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Executive Summary

■ Resistance is only just beginning to be consid-
ered as a societal issue and, in economic terms, as
a negative externality in the health care context.
Individual decisions to use antimicrobials (taken
by the consumer alone or by the decision-making
combination of health care worker and patient)
often ignore the societal perspective and the per-
spective of the health service.

■ The World Health Assembly (WHA) Resolu-
tion of 1998 (1) urged Member States to develop
measures to encourage appropriate and cost-
effective use of antimicrobials, to prohibit the dis-
pensing of antimicrobials without the prescription
of a qualified health care professional, to improve
practices to prevent the spread of infection and
thereby the spread of resistant pathogens, to
strengthen legislation to prevent the manufacture,
sale and distribution of counterfeit antimicrobials
and the sale of antimicrobials on the informal
market, and to reduce the use of antimicrobials in
food-animal production. Countries were also en-
couraged to develop sustainable systems to detect
resistant pathogens, to monitor volumes and pat-
terns of use of antimicrobials and the impact of
control measures.

■ Since the WHA Resolution, many countries
have expressed growing concern about the prob-
lem of antimicrobial resistance and some have
developed national action plans to address the
problem. Despite the mass of literature on anti-
microbial resistance, there is depressingly little on
the true costs of resistance and the effectiveness of
interventions. Given this lack of data in the face
of a growing realization that actions need to be
taken now to avert future disaster, the challenge is
what to do and how to do it.

■ The WHO Global Strategy for Containment
of Antimicrobial Resistance addresses this chal-
lenge. It provides a framework of interventions to
slow the emergence and reduce the spread of anti-
microbial-resistant microorganisms through:

■ Deaths from acute respiratory infections,
diarrhoeal diseases, measles, AIDS, malaria and
tuberculosis account for more than 85% of the
mortality from infection worldwide. Resistance to
first-line drugs in most of the pathogens causing
these diseases ranges from zero to almost 100%.
In some instances resistance to second- and third-
line agents is seriously compromising treatment
outcome. Added to this is the significant global
burden of resistant hospital-acquired infections,
the emerging problems of antiviral resistance and
the increasing problems of drug resistance in the
neglected parasitic diseases of poor and mar-
ginalized populations.

■ Resistance is not a new phenomenon; it was
recognized early as a scientific curiosity and then
as a threat to effective treatment outcome. How-
ever, the development of new families of
antimicrobials throughout the 1950s and 1960s
and of modifications of these molecules through
the 1970s and 1980s allowed us to believe that we
could always remain ahead of the pathogens. By
the turn of the century this complacency had come
to haunt us. The pipeline of new drugs is running
dry and the incentives to develop new anti-
microbials to address the global problems of drug
resistance are weak.

■ Resistance costs money, livelihoods and lives
and threatens to undermine the effectiveness of
health delivery programmes. It has recently been
described as a threat to global stability and na-
tional security. A few studies have suggested that
resistant clones can be replaced by susceptible ones;
in general, however, resistance is slow to reverse
or is irreversible.

■ Antimicrobial use is the key driver of resistance.
Paradoxically this selective pressure comes from a
combination of overuse in many parts of the world,
particularly for minor infections, misuse due to
lack of access to appropriate treatment and under-
use due to lack of financial support to complete
treatment courses.
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8 INTERNATIONAL ASPECTS OF
CONTAINING ANTIMICROBIAL
RESISTANCE

8.1 Encourage collaboration between govern-

ments, non-governmental organizations,

professional societies and international

agencies to recognize the importance of

antimicrobial resistance, to present consist-

ent, simple and accurate messages regard-

ing the importance of antimicrobial use,

antimicrobial resistance and its contain-

ment, and to implement strategies to con-

tain resistance.

8.2 Consider the information derived from the

surveillance of antimicrobial use and anti-

microbial resistance, including the contain-

ment thereof, as global public goods for

health to which all governments should

contribute.

8.3 Encourage governments, non-governmen-

tal organizations, professional societies and

international agencies to support the es-

tablishment of networks, with trained staff

and adequate infrastructures, which can

undertake epidemiologically valid surveil-

lance of antimicrobial resistance and anti-

microbial use to provide information for

the optimal containment of resistance.

8.4 Support drug donations in line with the UN

interagency guidelines*.

