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Science on Screen 

Outreach Project

‘The War of Worlds', bacteria and antibiotic resistance (film, 2005) 

This film in which aliens that had no immunity to the bacteria on Earth were killed 

trough the spreading of an infection. 



From IDSA Capitol Hill talk by Brad Spellberg May 11 2010.
www.idsociety.org/Content.aspx?id=4810



Drug resistance

follows the drug like a

Faithful shadow 

- Paul Erhlich 1854-1915



Sir Alexander Fleming

“The time may come when 
penicillin can be bought by 
anyone in the shops.  Then 
there is the danger that the 
ignorant man  may easily 
under dose himself and, by 
exposing his microbes to 
non-lethal quantities of the 
drug, educate them to resist 
penicillin.” 

Nobel lecture, 1945



Lancet, April 2011

We have watched too passively as the 
treasury of drugs that has served us 
well has been stripped of its value. We 
urge our collegues worldwide to take 
responsibility for the protection of this 
precious resource. There is no longer 
time for silence and complacency.
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Antibiotic Resistance
Antibiotic resistance poses a grave and growing global problem: a World Health

Organization report released April 2014 stated, "this serious threat is no longer

a prediction for the future, it is happening right now in every region of the

world and has the potential to affect anyone, of any age, in any country.

Antibiotic resistance—when bacteria change so antibiotics no longer work in

people who need them to treat infections—is now a major threat to public health."
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Impact of Antimicrobial resistance on 
Stakeholders related to health 

Ref: Goff DA. Current Opinion in Infectious Diseases 2011, 24 (suppl 1):S11–S20

Patient, Hospital 

and Clinician all 

adversely affected

Patient pays more.

Hospital loses on 

revenue from new 

patient 

Patient / Payer 

pays more.

Hospital spends 

more on antibiotics
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Fighting Back Against Antibiotic 
Resistance



Prevention 

of AMR 

infections

Environment

Surveillance & epidemiology

Healthcare workers

Antimicrobials Administrative procedures

Know about infection control

Delivery

Symptomatic patients 

isolated

Sufficient isolation rooms

Systems in place to 

respond to ↑ in cases

Systems in place to detect & 

trigger response ↑ in cases

Lab SOPs reliably 

identify cases

Systems in place to recognise 

epidemic/ virulent strains

Systems in place to 

monitor & benchmark 

prescribing

Policy available – hospital/GPs

Reduce use of 

broad spectrums

Antibiotic pharmacist

Can recognise cases early

Know how to monitor 

& treat cases

Can identify high risk patients

Systems in place to identify 

& manage cases

Stop unnecessary Rx

High frequency of hand 

hygiene

Prudent prescribing

Patient equipment cleaned 

after each use

Systems in place to assure 

high standard of  cleaning

Chlorine used for 

cleaning in outbreaks

Research to understand 

causes and risk factors

Research to evaluate 

prevention measures

AMR: role of surveillance & epidemiology



www.global-pps.com

http://www.global-pps.com


The system will:

● Provide a national benchmarking and training tool

● Available free of charge to Trusts and Boards in the 
UK

● All data available real time via national dashboard

● Aggregated data can be shared and compared

● Will be used by Public Health England as tool by 
which to collect and submit to ECDC PPS

● Have international applicability

National Antimicrobial 

Stewardship Point 

Prevalence Survey System

Providing reference data on 

antimicrobial consumption in 

hospital settings





TRUE POWER OF PPS IN EVALUATING PRACTICE  
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Fighting Back Against Antibiotic 
Resistance



We need new antimicrobials!!!

“The development of new antibiotics without 

having mechanisms to ensure their 

appropriate use is much like supplying 

your alcoholic patients with a finer 

brandy”

Dennis Maki, 1998





CDC: MMWR August 7, 2015



Modern stewardship alligned to infection 
prevention, decontamination etc

Lowe C et al. Emerg Infect Dis. 2012;18(8):1242-7







Implementation challenges remain

Gandra S. Clin Infect Dis. (2016)doi: 

10.1093/cid/ciw055

154%

increase

Trends in faropenem and other carbapenem

consumption in India, 2010-2014



A Sense of Perspective
WWWhhheeerrreee   

uuussseeeddd   
TTTyyypppeeesss   ooofff   UUUssseee   QQQuuueeessstttiiiooonnnaaabbbllleee   

uuussseee   

Human (50%) 20% Hospital 

80% Community 

 

20-50% 
unnecessary 

Animal (50%) 20% Therapeutic 

80% 
Prophylaxis/growth 
         promotion 

 
40-80% 
highly questionable 

 

 

Wise et al. BMJ 1999; 317: 609-610





POOR QUALITY
Braykov NP, Lancet ID 2014  

● 6 US HOSPITALS 

● Antibiotic use was prevalent in 60.4% of patients

● 2/3 of patients started on empirical antibiotics

did not have a fever

one third did not have a fever or increased white cell count  

● By the fifth day of therapy 66.4% of therapy was unchanged 

● Cultures and imaging were frequently not obtained 



Why is stewardship so challenging ? 
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Old style stewardship ! 

