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About me
Overview

• Me, and UK NIHR Health Protection Research Unit
• AMR and infection prevention: from international and national imperatives to local implementation

• Bioengineering

• Applied data linkage

• Epidemiology

• Simulation and modelling

• Health systems and policy

• Policy and intervention evaluation,

• Health economics

• A decade of learning from implementation in the English context: what has worked? where next?

including unintended consequences

• COVID-19: positive and negative
• HCAI surveillance, including hospital-onset COVID-19 infection (HOCI)
• Prescribing and antimicrobial stewardship
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Population Health and Policy Theme
About NIHR HPRU in HCAI and AMR

Dr Matthew Ellington
Priority
Pathogens

Precision
Prescribing

UKHSA strategy

Current work

Knowledge gaps

Primary care prescribing and
evaluation of national AMS
interventions

Emergence and transmission of
infection and AMR

Infection and AMR in the
community

Risks and at-risk population

HCAI (including HOCI)
surveillance

Professor Alison Holmes
Practice, Design
& Engineering

SSI surveillance, risk prediction
and economic burden

Population
Health & Policy
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Analysis of contextual
environment

Clinical and economic impact of
interventions, including potential
unintended consequences

Strategic planning for AMR and
pandemic response

6

Global progress in developing national action plan (NAP)
2010 Vietnam

2011

2011 India

2011 Kenya

2012

Overview

• Me, and UK NIHR Health Protection Research Unit
• AMR and infection prevention: from international and national imperatives to local implementation

WHO AMR Global Report

• A decade of learning from implementation in the English context: what has worked? where next?

WHO Global Action
Plan on AMR

• COVID-19: positive and negative

Global AMR Surveillance
System (GLASS)

Global database for AMR
Country Self-Assessment

Jim O'Neill’s Report
on AMR

2014 Nepal

2015

2015 Tanzania

2015 Uganda

2016

2015 Mozambique

2016 China

2017

2017 Zimbabwe

2017 HK

2018

2018 Bangladesh

2018 Pakistan

Phase 3

WHO AWARE Report

2014

Phase 2

The Center For Disease Dynamics,
Economics & Policy (CDDEP):
Global Antibiotic Resistance
Partnership (GARP)

2013
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2011 South Africa

Phase 1

England’s Chief Medical Officer (CMO) Annual
Report on Infectious Diseases and AMR

2010
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Existing country-level situation analyses (GARP reports)

Assessing contextual factors influencing the implementation of
the National Action Plan: the PESTELI framework
• Situation analyses for AMR in human health have not yet
employed a strategic management framework which is
critical for building contingency at the strategic level for
agile responses to macro-level environmental influences
• PESTELI: Political, Economic, Sociological, Technological,
Ecological, Legislative, Industry

Ahmad, Zhu et al. 2015. BMJ GH
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Ahmad, Zhu et al. 2015. BMJ GH
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PESTELI
• Political
• Legislative

Framework for assessing governance – comparing antimicrobial
resistance to national health system arrangements
Governance model
Who is involved & what is the role?

How priorities are set for improving
actions and standards?

What is the evidence base for decision-making
What are the main strengths

Infection control has been high on the political agenda and on the agenda of the NHS in England

What are the main weaknesses?
How is performance monitored?
How is accountability for
performance ensured?

since 2000.

By whom?
How? What are the main strengths and weaknesses?
How are the accountability mechanisms in place linked to the health
system’s broader governance structures?
Are the mechanisms effective?

To what extent are the three
components aligned?

“Comparison of governance approaches for the control of antimicrobial resistance: Analysis of three European countries”. Birgand et al. (2018). ARIC.
“A governance framework for development and assessment of national action plans on antimicrobial resistance”. Anderson et al. (2019). LID.
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Numbers of MRSA BSIs reported in England, 1990–2012

1. 2001: mandatory reporting
2. 2003: national report
3. 2003: “clean your hands” campaign
4. 2004: MRSA/Cleaner Hospitals
Improvement Programme

The incidence rate of all

5. 2006: legislation

reported cases fell from 10.2

6. 2007: additional measures

cases per 100,000 population

7. 2007: national AMS stewardship to
reduce prescribing of cephalosporin
and fluoroquinolone in hospitals

(April 2007) to 1.2 cases per
100,000 population between
2014 and 2020.

8. 2008: MRSA screening
implementation guidance for elective
and emergency admissions
Duerden et al, 2015. Open Forum Infectious Diseases
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PHE, 2021. Quarterly epidemiological commentary
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2001
Introduction of mandatory reporting in England of MRSA BSI
2000
UK AMR NAP: surveillance + AMS + IPC
Committee of Public Accounts: 1) the NHS did not have a grip on the extant of HCAI and 2) a root

and branch shift towards prevention was needed at all levels and that a philosophy that prevention
is everybody's business not just the specialists.

