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The "miracle” of antibiotics Doherty

e Discovery of penicillin by Sir Alexander Fleming and its subsequent
development by Florey & Chain revolutionised treatment of infectious

disease
» Life expectancy has 1 due to ability to treat infection
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Antibiotics save lives every day... ey

= Ability to control infection is critical to other advances in
medicine

— Neonatal care

— Transplantation

— Chemotherapy for malignancy
— Immunosuppression

— Safe surgery
— Safe obstetric care
— Intensive care interventions



Penicillin, 1944:
a new drug that saved lives




Emergence of antibiotic resistance ey
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Emergence of antibiotic resistance ‘g O
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Antimicrobial resistance
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= One of the greatest public health

threats of modern times

= Increasingly difficult to treat

many common infections

ANTIBIOTIC BESISTHI[:E mnms {
inthe lllllll'.'d States 2013
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Threatens the effective prevention and treatment of a wide range of
infections caused by bacteria, parasites, viruses, fungi

= Higher morbidity, mortality, healthcare costs

= Serious threat to global public health

fu}“ World Health

&SP Organization



Impact of resistance

Increased morbidity/ mortality
— Evidence across many pathogens
Untreatable infections
— Now being encountered
Increased costs
— $18-29,000 US/patient
— Excess length of stay

* 6.4—12.7 days/patient
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Antibiotic Resistance is a Global Issue ‘wRos

ANTIMICROBIAL
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WHO'’s first global report on antibiotic resistance
reveals serious, worldwide threat to public health

New WHO report provides the most comprehensive picture of antibiotic
resistance to date, with data from 114 countries

' nNTIBIllT H BIESIS'I‘IINGE THHEATS
inthe Ilmwtl Stales 2013
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CDC Threat Levels
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Real people are affected
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Patient Stories
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Many patients and their families have suffered the debilitating effects of antibiotic-resistant infections. Indeed, many patients have lost their lives due to these
infections. The compelling and heart-wrenching staries below engender a strong sense of urgency to address drug-resistant infections and the lack of new antibiatic

development. If you would like to share your story. please contact Diana Olson.

Ricky Lannetti

A healthy 21-year old football player at
Lycoming College in Williamsport,

Pennsylvania who contracted MRSA and did
not survive the infection.

TAKE ACTION!

What can you do to help? Urge
Congress to pass legislation to spur
research and development of new
antibiotics. as part of the Prescription
Drug User Fee Act (FDUFA)
reauthorization bill. Send an email to

- - your congressional representatives
RICKY LANNETTI today.

See All Patient Stories

Addie Rerecich

A healthy 11-year-old girl from Tucson, Ariz_, who
spent months in the hospital fighting several
antibiotic-resistant infections and needed a lung
transplant ta save her life

Josh Nahum
A 27-year-old skydiving instructor in Colerado who

died fram an antibiotic-resistant Enterabacter
aeragenes infection

Brock Wade

David Ricci

A 19-year-old from the Seattle area battles several
NDM-1 positive antibiotic-resistant infections as he
recovers from a train accident that cost him his
right leg

Carlos Don
A healthy 12-year old athlete from Southern

Califarnia wha died of pneumonia caused by an
MRSA infection

Tom Dukes




Antibiotics are a limited resource "y Roherty

= We have.....
— Growing rates of resistance
— Inappropriate use
— Decreasing pipeline of new antibiotics

U - -
s Declining FDA
2 approvals of new
. antibiotics in
(o] -
v United States?
a
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The link between antibiotic resistance and antibiotic use 4 Doherty

Countries with high penicillin consumption also have high rates of
penicillin resistance in pneumococci

Occurrence of penicillin-
nonsusceptible Streptococcus
pneumoniae (PNSP) versus
outpatient use of penicillins in
17 European countries.
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Antimicrobial resistance in Australia

Transmission in Use and misuse
community and of antibiotics
healthcare
settings

y N

Globalisation

Antimicrobial resistance
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L J

Antibiotics
routinely given to
farm animals kill
susceptible bacteria,
but resistant
bacteria survive in
the animals and can
be transmitted...

to the general
population, in
whom antibiotic-
resistant infections
may develop

Source: GAO Report Antibiotic Resistance, 2011
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One Health Issue
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Superbugs in food: a severe public health concern

Extended-Spectrum B-Lactamase
Genes of Escherichia coliin Chicken
Meat and Humans, the Netherlands

