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INTRODUCTION

Antimicrobial resistance is a serious and growing problem worldwide. WHO
recognizes the significant impact that resistance is having on public health and is
committed to action, as exemplified by the Resolution of the World Health
Assembly1.

The Antimicrobial Resistance Monitoring programme in the WHO Division of
Emerging and other Communicable Diseases Surveillance and Control (EMC),
working in partnership with others both within and outside WHO, has as its long-term
goals:
• to reduce the morbidity and mortality associated with infections caused by

antimicrobial resistant pathogens;
• to reduce the rate of emergence and spread of antimicrobial resistance.

With our partners, we aim to develop a global strategy for the containment of
antimicrobial resistance. Successful implementation of such a strategy will require
knowledge of the magnitude and trends of resistance; understanding of the causes of
resistance; development and implementation of interventions to address the resistance
problem.

The objectives of the Antimicrobial Resistance Monitoring programme can be
summarized under two main headings: national infrastructure strengthening, and
international coordination. At the national level, we assist countries to develop
systems to detect and survey antimicrobial resistance, and to use the information
gathered to improve the use of antimicrobial agents and reduce the spread of resistant
infections. In support of this objective we provide laboratory training courses, policy
workshops, an external quality assurance scheme and support to sustain capacity
building activities.

At the international level, one of our main objectives is to gather and share
information on antimicrobial resistance; its magnitude and trends, ongoing
surveillance activities, and policies and practices to contain resistance. We recognize
that many players are active in the field of antimicrobial resistance and our aim is to
build partnerships in order that we may expand and reinforce, rather than replicate,
activities around the world.

The WHO focus is on human pathogens and antimicrobial use in human populations.
We are also concerned about the non-medical uses of antimicrobials and the impact
such uses may have on human health. Therefore our activities include national
infrastructure strengthening to detect and monitor resistance in zoonotic pathogens
and development of partnerships to improve the rational use of antimicrobials in the
animal health area.

In recognition of the vital role played by the research-based pharmaceutical industry
in the production of antimicrobials and in research and development of new agents,
and our shared concerns about resistance, its relation to improper use of
antimicrobials including poor patient compliance and in many developing countries,
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the widespread availability of antimicrobials of unknown quality, this meeting was set
up to build on an earlier dialogue (Industry and the WHO Network on Antimicrobial
Resistance Monitoring: Opportunities for Collaboration; EMC/LTS/97.2) and explore
ways in which partnerships between WHO and the industry could be established and
strengthened.

Since availability of good diagnostics – and their proper use – is one of the pillars on
which proper use of antimicrobials should stand, the inclusion in this meeting of
representatives from the diagnostics industries was felt to be essential. In addition,
several of the diagnostics companies are involved in antimicrobial resistance
monitoring through their production of hardware and reagents.

Objectives of the meeting

• to share information. Participants from industry to be updated on the activities of
the Antimicrobial Resistance Monitoring programme since the last WHO/IFPMA
meeting in November 1996. Representatives from the pharmaceutical (human and
animal health) and diagnostics industry were also invited to update WHO on their
surveillance and related activities;

• to prepare a report, based on the feedback from the Working Groups, on proposals
for collaborative activities.

The first day of the meeting was devoted to information sharing (Agenda and
participants are shown in Annexes 1 and 2 respectively).  The second day was
arranged in Working Groups (composition and objectives are shown in Annex 3).

This report summarizes the WHO activities relevant to each of the Working Group
topics and summarizes the output from the Working Groups. It also attempts to
highlight proposed areas for collaboration and next steps in meeting identified
challenges.
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SECTION 1: SHARING DATA ON ANTIMICROBIAL RESISTANCE AND
USAGE

Background
Many antimicrobial resistance surveillance networks already exist at local, national
and international levels.  They are initiated often through individual interest and
enthusiasm, but also through national directives.  In the instance of industry-
sponsored surveillance, these networks are also set in place for research, development,
registration and marketing purposes and – increasingly at the direction of the licensing
agencies – for post-marketing surveillance.

WHO is aware that large amounts of data are being generated and proposes that the
information on resistance could reach a wider audience and have a greater potential
benefit if a mechanism for collecting and sharing antimicrobial resistance information
could be established. Through its mandate, WHO is in a unique position to act as a
repository and disseminator of this information and to encourage its use for the
purposes of containment of resistance and the consequent improvement of health.
Through a collaboration with INSERM, Paris, an electronic repository is taking shape
in the form of the Antimicrobial Resistance Information Bank which will comprise
several databases.

