INTERVENTIONS AGAINST ANTIMICROBIAL RESISTANCE:
A REVIEW OF THE LITERATURE AND EXPLORATION OF
MODELLING COST-EFFECTIVENESS

A report prepared for the Global Forum for Health Research

Richard D Smith
Senior Lecturer in Health Economics
Health Economics Group
School of Health Policy and Practice
University of East Anglia

Joanna Coast
Lecturer in Health Economics
Department of Social Medicine
University of Bristol

Michael R Millar
Consultant Microbiologist and Infection Control Doctor
Barts and the London NHS Trust

Paula Wilton
Research Associate
Health Economics Group
School of Health Policy and Practice
University of East Anglia

Anne-Marie Karcher
Speciaist Registrar in Microbiology
Department of Microbiology
Homerton Hospital



Interventions against antimicrobial resistance: a review of the literature and
exploration of modelling cost-effectiveness

by Richard Smith, Joanna Coast, Michael R. Millar, Paula Wilton and
Anne-Marie Karcher

© Richard Smith, Joanna Coast, Michadl R. Millar, Paula Wilton and
Anne-Marie Karcher
Published by the Globa Forum for Health Research, September 2001
ISBN 2-940286-06-X

The work was supported by the United States Agency for International Development
(USAID) and managed by the Global Forum for Health Research in collaboration
with the Department of Child and Adolescent Health and Development (CAH) of the
World Health Organization.

The text of Interventions against antimicrobial resistance: a review of the
literature and exploration of modelling cost-effectiveness can be downloaded from
the Global Forum's website as of October 2001.

Paper copies are available free of charge from
Global Forum for Health Research

c/o World Health Organization

20 avenue Appia

1211 Geneva 27, Switzerland

T +4122/791 4260 F + 41 22/791 4394
E-mail info@globalforumhealth.org
www.globalforumhealth.org

The Globa Forum for Health Research is supported by the Rockefeller Foundation,
the World Bank, the World Health Organization and the governments of Canada, the
Netherlands, Norway, Sweden and Switzerland.

Authors' contact:

Richard Smith

Senior Lecturer, Health Economics Group
School of Health Policy & Practice
University of East Anglia

Norwich NR4 7TJ

United Kingdom

T + 44 (0)1603 593617 (direct), +44 (0)1603 593602 (secretary)
F +44 (0)1603 593604
E-mail Richard.Smith@uea.ac.uk



EXECUTIVE SUMMARY

1. Introduction

Antimicrobial resistance (AMR) is one of the biggest challenges to face global public
health at the beginning of the third millennium. However, there is little accurate
information concerning many aspects of AMR, in particular, the cost and/or effectiveness
of various strategies that may prevent the emergence of AMR and/or limit the
transmission of resistant organisms, or resistance determinants. The Global Forum for
Health Research therefore provided funding to:

1. Review current knowledge concerning the cost and/or effectiveness of (medical)
interventions aimed at reducing the emergence and transmission of AMR in
humans; and

2. Explorethefeasihility of, and issuesinvolved in, the development of an economic
model to assess the cost-effectiveness of interventions to address AMR in
humans.

2. Literature review — Methodology

A systematic literature review was undertaken to describe and critically appraise studies
reporting on: (i) the costs and/or effectiveness of strategies to prevent, and control the
spread of, AMR; and (ii) the cost of resistance. Literature was identified through contact
with key international figures and institutionsin the field of AMR, and through searching
major electronic bibliographic databases. Approximately 155 studies were reviewed,
following clearly defined inclusion and exclusion, and quality assessment, strategies.
Meta-analysis was inappropriate, and thus a qualitative overview provided.

3. Literature review — Results

From this review it would appear that most studies:

1. Arefrom the developed world (principally the United States);

2. Are mostly hospital/other institution-based, with few community level
interventions;

3. Are concerned with control of transmission as opposed to prevention of
emergence,

4. Cover “micro” interventions, such as hand washing, but not more “macro” policy
interventions, such as legidation, global control of drug availability, tax/subsidy;
and

5. Do not measure the cost impact of AMR to the health service, patients or society.

There were few studies examining strategies to reduce AMR in developing countries,
although severa focusing upon prescribing were reviewed. This may be areflection of
pharmaceuticals being widely available at a community level (with few restrictions
governing their availability) and, as a consequence, much inappropriate prescribing.
Given the focus on prescribing, it is not surprising that anaysis tended to be concentrated
at the community level.



Overdl, there appears to be no definitive evidence (cost and/or effectiveness), which
suggests that one specific control measure (or combination) is particularly more
successful than another in containing the spread of AMR. In addition, many interventions
that impinge on levels of antimicrobia usage, and thus ultimately levels of resistance, are
also not currently subject to such formal evaluation.