Restriction of antibiotics 





What is Antimicrobial Stewardship (AMS) ? 

Antimicrobial stewardship has been 

defined as “the optimal selection, 

dosage, and duration of 

antimicrobial treatment that results 

in the best clinical outcome for the 

treatment or prevention of 

infection, with minimal toxicity to 

the patient and minimal impact on 

subsequent resistance.”

4 Ds of AMS 



Goals of Antimicrobial Stewardship Programs

Optimize 
Patient 
Safety

Control 
costs

Reduce 
Resistance, CDI, 

toxicity

Improve 
clinical 

outcomes 



• “The reductions in antimicrobial utilization 

associated with stewardship interventions have 

not been associated with any worsening in 

nosocomial infection rates, length of stay or 

mortality among intensive care patients.”

• “Stewardship interventions were associated 
with … fewer antibiotic adverse events.”

Kaki R, et al. Impact of antimicrobial stewardship in critical care: a systematic review. J 

Antimicrob Chemother

2011 (June); 66: 1223-1230

Impact of Stewardship on SAFETY?





INTERVENTIONS TO IMPROVE ANTIBIOTIC 
PRESCRIBING IN HOSPITALS

●89 STUDIES

●55 FROM N. AMERICA; 
37  EUROPE, 3 FAR EAST, 
3 SOUTH AMERICA&   2 
AUSTRALIA

●PERSUASIVE AND 
RESTRICTIVE 
INTERVENTIONS 

● Davey P et al Cochrane systematic review Update April 
30th 2013

● Evidence to support 
beneficial impact on : 

– 1, Decrease in antibiotic 
use does not increase 
mortality and can improve 
clinical outcomes

– 2, Better use of antibiotics 
will reduce SSI’s

– 3. Decrease and better 
use of antibiotics reduces 
resistance and C. difficile

– 4. Emerging data on cost-
reduction  

LIMITATIONS: VERY FEW DATA 

FROM NON WESTERN COUNTRIES





Antimicrobial Stewardship Toolkit: 
Quality of Evidence to support interventions

● Prospective audit with intervention and  feedback AI

● Education BIII [Education with an active intervention 
AIII]

● Formulary restriction and pre-authorisation 

AII for rapid decrease in antibiotic in use

BII for control of outbreak 

BII/III may lead to unintended increase in 
resistance

● Guidelines and clinical pathways AII
– With education and feedback on outcomes AIII

● Antimicrobial cycling CII

● Antimicrobial order forms BII

● Combination therapies CII
– In critically unwell patient with high rIsk of MDRO AII

● De-escalation-review AII

● Dose optimisation AII

● Parenteral to oral conversion AIII

● Computerised decision support, surveillance BII

● Laboratory surveillance and feedback BII
Adapted from Dellit et al. Clinical Infectious Diseases 2007; 44:159-77

Update 2016

No major changes





‘Front-end’ versus ‘Back-end’ AMS 
strategies





Traditional stewardship systematic review: the effectiveness of a range of stewardship 

Strategies on a range of outcomes e.g Cochrane 

New review : Effect of meeting the objectives of a range of strategies on different 

outcomes ; e.g mortality, LOS, cost, toxicity etc

Key Strategies identified through Delphi 

1. Adherence to local guidelines

2. De-escalation of therapy according to culture 

3. IVOST

4. Adjustment of therapy according to renal 

function 

5. TDM

6. Use of restricted antibiotics 

7. 7. bed side consultations 



● Adherence to local guidelines 
– Mortality -RRR 35% [RR 0.65, 95% CI 0.54-0.8; P<0.0001

● Culture driven de-escalation 

Mortality- RRR 65% [RR 0.44, 95% CI 0.3-0.66; P<0.0001

● S.aureus bacteraemia clinical review 
– Mortality RRR 66% [RR 0.34, 95% CI 0.25-075; P<0.008

