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Objectives

• Describe mechanisms by which bacteria 
become resistant.

• Describe how antibiotic resistance arises and 
is selected for.

• Name and describe the most problematic 
resistant organisms in current UK practice.

• Explain principles and importance of good 
antibiotic stewardship and prescribing.





• 2013 – antibiotic resistance placed on 
national risk register of civil emergencies

• 2016 – United Nations hold a general 
assembly and sign a declaration on 
antimicrobial resistance

• By 2050, antibiotic resistant organisms 
expected to kill more than cancer





‘the end of 
modern 

medicine’
Professor Dame Sally Davies, UK CMO

Without antimicrobials, the rate of post-
operative infection for clean surgery could be 0-
50% and that about 30% of those with a serious 

infection will die.



Resistant Infections

• Delay in appropriate antibiotic therapy

– Worse patient outcomes

– Death

• Increased hospital length of stay

• Alternative antibiotics need to be used

– Increased likelihood of adverse effects

– Cost implications

– Oral antibiotics may not be available



Bacteria develop antibiotic resistance 
quickly….

https://vimeo.com/180908160

https://vimeo.com/180908160


The great principle of antimicrobial 
resistance is 

‘Survival of the Fittest’ 
Darwin C. On the Origin of Species by Means of  Natural  Selection. London: Murray, 1859.



Three ways bacteria can be 
antibiotic resistant:

MUTATION

GENE TRANSFER

INHERENT RESISTANCE



INHERENT RESISTANCE

This is mostly a problem in hospitals, where there are many 
patients with underlying disease who are prone to infection
by ‘opportunist’ bacteria.

For example:
The bacterial species does not contain the target 

molecule of the antibiotic
or the antibiotic cannot cross the bacterial membrane 

for that species

Pseudomonas is an example of an organism that is inherently 
resistant to many antibiotics



Mutations are spontaneous genetic changes, arising randomly, all 
the time.

MUTATION



.



GENE TRANSFER
Bacteria can exchange genetic information (DNA) by several mechanisms. 

plasmid

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwie6pDzkK_PAhWD2xoKHdNYBiMQjRwIBw&url=https://www.goconqr.com/en/p/926417-biology-aqa-3-2-10-genetic-variation-in-bacteria-notes&psig=AFQjCNF_TfFt4yC7Rlkl6Mz3Cnu86f3kXQ&ust=1475051373257312




1. Enzyme inactivation of the antibiotic  - eg
beta-lactamase producers

2. Decreased permeability
3. Efflux pumping of the antibiotic 
4. Modification of the antibiotic target
5. Alteration of the metabolic pathway

Mechanisms by which organisms can resist 
antibiotics



Some important antibiotic classes
Class Examples Target

Beta-lactams Penicillin, flucloxacillin, cephalosporins, 
meropenem

Cell wall synthesis

Tetracyclines Tetracycline, doxycycline ribosome

Glycopeptides Vancomycin Cell wall synthesis

Macrolides Erythromycin, clarithromycin ribosome

Quinolones ciprofloxacin DNA gyrase

aminoglycosides gentamicin ribosome

trimethoprim Trimethoprim Folate synthesis



A closer look at 3 important 
antibiotic classes
 Beta-lactams

 Aminoglycosides

 Glycopeptides



Beta-lactams

• Penicillins

• Cephalosporins

• Carbapenems



Beta-lactam ring



Beta-lactams: penicillins
• Penicillin

– Narrow spectrum - streptococci

• Flucloxacillin

– Narrow spectrum - Staphylococcus aureus

• Ampicillin/amoxycillin

– Broader spectrum penicillin



Penicillins combined with beta-
lactamase inhibitors

• Amoxycillin + clavulanate*
– ‘Co-amoxiclav’ (Augmentin®)

– Gram +, many Gram – and anaerobes

• Piperacillin + tazobactam* 
– ‘Piptazo-bactam’ (Tazocin®)

– Similar co-amoxiclav but broader cover and also 
Pseudomonas aeruginosa (PSA)

– Not active against MRSA/VRE

*clavulanate and tazobactam are beta-lactamase
inhibitors



Beta lactams: cephalosporins
 Discovered from Cephalosporium mould from Sardinian 

sewage 1945

 Widely introduced in 1980’s

 Broad spectrum, G+ and G-

 Reputation for causing C. difficile

disease



Beta-lactams: carbapenems

• Imipenem, meropenem

• Very broad spectrum – G+ and G-

• Critical care ‘big guns’

• ICUs/bone marrow 

transplant/chemotherapy units now very 

reliant on them



Aminoglycosides

• Example: gentamicin

• Discovered in 1963 – product of 

Micromonospora sp.

