978




M
l“” C. difficile infection

Most common cause of
Infectious diarrhoea In
hospital patients

2 major virulence factors:
toxin A (an enterotoxin)

toxin B (a cytotoxin)
3'd “binary” toxin

Bartlett, JG, Clin Infect Dis 1994,18:5265-72



.|I”H| Toxin A & toxin B

Large structurally and functionally related proteins phenotypes

Genes are contained on a 19.6-kB Pathogenicity
Locus (PalLoc) which is absent in non-toxigenic
strains

Majority of pathogenic strains produce both toxins
which affect actin cytoskeleton

Polymorphisms in the PalLoc can affect toxin
production - toxin A-negative, toxin B-positive strains
positive holin-like negative

toxin B : toxin A
regulator protein regulator



Binary toxin

Additional toxin produce by 2-5% of isolates

Consists of two component proteins, the genes for which
are contained within the CDT locus on the chromosome

Actin-specific ADP-ribosyltransferase

Unknown significance in disease, but associated with
Increased severity of diarrhoea

Binding Component Enzymatic Component




II”“” Cytopathic effects

Infect Immun 2001; 69:5487-93

Cellular Morphology
Cell-rounding
Detachment from extracellular matrix BRI e

e RRA $B7 2 SR
T M

Cellular Processes
Activation of caspases — apoptosis
Decrease In integrity of tight-cell junctions

Inflammatory response
Release of cytokines & chemokines
Production of reactive oxygen intermediates




Histological effects

Massive
Inflammatory
response

Recruitment of
polymorphonuclear
neutrophils to area ik i
Increase In E«i ‘\tm\a j
epithelial
permeabillity

Kelly et al. N Engl J Med 1994;330:257-262.




I|||
“” Risk factors for getting C.difficile ?

Exposure to the
organism — how much?

Exposure to antibiotics
— clindamycin, then
cephalosporins, now
fluoroquinolones

Maybe others now?







.||” ”
‘ || Effect of antibiotics on normal flora

No antibiotic Antibiotic No antibiotic No antibiotic

Normal flora Normal flora

Flora disrupted Flora disrupted

No CDI risk C. difficile that is C. difficile that is No CDlI risk
resistant to the resistant to the
antibiotic has a antibiotic has
selective advantage no advantage

Rupnik et al. Nat Rev Microbiol 2009;7:526-36
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A Predominantly Clonal Multi-Institutional
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Investigation into outbreaks of
Clostridium difficile at Stoke Mandeville
Hospital, Buckinghamshire Hospitals
NHS Trust

July 2006

Healthcare .)
Commission

http://www.healthcarecommission.org.uk/_db/ documents/Stoke Mandeville.pdf



Dally Mall, Saturday, September 1, 2007

Superbug
kills war
hero who
survived
three years
as a Pow

By Luke Salkeld

THE family of a distinguished war veteran
have criticised the hospital where he was

infected by a Killer bug.

Major Sam Weller - who survived three years as
a prisoner of war - died after catching Clostridium
Difficile following an operation on his hip. Yesterday,

his relatives said he had
been let down by the coun-
try he fought for.

Major Weller, 88, had surgery
at Gloucestershire Royal Hos-
pital but he developed aninfec-
tion and was given & course of
antiblotics.

Weeks later he died and an
{nquest was told the medicine
had left him more vulnerable
to catehing the superbug.

Yesterday, his family criti-
cised the hospital treatment
he received and standards of

2,247

)

ALMOST 56,000 vuinera-

ble and elderly patients
have been Infected with C. Diff
in the past year.

Between January and March
alone, 15,592 caught the bug -
an astonishing 22 per cent rise
on the previous three months.

C.Diff, which Is spread by
dirty hands and bedding, Is a
bigger killer than MRSA. It
claimed 2,247 lives In 2005 - a
69 per cent rise on the previ-
ous year.

It exists naturally In the

stomachs of many healthy
adults, where It Is kept
under control by ‘friendly’
bacteria.

