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UK 5-year AMR Strategy 2013-18: 

Seven key areas for action

PHE

Human health 

DH – High Level Steering Group  

Defra

Animal health  
DH 

1. Optimising prescribing practice

2. Improving infection prevention and control

3. Improving professional education,  training 

and public engagement 

4. Better access to and use of surveillance data

• Improving the evidence base 

through research

• Developing new drugs, 

vaccines and other 

diagnostics and treatments

• Strengthening UK and 

international collaboration
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Mechanisms of antibiotic resistance

• Intrinsic or acquired

• Drug inactivation

• Drug modification

• Drug target modification

• Reduced accumulation of drug 

• reduced cell permeability (less in)

• efflux (more pumped out)

• Alternative metabolic pathways (by-

pass)
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The complexities of AMR epidemiology
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Genes 

etc.

Host species
Strains, clones 

Patients, non-human reservoirs
Hospital / community setting; 

risk factors; outcomes

Antimicrobial Usage
All sectors



Three strands for surveillance of AMR

1. data on consumption of antibiotics in both humans 
and animals, […] which would help understand the 
link between antimicrobial use and the development 
of resistance. 

2. data on resistance rates for various drug–bug 
combinations and their impact on patients’ health. 

3. molecular biological data to explain the biological 
basis of resistance, through characterisation of the 
types of resistant bacteria and the genetic reasons 
for their resistance. 

• This information should be gathered within a ‘one 
health’ perspective, covering animals and humans 
and the environment to provide a complete picture
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The resistance ratchet keeps turning

Pathogen Established problems Emerging threats

E. faecium VRE, HLGR, Amp-R Lin-R, Dap-R, Tig-R

S. aureus MRSA (ha/ca) Van-R, Lin-R, Dap-R

Klebsiella ESBLs Carbapenemases, Col-R

Acinetobacter MDR, Carbapenemases Tig-R, Col-R

Pseudomonas MDR, except Col Carbapenemases, Col-R

Enterobacter AmpC, ESBLs Carba-R, Carbapenemases

E. coli Cip-R, ESBLs Carbapenemases

• Historic focus on Gram-positives
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AMR mechanisms in Gram-positives (examples)

Antibiotic class Staphylococci Enterococci Pneumococci 

(and viridans)

Beta-haem streps

(A,C,G)

Penicillins Penicillinase

(common)

PBP-mediated (E. 

faecium);

Penicillinase (very

rare) 

PBP-mediated 

(common)

No reports of 

resistance

Pen’ase- stable 

penicillins

PBP-mediated

(mecA/mecC)

- - -

3rd-generation

cephalosporins

PBP-mediated

(mecA/mecC)

Intrinsic PBP-mediated

(rarer than Pen-R)

No reports of 

resistance

Vancomycin Mutations (rare); 

VanA (very rare)

VanA; VanB; VanC

(intrinsic); other 

rarer van types

No reports of 

resistance

No reports of 

resistance

Teicoplanin Intrinsic (some 

CoNS); mutations 

(rare); VanA (very

rare) 

VanA; VanB; VanC

(intrinsic); other 

rarer van types

No reports of 

resistance

No reports of 

resistance
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AMR mechanisms in Gram-positives (examples)
Antibiotic class Staphylococci Enterococci Pneumococci

(and viridans)

Beta-haem streps

(A,C,G)

Aminoglycosides AMEs Intrinsic;

AMEs (high level)

Intrinsic Intrinsic

Macrolides Erm(A,C); Msr Erm(B) Erm(B); Mef Erm(B)

Lincosamides Erm(A,C); Lnu Intrinsic; Erm(B); Lnu Erm(B); Lnu Erm(B); Lnu

Tetracyclines Tet(K,L,M) Tet(M) Tet(M) Tet(M)

Mupirocin Mutations;

Mup(A,B)

- - -

Rifampicin Mutations Mutations Mutations -

Daptomycin Rare (mutations) Rare (mutations) - -

Linezolid Rare: mutations; 

cfr; optrA

Rare: mutations; 

cfr; optrA

- -

Synercid Vat(A,B,C); efflux Intrinsic (E. faecalis); 

Vat(D,E)

- -
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The resistance ratchet keeps turning

Pathogen Established problems Emerging threats

E. faecium VRE, HLGR, Amp-R Lin-R, Dap-R, Tig-R

S. aureus MRSA (ha/ca) Van-R, Lin-R, Dap-R

Klebsiella ESBLs Carbapenemases, Col-R

Acinetobacter MDR, Carbapenemases Tig-R, Col-R

Pseudomonas MDR, except Col Carbapenemases, Col-R

Enterobacter AmpC, ESBLs Carba-R, Carbapenemases

E. coli Cip-R, ESBLs Carbapenemases

• 5 of 7 ESKAPEEs are Gram-negative

• Increasing reliance on carbapenems

• The resistance issue for the next 5-10 years
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UK resistance rates
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E. coli BSI resistance, 2010-14
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• ‘Little change’

• ‘Largely stable’

• ‘Slight upwards 

trend’

• PTZ – difficult 

to interpret



Pseudomonas BSI resistance, 2010-14
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Resistance to beta-lactams
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Can you distinguish TEM-1 from CTX-M-15 ?
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Enzyme Examples Confer resiatance to 