Antimicrobial Resistance Information Bank
Network database
The collection of  information on existing networks has been initiated in the WHO
European Region through questionnaires and a Workshop (The Status of Surveillance
in Europe; Report WHO/EMC/BAC/98.1). The aim is to extend this approach to other
WHO Regions and, if possible, gather information on industry-sponsored surveillance
networks.

Antimicrobial Resistance database
Laboratory-based surveillance of resistance is based on the results of antimicrobial
susceptibility tests. There is currently no single agreed method for performance of
these tests nor for interpretation of the results. Furthermore, the quality of the results
depends on good laboratory practices both in the identification of bacteria and their
susceptibility testing. WHO favours efforts to harmonize methods and interpretive
criteria, but we feel that it may be some time before these efforts bear fruit and while
we support a longer term goal to merge data from different databases, we anticipate a
need for a compromise in the short to medium term. Therefore the prototype
resistance database has been constructed to allow summary data from individual
networks/surveillance studies to be viewed and WHO proposes to invite the
submission of summarized, as well as ‘raw’, data.

We wish to prioritise the ‘drug-bug’ combinations of interest, starting with those
where resistance has a major public health impact, and place emphasis on
antibacterials recommended in the WHO Model List of Essential Drugs2.
Mycobacterium tuberculosis and Plasmodium spp. and other parasites will not be
considered at this stage but it is hoped that in the future summaries for these
pathogens may also be accessed through the Antimicrobial Resistance Information
Bank.
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In the protoype Information Bank we envisage the output in the form of a ‘country
profile’ showing in each country, for each ‘drug-bug’ combination, the number of
studies in the database and for each study the number of isolates and percentage
susceptible, intermediate and resistant. Each study will be referenced to show the
source of the information. Further details about each study (patients and specimens
surveyed, laboratory methods and susceptibility breakpoints used) will be accessible.
Summaries may also be viewed by pathogen and by antimicrobial (for all studies in
the database).

Access to the Antimicrobial Resistance Information Bank
WHO wishes to make access to view the summarized information on resistance as
open as possible. There is the possibility to have access to different levels of detail
controlled by password-protected gateways.  However, it is important to stress that we
do not expect to include confidential data (nor data on experimental compounds).

WORKING GROUP I
The objective for the Working Group was to explore the views of the research-based
pharmaceutical industry and the diagnostics companies on the possibility of data
sharing with WHO and to propose an approach through which this might be achieved.

Feedback from Working Group I
The Working Group’s conclusion was that the environment is favourable to
cooperation between industry and WHO and that, in principle, companies are willing
to proceed towards data sharing. The Working Group drew attention to the following
issues:
• Data sharing is difficult because there is no common format for data collection;
• Clinical data (e.g. outcome of treatment) is even more difficult to collect than

laboratory-based antimicrobial susceptibility patterns;
• Correlations between antimicrobial usage and emergence of resistance are very

difficult to make.

The Working Group also recognised that recommendations emerging from this
meeting will need to be considered by the individual companies, and by WHO, before
decisions can be made.  In particular the following points were highlighted:
• Companies will reserve the right to share their data;
• Companies should be credited for data ‘donations’;
• Companies should be involved in the preparation of their data for use (in the AR

Information Bank);
• Practical considerations may preclude companies from working together on

collaborative studies.

The Working Group also suggested that the following points required particular
consideration:
• Impact of any data shared on the WHO Model List of Essential Drugs;
• Concern about compiled data being used in a regulatory context;
• Clarification is required concerning who will have access to the shared data

outside WHO.
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The Working Group recommended that:
1. Through a Board representing WHO, industry and academia, WHO should

address emerging resistance issues and orchestrate expert position documents;
2. Guidelines for the submission of data to be used by WHO should be

developed;
3. Only studies of proven quality should be submitted to and used by WHO (the

definition of quality needs to be addressed by the Board but could include
publication in a peer-reviewed journal as a criterion);

4. The influence of methodology on results needs to be addressed; a shared
standard set of quality control strains might be a useful tool in this regard.

Next steps
A group should be convened to build on the progress of this meeting, to agree on an
action plan for data sharing, and to review the progress of the prototype Antimicrobial
Resistance Information Bank.
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SECTION 2: RESEARCH IN ANTIMICROBIAL RESISTANCE

The WHO Antimicrobial Resistance Monitoring programme has among its objectives,
the aim to stimulate research and development of new antimicrobial agents. The
programme also recognizes the need for research in many areas of resistance and in
particular in the development of interventions to contain resistance. However, to date
there have been very few research activities linked to the programme. It was
considered that this meeting provided an opportunity to prioritise research that needs
to be undertaken in the field of emergence, spread and containment of antimicrobial
resistance and how this might be achieved through collaborations between WHO, the
industry and other interested parties.