Problems start if the balance
of bacteria iIs disturbed,
perhaps as a result of taking
antibiotics for another
Infection.

Once the ‘friendly’ bacteria
are Killed off, the C. Diff is able
to multiply and produce the
toxins which cause diarrhoea
and, in the worst cases, a fatal
infection of the abdomen.

<3

Page 37

Fearless officer: Major Sam Weller, left, who was decorated for his bravery, is pictured with his brother Tony in 1947



C. difficile PCR ribotype 027

More severe disease
Produces more toxins A and B
Produces binary toxin
~luoroquinolone resistant

Epidemic spread across North America and
UK/Europe from early 2000s

Numbers dropping in UK/Europe
Still major issue in USA
Three clusters in Australia since 2009
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Il“” England distribution of PCR ribotypes
2005/6 to 2007/8 as percentages

271

261
251 30 4
51 (027
241
20
% 106
10
221
; 001
21 )
Type 106 A Type 001 Others* Type 027 Type 106 Type 001 Others
2005-6 (n=881) 2007-8* (n=677)

* Brazier et al. Eurosurveiflance Vol.13:4. October 2008



or region, among adults hospitalized in Canadian Nosocomial Infection Surveillance Program hos-

|||”
H||| Table 1. Reported rates of health care-associated Clostridium difficile infection (CDI), by province
pitals (n = 1430),

Mo, of Mo, of
Mo, of Mo, of CAses per CASES per
cases of  hospital 1000 hospital Mo, of 100,000

Hospital location COI admissions  admissions  patientdays  patient-days
British Columbia 128 42197 3.0 279911 48
Alberta 163 75,728 2.0 372 9650 41
Saskatchewan and Manitoba 87 26214 2.7 184,163 36
Ontano aali] 112 658 B9 824 5h3 81
Cuebec 282 21,964 12.8 217 507
Atlantic Canada 134 30,270 4.4 333,137 40
Total 1430 a0g 031 46 2212332 65

Study done 04/05.

Similar overall rate as earlier study but attributable mortality increased about 4 fold
Gravel et al. Clin Infect Dis 2009; 48: 568-76.




‘ ||| Rates in England 2008-11

b. —+=—Trust apportioned reports (per 100,000 bed-days)

40.0
Rate of 30.0

C. difficile
Infection 9
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0.0
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Comparison of the Burdens of Hospital-
Onset, Healthcare Facility—Associated
Clostridium difficile Infection and of
Healthcare-Associated Infection due to
Methicillin-Resistant Staphylococcus
aureus in Community Hospitals

Becky A. Miller, MD;" Luke F. Chen, MD, MPH;'
Daniel J. Sexton, MD;! Deverick J. Anderson, MD, MPH'

We sought to determine the burden of nosocomial Clostridium dif-
ficile infection in comparison to other healthcare-associated infec-
tions (HAls) in community hospitals participating in an infection
control network. Our data suggest that C. difficile has replaced MRSA
as the most common etiology of HAI in community hospitals in
the southeastern United States.

Infect Control Hosp Epidemiol 2011;32(4):387-390
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“” CDI in Australia

Not a notifiable infection

But mandatory reporting by hospitals
since 2010

Reporting of “hospital identified” cases of
CDI




Fig.2 Incidence of Clostridium difficile-associated diarrhoea at SCGH
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diarrhoea: epidemiological data from Western Australia. Epidemiol. Infect. 113: 13-20.