8.5 Encourage the establishment of interna-

tional inspection teams qualified to con-

duct valid assessments of pharmaceutical

manufacturing plants.

8.6 Support an international approach to the

control of counterfeit antimicrobials in line

with the WHO guidelines**.

8.7 Encourage innovative approaches to

incentives for the development of new

pharmaceutical products and vaccines for

neglected diseases.

8.8 Establish an international database of

potential research funding agencies with

an interest in antimicrobial resistance.

8.9 Establish new, and reinforce existing, pro-

grammes for researchers to improve the

design, preparation and conduct of re-

search to contain antimicrobial resistance.

* Interagency Guidelines. Guidelines for Drug

Donations, revised 1999. Geneva, World

Health Organization, 1999. WHO/EDM/PAR/

99.4.

** Counterfeit drugs. Guidelines for the develop-

ment of measures to combat counterfeit drugs.

Geneva, World Health Organization, 1999.

WHO/EDM/QSM/99.1.
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Introduction and
background





Introduction

expensive drugs to treat a fraction of the
population needing treatment, or to increase
health care expenditure.

• Ineffective therapy leads to increased costs
associated with prolonged illness, more
frequent hospital admissions and longer
periods of hospitalization. In addition,
resistant pathogens in the hospital environ-
ment result in hospital-acquired infections
which are expensive to control and extremely
difficult to eradicate.

• The use of antimicrobials outside the field
of human medicine also has an impact on
human health. Resistant microorganisms in
food-producing animals may have major
financial implications for both farmers and
consumers. Resistant animal pathogens in
some food products, especially meat, may
cause infections in humans that are difficult
to treat. In addition, loss of public confi-
dence in the safety of food affects the de-
mand for products, with potentially serious
economic effects on the farming sector.

Risk management and national security

Antimicrobial resistance threatens other health
care gains. For example, co-infection with HIV
and antimicrobial-resistant pathogens, e.g. tuber-
culosis, salmonellosis, other sexually transmitted
infections, may result in rapid disease progression
in the infected individual and has a potential
multiplier effect on the dissemination of resistant
pathogens to the rest of the population—thereby
placing more demands on health care resources.
The emergence of antimicrobial resistance is
regarded as a major future threat to the security
and political stability of some regions (5).

Antimicrobial resistance is frequently irreversible

Although a few studies (6,7) have suggested that
resistant clones can be replaced by susceptible ones,
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Antimicrobial resistance is a global
problem that needs urgent action

Deaths from acute respiratory infections, diar-
rhoeal diseases, measles, AIDS, malaria and
tuberculosis account for more than 85% of the
mortality from infection worldwide (3). Resist-
ance to first-line drugs in the pathogens causing
these diseases ranges from zero to almost 100%.
In some instances resistance to second- and third-
line agents is seriously compromising treatment
outcome. Added to these major killers is the
significant global burden of hospital-acquired
(nosocomial) infections usually caused by resist-
ant pathogens, the emerging problems of antivi-
ral resistance and the increasing threats of drug
resistance in parasitic diseases such as African
trypanosomiasis and leishmaniasis.

The massive increases in trade and human
mobility brought about by globalization have
enabled the rapid spread of infectious agents, in-
cluding those that are drug resistant. While richer
countries, to a large extent, are still able to rely on
the latest antimicrobials to treat resistant infec-
tions, access to these life-saving drugs is often lim-
ited or totally absent in many parts of the world.
Urgent global action is needed, as outlined below.

Costs of resistance

The relentless emergence of antimicrobial resist-
ance has an impact on the cost of health care
worldwide. Ineffective therapy due to antimicro-
bial resistance is associated with increased human
suffering, lost productivity and often death. De-
spite a dearth of data on the costs of resistance
(4), there is growing consensus about the follow-
ing points.

• In many regions the prevalence of resistance
among common pathogens to readily avail-
able cheap antimicrobials is so high that
these agents are now of limited clinical
effectiveness. Increasingly, this results in dif-
ficult choices: to spend money on cheap
useless drugs, to use more effective but more
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resistance is generally slow to reverse or is irre-
versible. This suggests that interventions to stop
the development of resistance should be imple-
mented early, before resistance becomes a prob-
lem. The earlier interventions are implemented,
the slower will be the development of resistance
(4). However, this implies taking action before the
prevalence of resistant infections climbs, based on
decisions made whilst the number of people suf-
fering resistant infections is low. Antimicrobial
resistance is only just beginning to be considered
as a societal issue and, in economic terms, as a
negative externality (8,9). Individual decisions to
use antimicrobials (taken by the consumer alone
or by the decision-making combination of pre-
scriber and patient) often ignore the societal per-
spective and the perspective of the health service.

