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Overview
• Overview of bacterial cell wall/ Gram stain
• What is antimicrobial resistance (AMR)?
• Mechanisms?

• Why is AMR important?
• Bacterial AMR in the UK
• Gram negative
• Gram positive
• Tuberculosis

• How do we combat AMR?
• Clinical case

Gram staining bacteria

• Staphylococcus
spp.
• Streptococcus
spp.
• Enterococcus
spp.
• Micrococcus
spp.

• Enterobacteriales: Eschericia coli, Klebsiella
spp., Enterobacter spp., Proteus spp.,
Salmonella spp., Serratia spp.
• Pseudomonas aeruginosa
• Acinetobacter spp.
• Haemophilus spp.
• Neisseria meningitis

What is Antimicrobial Resistance? (AMR)
• AMR occurs when micro-organisms, such as
bacteria, survive in the presence of an antibiotic
agent
• Antibiotics select for bacteria which are antibioticresistant, leading to the spread of the resistant
bacteria
• AMR is a natural process used by micro-organisms
as a defense system for millions of years
• Overuse of antibiotics in humans encourages the
spread of antibiotic-resistant bacteria e.g. MRSA,
CPE, or MDR TB
• For every antibiotic discovered and developed by
humans, there is a corresponding resistance
mechanism in bacteria
Antibiotic resistance
threats in the United
States US CDC, 2013.

Mechanisms of AMR
1. Antibiotic is prevented from reaching its target by:
a. Being pumped via efflux pumps
b. Reducing permeability of cell membrane
c. Being rendered inactive or destroyed by enzymes

2. Antibiotic target site in the bacterium is altered or changed
a. Alternative enzymes are produced by the bacterium
b. Target site alterations at different stages of DNA- or proteinsynthesis

Source: reactgroup.org/toolbox/understand/antibiotic-resistance
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Clinical and Economic costs of AMR
• There is the potential for an “apocalyptic scenario”

• Routine operations such as bowel surgery and hip replacements
could become too risky to perform1
• Chemotherapy for treating cancer may become ineffective due to
the rise of untreatable infections

• Currently in the UK, approximately 2120 people die every year due
to AMR2
• By 2050, this is estimated to rise to 90,000 per year2

1O’Neil

(2016) The Review on AMR 2 OECD report (2018)

Global Annual Mortality
COVID-19

O’Neill Report on AMR 2014

The Economist
September 2021

Resistance in Gram-negative
bacteria

Gram-negative bacteria: E. coli
• In the UK:
• 60% of blood stream infections = gram negative bacteria (GNB)1
• 1/3 of BSI= Escherichia coli2

• Gram negative BSIs usually caused by urinary tract infection
(UTI) or intra-abdominal infection
• GNB, including E. coli, make up part of the normal human
faecal microbiome
• Multi-drug resistant (MDR) E. coli can be carried in the gut
without causing infection
• Colonized persons present an infection control hazard to other
patients in hospital

• In England in 2017:
• >10,000 cases of BSI due to AMR E. coli3

• BSI with MDR E. coli have a 2-fold increase in mortality
compared to antibiotic-sensitive E. coli4
1Annual

Report of the Chief Medical Officer 2011; 2Abernethy, et al 2017, JHI 4: 365-375;
Report, PHE, 2018; 4Schwaber MJ, Carmelli Y, 2007, JAC 60, 913–920;

3ESPAUR

Gram-negative bacteria: ESBLs
• Extended spectrum beta lactamases (ESBLs) are enzymes
produced by some gram negatives, such as E. coli, which
degrade 3rd generation cephalosporins and most beta-lactam
antibiotics
• The prevalence of community carriage of ESBL-producing bacteria
for England is estimated to be 7.3%1.
• Risk factors for colonisation with ESBL-producing E. coli include
being born on the Indian subcontinent1 or having recently travelled
in South Asia2
• The recommended first line treatment for BSI due ESBL-producing
gram negatives is a carbapenem, e.g. meropenem
•

; 1McNulty et al. 2018, JAC 73:1368-1388; 2Arcilla et al. 2017 LID 17: 78-85.