● IVOST No difference in mortality ? Reduced LOS 

● Restriction of antibiotics Decreased consumption and in many studies 
resistance to the drug-bug profile 

● TDM Decreased nephrotoxicity 

Systematic review and meta-analysis : impact 
of key interventions

Schuts EC et al. Lancet ID March 2nd 2016 
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Antimicrobial

Management

Teams



Medical Director Chief Executive
Infection Control 

Manager

Drugs & 

Therapeutics 

Committee

Antimicrobial 

Management Team (AMT)

Speciality-based Pharmacy leads for 

APP&P with responsibility for 

antimicrobial prescribing

Ward Based Clinical 

Pharmacists

Risk Management 

Committee

Clinical Governance 

Committee

Infection Control 

Committee

Microbiologist / 

Infectious Diseases 

Physician

PRESCRIBER

Prescribing support / feedback

Dissemination & feedback

http://www.scotland.gov.uk

THE Antimicrobial Management team 

and its relationships within the 

organisation



Lack of Human Resources

http://www.worldmapper.org/display.php?selected=219#



Pharmacy led model 





Professional, social, patient and organisational  interventions 



Task-shifting - developing pharmacist- & 
nurse-based stewardship interventions in 
LMICs



Nurses are the
largest healthcare workforce

Ratio of nursing and midwifery personnel to 

physicians



Nurse steward/stewardess? 



…but only clinical roles and tasks?





Principles of optimal prescribing

Start Smart Then 

Focus

DoH Advisory Committee on

Antimicrobial Resistance and 

Healthcare Associated Infection 

(ARHAI) Antimicrobial Stewardship: 

“START SMART - THEN FOCUS” 

Guidance for antimicrobial stewardship

in hospitals (England) 2011.

Cooke FJ, Holmes AH. The missing 

care bundle: antibiotic prescribing in 

hospitals. Int J Antimicr Agents. 2007

Pulcini C, Defres S, Aggarwal I, 

Nathwani D, Davey P. Design of a 'day 

3 bundle' to improve the reassessment 

of inpatient empirical antibiotic 

prescriptions. JAC . 2008

Focus = Clinical review 

and antimicrobial 

decision making at 48 

hrs

after 24 hrs



Q2



Q3 + CONCLUSIONS 







Imipenem+ 

linezolid

Meropenem

+Vanco

Cefepime

watch and wait a 

bit

Pip-Tazo

+ Cipro

Ceftazidime

+Clindamycin

+ Gentamicin

+ Caspofungin

+linezolid



Determinants of antibiotic prescribing 
and dispensing 







Determinants of antibiotic prescribing 
and dispensing 



Improving use and confidence 
in existing laboratory support 

Clinical-laboratory engagement 







Rapid Diagnostics: Stopping unnecessary use of antibiotics, Report October 2015 The Review on Antimicrobial Resistance Chaired by Jim O’Neill http://amr-review.org/

What a Rapid Test Should Tell 

http://amr-review.org/


Figure 2 

Copyright © 2014 Terms and Conditions

Integrating rapid diagnostics and antimicrobial stewardship 

improves outcomes in patients with antibiotic-resistant Gram-

negative bacteremia

Journal of Infection

Volume 69, Issue 3, Pages 216-225 (September 2014) 
DOI: 10.1016/j.jinf.2014.05.005

http://www.elsevier.com/termsandconditions


Be clinical and engage with clinicians 



● PRORATA [1] PCT based de-escalation

– 25% reduction in antibiotic exposure 

– Non inferior 28d mortality, 3.6% non significant increase in 90 day 
mortality [95% CI -2.1 TO 9.7] 

● PASS [2] PCT - diagnostic and all treatment based escalation 

– Less investigative and treatments including antibiotics , more 
treatment related harm in PCT arm

● SAPS [3] PCT guided de-escalation {decrease of 80% or > from 
peak or 0.5ug/l or < = stop }

– N=1546, 15 centres, Netherlands 

– 25% reduction in antibiotIc duration [7 to 5d]

– 7% survival benefit at 28d in PCT ARM and 7.4% at 1y follow up 

1 Bouadma L et al. Lancet 2010; 375:463-74; 2. Jensen J-U et al 

BMC ID 2008; 8:91: 3. de Jong E et al Lancet Feb 29 2016 , on line 





Data, feedback and education   



CID ADVANCED ACCESS APRIL 13 2016



Free global on-

line course.