All cases of bacteraemia caused by S. aureus
• The proportion of cases due to MRSA
• No of MRSA per 1,000 patient-days
• Data made publically available
2003

National report targeting 7 key areas for improvement: active surveillance and investigation,
infection risks associated with medical devices, reservoirs of infection, standards of hygiene in
clinical practice, prudent use of antimicrobials, management and organisation, and research and
development
“Clean your hands” campaign: required alcohol hand gel at all points of patient contact
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2004

2008

Setting of target reductions for all NHS hospitals

The Health and Social Care Act 2008: Code of Practice on the prevention and control of infections

The original national target of a 50% reduction in MRSA BSI in hospitals in England by 2008;

and related guidance

• set out the code of practice for IPC, which applies to registered providers of all healthcare and
adult social care in England

2006

• set out 10 criteria for the inspection body - Care Quality Commission (CQC) - to judge the

Legislation was introduced, which implemented a statutory Code of Practice on HCAI that applied

to all NHS healthcare providers; with additional measures introduced in 2007 (quarterly reporting on

performance of a registered provider

HCAIs to hospital Boards, a legal requirement for hospital Chief Executives to report MRSA BSIs
centrally)
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Code of practice for MRSA infections include:

2011
England’s Chief Medical Officer (CMO) Annual Report on Infectious Diseases

• National mandatory reporting: MSSA and MRSA bacteraemia; Gram-negative bacteraemia;

and AMR

Clostridioides difficile infection (including independent sector hospitals)

• 17 recommendations are made as part of the report, including:
• a call for antimicrobial resistance to be put on the national risk register

• Institution policy: screening upon admission; suppression regimens for colonised patients;

• better surveillance of data across the NHS and worldwide

isolation; transfer; antibiotic prophylaxis for surgery; post infection review for patients with

• better hygiene measures should be used when treating the next
generation of HCAIs (building on the success of MRSA BSI reduction

bacteraemia

since 2003)
Former CMO Professor
Dame Sally Davies
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2013

UK’s 20-year vision: 2020-2024

Prevention and control of infection in care homes

• A lower burden of infection, better treatment of resistant
infections, and minimised transmission in communities, the
NHS, farms, the environment and all other settings.

• set out the code of practice for IPC, which applies to registered providers of all healthcare and
adult social care in England

• Optimal use of antimicrobials and good stewardship across all sectors, including access to safe
and effective medicines that have been manufactured responsibly for all who need them;
achieving and maintaining usage levels by sector as good as the best countries in the world where
comparable data are available.

• set out 10 criteria for the inspection body - Care Quality Commission (CQC) - to judge the
performance of a registered provider

• New diagnostics, therapies, vaccines and interventions in use, and a full antimicrobial resistance
research and development pipeline for antimicrobials, alternatives, diagnostics, vaccines and
infection prevention across all sectors; with access to new and old technologies for all.
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England versus Japan
England has focused on national mandatory and
structural interventions, supported by a combination of
outcomes-based incentives and punitive mechanisms,
and multi-disciplinary IPC hospital teams.

• Non-mandatory recommendations

Japan has focused on (non-mandatory)
recommendations and primarily persuasive
interventions, supported by process-based incentives,
with voluntary surveillance.

• Primarily persuasive interventions
• Process-based incentives
• Voluntary surveillance
Dr Raheelah Ahmad
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Birgand et al. 2018. ARIC.

Dr Raheelah Ahmad

Mizuno et al. 2018. JHI.
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What to you want to change?
Guidelines – practice gap across organisations in England
Overview

Percentage of frontline health care
workers vaccinated with the seasonal
influenza vaccine in NHS hospitals

Percentage of staff complying with
hand hygiene policy

• Me, and UK NIHR Health Protection Research Unit
• AMR and infection prevention: from international and national imperatives to local implementation
• A decade of learning from implementation in the English context: what has worked? where next?
• COVID-19: positive and negative
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PHE, 2016.
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What do we know from IPC implementation in England?

What to you want to change?
Guidelines – practice gap within one organisations in England

• Organisational slack in necessary

Documentation of antibiotic stop/review date (surgery): 25%

• A positive organisational culture is more relevant than
organisational form

Documentation of antibiotic indication (medicine and surgery) : 17%

• Innovation adoption is sustained when involvement is wider
(than IPC)

Adherence to local policy or microbiology/infectious disease team recommendation: 84%

• Public knowledge mobilisation can be a powerful (positive)
force

Charani et al. (2017). JAC.
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What do we know from IPC implementation in England?