Penicilllinases TEM-1/-2, SHV-1, OXA-

1/-30

Penicillins; early cephalosporins; 

overexpression affects penicillin-

inhibitor combinations

ESBLs TEM-, SHV-, OXA-, CTX-

M, VEB, PER

All generation cephalosporins

(not cephamycins)

pAmpC CMY, ACC, DHA, FOX, 

MOX, ENT / EBC

3rd gen cephs (not 4th); 

cephamycins

• Carbapenems remain active against producers of these 
enzymes and are increasingly used for treatment



ESBL vs. non-ESBL bacteraemia

Mortality Delayed appropriate Rx
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Schwaber & Carmeli, JAC 2007; 60: 913
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Rising numbers of E. coli bacteraemias
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• E. coli bacteraemia continues to rise: >35000 cases in 2015
• c. 3500 ‘cephalosporin-resistant infections’ p.a.; most ESBLs



A few E. coli STs predominate among BSIs
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AMR is not equally distributed among E. coli STs
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High-Risk Clones (HiRiCs)
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Destination influences risk and type of resistance
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Carbapenemases
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Carbapenem usage is increasing

• Carbapenems = 0.3% of total 

antibiotic consumption in 2013

• BUT use increased by 31.3% in 

England between 2010 and 2013 

• Mostly in the hospital sector, <1% 

in primary care. 

• MEM = c. 90% of carbapenem use
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•  use of carbapenems

• new selective pressures, …with consequences



The apex of current resistance problems ?
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• only colistin is currently active against 90% of CRE (UK data)

• colistin resistance is a growing threat



Acquired carbapenemases

Class Carbapenemase Enterobacteriaceae Non-fermenters

A (non-metallo) KPC +++ +

BIC, GES, IMI, NMC, SME + +/-

B (metallo) IMP*, VIM* +++ +++

NDM +++ ++

AIM, DIM, GIM, SIM, SPM, 

TMB

- ++

D (non-metallo) OXA-48-like +++ +/-

OXA-23, -40, -58, -143, -

235

+/- +++
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Carbapenem non-susceptibility, EARS-Net 2014
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K. pneumoniaeE. coli

• ‘green’ data risk giving a false sense of security to non-experts

• only 9% of UK carbapenemase producers are from blood cultures



Enhancing surveillance with reference microbiology
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• Reference laboratory provides specialist microbiology that seeks to 

explain trends

• Is at the centre of a national / regional laboratory network

• Benefits from a ‘spider’s web effect’

• Monitors new and emerging AMR issues, long before they 

register in surveillance programmes



Most ‘CPOs’ in the UK are Enterobacteriaceae
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CPE in the UK, 2000-2015 

Klebsiella spp. 69%; E. coli 18%, Enterobacter spp., 9%; others 4%
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Early cases often imported

Imported & ‘home grown’



Impermeability, efflux & carbapenemR

2929
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• Only P. aeruginosa readily 

develops carbapenem resistance

• imipenem: loss of D2 porin

expression

• meropenem: up-regulated efflux 

(MexAB-OprM) and D2 loss



MBL +ve P. aeruginosa lineages are widespread
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Polymyxin resistance
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Most CPE are multi-resistant, 2014



The Italian experience …one we’d sooner not share

• 178 KPC-KP isolates 

• 76 (43%) were resistant to 

colistin

• (increased from 22% in 2010) 

• Col-R KPC-KP detected in all 

21 participating laboratories 

• nationwide dissemination of 

Col-R KPC-KP not yet reported 

in most other settings of high 

KPC-KP endemicity
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Chromosomal colistin resistance

• Diverse mutations affecting LPS structure

• Enterobacteriaceae and other non-fermenters

• Also underlies much intrinsic COL-R (Serratia, Proteus, Morganella etc.)
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…and now plasmidic colistin resistance; mcr-1
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Global reports of mcr-1
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mcr-1-positive bacteria from humans in the UK

• 1st phase: 24K genomes mined

• 3 +ve E. coli

• 12 +ve diverse Salmonella

• 2nd phase: c. 450 COLR isolates 

screened (2014-2015)

• Enterobacteriaceae + non-

fermenters with acquired COLR

• 0 positives !!

• At present mcr-1 is rare in the 

UK, even among COL-R isolates 

sent to the national reference 

laboratory. 
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rep 

type

Upstream 

ISApl1

Total

Present Absent 

IncI2 2 4 6

IncHI2 4 3 7

IncX4 0 2 2

Total 6 9 15

• Location & environment of mcr-1



N. gonorrhoeae

• World’s first dual Rx failure: 

• Single case, no onwards transmission

• MICs, CTR 0.25 mg/L; AZI 1 mg/L (both R by EUCAST)

• Outbreak of HL-AZI-R gonorrhoea

• MICs, >256 mg/L (not a formal criterion)
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WGS-based genotypic antibiograms

• EUCAST Subcommittee on the role of whole genome sequencing (WGS) in 

antimicrobial susceptibility testing of bacteria

• Chair: Neil Woodford, London UK; report to be published in early 2017

• could ‘soon’ replace much AST for surveillance purposes 

• low impact of the low error rate

• could ‘soon’ reduce need for AST in reference laboratories unless

• to guide treatment

• for agents with poorest genotypic/phenotypic concordance

• comparative in-vitro activity of new agents 
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A future of pan-drug-resistant (PDR) Gram-negatives ?

• MDR increasingly seen in BSI across Europe

• PDR also a reality, but low numbers in most countries

• MBL + ESBL (all beta-lactams) + 16S RMTase (aminoglycosides)

• + resistance to colistin + upregulated efflux
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E. coli K. pneumoniae P. aeruginosa

EARS-Net, 2014