Cephalosporin use SCGH, 1983-92
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fluoroquinolone

fluoroquinolone
rifampicin
rifampicin
fusidic acid
fusidic acid

He et al. Nature Genetics 2012 (in press)



H||| He et al. Nature Genetics 2012 (in press)
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Ribotype State/Territory* No. (%) Australia
NSW Qld WA YA Tas/ACT | No. (%)
014/020 | 39(25) | 13(17) | 15 (26) 6 (26) 5 (25) 78 (24)
002 24 (16) 6 (8) 5(9) 2 (9) 37 (11)
112 ¥E) 5 (7) 11 (19) 21 (6)
010 6 (4) 6 (2)
027 3(2) 3(1)
001 1(1) 2 (3) 3(1)
012 1(1) 2 (3) 3(1)
078 2 (1) 2 (<1)
005 1(2) 1 (<1)
026 1 (<1) 1 (<1)
Other 74 (48) | 50(66) | 22 (40) | 14(61) | 15(75) | 175 (53)
UTR# 1 (4) 1 (<1)
Totals 154 (47) | 76 (23) | 58 (18) 23 (7) 20 (6) 330

ACSQH snap-shot October-November 2010
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9.0 -

8.0 -

7.0 -

6.0 -

Aggregate Clostridium difficile Infection Rates

Comparator

2.0 A

1.0 1

0.0

Western Australia

2010

2011

Quarter, Year

- Oyerall Rate

—&— Tertiary Rate

—e— Metro Non-Tertiary Rate —a— WACHS Rate

—e— Private Rate




CDI CASES 2010 - 2012

2012

2011

2010




Reasons for increase

Changes In test numbers
Some evidence of this
Greater awareness

Changes In testing methods
Yes — when and what impact?

If a real increase then why?

Healthcare associated vs community-
associated




The Epidemiology of Community-Acquired Clostridium
difficile Infection: A Population-Based Study

Sahil Khanna, MBBS!, Darrell S. Pardi, MD, MS, FACG!, Scoftt L. Aronson, MD!2, Patricia P. Kammer, CCRP!, Robert Orenstein, DO3,
Jennifer L. St Sauver, PhD#, W. Scott Harmsen, MS® and Alan R. Zinsmeister, PhD*

Study highlights
What is current knowledge?

o  Clostridium difficile infection 1s increasing worldwide with hospitalization and
antibiotic exposure as the most common risk factors.

* The epidemiology and characteristics of commumity-acquired Clostridium
difficile infection are not well defined.

What is new here?

* A major proportion of Clostridium difficile infection patients 1s community-
acquired.

» These patients are younger, often lack traditional risk factors, and have less
severe disease than patients with hospital-acquired infection.

Am J Gastroenterol. 2012 January ; 107(1): 89-95. do1:10.1038/a3g.2011.398.



This is not new!

Very much under-diagnosed for years

C. difficile Is ubiquitous

Many sources in the community

All animals get colonised at birth incl. humans

But — generally requires exposure to an
Infectious dose AND prior gut insult

Risk factors need further investigation

Community acquired CDI




re of antibiotics
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Antimicrobial therapy

Figure 1. Comparative antibiotic  usage in  randomly
community-associated CDI cases and controls. *P << 0.05;
#HE P < (0.001.

Contact with infants <2 years old significantly associated with CDI

Wilcox et al. J Antimicrob Chemother 2008; 62: 388-396.



CDI CASES IDENTIFIED AT METRO NON-TERTIARY HOSPITALS 2010-2011
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HA-CDI - MNT HOSPITALS - PATIENT DEMOGRAPHICS
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Clostridium difficile infection rates - South Australia

Total hospital identified onset >2 days post admission
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I
“” C. difficile PCR ribotype 244

More severe disease — attributable mortality
30% (Dr Rhonda Stuart)

Currently community acquired

Produces more toxins A and B

Produces binary toxin

—luoroquinolone susceptible

Putative 027 with GeneXpert

Sept-Oct 2010 ACSQHC snapshot — one isolate
Now 39 most common ribotype in Australia ~5%




Valiente et al. J Med Microbiol 2012
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“” "MDU - 064" - Victoria

® Southern Health
Other sites

, ||




Case control study — or rhonda stuart

10 cases — July - December 2011
Mean age 74 years (range 38 — 92)
80% > 65 years
Comorbidities