The course is based around a 

fictitious outbreak of a resistant 

organism in a hospital

Course availability  in 2016:

8th February, 23rd May

& 19th Sept

• > 25000 

registered 

• > 8000 active 

learners

• Large number of 

health 

professionals 

• > 400statements 

of participation 

sold

https://www.futurelearn.com/courses/antimicrobial-stewardship

FREE ON LINE STEWARDSHIP COURSE 

Translation in Chinese, Spanish  coming soon 

https://www.futurelearn.com/courses/antimicrobial-stewardship




“If you cannot 
measure it, 
you cannot 
improve it”

Lord Kelvin,
1824-1907

1



Integrating the Three Faces of
Performance Measurement

The three faces of performance 

measurement should not be seen as 

mutually exclusive silos.  This is not an  

either/or situation.   

All three areas must be understood as a 

system.  Individuals need to build skills in all 

three areas. 

Organizations need translators who and be 

able to speak the language of each 

approach.

The problem is that individuals identify with 

one of the approaches and dismiss the 

value of the other two.

© 2011 Institute for Healthcare Improvement/R Lloyd



Measurement

● 3 types of measures for quality improvement

– Outcome measures

– Structural  + Process measures

– Balancing measures

– (+/- Structure Measures)

– What would you use for each ? 

–STRUCTURE [S] + PROCESS [P] = 
OUTCOMES [O] 



METRICS STRUCTURE + PROCESS = OUTCOMES 



● Amount of antibiotic in 
DDD/100 bed days

– Promoted antibiotic 

– Restricted antibiotics

Compliance with acute empiric 
guidance

• documentation in notes and 
compliance with policy 

Compliance with surgical 
prophylaxis

• < 60 min from incision, < 24 
hours and compliance with 
local policy 

Compliance with “other 
bundles” 

● CDI rates 

● SSI rates

● Surveillance of resistance 

● Mortality [SMR’s] 

● Mortality 

● SSI’s 

● Readmissions to hospital within 30 
days of discharge 

● Admissions to ICU

● Rate of complications 

● Treatment related toxicity 
e.g aminoglycoside related toxicity 

Antibiotic prescribing indicators/metrics

Process measures Outcome measures
[we use trends and time series analysis]

CAP, community-acquired pneumonia; ICU, intensive care unit; VAP, ventilator-associated pneumonia

Balancing  measures



NHS Tayside follow up study: 
Orthopaedic surgical prophylaxis and 

acute kidney injury
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Change in surgical 
prophylaxis policy

Walker H et al JAC May 2016

BALANCING MEASURES



J Antimicrob Chemother 2015; 70: 2397-2404

Is It Working? YES – and Sustainable

Infect Control Hosp Epidemiol 2015; 36: 702-709



Prescribing of: (i) 4C antimicrobials (left-hand scale); and (ii) all antimicrobials (right-hand 

scale).

Virginia Hernandez-Santiago et al. J. Antimicrob. 

Chemother. 2015;70:2397-2404

© The Author 2015. Published by Oxford University Press on behalf of the British Society for 

Antimicrobial Chemotherapy. All rights reserved. For Permissions, please e-mail: 

journals.permissions@oup.com



2012 theory-based Cochrane review  of Audit & 
Feedback Ivers et al 2012 Courtesy of Susan Michie UCL 

● Median 4.3% increase in compliance (IQR 0.5% to 16%)

● A&F is more effective when combined with

– Explicit targets and an action plan

● In addition,

– the target was prescribing

– the source was a supervisor or colleague

– it was provided more than once 

– it was delivered in both verbal and written formats



LET DATA BE AT THE HEART OF YOUR 
LEARNING /COMMUNICATION/FEEDBACK  



AMR Local Indicator

Some indicators display a coloured background on their values. This is to denote a 

comparison to the benchmark value.

A legend is provided by the system at the top.





Courtesy of Esmita Charani



● Antimicrobial stewardship in a patient safety priority 

● Antimicrobial stewardship programmes need to be integrated 
with infection prevention programmes and 
diagnostic/laboratory  stewardship 

● The structure & processes[interventions] for stewardship need 
to reflect local geography, resources, challenges and culture 
but ultimately the goal must always be better outcomes whilst 
ensuring no unintended harm 

● A focus on a multi-professional  stewardship team, engaging 
and feedback to prescribers underpinned by accountability and 
educational support in fundamental to success 

STEWARDSHIP CONCLUSIONS 





In the long history of humankind, those who learned to 

collaborate and improvise most effectively have 

prevailed.” Charles Darwin