WORKING GROUP II
The objective for the Working Group was to highlight the gaps in knowledge about
the emergence, spread and containment of antimicrobial resistance, the basic and
operational research that needs to be undertaken and how this may be achieved
through collaboration.

Feedback from Working Group II
It was agreed that there would be benefits from collaboration between the industry
and WHO viz. prolonging the active life of the presently available antimicrobials;
support from the neutrality of WHO.  There are also potential deterrents, notably
competition between companies, the need for protection of data (agreement on what
and when to disclose information and knowledge of how the data will be used by
WHO). Proprietary data for compounds in development would be excluded from any
collaborative agreement.

Potential for research collaborations between WHO and industry were categorized as
follows:
• Specific projects
For example, the use of existing data to establish potential links between resistance to
two or more compounds;

• Specific protocols
Industry would support (perhaps in part) specific projects. It was suggested that a sub-
group of experts from WHO and IFPMA be convened to develop/review detailed and
well-designed scientific protocols for projects;

• Forum
Industry would welcome a forum with WHO to exchange information concerning
resistance data obtained in a given protocol before it is published;

• Support for local projects
Industry could provide support for local research projects through training, supply of
materials, computers etc.

Industry participants considered that detection of acquired antimicrobial resistance
and study of its clinical relevance was of high priority, followed by improvement in
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infection control to decrease the spread of resistance. Training programmes could be
suggested to address these issues. It was felt that decreasing the emergence of
resistance is a complex issue that requires further in-depth discussions, perhaps in the
expert group (as suggested above).

The Working Group did not attempt to define specific knowledge gaps nor specific
research that it felt should be undertaken.

Next steps
The ad hoc Scientific Advisory Group for the Antimicrobial Resistance Monitoring
programme, with representation from the industry, should be expanded. Opportunities
for collaborative links between resistance monitoring network projects (see page 12)
and industry should be explored.
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SECTION 3: NON-MEDICAL USES OF ANTIMICROBIALS

Background
Since the first joint WHO/IFPMA meeting in November 1996, public attention to the
use of antimicrobials in food animals has increased significantly. Contoversies in the
field have highlighted the lack of knowledge and the problems in defining the impact
on human health. Many sectors are involved and there are significant economic
issues.

The activities planned by the WHO Antimicrobial Resistance Monitoring programme
in relation to food animals and food of animal origin include:
1. Identification and evaluation of human health problems related to the use of

antimicrobials in livestock production;
2. Strengthening international capacity in detecting and monitoring resistance in

food animals and food of animal origin;
3. Research promotion;
4. Promotion of rational use of antimicrobial agents in food animals.

In relation to the first of these activities, a meeting was held in Berlin in October 1997
on ‘The Medical Impact of the Use of Antimicrobials in Food Animals’ (Report
WHO/EMC/ZOO/97.4) and a second meeting on ‘The Use of Quinolones in Food
Animals and Potential Impact on Human Health’ in June 1998.

In relation to capacity strengthening, work is underway to identify a potential WHO
Collaborating Centre for quality assurance in antimicrobial susceptibility testing
(AST) of bacteria from food animals and food of animal origin [note: The Danish
Zoonosis Centre agreed in September 1998 to serve this function]. In addition, two
regional centres (in Argentina and Thailand) are being set up to support country
activities, conduct training courses on AST for important foodborne bacteria and to
collect and disseminate information relevant to the protection of human health from
resistant bacteria isolated from food animals and food of animal origin.

WORKING GROUP III
The objective for the Working Group was to define the areas of collaboration with
WHO that are most important specifically to the animal health pharmaceutical
industry.

Feedback from Working Group III
There is a high degree of concern among the general public with respect to food
safety, including foodborne pathogens and the subset of these that is resistant to
certain antimicrobials. The route from farm to table, and ultimately to untreatable
disease, is complex. Hazard Analysis and Critical Control Points (HACCP) principles
are being used increasingly to limit the contamination of food products by foodborne
pathogens, including the antimicrobial resistant subset. A thorough examination of
critical controls throughout the entire foodchain will enable better control of
foodborne disease. However, the magnitude of the risk to human health of the use of
antimicrobials in animals is as yet unknown and should be examined by the process of
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risk assessment, with all stakeholders contributing to the discussion. This should
allow rational and well-informed risk management strategies to be developed. In the
meantime certain activities to contain resistance should be considered, such as
development of, and adherence to, principles of prudent use of antimicrobials in
animals.