Diabetes 30%

Malignancy 20%

IHD 50%

No comorbidities 10%
Onset

Community onset = 80%

Community acquired = 40%

20 Controls

Matched to site and time (within 4 weeks) of
isolate




Disease Severity

Creat > 200 or > 50% baseline 6/10 (60) 1/20 (5) 0.002 28 (2 — 306)
Albumin < 25 8/10 (80) 3/17 (18) 170.003| 18 (2 — 136)
Fever > 38 3/10 (30) 5/20 (25) NS

WCC > 15 4/10 (40) 4/20 (20) NS

i MDU-064 Non-MDU 064 P OR

« Total June — Dec 11 10 246

aIn Hospital Deaths 2 2 0.008 30 (4 — 244)

S SR —— —

Severe disease (Zar) 8/10 (80) 7/20 (35) 7(1-84)
Treatment

Vancomycin 8/10 (80) 2/20 (10) [<0.00] 36 (3 — 495)
Qutcome

Response 7/10 (70) 18/20 (90) NS

Death within 30 days 4/10 (40) 0/20 (0) 0.007

Attributable mortality 3/10 (30) 0/13 (0) 0.029




— Sir Charles Gairdner Hospital ~ 038ep2011 ~ AC_WA_427 ~ C00009427
——— Manning Rural Referral Hospital ~ 28Sep2011 ~ AC_ES_477 ~ C00009433
— Fremantle Hospital ~ 290ct2011 ~ AC_WA_547 ~ C00009429
Southern Health - Hospital unknown -~ 03Jul2005 ~ AC_ES 566 ~ C00009430
ﬂemanlle Hospital ~ 30Aug2011 ~ AC_WA_411 ~ C00009426
Southern Health - Hospital unknown ~ 03Jul2005 ~ AC_ES_565 ~ C00009431
- I
Southern Health - Victoria ~ unknown_date ~ AC_MDU_064c ~ C00009438
John Hunter Hospital ~ 040ct2011 ~ AC_ES_497 ~ C00009435
“— Unknown GP clinic - WA ~ 218ep2011 ~ AC_WA_456 ~ C00009428
Southern Health - Victoria ~ unknown_date ~ AC_MDU_064d - C00009439
‘{ Austin Hospital ~ 18Jan2012 ~ AC_ES_545 ~ C00009425
Mona Vale Hospital ~ 290ct2011 ~ AC_ES_498 ~ C00009424
Southern Health - Victoria ~ unknown_date ~ AC_MDU_064e ~ C00009432

Southern Health - Victoria ~ unknown_date ~ AC_MDU_064b ~ CO0009437

Southern Health - Victoria ~ unknown_date ~ AC_MDU_064a ~ C00009436

—— Prince of Wales Hospital ~ unknown_date ~ AC_ES_482 ~ C00009434

’7 CDRN London ~ CO0009695
Acetlion Trial USA ~ C00009691

Oxford GP ~ 27Feb2009 ~ 1802b ~



EDITORIALS

Thomas V Riley

, je I e - ] | | - 1 ' | . o e = . - L& . 1 1 "
Australia can benefit from lessons learned in the epidemic of C. difficile infection in Europe and North America

MJA « Volume 190 Number 12 « 15 June 2009

Every effort should be made to stop
epidemic C. difficile from becoming established in our production
animals. Unfortunately, the mere perception of C. difficile infection as
a toodborne disease will damage the industry

However, i cephalosporin
use is driving C. difficile infection in animals overseas, then addi-
tional efforts to target cephalosporin use in veterinary medicine may
be needed in Australia







Table. Source and characteristics of Clostridium difficile isolates obtained from retail meats sold in Tuscon, Arizona, USA, 2007*

Meat product No. samples Total no. (%) Ribotype Toxinotype AtedC,bpt  PFGEtype  No. (%) pos
cultured positive

Ground beef (uncooked) 26 13 (50) 027 Il 18 NAP1 1(3.8)

NAP1-related 2(7.7)

078 V 39 NAP7 8 (30.8)

NAP8 2(7.7)