• On WHO list of essential medicines

• inexpensive



Aminoglycosides continued
• Spectrum: usually used for Gram-negatives

• Bactericidal

• Toxicity: kidneys and inner ear hair cells (nephrotoxic and 
ototoxic)

• Need to measure blood levels to avoid toxicity



Glycopeptides

• Example: Vancomycin

• Produced by Streptomyces from a sample of 

dirt from Borneo, 1952

• ‘Mississipi mud’

• Named vancomycin – from ‘vanquish’



Glycopeptides
• Spectrum: Gram-positive cover only; cover nearly all 

Gram-positives

• Common uses: critical care

• Toxicity – renal; ‘red man’ syndrome

• Need to measure blood levels to ensure adequate 
dosing while avoiding toxicity



Important examples of drug resistance 
– Gram positive

• MRSA – methicillin resistant Staphylococcus 
aureus
– Resistant to flucloxacillin

– Serious infections treated with glycopeptides (e.g. 
vancomycin)

• GRE/VRE – glycopeptide resistant 
enterococci/vancomycin resistant enterococci
– Glycopeptides (like vancomycin)

are ineffective



Priority 1
Acinetobacter baumanni
Pseudomonas aeruginosa
Enterobacteriacieae

Priority 2
Enterococcus faecium
Staphyloccus aureus
Helicobacter pylori
Campylobacter spp
Salmonellae
Neisseria gonorrheae

Priority 3
Streptococcus pneumoniae
Haemophilus influenzae
Shigella spp

27 Chwefror 2017

Today’s story is Gram negative



• E. coli  bacteraemia (secondary care) 

• UTI (primary care) 



Gram negatives - the problem in a 
nutshell

• Enzymes!

For example

• ESBLs
– ‘Extended spectrum beta-lactamases’

– Resistant to penicillins and cephalosporins

– E. coli and Klebsiella

• CPE
– ‘Carbapenemase-producing enterobacteracieae’

– Mainly Klebsiella





https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/759975/ESPAUR

_2018_report.pdf

CPEs sent to AMRHAI (PHE) from UK clinical laboratories, 
2008- 2017

CPEs – a new threat



CPEs, Europe (EARS-Net) 2017





Clinical case*

A 65 years old male undergone pylorus preserving 
pancreaticoduodenectomy (PPPD) procedure on May 2016 that 
was complicated by duodenal stump leak with drain placement.

He was treated with multiple antibiotics including Meropenem
for 2 weeks.

Re-admitted 10 days after discharge with fever, dehydration 
and acute renal failure, a blood culture taken was positive for K. 
pneumoniae with the following susceptibility pattern:

*courtesy of Dr Ben-Ismaeil, CMM, PHW Swansea



Antibiotic/Culture:                 KPNE

------------------- ------

Ampicillin R 

Ceftazidime R

Ciprofloxacin                        R

Cephalexin R

Cefotaxime R

Ertapenem R

Gentamicin                           I

Imipenem R

Meropenem R

Piperacillin/Tazobactam R

Amikacin R

Amoxicillin                          R

Amoxicillin/Clavulanate R



Management?

• What antimicrobial agent would you select?

Colistin (a polymyxin)

Available for >50 yrs — not trialled under conditions of modern drugs 

•No standardized dosing 

•No detailed trials on pharmacology or pharmacokinetics 

Neurotoxic and ototoxic...including sudden  apnoea >> how often??

• What other measures need to be taken?

Strict patient isolation & use of contact precautions by all HCWs

Screening will be required to detect if he is still carrying the bacterium





‘The development pipeline for new antibiotics is at an 
all-time low. We must therefore conserve the 

antibiotics we have left by using them optimally’ 
Professor Dame Sally Davies, UK CMO



What factors contribute to development of 
antimicrobial resistance?