Data needs
Data are required in a number of areas to enable a risk assessment to be undertaken.
These areas are outlined below as a series of questions and comments:

1. What is the true incidence of resistance in bacteria in the animal population and
how does the incidence vary over time?

Longitudinal data on incidence and prevalence of antibiotic susceptibilities of
foodborne bacteria from food animals, foods, and humans need to be generated and
their interrelationships studied. Other animal and environmental reservoirs that
contain resistant bacteria may contribute to the overall situation and need to be
considered. Obtaining suitable samples from food animals to permit the detection of
resistant bacteria may be difficult; primary producers or food-processing plants may
be reluctant to allow access to their animals for fear of recrimination that might follow
the demonstration of resistant bacteria therein.

2. What is the usage of antimicrobials in animals?
There are a number of barriers to the collection of these data. For example,
commercial confidentiality, parallel imports, and generic manufacture by numerous
and sometimes elusive companies. In addition, counterfeit and sub-standard products
complicate the picture. Finally, national figures for usage do not reflect the actual use
patterns on a given farm so it is difficult to link total usage to the specific situations
where bacterial isolates are obtained. Generalizations made from one farm situation
cannot be taken to represent common industry practice due to the diversity of
production techniques.

3. What is the nature and the degree of transfer of resistance that occurs between
animals and humans?

Results may differ for different pathogens, for example between zoonotic pathogens
such as Salmonella and Campylobacter, and enterococci, where the animal link is less
obvious. More comprehensive epidemiological data are required. In addition the role
of modes of transmission of zoonotic pathogens other than via food needs to be
considered.

4. What are the consequences of restriction or withdrawal of antimicrobials for use
in animals?

In addition to the data needed to establish what degree of hazard to human health
exists, the industry is concerned that a number of factors which do not impact human
health (directly or at all) should be considered if a proper risk assessment of the use of
antimicrobials in animals is to be performed. These factors include the effects on
animal producers (e.g. potential loss of business), effects on consumers (e.g. potential
for more expensive food), effects on animal welfare (e.g. potential for more disease),
effects on the environment (e.g. increased nitrogen deposition, more cropland, feed
and water needed to produce the same amount of food).
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Attention should be given to alternatives that might mitigate the above, e.g.
improvements in hygiene, use of probiotics, etc.

Areas of collaboration between the animal health industry and WHO
The Working Group recommended the following areas of collaboration:-
1. Education on prudent use of antimicrobials in animals
Improving the use of antimicrobials implies better knowledge and information for
veterinarians, workers in the feed industry, farmers, and animal health product
manufacturers and marketers. Improving knowledge and information requires the
availability of suitable materials tailored to the appropriate audience, routes for
dissemination of the information and monitoring of implementation. This is a
particular challenge in countries where there is no requirement for prescription.

WHO can play a valuable role because it is a neutral, well-recognized organization
with the mandate to protect public health. It can act, in partnership with FAO and OIE
and the industry, to prepare educational materials and facilitate their dissemination
and implementation.

2. Gathering and sharing data from antimicrobial resistance monitoring
Cooperation is key. Trade associations are seen as the most suitable organization for
successful collective action. These include the World Federation of the Animal Health
Industry (COMISA) and its member associations at regional (e.g. Fefana, Fedesa in
Europe) or national level (e.g. AHI in USA). Partnership with professonal societies
and organizations should also be anticipated.

The Working Group proposed that a joint WHO/COMISA working group be created
to assist in:
• collation and exchange of results of antimicrobial resistance monitoring;
• harmonization of antimicrobial susceptibility test methods;
• laboratory training on antimicrobial resistance detection and data analysis.

3. Assistance in performance of risk assessment for impact on human health of
antimicrobial use in animals

The Working Group proposed that the industry would favour collaboration with a
WHO/FAO/OIE working group to define research and data needed in order to make
an assessment of the risks to human health of the use of antimicrobials in animals.
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SECTION 4: OPPORTUNITIES FOR COLLABORATION IN PROVISION
OF TOOLS, TRAINING, QUALITY ASSURANCE AND NATIONAL
SURVEILLANCE

Background
Over the past year, WHO has attempted to develop and test a package of activities for
strengthening national capacity to detect and monitor antimicrobial resistance in
developing countries. This package involves:

• Identification of a national focal point (nominated by Ministry of Health to WHO
Regional Office).