Gram-negative bacteria: CPE
• The rise of Carbapenemase-producing Enterobacteriales (CPE)
• Carbapenemases are enzymes which break down carbapenem
antibiotics e.g. meropenem, ertapenem (‘last resort’ antibiotics)
• Faecal colonisation with CPE remains low in the UK, at approximately
0.1%
• 3000 isolates of CPE bacteria are sent to the UK national reference lab
in 2017, and rates are have been rising since 20081

Colours represent different carbapenemase enzymes produced by the
bacteria
1ESPAUR Report, PHE, 2018

Source: ESPAUR Report, PHE, 2018

Gram-negative bacteria: P. aeruginosa
• P. aeruginosa can be found as part of the normal gut flora in
humans, but is also an environmental bacteria
• Often present in tap water and hospital sinks
• MDR Pseudomonas:
• Often resistant to all antibiotics tested (beta-lactams, aminogylcosides,
quinolones, carbapenems, and colistin) making respiratory tract
infections difficult to treat
• Particular problem in specific patient cohorts e.g. CF patients,
immunocompromised patients

PHE (2018) Laboratory surveillance of Pseudomonas and Stenotrophomonas spp bacteraemia in England,
Wales and Northern Ireland: 201

‘One Health’ – AMR in gut organisms e.g.
Enterobacteriales

Resistance in Gram-positive
bacteria

Gram-positive bacteria: MRSA (I)
• Staphylococcus aureus (S. aureus) is gram-positive
• Colonises human skin/mucous membranes in 20-30% of healthy people
without causing any problems
• can cause skin and wound infections, infected eczema, abscesses or joint
infections, endocarditis, pneumonia and bloodstream infections
• Most strains are sensitive to antibiotics and infections can be effectively treated

• In the 1960s, new anti-staphylococcal penicillins became available, such as
methicillin, a forerunner of flucloxacillin
• Resistant bacteria are termed meticillin-resistant S. aureus (MRSA)
• MRSA mechanism of resistance
• Flucloxacillin works by blocking peptidase enzymes located in the bacterial cell wall (these are
called PBPs= penicillin-binding-protiens)
•
•

Cell wall synthesis is blocked
Bacteria cannot replicate/cannot survive/ are therefore killed by the flucloxacillin

• MRSA has unique cell wall precursor termed PBP2a encoded by the mecA gene
• Flucloxacillin and related antibiotics CANNOT bind to PBP2a and therefore cannot block cell wall
synthesis and cannot kill the bacterium

Gram-positive bacteria: MRSA (II)
• In the UK, it is mandatory for hospitals to report each case of MRSA
bacteraemia1
• poor prevention and control measures and advances in many medical
interventions (e.g. surgery, catheter use, immunomodulation) have
increased the risk of nosocomial infections1

• Rates of MRSA in the UK have steadily declined over the past
decade
• introduction of several interventions and national initiatives1

Numbers of MRSA BSIs in England (1990–2012) and notable
interventions to reduce them (arrows): 1. introduction of
mandatory reporting of MRSA BSIs; 2. launch of national report
targeting 7 key areas for improvement; 3. launch of national
hand hygiene campaign; 4. launch of MRSA Cleaner Hospitals
Improvement Programme; 5. introduction of statutory Code of
Practice on HCAIs; 6. additional measures including quarterly
reporting on HCAIs; 7. start of signiﬁcant reductions in
cephalosporin and ﬂuoroquinolone prescribing in hospitals; 8.
MRSA screening implementation guidance2
1Duerden

B et al. 2015 Open Forum Infect Dis 2:1-12

Numbers of MRSA BSIs in England (1990–2012) and notable interventions to reduce them (arrows): 1. introduction of mandatory reporting of
MRSA BSIs; 2. launch of national report targeting 7 key areas for improvement; 3. launch of national hand hygiene campaign; 4. launch of
MRSA Cleaner Hospitals Improvement Programme; 5. introduction of statutory Code of Practice on HCAIs; 6. additional measures including
quarterly reporting on HCAIs; 7. start of signiﬁcant reductions in cephalosporin and ﬂuoroquinolone prescribing in hospitals; 8. MRSA screening
implementation guidance2