A dwindling supply of new antimicrobials

The development of new antimicrobial agents
effective against resistant pathogens and of alter-
native approaches such as vaccines is crucial to re-
duce the future impact of resistance. However, new
agents are expensive and time-consuming to
develop. Interest in antimicrobial research and de-
velopment among the research-based pharmaceu-
tical industry has declined as infectious diseases
in richer country populations appear to have been
conquered and as priorities have shifted to the
development of lifestyle drugs. Unless the current
rate of emerging resistance is controlled and slowed
to preserve the life of existing drugs, this decline
in new antimicrobial development, even if reversed
now, is likely to result in the absence of effective
therapies for some pathogens within the next ten
years.

A global problem calls for a global response

There can be no doubt that antimicrobial resist-
ance poses a global challenge. No single nation,
however effective it is at containing resistance
within its boundaries, can protect itself from the
importation of resistant pathogens through travel
and trade. The global nature of resistance calls for
a global response, not only in the geographic sense,
i.e. across national boundaries, but also across the
whole range of sectors involved. Nobody is ex-
empt from the problem, nor from playing a role
in the solution.

The response of the World Health Organiza-
tion is to:

• raise awareness of the problems posed by
antimicrobial resistance

• promote the sharing of information about
and understanding of resistance

• provide strategic and technical guidance on
interventions to contain resistance

• assist Member States to implement these
interventions

• stimulate research to address the knowledge
gaps and improve understanding of antimi-
crobial resistance and to encourage research
and development of new antimicrobial
agents.

Development of the WHO Global Strategy

Following the Resolution on Antimicrobial Re-
sistance in 1998 (1), WHO has worked with many
partners to develop the WHO Global Strategy for
Containment of Antimicrobial Resistance (referred
to as the WHO Global Strategy hereafter). The
aim of this strategy is to provide, for all Member
States, a framework of interventions to stimulate
the prevention of infection, to slow the emergence
of resistance and to reduce the spread of resistant
microorganisms, in order to reduce the impact of
resistance on health and health care costs, while
improving access to existing agents and encour-
aging the development of new agents. The strat-
egy has been formulated on the basis of expert
opinion, published evidence, commissioned re-
views and the deliberations of international and
national bodies (see Annex B) on the key factors
contributing to antimicrobial resistance and the
interventions needed for its containment. Based
on these inputs, a series of recommendations is
proposed, directed towards the aims stated above.
Part B of this document provides a summary of
the evidence on which the recommendations are
based.

It is important to recognize that much remains
to be learnt about the interplay between the fac-
tors responsible for the emergence and spread of
resistance and the optimization and cost-effective-
ness of appropriate interventions. However, the
urgency of the situation requires that implemen-
tation of the WHO Global Strategy moves for-
ward on the evidence currently available.



13

Implementation of the
WHO Global Strategy

The approach to implementation is crucial to its
efficacy and success. Much of the responsibility
for implementing interventions will fall on indi-
vidual Member States. There are certain actions
that only governments can assure, including the
provision of public goods such as information,
surveillance and analysis of cost-effectiveness of
interventions, and the cross-sectoral coordination
critical for an effective response (10). Given the
large number of recommendations for the con-

tainment of antimicrobial resistance presented
here, there is a practical need for prioritization and
customization to the individual national setting.
To assist in the implementation of the WHO Glo-
bal Strategy, an approach to defining a smaller core
set of recommendations is presented (Part C).
Furthermore, since antimicrobial resistance is a
clearly a global issue, international interdiscipli-
nary cooperation is critical and the areas in which
this can be most effective are outlined (Part B,
Chapter 8).
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Background

Appropriate use of antimicrobials

The WHO Global Strategy defines the appropri-
ate use of antimicrobials as the cost-effective use of
antimicrobials which maximizes clinical therapeu-
tic effect while minimizing both drug-related toxic-
ity and the development of antimicrobial resistance.

