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BACKGROUND



The Enterobacteriaceae family: E. coli and K. pneumoniae

1. Asymptomatic colonization of GI tract
2. Community associated infections

• Urinary tract infections (UTI)
• Biliary tract infections
• Neonatal meningitis

3. Healthcare associated infections 
• Surgical site infections
• Various device related infections

– Central lines
– Drains into CSF
– Peritoneal dialysis catheters
– Urinary catheters

• Complicated urinary tract infections
4. Life threatening sepsis in critically ill and 

immune-compromised patients 



β-Lactam antibiotics

• Spectrum of activity: 
– Amoxycillin < 2nd generation cephalosporins < 3rd generation 

cephalosporins < 4th generation cephalosporins < carbapenems
• Non-toxic, well tolerated, bactericidal, proven efficacy



β-lactamases – How they work



β-lactamase genes and mobile genetic elements

• Β-lactamase genes are 
frequently carried on 
mobile genetic elements 

• Plasmids are important 
mobile genetic elements
• Self replicating, extra-

chromosomal DNA
• Travel between different 

bacterial strains and species 
(horizontal spread)

• Inherited by daughter cells 
(vertical spread)

• Often contain multiple genes 
encoding antibiotic resistance 
to different antibiotic classes 
(associated with ‘integrons’, 
and ‘transposons’)



Levels at which resistance genes spread

Bacterium –
clonal 

expansion

Plasmid –
spread 

between 
bacteria

Transposon –
spread from 
one DNA site 

to another 

Resistance 
gene –

mobilised into 
different 

transposons



EXTENDED SPECTRUM ΒETA-LACTAMASE PRODUCING 
ENTEROBACTERIACEAE (ESBL-PE): CTX-M



Extended Spectrum β-lactamases (ESBL)
• Hydrolyse all β-lactams 

except the carbapenems

• Frequent co-resistance to 
non β-lactam drug classes
• Fluoroquinolones (eg

ciprofloxacin)
• Aminoglycosides (eg

gentamicin)
• Sulphonamides / 

Trimethoprim (eg
cotrimoxazole)

ANTIBIOTIC

Cotrimoxazole R
Ticarcillin / clavulanate R
Amoxycillin R
Cefuroxime R
Ciprofloxacin R
Aztreonam R
Gentamicin R
Ceftriaxone R
Ceftazidime R
Meropenem S



Types of ESBL

SHV/TEM CTX-M

First described 1980’s 1990’s

Main associated 
species

K. pneumoniae E. coli

Origins Derived by point mutation from narrower 
spectrum β-lactamases of E. coli and K. 
pneumoniae

Derived from chromosomal β-lactamases of 
Kluyvera spp mobilised into plasmids. 

Pattern of spread Healthcare settings; 
outbreaks in specialised units

Healthcare settings; 
Community settings
international  dissemination

Profile of affected 
patients

ICU / haematology / elderly patients ICU / haematology / elderly patients
Patients with no previous healthcare contact



Reports of CTX-M in non-hospitalised patients
Current opinion in Microbiology 2006, 9:466-475

2004-2006 – Simultaneous reports from Spain, France, the UK, NZ and Canada 
of CTX-M-15 producing E. coli in non-hospitalised patients



Reports of CTX-M in non-hospitalised patients
Current opinion in Microbiology 2006, 9:466-475

2005 -2010 - Widespread reports of CTX-M (in particular CTX-M-15 AND 
CTX-M-14) from Europe, Asia, Middle East, Africa, South America





Global Distribution of specific CTX-M genotypes







CTX-M prevalence in NZ



ESBL-producing bacterial species in NZ







CTX-M ESBL: Summary
• E. coli and K. pneumoniae are colonisers of the human GI tract but are also 

important causes of serious healthcare associated infections and sepsis 
• Extended spectrum beta-lactamase-producing E. coli and K. pneumoniae are 

frequently resistant to all commonly used antibiotics except the carbapenems
• CTX-M ESBL genes appear to have spread globally within less than a decade
• Travel and immigration have played a key role in dissemination of CTX-M
• The Indian Subcontinent (and to a lesser extent China and SE Asia) appear to have 

played an important role in the global spread of CTX-M 
• In NZ, CTX-M-producing E. coli is now endemic in the community while CTX-M-

producing K. pneumoniae has become established in hospital settings
• Long term care facilities appear to have played a role in the spread of CTX-M in NZ



CARBAPENEMASE PRODUCING 
ENTEROBACTERIACEAE (CPE)



Carbapenemases

• Beta-lactamases that hydrolyse 
the carbapenems

• Range of different genes 
• Metallo-β-lactamases (zinc at 

active site)
• IMP
• VIM
• NDM

• Serine carbapenemases (serine at 
active site)

• KPC
• OXA



• 147 isolates (UK-37, India and Pakistan-110); 2003-2009

• Isolates from India and Pakistan associated with community-acquired UTI, pneumonia 
and bloodstream infections



• Sep-Oct 2010: 
environmental water 
samples within 12km 
radius of New Delhi
• Seepage samples -