• Situation analysis concerning the existence and extent of antimicrobial resistance
and organization of laboratory services to monitor resistance in the country. This
is usually performed by a local microbiologist and provides information for the
following activities.

• Laboratory training course: WHO organizes and provides expert trainers for
Antimicrobial Susceptibility Testing and Resistance Monitoring training courses
in developing countries. These five-day, hands-on, courses give training in
laboratory techniques and the use of a software tool (WHONET) for the analysis
of resistance data. In 1997/8 laboratory training courses have been held in China,
India, Kenya, Mongolia, Myanmar, Sri Lanka, Sudan, Viet Nam. In the future,
training will also be extended to laboratory workers in the veterinary
microbiology field.

• Enrolment in external quality assurance scheme provided by the WHO
Collaborating Centre for International Monitoring of Bacterial Resistance to
Antimicrobial Agents at CDC, Atlanta, USA. Quality control and proficiency test
strains are distributed 2-3 times per year, the results analysed and remedial
assistance offered where required. Establishment of a further EQAS for
laboratories working with bacteria from food animals and food of animal origin is
under active discussion.

• Initiation of a resistance monitoring network project; the aim is to encourage and
support  laboratory staff who have been involved in training activities to initiate or
strengthen local and national networks for resistance monitoring and to
communicate the results to local health care workers and national policy makers.

• National policy workshop; WHO/EMC organizes (in partnership with other WHO
Divisions) workshops on Antimicrobial Resistance Monitoring and Rational Use
of Antimicrobial Agents, aiming to bring together representatives from the various
disciplines needed to develop a national policy for the containment of
antimicrobial resistance (workshops in China, Kenya, Myanmar and Sri Lanka
held in 1997/8).
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WORKING GROUP IV
The objective for this Working Group was to explore ways in which industry could
work in collaboration with WHO to assist developing countries to achieve appropriate
capacity and infrastructure to contain antimicrobial resistance.

Feedback from Working Group IV
Industry currently supports a significant amount of training activities such as:
• general training in microbiology, including diagnostics and resistance detection;
• training on the proper use of antibiotics (usually related for each company to one

particular product, but also general information);
• provision of professional training (laboratory);
• provision of instruments and materials;
• making (translated) guidelines available to developing countries (including

distribution);
• sponsoring symposia for continuous education of physicians, vets, clinical

microbiologists, etc.
If the potential involvement of industry is seen primarily as a way to attract charitable
donations (in cash or kind), WHO needs to talk to a different audience to the one
present at this meeting.

Industry partners envisaged opportunities that could arise from collaboration, e.g.
• better training would lead to improved use of antimicrobials leading to positive

impact on sales (bad use destroys value of products over time);
• industry would prefer self-regulation to imposed regulation and hence a

willingness to seek opportunities to work together towards improved use;
• necessity of marrying credibility and relevance.

The proposal to form a consortium (defined as a loose association of partners with
common interests) to develop and deliver training and education was examined by the
Working Group. To be active, participants in a consortium, industry, would require
some sort of acknowledgement of its participation.

However, certain difficulties for industry in this approach were also highlighted,
including:
• trust - the perception that an association between WHO and the pharmaceutical

industry is ‘against nature’;
• confidentiality - some segments of data (sales, volume, prices) generated by

industry would not be available to a consortium;
• integration - with non-consortium partners;
• the difficulty for the industry to operate in countries where there are few choices

in healthcare delivery.

Next steps
The Working Group agreed that prior to developing further plans for collaboration in
this field, WHO should define its priorities in education, review what is available and
define gaps. A link with a professional association that could play the role of
coordinator of the consortium was suggested. There will also be a need to link up with
local players in countries, i.e. government, local industry and local professional
organizations. Industry can help WHO to disseminate information/materials through
its distribution channels.
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SUMMARY

• A collaborative group should be set up to agree an action plan for sharing with
WHO antimicrobial resistance surveillance data generated by the industry;

• This group, with the possible addition of other members, could also form part of a
scientific advisory group to WHO to further research in the areas of antimicrobial
resistance detection, emergence, spread and containment;

• A Working Group with COMISA representation could assist collaboration in the
field of antimicrobial resistance in food animals and would support the proposed
WHO/FAO/OIE Working Group;

• WHO should define its priorities for education and training in the field of
antimicrobial resistance. Further discussions will be required to define better how
a consortium on education and training, perhaps coordinated by a professional
association, could function.
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