Staffing and IPC innovations

• Organisational slack in necessary
• A positive organisational culture is more relevant than
organisational form
• Innovation adoption is sustained when involvement is wider
(than IPC)
• Public knowledge mobilisation can be a powerful (positive)
force
Kyratsis, Ahmad, Hatzaras, Iwami, Holmes, 2014. Health Serv Deliv Res.
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Staffing and IPC innovations

Staffing and IPC innovations

Throwing everything
at the problem

Innovation
fatigue

Kyratsis, Ahmad, Hatzaras, Iwami, Holmes, 2014. Health Serv Deliv Res.
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Kyratsis, Ahmad, Hatzaras, Iwami, Holmes, 2014. Health Serv Deliv Res.
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Culture – organisational level

What do we know from IPC implementation in England?

A multi-level neo-institutional analysis of infection prevention and control in English
hospitals: coerced safety culture change?
200

• Organisational slack in necessary
No. of key IPC/safety interventions

180

• A positive organisational culture is more relevant than
organisational form
• Innovation adoption is sustained when involvement is wider
(than IPC)
• Public knowledge mobilisation can be a powerful (positive)
force
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Kyratsis, Ahmad, Iwami, Castro-Sanchez, Atun, Holmes, 2019. Sociology of Health and Illness.
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Culture – organisational level

How can we gauge organisational culture?

A multi-level neo-institutional analysis of infection prevention and control in English
hospitals: coerced safety culture change?
200

No. of key IPC/safety interventions

180

Cultural-cognitive

160
140

Normative

120

Regulative

• Positive organisational culture by fostering good working
relationships and communications across units and staff groups.
• Indicators: work satisfaction, emergency and crisis management,
absenteeism, healthcare worker turnover

100
80
60
40
20

• What you must do
• What you should do
• What you would (always) do

0
200 0 200 1 200 2 200 3 200 4 200 5 200 6 200 7 200 8 200 9 201 0 201 1 201 2 201 3 201 4 201 5
Year
Kyratsis, Ahmad, Iwami, Castro-Sanchez, Atun, Holmes, 2019. Sociology of Health and Illness.
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Zingg, Holmes et al., 2015. Lancet Infectious Diseases.
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How can we gauge organisational culture?

•

Unwritten rules

•

Hierarchy

•

Team dynamics

How can we gauge organisational culture?

Doctors
Pharmacists
Nurses

Dr Esmita Charani

Senior doctor recommendation and opinion

“Antibiotic stewardship programmes – what's missing?”. Charani et al. (2010). JAC.
“Behaviour change strategies to influence antibiotic prescribing in acute care: a systematic review”. Charani et al. (2011). CID.
“Understanding the Determinants of Antimicrobial Prescribing within hospitals: The role of 'Prescribing Etiquette’”. Charani et al. (2013). CID.
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Charani et al., 2017. CID
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How can we gauge organisational culture?

How can we gauge organisational culture?
“The ability for individual staff to passively resist something is far
greater than the position and power of any individual within the
organisation. So if we want to introduce something new and if it isn’t

Doctors

really understood and accepted at the ground level, people will just
make the right noises and not act, absolutely embrace it and do it. A

Pharmacists

lot of it is about hearts and minds.”

Nurses

Executive team member

Cost
Charani et al., 2017. CID
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Holmes et al., 2016. The Health Foundation
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Who to involve? When?

What do we know from IPC implementation in England?

Initiation

Decision Making

• Organisational slack in necessary

Implementation
planning

Implementation
execution

External to
hospital

• A positive organisational culture is more relevant than
organisational form

Wider
hospital

• Innovation adoption is sustained when involvement is wider
(than IPC)
IPC team

• Public knowledge mobilisation can be a powerful (positive)
force
Ahmad et al., 2012. JHI
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Use by professional group – doctors

Use by professional group – nurses

Kyratsis, Ahmad, Hatzaras, Iwami, Holmes, 2014. Health Serv Deliv Res.
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Kyratsis, Ahmad, Hatzaras, Iwami, Holmes, 2014. Health Serv Deliv Res.
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Use by professional group – pharmacists

Everybody’s business or technical/narrow specialism

IPC involvement

Information giving

Front line staff involvement
Kyratsis, Ahmad, Hatzaras, Iwami, Holmes, 2014. Health Serv Deliv Res.
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Ahmad et al., 2012. JHI
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Everybody’s business or technical/narrow specialism

Information giving

Information giving

Information giving with
opportunity for feedback

Information giving with
opportunity for feedback

IPC involvement

IPC involvement

Everybody’s business or technical/narrow specialism

Front line staff involvement

Front line staff involvement
Ahmad et al., 2012. JHI
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Shared/equal role at all stages of
the process (initiation to
implementation execution)

Ahmad et al., 2012. JHI
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Everybody’s business or technical/narrow specialism

Principles of behaviour change – what, how, and who?