Gram-positive bacteria: VRE

• Enterococci (GPC in chains) are part of the normal faecal flora and they
can cause:
• UTIs
• Abdominal/line infections progressing to BSI
• Infective endocarditis
ESPAUR Report 2018

• Vancomycin-resistant
Enterococci (VRE) have modified target-site cell
(b) Enterococcus faecalis
wall precursors which vancomycin cannot bind to

• VRE are problematic in the immunocompromised1 and endemic in
many specialist inpatient units in the UK:
• Hepatobiliary surgical wards e.g. infected drains
• Haematology wards e.g. infected tunneled central lines
(c) Enterococcus faecium

Isolates of Enterococcus faeciium causing BSI in England with %
non-susceptible to vancomycin
Source: ESPAUR Report, PHE, 2018

1Liss

et al. 2012, Infection 40: 613-619.

Resistance in
Mycobacterium tuberculosis
Auramine phenol stain

‘Acid fast bacilli’
‘Smear positive
sputum’

Multidrug resistant tuberculosis
• Tuberculosis (TB) is an infectious disease of the lung caused by
Mycobacterium tuberculosis1
• At least 50% mortality if untreated1
• 25% of the global population are infected with TB!
• 3-4% of cases = multi drug resistant (MDR

• MDR tuberculosis does not respond to at least the 2 most powerful antiTB drugs (isoniazid and rifampicin)2
• Requires an extensive and costly treatment with numerous toxic drugs and
prolonged hospital admission1

• In the UK, cases in recent years have remained fairly stable3:
• 2015= 53 cases (1.5% of all UK TB cases)
• 2016= 59 cases (1.7% of all UK TB cases)

1

Global tuberculosis report 2021. Geneva: World Health Organization

2https://www.who.int/features/qa/79/en/
3Tuberculosis

in England: 2017 report

How do we reduce AMR
in healthcare?
Reducing the spread of
resistant organisms in
hospitals and the community

Reducing the risk of
emerging resistance

AMS

IPC

Antimicrobial
Stewardship

Infection prevention
and control

Antimicrobial stewardship (AMS)
• Antimicrobial stewardship (AMS) describes coordinated strategies to
improve antimicrobial prescribing through an organised antimicrobial
management program
• One such initiative in the UK is the ‘Start Smart - then Focus’ 1

1Start

smart then focus: antimicrobial stewardship toolkit for English hospitals,
PHE 2015

Infection Prevention Control (IPC) Teams
• Cornerstone of preventing the spread of healthcare
acquired infections, recommended by WHO1

• Lead by a consultant in microbiology/infectious
diseases or a senior nurse
• Educating healthcare professionals around the
importance of universal precautions and hand hygiene
• Formulating local hospital guidelines
• Monitoring trends in AMR pathogens reported by the
laboratory allowing detection of outbreaks
• Help enforcing infection control precautions

• In the UK, NICE provide guidelines to prevent and
control infection in primary, community and
secondary care settings2
1who.int/gpsc/ipc-components-guidelines/en

2https://www.nice.org.uk/guidance/qs61

Screening and isolation precautions
examples of local practice: MRSA
• In the UK, all patients admitted to hospitals are screened for
MRSA
• This is a nose and groin swab

• MRSA positive patients:
1. Moved to an isolation room and nursed with gloves and aprons
2. De-colonized with mupirocin nasally and topical chlorhexidine washes
3. After discharge, the room and furniture is steam-cleaned and chlorinecleaned

Screening and isolation precautions
examples of local practice: CPE
• Patients with risk factors for CPE colonisation e.g.
recent hospitalization outside UK1
• This is a rectal swab – cannot decolonize*

• CPE positive patients:
1. Moved to an isolation room and nursed with gloves and
aprons
2. After discharge, the room and is steam-cleaned and
chlorine-cleaned and fumigated with hydrogen peroxide
3. The patient electronic record will be marked with ‘CPE
positive’, prompting side room isolation on subsequent
hospital admissions