Summer sausage (ready to eat) 1 1(14.3) 027 1l 18 NAP1 1(14.3)

Ground pork (uncooked) 7 3(42.9) 027 Il 18 NAP1-related 1(14.3)

078 V 39 NAP7 2 (28.6)

Braunschweiger (ready to eat) 16 10 (62.5) 027 1l 18 NAP1 2 (12.9)

NAP1-related 1(6.2)

078 V 39 NAP7 7(43.8)

Chorizo (uncooked) 10 3(30.0) 027 1l 18 NAP1-related 1(10.0)

078 V 39 NAP7 2(20.0)

Pork sausage (uncooked) 13 3(23.1) 027 Il 18 NAP1-related 1(7.7)

078 V 39 NAP7 2(15.4)

Ground turkey (uncooked) 9 4 (44.4) 078 V 39 NAP7 4 (44 4)

Totals 88 37 (42.0) 027 Il 18 NAP1 4 (4.4)

NAP1-related 6 (6.7)

078 V 39 NAP7 25(27.8

NAP8 2(2.2)

*All samples were positive for cdtB, which encodes the binding component of binary toxin. PFGE, pulsed-field gel electrophoresis.
tDeletions in tedC regulatory gene.

Songer et al. Emerg Infect Dis 2009; 15: 819-821




I I I | ‘ ‘ ‘ | W Marsh et all / Angerobe 17 (2011) 156—160
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NAP1/NAP1-related

Molecular and epidemiolozic information of selected study C difficile isolates.

Cluster Mo. Source Location CDR4 CDRS CDRG CDRS CDR48 CDR49 CDREO tedC PFGE
A 1 Human M 18 3 20 15 g 12 10 1 MAPT
2 Braunschweiger AZ 18 3 20 15 g 12 10 1 MAPT
3 Ground beef AZ 18 3 20 15 g 12 10 1 MAP1
4 Braunschweiger AZ 18 3 20 15 g 12 10 1 MAP1
5 Bovine AZ 18 3 20 15 g 12 10 1 MAP1



'llmu C. difficile in pigs

Early this century outbreaks of CDI
In 5d old piglets in USA - high
mortality (16%)

Since 2000, C. difficile the major &
most common cause of enteritis In
neonatal piglets in USA

Economic losses
Pig ribotype 078

078 now infecting people in Europe
and USA, 39 most common

? Food source or environment




Clostridium difficile infection in Europe: a hospital-based
survey

Martijn P Baver, Daan W Notermans, Birgit H B van Benthem, Jon S Brazier, Mark H Wil cox, Maja Rupnik, Dominique L Monnet, JaapT van Dissel,

Ed | Kuijper, forthe ECDIS Study Group” Lancet 2011; 377: 63-73

Methods We set up a network of 106 laboratories in 34 European countries.

Microbiclogical characteristics
Most frequent PCR-ribotypes of toxigenicisolates
014/020 617388 (16%)
001 37/389 (10%)
078 317389 (2%)
018 23/380 (5%)
106 200328 (5%)
027 19/389 (5%)
18/389 (5%)
17/389 (4%)
14/388 (4%)
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Scouring ®ChromID = Enrichment



Rates of detection of C. difficile in Australian sheep and lambs

Sheep Lambs
\[o} \[o}
Faecal samples positive (% positive (%
positive) positive)
No. tested No. tested

Batch 2 (n=100) 1/53 (1.8%)

0/47

Batch 4 (n=100)

0/58 2142 (4.2%)

*p=0.04



C. difficile in chickens

No C. difficile in chickens — relatively
small sample (~60)

4-5 day old chicks

4 weeks old

At slaughter — 8 weeks




Il“” C. difficile In cattle in Australia

2008/9: adult cattle, 151 carcass washings and 151
gut contents from WA

No C. difficile
2009/10: 280 faecal samples from adults E Australia
5 positives (1.8%)

2012: 360 <7 day old veal calves, several abattoirs
In Vic and Queensland (4% Iin 2-6 month old calves)