The general principles of appropriate antimi-
crobial use (11) are the same as those for all other
medicinal products. An additional dimension for
antimicrobials is that therapy for the individual
may affect the health of society as a result of the
selective pressure exerted by all use of antimicro-
bial agents. In addition, therapeutic failures due
to drug-resistant pathogens or superinfections lead
to an increased potential for the spread of these
organisms throughout hospitals and the commu-
nity. Although these risks occur even when
antimicrobials are used appropriately, inappropri-
ate use increases the overall selective pressure in
favour of drug-resistant microorganisms.

The choice of an appropriate antimicrobial
agent may be straightforward when the causative
pathogen(s) is/are known or can be presumed with
some certainty from the patient’s clinical presen-
tation. However, in the absence of reliable micro-
biological diagnosis or when several pathogens may
be responsible for the same clinical presentation,
empiric treatment, often with broad-spectrum
antimicrobials, is common. Ideally, the choice of
antimicrobial should be guided by local or national
resistance surveillance data and treatment guide-
lines. The reality is often far removed from this
ideal.

Surveillance of antimicrobial resistance

Surveillance of antimicrobial resistance is essen-
tial for providing information on the magnitude
and trends in resistance and for monitoring the
effect of interventions. The actions taken on the
basis of surveillance data will depend on the level
at which the data are being collected and analysed.
For example, local surveillance data should be used
to guide clinical management and to update treat-
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What is antimicrobial resistance?

Resistance to antimicrobials is a natural biologi-
cal phenomenon. The introduction of every anti-
microbial agent into clinical practice has been
followed by the detection in the laboratory of
strains of microorganisms that are resistant, i.e.
able to multiply in the presence of drug concen-
trations higher than the concentrations in humans
receiving therapeutic doses. Such resistance may
either be a characteristic associated with the en-
tire species or emerge in strains of a normally sus-
ceptible species through mutation or gene transfer.
Resistance genes encode various mechanisms
which allow microorganisms to resist the inhibi-
tory effects of specific antimicrobials. These mech-
anisms offer resistance to other antimicrobials of
the same class and sometimes to several different
antimicrobial classes.

All antimicrobial agents have the potential to
select drug-resistant subpopulations of microor-
ganisms. With the widespread use of antimi-
crobials, the prevalence of resistance to each new
drug has increased. The prevalence of resistance
varies between geographical regions and over time,
but sooner or later resistance emerges to every
antimicrobial.

While much evidence supports the view that
the total consumption of antimicrobials is the criti-
cal factor in selecting resistance, the relationship
between use and resistance is not a simple correla-
tion. In particular, the relative contribution of
mode of use (dose, duration of therapy, route of
administration, dosage interval) as opposed to to-
tal consumption is poorly understood. Paradoxi-
cally, underuse through lack of access, inadequate
dosing, poor adherence and sub-standard
antimicrobials may play as important a role as
overuse. There is consensus, however, that the in-
appropriate use of antimicrobial agents does not
achieve the desired therapeutic outcomes and is
associated with the emergence of resistance. For
this reason, improving use is a priority if the emer-
gence and spread of resistance is to be controlled.

15
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ment guidelines, educate prescribers and guide
infection control policies. The frequency at which
surveillance information is updated is also
important given that the rise in prevalence of a
resistance phenotype may be rapid and the imple-
mentation of policy changes is often slow.

Nationally collected surveillance data may be
used to inform policy decisions, update national
formularies or lists of essential drugs and stand-
ard treatment guidelines and evaluate the cost-
effectiveness of interventions. Since resistance is a
global problem, international collation of resist-
ance data may also have a useful role (see Chapter
8).

National surveillance systems

WHO and its partners have been successful in
supporting the surveillance of drug-resistant
tuberculosis in many countries (12,13). Despite
the many ongoing activities worldwide in moni-
toring resistance among other bacteria, few coun-
tries have well-established national networks that
regularly collect and report relevant data. In many
developing countries and countries whose econo-
mies are in transition, microbiology laboratory
facilities and information networks will require
considerable strengthening before reliable surveil-
lance of resistance is a reality.

Standardization of methods to detect resistance

Current methods for monitoring antimicrobial
resistance can be classified as in vivo, in vitro and
molecular methods. The extent to which each of
these is used depends on the pathogen/disease and
the facilities available. In vivo methods or thera-
peutic efficacy tests are the gold standard for moni-
toring resistance to antimalarial drugs (14) but are
not used routinely to monitor resistance in other
pathogens. However, linking clinical outcome of
treatment with in vitro detection of resistance is
of critical importance to understand the predic-
tive value of in vitro tests.