Max Hock, Paul i Grauls, Kim van der Zwaluw, Xander Huijsdens,
and Jan Kluytmans

Emerging Infecious Disoasas « www.cac.govald - Vil 17, No. 7, July 2011
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Monaco et al. BMC infectious D¥seases 2013, IJ..)“sH
httpaifvwes Biomedcentral com' 147 1-233471 37258 BMC
Infectious Diseases
RESEARCH ARTICLE Open Access

Livestock-associated methicillin-resistant
Staphylococcus aureus responsible for human
colonization and infection in an area of Italy with
high density of pig farming

Manica Monaco'”, Palming Pedioni®, Andrea Sanchini’™**, Annalisa Bonamini®, Annamaria Indelicaro”
and Annalisa Partost’

Dissemination of NDM-1 positive bacteria in the New Delhi 2@
environment and its implications for human health: an
environmental point prevalence study

Timothy R Walth, Janis Weeks, David M Livermare, Mark A Toleman

171 environment swabs
-51/171 (29.8%) NDM-1+

50 potable water samples
- 2/50 (4%) NDM-1+



Resistance in Australia gains public attention...’s
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Australia running out of time to combat the rise of the superbugs
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Surgery could soon become deadly

Julia Medew
Health Exitor

Suporbugs _could soon make

cleaning of hospitals and more
testing of animals and food.
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Antibiotic use in Australia is high
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Antibiotic usage varies between hospitals Donerty

Even within a country — huge inter-hospital variation in antibiotic consumption
e.g. Meropenem use — 10-fold variation across 52 Australian hospitals

O meropenem O ertapenem E doripenem H imipenem with cilastatin
g 70
o
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What Iis inappropriate use ? Eob ek

Unnecessary prescription of antibiotics, (viral infections or for prolonged
prophylaxis)

Using broad-spectrum antibiotics when narrow-spectrum antibiotics are effective
Wrong dose

Continuing treatment for longer than necessary

Not prescribing according to microbiology results

Omitting or delaying administration of doses

Prescribing intravenous therapy when oral therapy is known to be effective and
clinically safe

Not taking antibiotics as prescribed



What Can be donE?? Institute

ian Government
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Australian Response w9 Doherty

Objective One
Increase awareness and understanding of antimicrobial resistance, its implications and actions to combat it,
through effective communication, education, and training

Objective Two
Implement effective antimicrobial stewardship practices acvoss human health and animal care settings to
ensure the appropriate and judicious prescribing, dispensing and administering of antimicrobials

Objective Three

Develop nationally coordinated One Health surveillance of antimicrobial vesistance and antimicrobial usage

Objective Four
TIinprove infection prevention and control measures across human health and animal care settings to help
prevent infections and the spread of resistance

Objective Five
Agree a national research agenda and promote investment in the discovery and development of new products
and approaches to prevent, detect and contain antimicrobial resistance

Objective Six
Strengthen international partnerships and collaboration on regional and global efforts to respond to
antimicrobial resistance

Objective Seven
Establish and support clear governance arrangements at the local, jurisdictional, national and international
levels to ensure leadership, engagement and accountability for actions to combat antimicrobial resistance



Addressing Antibiotic Resistance in Australia — “One Health” ks

* |[nvolves cooperation between human health
professionals, veterinarians, farmers, policy makers from
health and agriculture and other related experts to
develop strategies to contain antibiotic resistance

= National work has commenced to progress a “One
Health” approach in Australia, through an Antimicrobial
Resistance Prevention & Containment Strategy.



Addressing Antibiotic Resistance in Hospitals {\> Donerty

» Infection prevention and control
— Hand hygiene
— Standard and transmission based precautions
— Environmental cleaning
— Aseptic technique
— Workforce immunisation
= Antimicrobial stewardship



Antimicrobial stewardship (AMS) P Daherty

= Aim is to optimise use of antibiotics taking into account:
— Evidence of efficacy
— Toxicity
— Ecologic harm (effect on resistance)

= Requires team work at all levels:

— Executive and clinical leadership
— Prescribers, clinicians, pharmacists

Essential elements: treatment guidelines, formulary with
restrictions, selective susceptibility reporting of isolates, effective
audit and feedback to prescribers




NSQHS Standards, Standard 3: Antimicrobial Stewardship Criterion

Actions required:

3.14.1 An AMS program is in place

3.14.2 The clinical workforce prescribing
antimicrobials have access to endorsed
Therapeutic Guidelines on antibiotic usage

3.14.3 Monitoring of antimicrobial usage and
resistance is undertaken

3.14.4 Action is taken to improve the
effectiveness of AMS




AMR pathogens in Australia

Pathogen Seen in Australia?