56% positive
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1(0.5)

3(1.4)

7 (3.3)
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Toxin gene profile --_

cdtA/cdtB

Age distribution (n)

<7 day old calf (1)

<7 day old calf (3)

<7 day old calf (2)

<7 day old calf (12)

<7 day old calf (2)

Adult cow (1)

<7 day old calf (2)

<7 day old calf (4)

<7 day old calf (1)

<7 day old calf (2)

Adult cow (1)

<7 day old calf (2)

Adult cow (1)

<7 day old calf (1)

Adult cow (1)

Adult cow (1), calf (15)

<7 day old calf (1)

<7 day old calf (3)

<7 day old calf (7)

Abattoir distribution (n)

V5t (1)
V6t (3)

V6t (2)

Q12 © (11), V6t (1)
V6t (1), V6ot (1)
V4t (1)

V6t (2)

V6* (3), V6ot (1)
V6t (1)

V6# (1), V6ot (1)
N25 (1)

V6t (1), V6at (1)
Q59 (1)

Q129 (1)

N1 (1)

Q4 9 (1), V6t (14), V6at (1)
V6* (1)

V6t (3)

V5t (1), V6 (6)



—1 Bakri et al. Clostridium difficile in ready-to-eat salads, Scotland. Emerg
Infect Dis 2009;15: 817-8. (3/40 [7.5%] positive)

1 Metcalf et al. Clostridium difficile in vegetables, Canada. Letts Appl
Microbiol 2010; 51: 600-2. (5/111 [4.5%] positive)

—1 Al Saif and Brazier. The distribution of Clostridium difficile in the
environment of South Wales. J Med Microbiol 1996; 45: 133-7.(7/300
[2.3%] positive)

1 MUSHROOMS!




Our 15t theory

Contaminated Australian meat or
vegetables

Driven by flu season
But can’t find RT 244 in any animals!
Doesn’t account for all the increase

Briony Elliott thinks RT 244 comes from
North America




CDI CASES 2010 - 2012
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2011
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I”“”” Quarterly counts of C. difficile:

comparison of mandatory and
voluntary quarterly reporting

18.000 1 —e— V\oluntary (2-64 years)
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Voluntary (65 years and over)
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Please note that the voluntary C. difficile 2008 data al time of extraction may be under complated.
. difficie voluntary data includes toxin negative reports.
Extraction date 26.01.2004

Courtesy Andrew Pearson




PathWest QEIl 2012 Respiratory Virus Detections
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DIDs/thousand/day

1a: JO1: AUS vs NLD

Generic prescribing indicators
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DUSC data; July 2000 - June 2010, GIF data January - December 2000-2010
Courtesy of John Turnidge




CDI CASES 2010 - 2012
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Stabler R.A. et al. Macro- \ | N
and micro diversity of \ |
Clostridium difficile
isolates from diverse
sources and geographical

locations. PLoS One
2012;7:31559

Branch colouring; black = clade 1, red = clade 2
(inc ST-1/RT027), blue = clade 3 (inc ST-
22/RT023), orange = clade 4 (inc ST-
37/RT017), green = clade 5 (inc ST-11/RTO78).




.n”‘” Ribotype 251

2"d major new RT emerged in Australia
Similar to RT 244

Community acquired, severe disease
Binary toxin positive

Groups with 027 by PFGE

Cluster found in USA along with a cluster
of 244




.||”H| Our 2" theory

Contaminated food imported from North
America

96% of Australian food local
Possibly onions

Exactly the same problem occurring in
NZ with the same food importation
patterns as Australia

But probably endemic local food-borne
disease also




PathWest QEIl Influenza percentage positive 2009 - 2012

50%

40%

30%

20%

Percentage positive

10%

0%

1 3 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51

Week number Box shows when
onions/garlic are imported
from the USA/Mexico
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Animal/human connections

Ribotype 126 ||
Ribotype 127 [ | cattle
Ribotype 033 |
RIbotype 237 - pigs

Ribotype ??7? — horses

Many other new ribotypes from animals:
usually binary toxin positive, that are
starting to appear in humans