Information giving

To promote prudent use of antimicrobials in primary care in England

IPC involvement

Information giving with
opportunity for feedback

•

Shared/equal role at all stages of
the process (initiation to
implementation execution)
Dominant role at
all stages

A mixed approach

•

Monitoring and feedback

•

Letter from the Chief Medical Officer

•

Quality premium (incentive)

•

Addition of primary care prescribing information open access to all providers

Front line staff involvement
Ahmad et al., 2012. JHI
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PHE, 2018. ESPAUR.
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What do we know from IPC implementation in England?

Principles of behaviour change – what, how, and who?
Quality Premium – indicators

• Organisational slack in necessary
• A positive organisational culture is more relevant than
organisational form
• Innovation adoption is sustained when involvement is wider
(than IPC)
• Public knowledge mobilisation can be a powerful (positive)
force
NHS England
https://www.england.nhs.uk/ccg-out-tool/qual-prem/
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Expert vs public opinion on relative contribution of selected
drivers of antimicrobial resistance

Public reporting of HCAI indicators first mandated
2000

2001
England

2002

2003

2004

USA

France

2005

2006 ……….. 2011
Germany

Public Health England Fingertips

Castro Sánchez et al., 2016. BMC Inf Dis
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Haustein, Gastmeier, Holmes, Lucet, Shannon, PDHS. 2011. Lancet Infectious Diseases.
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Overview

• Me, and UK NIHR Health Protection Research Unit
• AMR and infection prevention: from international and national imperatives to local implementation

• The impact of COVID-19 on amicrobial use and AMR is complex, nuanced, and context specific (e.g.
critical care, secondary care, and community medicine, low vs high resource settings)

• A decade of learning from implementation in the English context: what has worked? where next?
• COVID-19: positive and negative

55

• There has been large data on bacterial and fungal co-infections and secondary infections in hospitalised
COVID-19 patients

56
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Considering impact on community antibiotic use:

Considering impact on community antibiotic use:

Prescribing in general practice

Prescribing in out-of-hours

Lockdown period
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Antibiotic items (predicted)
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A sustained reduction
observed since the first
lockdown.

In 2020, the OOH use of coamoxiclav and doxycycline
peaked between March to May,
which was out of sync with the
seasonality peaks (Winter) in
previous years.

Investigation of
community-onset
infectious diseases and
potential unintended
consequences of reduced
prescribing urgently
needed

Zhu et al., 2021. CMI
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Zhu et al., 2021. Antibiotics
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Observed prescribing patterns

Less transmission
in the community
•
•

National lockdowns and
social distancing
PPE use, personal and
environmental hygiene

• Reduction in prescribing
synchronized with initiation
of national lockdowns (Zhu,
2021)
• Reduction has been
sustained after lockdown
relaxation (winter 2020,
school re-opening) (Zhu,
2021)
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Fewer primary
care consultations

Changes in prescribing
practices
•
•

National guidelines
Remote consultation led to
uncertainty

• Increased prescribing of coamoxiclav and doxycycline (not
correlate with pre-pandemic
seasonality) (Zhu, 2021)
• Guideline-concordant
management in 92.5% of remote
consultations, and 90.7% of F2F
visits for pedatric ARTI (Ray 2021)
• Less CRP testing (van der Velden,
2021); less urine culture (Zhu,
unpublished data)

•
•

Less consultation
episodes
Less episodes that led to
prescribing

• Lower rates of RTI/UTI
consultations
• Reductions in the
proportion of RTI
consultations with
antibiotic prescribed
(Rezel-Potts, 2021; )

Missed diagnosis

•

Delayed care-seeking (avoid
contact; not want to burden
the health systems; isolate /
shield)
Mistaken symptoms with
COVID-19
Disruption in routine testing

•

The unintended outcomes

•

•

?

• Less presentation to primary care
• Higher diagnostic uncertainty
• Potentially worsened outcomes

Settings with no surveillance? Such as care homes

60
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Emerging evidence in the potentially untreated infections in the community

In summary

•

•

AMR and infection prevention: from international and national imperatives to local implementation

•

Understand the macro-level factors, especially for governance

•

Mandatory vs voluntary, restrictive vs persuasive

A decade of learning from implementation in the English context: what has worked? where next?

•

Successful implementation of IPC within healthcare facilities required: organisational slack, positive culture,
wider engagement, public knowledge mobilisation

•

COVID-19: positive and negative

•

Emerging evidence showed mixed impact of the pandemic

•

Potential missed / delayed treatment of infections in the community, especially in settings with poor
surveillance

Zhu et al., 2021. CID
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