
Antimicrobial resistance – A major public health 

threat of our time 

 Prof Benjamin Howden 

Microbiological Diagnostic Unit Public Health Laboratory 

The University of Melbourne 

 



Overview 

 Antibiotic resistance 

 The link between antibiotic use and resistance 

 Antimicrobial stewardship 

 Addressing antibiotic resistance 

 





The “miracle” of antibiotics  

2. Armstrong GL et al, JAMA 1999;281(1):61-66 

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

• Life expectancy has ↑ due to ability to treat infection 

Crude mortality rates for all 
causes, noninfectious 
causes and infectious 
diseases over the period 
1900-1996. 



Antibiotics save lives every day… 

 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 

 





Emergence of antibiotic resistance 

 
“It is not difficult to make microbes resistant to penicillin 
in the laboratory by exposing them to concentrations not 
sufficient to kill them, and the same thing has occasionally 
happened in the body.” Sir Alexander Fleming, 1945 
 
 
 

4. Sir Alexander Fleming, Nobel Lecture, December 1945 



Emergence of antibiotic resistance 

5. Pray LA  Insight Pharma Reports 2008, in Looke D ‘The Real Threat of Antibiotic Resistance’ 2012 



Modified from Clatworthy et al Nat Chem Biol 2007, 3:541-548. 
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Antimicrobial resistance 

 One of the greatest public health 

threats of modern times 

 Increasingly difficult to treat 

many common infections 



Key Points 

 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 
 



 
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  
 

9. Roberts RR et al. Clinical Infectious Diseases 2009; 49:1175-1184 



Antibiotic Resistance is a Global Issue 



CDC Threat Levels 

Urgent Serious 

others 



Real people are affected 
 

8. IDSA ‘Patient stories’ 2013  http://www.idsociety.org/Patient_Stories/ 



Antibiotics are a limited resource 
 We have….. 

– Growing rates of resistance 
– Inappropriate use 
– Decreasing pipeline of new antibiotics 

 

1. Accessed from 
www.idsociety.org, 

Declining FDA 
approvals of new 
antibiotics in 
United States1 

http://www.idsociety.org/


The link between antibiotic resistance and antibiotic use  

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

13. van de Sande-Bruinsma N et al. Emerging Infectious Diseases 2008; 14(11):1722-1730 

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



Antimicrobial resistance in Australia 

Antimicrobial resistance 

Globalisation 

Transmission in 
community and 

healthcare 
settings 

Use and misuse 
of antibiotics 



One Health Issue 

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCPiEoY_s-sgCFUaepgod7uoK-w&url=http://2014hs.igem.org/Team:Lethbridge_Canada/project&psig=AFQjCNGxtmv9saxirj70-O8GvWYdRLeK3g&ust=1446866554637397


One Health Issue 

171 environment swabs 
- 51/171 (29.8%) NDM-1+ 
 
50 potable water samples  
- 2/50 (4%) NDM-1+ 



Resistance in Australia gains public attention… 
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Antibiotic use in Australia is high 



Antibiotic usage varies between hospitals 
Even within a country – huge inter-hospital variation in antibiotic consumption 
e.g. Meropenem use – 10-fold variation across 52 Australian hospitals  
 

14. South Australian Infection Control Service. National Antimicrobial Utilisation Surveillance Program  
(NAUSP) 2012 13 Annual Report   
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Hospital contributor code 

meropenem ertapenem doripenem imipenem with cilastatin

National Antimicrobial 
Utilisation Surveillance 

Program (NAUSP) 
2012-13 annual report14 



What is inappropriate use ? 
 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?? 



Australian Response 



Addressing Antibiotic Resistance in Australia – “One Health”  

 Involves 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 

 Infection prevention and control 
– Hand hygiene 
– Standard and transmission based precautions 
– Environmental cleaning 
– Aseptic technique  
– Workforce immunisation 

 Antimicrobial stewardship 
 



Antimicrobial stewardship (AMS) 

 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 

16. ACSQHC National Safety & Quality Health Service Standards www.safetyandquality.gov.au/our-work/accreditation/nsqhss/ 



AMR pathogens in Australia 
Pathogen Seen in Australia? 

MDR and XDR TB ✔ 

3GC-resistant S. pneumoniae ✔ 

3GC-resistant N. gonorrhoeae A couple 

Hypervirulent C. difficile ✔ 
 

Vancomycin-resistant enterococci ✔ 
 

Community-MRSA ✔ 
 

Carbapenemase producing GNs ✔ 
 

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



Major Problems in Australia – “The Red Plague” 

 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 

7. Looke DF, Gottlieb T, Jones CA, Paterson DL Med J Aust. 2013 Mar 18;198(5):243-4. 



Mechanisms of Resistance in Gram-Negative Bacteria, and the Antibiotics Affected. 

Peleg AY, Hooper DC. N Engl J Med 2010;362:1804-1813. 

Resistance mechanisms in gram negative bacteria 



Emergence of KPC  
K. pneumoniae in Victoria 

Case Study 



Munoz-Price et al, Lancet Infect Dis 2013 



Carbapenemase-producing Enterobacteriaceae 
(CPE) referred to MDU PHL, Victoria 
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Antibiogram 
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C 

Specimens 
• n = 61 episodes 
• 57 patients 
• Mostly admitted or ED 
• 21 healthcare institutions 
 
Patient Demographics 
• 54% male 
• Median age = 73 (20-94) 

 
Comorbidities 
• 60% kidney disease 
• 40% immunocompromised 



A 
D 

B 

C 
Travel since 1996 
• 39% patients 
• Most clusters 
• All non-clustered isolates 
• No patients in Cluster A 
• Italy & Greece 









Very similar 
by WGS 

Initial 
transmission 

Secondary 
transmission 

First isolation of KPC-2 producing organism 





Summary 

 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 IncFII-type plasmid 

 Ongoing surveillance is required, given the 
reservoir of undetected colonisation 

 



State-wide response 

 Inclusion of genomics in 
outbreak definition:  
 
“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” 

 



Salmonella Typhimurium 
         

 
Ceftriaxone 
Resistant 

 

RIP 

RIP RIP 



Resistome 
 



Susceptible isolates 
(1999-2009) 
 
 
 
 
(1992-1998) 

 
 
 
 
 
Resistant isolates 
 blaCTX-M-9 
(2012-2015) 



Isolate source 



Human S 
Human R 
Other S 
Other R 
Bovine S 
Bovine R 



Summary and main themes 

 Increase awareness 

 Implement effective antimicrobial stewardship across human and animal health 

 Develop nationally coordinated surveillance of antimicrobial resistance and 
usage across human and animal populations 

 Improve 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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