In vitro methods are the techniques of choice
for monitoring resistance in the vast majority of
bacterial pathogens, including Mycobacterium tu-
berculosis. However, there is no single international
standard method. Different methods have gained
popularity in different parts of the world—at least
ten different methods for antimicrobial suscepti-
bility tests are used in Europe and more than twelve
worldwide. International quality assurance stand-
ards can help to overcome the potential difficul-
ties arising from the use of different methods.

Modern techniques have enabled the develop-
ment and application of molecular methods to
determine the presence of specific resistance genes
in microbes. They are most widely used to detect
genotypic resistance in viruses such as HIV and
HBV and, in the future, may form the basis of
systems to monitor antiviral resistance. However
these molecular methods rely on sophisticated
technology that is not available in many settings.

Epidemiologically valid patient selection

Currently, epidemiological methods are not ap-
plied in most resistance surveillance studies. The
terms incidence and prevalence tend to be used in-
terchangeably and usually refer to the number of
resistant isolates among the total number of iso-
lates surveyed. In contrast, from a public health
standpoint, one of the goals of surveillance is to
detect the incidence of resistant infections among
the total number of infections in a population (15).
Further bias arises since tests to detect resistance
are performed on a subset of patients presenting
for treatment who may be more likely to have
failed empiric therapy previously or to have other
complications. Much greater epidemiologic rig-
our and more active surveillance approaches are
needed to better understand the impact of resist-
ance. In this respect, surveillance of drug resist-
ance in tuberculosis is more advanced than that
of other bacteria (12).

Surveillance of antimicrobial resistance is fun-
damental to understanding trends in resistance,
to developing treatment guidelines accurately and
to assessing the effectiveness of interventions ap-
propriately. Without adequate surveillance, the
majority of efforts to contain emerging antimi-
crobial resistance will be difficult.

The prevalence of resistance

The prevalence of resistance varies widely between
and within countries, and over time.

Data on the prevalence of resistance in acute
respiratory infections, diarrhoeal diseases, malaria,
tuberculosis and gonorrhoea can be found in re-
cent reviews (16,17,18,19,20,21).

Conclusion

While it is difficult to quantify the total impact of
resistance on health, published data clearly indi-
cate that morbidity and mortality are increased
by delays in administering effective treatment for
infections caused by resistant pathogens. The pro-
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longed illness and hospitalization of patients with
resistant infections and the additional procedures
and drugs that they may require carry financial
implications. There may also be economic impli-
cations for the patient in terms of lost productiv-
ity. Antimicrobial-resistant infections in
food-producing animals may have major finan-
cial implications for both farmers and consumers.

In addition, antimicrobial resistance diverts

financial resources that could otherwise be used
for improving health and threatens the success of
global efforts to combat the major infectious dis-
eases of poverty. In this light, implementation of
the WHO Global Strategy can be considered
appropriate risk management to protect current
health care initiatives and the availability of treat-
ment for future generations.
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CHAPTER 1

Patients and the general community

Patients’ misperceptions

Many patients believe that most infections, regard-
less of etiology, respond to antimicrobials and thus
expect to receive a prescription from their physi-
cian for any perceived infection. In a study by
Macfarlane et al., 85% of patients thought their
respiratory symptoms were caused by infection and
87% believed that antimicrobials would help.
One-fifth of these patients specifically asked their
physician to prescribe an antimicrobial (22).
Another study showed that patients’ expectations
for a prescription were met 75% of the time by
prescribers (23). In a survey of 3610 patients con-
ducted by Branthwaite and Pechère (24), over 50%
of interviewees believed that antimicrobials should
be prescribed for all respiratory tract infections
with the exception of the common cold. It was
noted that 81% of patients expected to see a defi-
nite improvement in their respiratory symptoms
after three days and that 87% believed that feel-
ing better was a good reason for cessation of anti-
microbial therapy. Most of these patients also
believed that any remaining antimicrobials could
be saved for use at a later time. Physicians’
perceptions of patient expectations are clearly also
crucial (see Chapter 2).