MDR and XDR TB v
3GC-resistant S. pneumoniae |/
3GC-resistant N. gonorrhoeae A couple
Hypervirulent C. difficile v
Vancomycin-resistant enterococci v
Carbapenemase producing GNs v
Community-MRSA v

3GC-resistant Salmonella v
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Major Problems in Australia - VRE

Australian Group on

Antimicrobial Resistance (AGAR)
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N Doherty

Major Problems in Australia — “The Red Plague” institute

» Refers to emerging resistance in
Gram negative organisms (E. coli,
Klebsiella spp.)

= Cause common infections e.g. UTI
IN community

= High rates of resistance in Asia-
Pacific region
= Some strains pan-drug resistant

Gram-negative
resistance

A new "Red Plague"?
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Resistance mechanisms in gram negative bacteria ¥

Antibiotic Gram-Negative Bacterium °,
0 2 e
Loss of porins B-lactamases in periplasmic space : Overexpression of
carbapenems (imipenem) B-lactams (including carbapenems o transmembrane efflux pump
o

B-lactams (meropenem), quinolones,

for some B-lactamases) ! ]
Shard s ., aminoglycosides, tetracycline antibiotics
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polymyxin antibiotic class Protein Lipopoly.saccha ride
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Peleg AY, Hooper DC. N Engl J Med 2010;362:1804-1813.
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Case Study

Emergence of KPC
K. pneumoniae in Victoria
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GARBAPENEM-RESISTANT Nerth Carolina, Israel, 2004  Canada, 2008 ’
» ENTEROBACTERIACEAE usA 196: India, 2006 Institute
- - | Novel bota- China, 2004 Spain, 2009
E - lactamase ! pan,
=~ ﬂ,ﬂﬂﬂ oy KPC-1 Poland, 2008
; 4 Italy, 2008
900 F_?_ 1,400 UK, 2003 Greece, 2007
(CRE HAVE BECOME RESISTANT TO AL A\ France, 2005 Australia, 2010
O NEARLY ALL AVAILABLE ANTIBIOTICS £
T . 4 t t t '
1995 2000 2005 2010 2015
Poland 2008
RN Finland and Sweden Five fgioi‘al
S 2009 outbreaks
Sporadic or imported

UK 2003 =
Localised to
northwest England

Hungary 2008
Sporadic

Greece 2007 P

KPC-2 endemic

Ireland 2009
KPC-2 sporadic

Canada 2008

KPC-3 imported France 2005

KPC-2 sporadic

Portugal
No clinical
USA 1996 o cinied cases China2004
KPC-2 and KPC-3 N % KPC-2 and KPC-3
Spain 2009 endemic

endemic in some states .
KPC-2 sporadic
Israel 2005

Endemic

Italy 2008
KPC-2 and KPC-3
endemic

Colombia 2005
KPC-2 and KPC-3
endemic

India 2002
Sporadic cases
reported ° Australia and
New Zealand
Imported

Brazil 2006 Bl KPC endemic and predominant
KPC-2 endemic [3 KPC scattered and predominant %
® KPCrecorded, but not widespread O j
Argentina 2006 ® KPC recorded, but only from environmental source's
KPC-2 endemic [ Other carbapenemase types scattered and predominant over KPC

I Other carbapenemase types endemic and predominant over KPC

Munoz-Price et al, Lancet Infect Dis 2013



— (CPE) referred to MDU PHL, Victoria —

Number

18
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10

Carbapenemase-producing Enterobacteriaceae
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Antibiogram & Doherty
ampicitin INANNANANNRRNRNRRNRRNARE RN RRAR RN RNARNARN AR RNARRARRNAAA
AmoxicitinClavutanic acid |INNINANARNANNRNRRNRNARNRNRRNRRRRNR R RN RN AR AR RRRAY
TicarcitiniClavutanic acid NNNINANANNNARNRNNRNRRNRNARNRNARNRRRRNRRRRRRRRRRRRARRRAY
PiperacillinTazobactarm |NNNNNNNARNANNRNRNNRNRRNRNNRNRRRRNRRNRNARNRRRRRRRNRRRRNRARY
cephazotin JNNRNANNRNRENRNNRNRRNRNRRNRNRRNRRRRNRRRRAR AR RRRARARAATY