• Misuse of antibiotics in medicine – in Wales, an 
estimated 20-50% of prescriptions are unsuitable

• Lack of control of use of antibiotics
• Lack of effective infection control procedures
• Use of antibiotics in animal husbandry and agriculture 

– 40% of UK antibiotic use is in animals
• Over the counter medicines
• Lack of laboratory capacity and tests too slow
• Low quality pharmaceuticals
• International travel
• ‘Medical tourism’



What is 
misuse of 

antibiotics?

Prescribing antibiotics unnecessarily

Delaying antibiotic treatment unnecessarily in 
critically ill patients

Using broad spectrum antibiotics too generously 
or narrow-spectrum antibiotics incorrectly

Inappropriately high or low doses in a specific 
patient

Too long or short courses

Not streamlining treatment after the culture 
results received

Omitting or delaying doses of antibiotics



Antimicrobial Stewardship

• ‘healthcare-system-wide approach to promoting 
and monitoring judicious use of antimicrobials 
to preserve their future effectiveness'.

NICE Guideline August 2015



The main principle of antimicrobial stewardship

Right Drug, Right Dose, Right Time, Right Duration

......... Every Time





“Start Smart..........”



Good Antibiotic Prescribing 1

• Start antibiotics promptly when indicated

• Collect cultures before first dose of antibiotic wherever 
possible and ensure you review the results
• NB: Do not treat colonisation e.g. skin flora in wound swabs

• Consult the guidelines for empirical treatment

• Consider previous resistant organisms e.g. MRSA, ESBL-
producing organisms

• Be aware of adverse effects related to specific antibiotics



Good Antibiotic Prescribing 2

• Document indication and stop/review date

• Seek advice from Consultant Microbiologist if 
necessary



....then focus”



Good antibiotic prescribing 3
• Secondary care: Review in 48 hours (stop/IV→ oral 

switch, change antibiotic, continue)

De-escalate if appropriate
– Narrower spectrum agents

– Lower Clostridium difficile risk

• Stop antibiotics if the culture is negative unless 
clinically indicated – antibiotics can be stopped at ANY 
TIME if not indicated – there is no need to ‘complete 
the course’





IV → Oral Switch

• Reduced risk of bacteraemia from line
• Reduced risk of thrombophlebitis
• Saves medical and nursing time
• Increased convenience, comfort and mobility
• Significant cost reduction
• Reduced risk of administration errors
• Earlier discharge from hospital
• Switch when patient clinically stable



Intravenous Administration

• Severe infections

• Immunocompromised 

• Oral route not available

• Surgical prophylaxis



Antimicrobial Guidelines

▪ Check your Health Board guidelines
▪ Secondary care

▪ Primary care

▪ Smartphone App

▪ RxGuidelines



Prudent use of antibiotics can prevent the emergence and 
selection of antibiotic-resistant bacteria.

Figure 6: Rates of Vancomycin-resistant Enterococci in hospital before and after implementation of the 
antibiotic management program compared with rates in National Nosocomial Infections Surveillance 
(NNIS) System* hospitals of similar size. *NNIS is now the National Healthcare Safety Network (NHSN).



Clostridium difficile Infection

 Diarrhoea caused by toxin of gut bacterium 
Clostridium difficile

 Symptoms range from mild diarrhoea to severe life-
threatening inflammation of the colon –
‘pseudomembranous colitis



Clostridium difficile infection (CDI)
Often provoked by antibiotic therapy
 Any antibiotic may increase risk
 Risks additive with multiple antibiotics
 Risk increases with course length
 ?Risk may vary between agents

Management
• Barrier nursing
• Review/stop other antibiotics if possible
• Specific treatment:

– Oral Vancomycin
– Fidaxomicin if recurrent - Consultant Microbiologist approval
– Role of FMT

• Review PPI / H2 antagonists, stop if possible
• Anti-motility agents should not be prescribed in acute CDI



Decreasing antibiotic use have also been shown to result in lower 
incidence of Clostridium difficile infections.

Figure 7: Rates of nosocomial Clostridium difficile, expressed per 1,000 patient-days, before 
and after implementation of the antibiotic management program.

Carling P, et. Al. Infect Control Hosp Epidemiol. 2003 Sep;24(9):699-706. 



Sources of Information & Advice

• Antimicrobial guidelines

• BNF

• Renal Drug Database

• Antimicrobial pharmacist/ward pharmacist

• Microbiologist

• Medicines Information Department 



https://antibioticguardian.com/

https://antibioticguardian.com/