Many patients believe that new and expensive
medications are more efficacious than older agents;
this belief is shared by some prescribers and dis-
pensers and often results in the unnecessary use
of the newer agents. In addition to causing un-
necessary health care expenditure, this practice
encourages the selection of resistance to these
newer agents as well as to older agents in their
class.

Patients commonly misunderstand the phar-
macological actions of antimicrobial agents.
Experience suggests that many people do not know
the difference between antimicrobials and other
classes of drugs and thus will not understand the
issues of resistance uniquely related to antimi-
crobials. In the Philippines, isoniazid is viewed as
a “vitamin for the lungs” and mothers purchase
isoniazid syrup for children with “weak lungs” in

Recommendations for intervention

Education

1.1 Educate patients and the general community
on the appropriate use of antimicrobials.

1.2 Educate patients on the importance of meas-
ures to prevent infection, such as immuniza-
tion, vector control, use of bednets, etc.

1.3 Educate patients on simple measures that may
reduce transmission of infection in the house-
hold and community, such as handwashing,
food hygiene, etc.

1.4 Encourage appropriate and informed health
care seeking behaviour.

1.5 Educate patients on suitable alternatives to
antimicrobials for relief of symptoms and dis-
courage patient self-initiation of treatment,
except in specific circumstances.

Introduction

Patient-related factors are major drivers of inap-
propriate antimicrobial use and therefore contrib-
ute to the increasing prevalence of antimicrobial
resistance. In particular, the perception of patients
that most episodes of suspected infection require
antimicrobial therapy notably influences the
prescribing practices of providers. The direct-to-
consumer marketing by the pharmaceutical indus-
try increasingly influences patient expectations and
behaviour.

Patient-related factors that are thought to con-
tribute to the problem of antimicrobial resistance
include the following:

• patients’ misperceptions

• self-medication

• advertising and promotion

• poor adherence to dosage regimens.
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the absence of documented tuberculosis (25).
Patients also fail to recognize that many brand
names may actually be the same antimicrobial—
resulting in the unnecessary overstocking of some
agents. For example, specific patient demand
caused one pharmacy in South India to stock more
than 25 of the 100 or so brands of co-trimoxazole
available (26).

A greater interaction between health providers
and consumers for health and drug (antimicro-
bial)-related education has been proposed (27).
The WHO Action Programme on Essential Drugs
convened a consultation to address the need for
public education in rational drug use (28) and has
since produced a document “Rational Drug Use:
Consumer Education and Information” (29). This
document discusses the practical issues and dilem-
mas related to the need for rational drug use edu-
cation, its priority and content, underlying
principles and target population. In a study car-
ried out in Peru, a multifaceted educational inter-
vention directed at the community using media,
face-to-face meetings and training on the use of
medicines was successful in decreasing the inap-
propriate use of antidiarrhoeals and antimicrobials
for simple diarrhoea (30).

Self-medication

Self-medication with antimicrobials is often cited
as a major factor contributing to drug resistance
(31). In a Brazilian study, it was determined that
the three most common types of medication used
by villagers were antimicrobials, analgesics and
vitamins. The majority of antimicrobials were pre-
scribed by a pharmacy attendant or were purchased
by the patient without prescription (32) despite
having prescription-only legal status. In addition
to obvious uncertainty as to whether the patient
has an illness that will benefit from antimicrobial
treatment, self-medicated antimicrobials are often
inadequately dosed (33) or may not contain
adequate amounts of active drug, especially if they
are counterfeit drugs (34). This is especially
important in the treatment of diseases such as
tuberculosis.

Advertising and promotion

Direct-to-consumer advertising allows pharmaceu-
tical manufacturers to market medicines directly
to the public via television, radio, print media and
the Internet. Where permitted, this practice has
“the potential to stimulate demand by playing on

the consumer’s relative lack of sophistication about
the evidence supporting the use of one treatment
over another” (35). These advertising methods are
apparently quite effective, since pharmacists are
frequently able to guess the feature advertisements
of the previous day’s television programmes based
upon daily customer requests for specific medica-
tions (31). A survey of physicians in the USA dem-
onstrated that, on average, each had encountered
seven patients within the previous six months who
had specifically requested prescription-only drugs
as a result of direct-to-consumer advertising (36).
Over 70% of the physicians reported that requests
from patients as a result of direct-to-consumer
advertisements had led them to prescribe a phar-
maceutical agent that they might not have other-
wise chosen.