ceftriaxone INNINANNNNARNRNRNRRNRNRRRRRARNRRRRNRRRRRARRRRRNRRRRARRANY

Cettaziaime |NRNNNNRNRNNRNRRNRNNRNRN NRRNRRARNRRRRAARRRRRNRRREARAREED

cerepime | INNINNNARNRNNRYERRN RN NNV RERARERR N A RNAR AR

meropenem |NNNNANNRNRENRNRRNRRRNRRRRRRRRRARRRRRRRRRRRRRRRRREARY

Gentamicin JNNINNINNNRNRNRNCRNA RN RN RNRRN RN RN RN RN

Tobramycin |NNNNANNRNRNNRNARNRNRRNRNRRRRRRARNRRARRRRRRARNAHRRNRANY

amikacin |ANNENANNRNARNRRNRRNRNARRN R AR NARNARNRRNARAR AR

Norfioxacin INANNNRRNANNRNRRNRNRRNRRRRNRRRRRRRNRRRRNA RN RRRARREAANY

Ciprofioxacin INNNINNNARNRNRNARNRNRRRRRRNRRRRNRRRRRARNRRRRR R HANE

Trimethoprim |NNNNNANNNNN AR AR RN AR
TrimethoprimiSulfamethoxazote |1 INNNNNNRNNNNANNRNARNRNNR RN RNCNRARRNARCCCRNRTRRNRNNRNE
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Specimens

* n=061episodes
C e 57 patients
e Mostly admitted or ED
e 21 healthcare institutions

Patient Demographics

e 54% male
 Median age =73 (20-94)

Comorbidities

* 60% kidney disease
e 40% immunocompromised

20 SNPs
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Travel since 1996

39% patients

Most clusters

All non-clustered isolates
No patients in Cluster A
Italy & Greece
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L

€9 VA, USA 2008
® Greece 2010
Greece 2007

® Finland 2009
Denmark 2009

Denmark 2009
Greece 2008
Italy 2009

Italy 2009
Finland 2009
Greece 2011
Canada 2009

@ Victoria, Australia 2015
@ Victoria, Australia 2014
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Victoria, Australia 2014
Victoria, Australia 2014

Greece 2009

® Victoria, Australia 2015

@ Victoria, Australia 2014
Italy 2011

@ Italy 2011
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Victoria, Australia 2012

® Sydney, Australia 2010

@® Victoria, Australia 2014
Victoria, Australia 2013
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Very similar Initial Secondary
by WGS transmission transmission

B First isolation of KPC-2 producing organism



blaOXA-9
blaTEM-1A

pCFKPC
107251 bp

30 kbp

60 kbp 50 kip

Klebsiella pneumoniae
® Cluster A

© Cluster B

® ClusterC

® Cluster D

@ Non-clustered

Other species
® Citrobacter farmeri
Klebsiella oxytoca
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= Combination of genomic and epidemiologic
investigation defined transmission networks

= Multiple introductions of clones from Greece/Italy
— Subsequent local transmission
— Majority are CC258 K. pneumoniae
— KPC-2 carriage on an IncFll-type plasmid

= Ongoing surveillance is required, given the
reservoir of undetected colonisation



State-wide response

= |nclusion of genomics in

Victorian guideline on

carbapenemase producing outbreak definition:

Enterobacteriaceae

For health services
December 2015

“2 or more confirmed cases
of genetically closely related
CPE that are compatible with
local transmission and with a
plausible epidemiological
link, without an alternative
explanation”
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Susceptible isolates
— (1999-2009)

(1992-1998)

blaCTX-M-9
(2012-2015)

@ cTXsusceptible
@ c1Xresistant

E Resistant isolates

20 SNPs
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® Human
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Summary and main themes

" |ncrease awareness
=  |Implement effective antimicrobial stewardship across human and animal health

= Develop nationally coordinated surveillance of antimicrobial resistance and

usage across human and animal populations
= |mprove infection prevention and control
= Agree a national research agenda
= Strengthen international partnerships and collaboration

= Establish and support clear governance and accountability



Thank you and questions
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