Emerging infectious diseases But what is driving the

emergence of C. difficile

in animals?
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Slide kindly provided by Dr Pierre Formenty



Table 1. Production of food animals (including export of live animals) and the production of meat and milk,
Denmark DANMAF 2006
Year Broilers Turkeys a) Cattle Ciairy cows Figs Famed fish
(slaughtered) Fresh water  Salt water
1,000 heads  mill. kg 1,000 heads mil. kg 1,000 heads mil. kg 1,000 heads  mill. kg milk Q000 heads  mill. kg mill. kg mill. kg
1500 04 5G0 116 571 25 T80 214 753 4 543 16,425 1,260 -
159402 107,188 137 761 4 862 23a 72 4 405 18,442 1,442 35 7
1504 116,036 162 1,001 8.6 813 210 700 4442 20,651 1,604 35 7
19096 107,895 149 961 93 789 108 m 4404 20,424 1,502 32 8
1908 126,063 168 1,124 11.6 732 179 659 4 468 22738 1,770 32 7
2000 133,987 181 1,042 103 691 1M 636 4520 22414 1,748 32 [
200 136,603 192 1,038 126 653 169 623 4418 23,195 1,836 3 a
2002 136,350 190 965 1.5 GEE 169 610 4 455 24,203 1,802 32 8
2003 129,861 181 510 T4 625 161 506 4540 24,434 1,808 24 8
2004 130,674 181 55 1.0 632 165 553 4434 26,141 1,965 24 g
2005 120 498 180 158 0.5 h40 145 558 4445 2h 758 1,588 31 a8
e —
2008 105 888 163 32 01 504 140 553 4493 2R 763 1,957
Data from Statistics Denmark (www.dst.dk) and The Danish Directorate for Fisheres
a) From 2002, the export of live turkeys for slaughter increased. By 2004, 95% of all turkeys raised in Denmark were slaughtered abroad. For
turkeys, data on export of live animals is not included in the table

Approx. 50% increase in numbers



Table 4. Trends in the estimated total consumption (kg active compound) of prescribed antimicrobials for

production animals, Denmark DANMAP 2006
ATCygt group b)  Therapeutic group 1990 1992 1954 1996 1998 2000 2001 2002 2003 2004 2005 2006
QJD1AA Tetracyclines 9300a) 22000 36500 12900 12100 24000 28500 24500 27300 29500 30.050 32650
QJO1CE Penicillins, E-lactamase sensitive 5,000 6,700 9400 7200 14,300 15100 16400 17400 19000 20900 22250 22600
(1J01C/AJO1DA  Other penicillins, cephalosporins 1,200 2,500 4400 5800 6700 7300 8,800 9900 11,100 12,800 12300 11,550
QJOIEW Sulfonamides + trimethoprim 3,800 7.900 9500 4800 7,700 7,000 5200 10600 10600 11,500 12200 13,800
QJOMEQ Sulfonamides 8,700 5,900 5600 2,100 1,000 1,000 850 500 850 850 750 750
QJOTFQID1XX  Macrolides, lincosamides, pleuromutilins 10900 12900 11400 7600 7,100 15600 18400 19200 20700 24200 22350 22040
QJO1GIQATDTAA  Aminoglycosides 7,700 8,500 8600 7,100 7800 10400 11600 11,700 11,700 11,600 10,800 10,500

Others c) 6,700 6,800 4,400 600 6h0 300 500 1,600 1,500 1,000 1,950 1,250
Total H3400 73200 89900 48,000 57300 80700 94700 95900 102500 112500 112650 115,150

1990-2000: Data based on reports from the pharmaceutical industry of fotal annual sales. (Data 1990-1994.

Use of antibiotics in the pig production.