51/171 (29.8%) positive 
for NDM-1

• Drinking water - 2/50 
(4%) positive for NDM-1

• 14 different species









Treatment options: Tigecycline
• “Glycylcycline” – novel antibiotic class derived from 

tetracyclines
• Inhibits bacterial translation 
• No activity against Pseudomonas aeruginosa or Proteus spp.
• Not suitable for meningitis, UTI, septic shock. Questionable 

suitability for intravascular infections
• Resistance increasing
• Expensive



Treatment options: Colistin (polymyxin E)
• Fell out of use in the 1970s (replaced by the aminoglycosides) 

due to neurotoxicity and nephrotoxicity
• Disrupts bacterial cell membrane
• No activity against Proteus spp., Serratia spp., 

Stenotrophomonas maltophilia, Burkholderia spp.
• Plasmid mediated resistance recently discovered and found to 

be widespread







2016



New Antibiotics?
• Not forthcoming because less

profitable than other drug 
types 
– Short courses only
– Often alternatives to patented 

agents
– Risk of resistance development
– Kept “in reserve”





The “Perfect Storm”: Increasing Gram negative 
resistance and decreasing new drug development





CPE in NZ ESBL-PE in NZ



STRATEGIES TO MINIMISE IMPACT







“Healthcare biosecurity” –
principles of surveillance and quarantine



Active surveillance and contact precautions
• “Active surveillance” = screening 

patients for asymptomatic 
colonization with CPE

• Involves taking rectal swab and 
plating on selective media

• Criteria for screening for 
asymptomatic colonization with 
CPE??

– ? Needs to include patients who have 
recently travelled to high risk areas 
(even without healthcare exposure)

• Need minimum standards for CPE 
active surveillance nationally 

https://www.google.co.nz/url?url=https://www.calgarylabservices.com/lab-services-guide/microbiology/Test/Tests/VRE-MRSA-Culture-Rectal.htm&rct=j&frm=1&q=&esrc=s&sa=U&ei=3i2LVbO6BISM8QXWvK6oAw&ved=0CBkQ9QEwAg&sig2=IfuQ4ExcmrCOtFT7MM2WuA&usg=AFQjCNFtQPLVMqQ7tNMPB9fIsGZ5Fe30Ig


Maintaining high hand hygiene standards





• Increasing evidence that 
environment plays an important 
role in transmission of multi-
resistant organisms in hospitals

• Patients in rooms 
decontaminated with vaporised 
hydrogen peroxide 64% less likely 
to acquire a multi-resistant 
organism (p<0.001)



Other tools: procedural checklists and antiseptics



• Urinary catheters frequently placed 
unnecessarily and not removed 
promptly when no longer required

• Simple system changes such as stop 
orders and reminder systems can 
reduce mean duration of 
catheterisation by 37% and reduce 
rate of CA-UTI by 52% (p<0.001)

• ? A role for antimicrobial impregnated 
catheters in patients known to be 
colonized with CPE



Long term care facilities
• Establish national standards for managing patients colonised 

with CPE in long term care facilities
• Ensure LTCF are adequately prepared and equipped to adhere 

to those standards
• Implement targeted antimicrobial stewardship programmes for 

LTCF
• Address structural factors such as inadequate staffing that may 

increase the risk of transmission of CPE in LTCF



Summary
• Extended spectrum beta-lactamase-producing Enterobacteriaceae are typically resistant to (nearly) all 

antibiotics except the carbapenems. 

• The predominant ESBL type in NZ is CTX-M, CTX-M producing E. coli and K. pneumoniae are endemic in 
NZ, causing community onset urinary tract infections and healthcare-associated infections

• Spread of ESBL and CPE genes can occur at many levels with clonal expansion, horizontal spread of 
plasmids, movement of transposons containing ESBL and CPE genes between different plasmids 

• Carbapenemase-producing Enterobacteriaceae are resistant to carbapenems and can typically only be 
treated with colistin but resistance to this is increasing rapidly, leaving no treatment options 

• CPE in NZ currently appears to be following the path of CTX-M ESBL, with sharply increasing incidence as 
occurred for CTX-M in the early 2000’s



Summary
• Like CTX-M-15, NDM and OXA-48 like carbapenemases are associated with travel to and emigration from the 

Indian Subcontinent

• Acquisition of NDM and OXA-48 like carbapenemases during travel to the Indian Subcontinent is increasingly 
occurring in the absence of healthcare exposure 

• Long term care facilities in NZ appear to have played some role in dissemination of CTX-M and in the absence of 
action are likely to play a similar role in the spread of CPE 

• A specific targeted national action plan is needed to prepare and respond to the unfolding CPE epidemic in NZ



Take home messages

• Antibiotic resistance in gram negative organisms is all about 
“pandemic genes” that spread globally due to travel and 
emigration from high prevalence areas

• CPE pose an imminent and serious threat to healthcare in NZ

• Specific, targeted infection control measures are needed to 
mitigate the clinical impact of CPE in NZ
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