4. Modelling cost-effectiveness — techniques and methods

Modelling is an extrapolation of the main parameters that influence the phenomenon of
interest, and then a construction of relationships between these parameters. There are Six
main forms of modelling in common use that might be applied to AMR:

Decision-analytic models;
Markov-chain models;
Monte-Carlo simulation;
Mathematical models;
Statistical models;
Macro-economic models.
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These forms of modelling differ in their theoretical and methodological basis, the
purpose for which they are designed, the manner of presentation and the level of data
required. The theoretical and methodological features of each of these forms of model
are summarized in chapter 4.

5. Modelling cost-effectiveness — factors in model development

In considering the range of possible approaches to modelling for AMR there are severa
specific factors that are important in determining which is most suitable:

1. Contextual factors, such as socio-economic environment, type of health care system
and demographic characteristics of the population;

2. Policy god of the intervention, such as a focus upon resistance or infection, micro or

macro intervention and the prevention of emergence or transmission of AMR;

Outcome of interest, referring to focusing more widely upon resistance or health;

Temporal factors and the role of changes over time;

Extent of endogeneity of parameters within the model (i.e. those explained by the

model);

Discounting of future costs and benefits; and

Handling uncertainty, in both the development of new antimicrobials and the

development of resistance.
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These will determine the relevant parameters to be collected, and how the relationships
between them will be constructed. These factors are outlined in chapter 5.



6. Modelling cost-effectiveness — “minimum” data set

Aswell asthe broader structural issues, outlined in chapter 5, there is arequirement for
specification of variables of importance and the collection of data related to them.
Although these will vary according to the final model structure, there will likely be a
“minimum data set” of variables that would be required whatever the specific model
developed. Chapter 6 considers the variables that would most likely comprise such a
“minimum data set” within categories of:

Epidemiological or clinical factors relating to resistance;

Cost factors relating to resistance;

Pattern of antimicrobial usage;

Impact on AMR in humans from non-human consumption of antimicrobials; and
Information concerning the costs and effectiveness of the policy evaluated.
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7. Discussion and research agenda

In terms of the current literature, thereis anarrow focus upon the closed hospital system
and concentrating upon the effects of policies aimed at reducing transmission rather than
emergence of resistance. However, although it will be easier to identify the outcome of
strategies aimed at reducing transmission in a closed environment, these are not likely
to produce an optimal long-term outcome (i.e. a stable balance of the costs and benefits
of antimicrobial use). This is because of the possible irreversibility of AMR and the
potentially severe harm that could be imposed as a result. Yet, given the increasing
importance of evidence-based medicine, strategies that have been evaluated using
experimental methods and well-conducted economic evaluations, may be prioritized
above these policies, which are much more difficult to evaluate. Thisis a danger that
should be avoided both by awareness among policy-makers of the relative challenges
associated with evaluating different types of policy, and by awareness among the
research community of the importance of evaluating policies that may potentialy be
more important, even if the rigour with which they can be evaluated is smaller than for
the potentially less important policies.

Overdl, there appears to be no definitive evidence (cost and/or effectiveness) that
suggests that one specific control measure (nor indeed a combination of measures) is
particularly successful in containing the spread of AMR. Although it would seem that
suveillance is a basic pre-requisite to tackling AMR, in the absence of evidenceit is
difficult to go further in making recommendations, or in suggesting priorities for research
among those interventions assessed here. Readers are referred to the WHO Global
Strategy for the Containment of Antimicrobia Resistance as presenting the most current
and complete “best advice” on interventions to tackle AMR, how these should be
implemented, and research priorities.

In terms of developing a model to assess the cost-effectiveness of strategies to tackle
AMR, the appropriate and desirable model will need to satisfy four broad criteria of
feasibility, sensitivity, relevance and flexibility. Considering these criteria, and this
review of modelling as applied to AMR, two broad options are outlined:

1. A “macro-model” approach that attempts to integrate factors within a broad-based
model aiming to assess strategies on amore “global” level; and



2. A “suite’” of micro sub-models, each “embedded” within a given set of primary
parameters, such as country, disease and level of intervention (e.g. hospital or
community), which determine which of the “suite” of sub-modelsis most appropriate
for that context.

A definitive recommendation concerning which form of modelling to pursue is not
possible at present, asit depends upon both feasibility and relevance to the question and
context concerned. However, it is clear that there needs to be further research into the
modelling of AMR. Although such amodel will require substantial investment of time
and resources, the potential benefits of such a model, if accurately specified and
incorporating quality data, could be vast in terms of the potential health benefit to current
and future generations.