*RESEARCH
1Acute

PENDING
trust toolkit for the early detection management and control of CPE, PHE, 2013

Screening and isolation precautions
examples of local practice: TB
• Patients with symptoms/signs AND risk factors for TB e.g.
recent exposure or travel to endemic setting are tested
• x3 consecutive sputum samples

• AFB positive sputum:
1. Moved to a negative pressure isolation room
2. Nursed with respiratory precautions (FFP3 masks) until no longer
infectious
3. After discharge, the room and is steam-cleaned and chlorine-cleaned
and fumigated with hydrogen peroxide

Question
In the UK, how are patients checked for MRSA
colonisation?
1. Rectal swab
2. Sputum samples
3. Nose and groin swab
4. Blood culture

Answer
In the UK, how are patient populations checked for
MRSA?
1. Rectal swab
2. Sputum samples
3. Nose and groin swab
4. Blood culture

Clinical case (I)
• 32-year-old male - suffered significant traumatic brain and spinal injuries
following a road traffic accident
• paraplegic and with severe neurological deficit

• During a prolonged hospital admission and lengthy intubation he
developed tracheomalacia*
• a bronchial stent was inserted

• A complication of tracheomalacia was recurrent chest infections and
bronchiectasis-like lung damage
• Due to several previous antibiotics courses for infective exacerbations of
his bronchiectasis, he was known to have AMR Pseudomonas
aeruginosa from sputum samples

*tracheomalacia = tracheal weakness - features dyspnea, cough, sputum retention, and
expiratory wheezing or stridor.

Clinical case (II)
Ciprofloxacin

R

Gentamicin

R

Ceftazidime

R

Piperacillin/Tazobactam

R

Meropenem

R

Amikacin

R

Tobramycin

S

Aztreonam

R

Colistimethate

S

Drug susceptibility profile
of Pseudomonas
aeruginosa isolated from
sputum (R=resistant;
S=sensitive)

• Patient developed fever and both clinical and radiographic
evidence of a right-sided pneumonia
• Based on the previous microbiology results (Pseudomonas) he
was commenced on:
• intravenous Tobramycin,
• nebulised Colistimethate

Clinical case (III)
• Fresh sputum samples cultured:
• P. aeruginosa resistant to Tombramycin
• Patient started intravenous Ceftazidime/Avibactam (a new antibiotic), high dose
Meropenem, nebulised Colistimethate and Linezolid
• Requirements for ventilatory support increased and also developed a need for
cardiovascular support.
• Despite optimal ICU management the patient died from overwhelming respiratory
sepsis
• Reference laboratory drug susceptibility testing identified the P. aeruginosa was
resistant to Ceftazidime/avibactam and meropenem

• THMs: RISK factors for infections due to MDR (multi drug resistant) Pseudomonas:
• prosthetic material (tracheal stent) –why?
• Bronchiectasis – why?
• long hospitalisation – why?
• lots of antibiotic exposure – why?
• How can clinicians prevent the emergence of antimicrobial resistance?
• How can clinicians reduce the spread of antimicrobial resistance?

Antimicrobial resistance – gaps in
this presentation!
• Focus is on ‘antibiotic resistance’
• What about anti-viral resistance?
• Q. Which viruses?
• Consultant virologists lead

• What about anti-fungal resistance?
• E.g. spread of Candida auris – MDR and difficult to treat

Summary

• The development of antimicrobial resistance (AMR) is a
natural evolutionary process
• The inappropriate use of antibiotics drives the development of
AMR in bacteria through several mechanisms including
reducing access to and/or altering the drug target
• AMR is a global public health concern (Morbidity, mortality and
costs)
• Key threats include highly resistant GNB, MRSA, VRE and
MDR-TB
• A co-ordinated, multicomponent strategy is required to limit the
spread of AMR
• Key components of this include AMS, infection prevention and
control measures and active surveillance and notification of
resistant organisms