Federation of Danish pig producers and slaughterhouses. N. E. Rann (Ed.). 1996-2000: Danish Medicines Agency). Data 2001-2006: VetStat. For
comparability between VetStat data and previous data, see DANMAP 2000. Only veterinary drugs are included. Veterinary drugs almost
exclusively used in pets (tablets, capsules, ointment, eye/ear drops) are excluded. Dermal spray with tetracycline, used in production animals, is the

only fopical drug included
a) Kg active compound rounded fo nearest 50 or 100

b) Only the major contributing ATC _ groups are mentioned

¢) Consumption in aquaculture was not included before 2001
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Figure 4 . Consumption of cephalosporins in pigs given as kg active compound from 2001 to 2006, Denmark




.|IHH| DanMap 2007

DANMAP 2007

“This change in
prescription habits
suggests that the
consumption of
cephalosporins in pigs
is changing from
occasional prescription
to more systematic
prescription in herds 0
producing 14-29% of the 2001 2002 2003 2004 2005 2006
weaned pigs.”
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2rd and 4th generation cephalosporing in pigs and cattle, 2001-2007, Denmark




To summarise the issues

Major new human health problem in Australia (and
NZ) — community CDI

Need to find the source/reservoir

Need to prevent establishment of RTs 244/251 in
hospitals

Now a major animal health problem (pigs/horses)

Gross contamination of the environment OUTSIDE
hospitals - probable contamination of food

CDI is a zoonosis
Will require a One Health approach to resolve
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Globalization of pathogens

* Global travel: people, animals, vectors

* Global trade: animal and their products,
vaccines, medical products, etc.

Amplification of pathogens

e Successful H2H transmission,

e Nosocomial transmission in health care centers
e New introduction from animals

e Urbanization

e Agricultural Intensification

e Technology And Industry

Emergence of pathogens

* Encroachment introduction, “Spill over”
* At-risk behaviour

e Human encroachment, Ex situ contact,
Ecological manipulation

* Translocation of wildlife

Slide courtesy of Dr Pierre Formenty , WHO




— Sir Charles Gairdner Hospital ~ 038ep2011 ~ AC_WA_427 ~ C00009427
——— Manning Rural Referral Hospital ~ 28Sep2011 ~ AC_ES_477 ~ C00009433
— Fremantle Hospital ~ 290ct2011 ~ AC_WA_547 ~ C00009429
Southern Health - Hospital unknown -~ 03Jul2005 ~ AC_ES 566 ~ C00009430
ﬂemanlle Hospital ~ 30Aug2011 ~ AC_WA_411 ~ C00009426
Southern Health - Hospital unknown ~ 03Jul2005 ~ AC_ES_565 ~ C00009431
— CDRN Southampton ~ C00009694
Southern Health - Victoria ~ unknown_date ~ AC_MDU_064c ~ C00009438
John Hunter Hospital ~ 040ct2011 ~ AC_ES_497 ~ C00009435
“— Unknown GP clinic - WA ~ 21Sep2011 ~ AC_WA_ 456 ~ C00009428
Southern Health - Victoria ~ unknown_date ~ AC_MDU_064d - C00009439
‘{ Austin Hospital ~ 18Jan2012 ~ AC_ES_545 ~ C00009425
Mona Vale Hospital ~ 290ct2011 ~ AC_ES_498 ~ C00009424
Southern Health - Victoria ~ unknown_date ~ AC_MDU_064e ~ C00009432

Southern Health - Victoria ~ unknown_date ~ AC_MDU_064b ~ CO0009437

Southern Health - Victoria ~ unknown_date ~ AC_MDU_064a ~ C00009436

—— Prince of Wales Hospital ~ unknown_date ~ AC_ES_482 ~ C00009434

’7 CDRN London ~ CO0009695
Acetlion Trial USA ~ C00009691

Oxford GP ~ 27Feb2009 ~ 1802b ~ C000(



m CDI control strategies

Prevent ingestion of C. difficile
spores from environment

Cleaning hospitals
Vaccinating animals

Prevent development of CDI If
spores are ingested

Antibiotic stewardship
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