In a telephone survey of consumers regarding
direct advertising, 66% believed that advertise-
ments for medications would provide useful
information but 88% said that they would seek
out more information about a drug that they saw
advertised on television or in print before purchas-
ing it. On the other hand, only one-third of inter-
viewees agreed with the statement that most people
would know if they were being misled by the ad-
vertisements (37).

Recently, the United States Food and Drug
Administration proposed new guidelines that lift
previous restrictions on direct-to-consumer adver-
tising and allow pharmaceutical manufacturers
greater freedom on advertised health claims. A
two-year evaluation period was proposed to assess
the impacts and implications of these guidelines
(27).

Advertising and promotion can also be used to
improve the appropriate use of antibiotics. Public
education campaigns in India, which include the
use of mass media such as television, appear to
have effectively educated even illiterate popula-
tions about antimicrobial resistance in some
regions (Bhatia, personal communication).

Interventions to address the effects of advertis-
ing and promotion are discussed in Chapter 7.

Poor adherence to dosage regimens

In a 1988 literature search, over 4000 English
language articles were available on the topic of
patient adherence to dosing instructions, more
than 75% of which had been published within
the previous ten years (38). In the majority of stud-
ies, it was reported that a lack of patient under-
standing and provider communication led to most
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instances of non-adherence (39,40). Patients who
fail to complete therapy have a higher likelihood
of relapse, development of resistance and need for
re-treatment; this applies especially to those
patients requiring prolonged treatment, e.g. those
with tuberculosis or HIV infection. Previous
antimicrobial treatment and excessive duration of
treatment are considered two of the most impor-
tant factors in the selection of resistant microor-
ganisms (41,42).

Many methods have been used to ensure ad-
herence to antimicrobial therapy. These include
the use of fixed dose combinations to minimize
the number of tablets or capsules, special calen-
dars, blister packing, DOT (directly observed
therapy) for tuberculosis (12,13,43,44), other
course-of-therapy packaging using symbols in
labelling, and more simplified therapy (45,46).
Directly observed therapy, short-course (DOTS)
is the WHO strategy for TB control that has been
shown to significantly decrease acquired resistance
in tuberculosis (47,48). Education of patients on
the name, dosage, description and common

adverse effects of their medication(s) has been used
to increase adherence (49) (see also Chapter 5,
Recommendations).

Price is a powerful factor in determining how
consumers use antimicrobials—economic hard-
ship can lead to early cessation of therapy. For
example, antimicrobials are purchased in single
doses in many developing countries and are taken
for only a fraction of the recommended effective
duration, until the patient feels better. This prac-
tice has the potential for fostering the selection of
resistant microorganisms and therefore has a
higher likelihood of treatment failure (50,51). This
is especially important for diseases such as tuber-
culosis and endocarditis (43,52). Government
schemes which subsidize the cost of certain pre-
ferred antimicrobials are one economic means of
improving the appropriateness of antimicrobial
use. Where insurance systems exist, charging dif-
ferential co-payments to patients, with lower pay-
ments for the more desirable drugs, may encourage
appropriate use.
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CHAPTER 2

Prescribers and dispensers

Regulation

2.10 Link professional registration requirements
for prescribers and dispensers to require-
ments for training and continuing educa-
tion.

Introduction

Prevention of infection should be the primary goal
to improve health and reduce the need for anti-
microbial therapy. Where appropriate, vaccine
uptake should be improved to achieve this. Both
the emergence and maintenance of resistant
microorganisms are promoted by antimicrobial
use. Furthermore, once they are widespread, re-
sistant strains are difficult to replace by their sus-
ceptible counterparts. Early action to optimize
prescribing patterns and to reduce inappropriate
use is thus crucial. The difficulty is that multiple
factors influence prescribers and dispensers in de-
ciding when to use antimicrobials. These factors
appear to vary in importance depending on geo-
graphical region, social circumstances and the
prevailing health care system. Often, the most im-
portant factors are interlinked. Many traditional
approaches to improving antimicrobial use rely on
providing correct information about drugs or dis-
eases, with the implicit assumption that prescrib-
ers and dispensers will incorporate the new
knowledge and make appropriate adjustments in
their practice. However, experience and reviews
of well-designed research studies (53,54,55) have
shown that this is rarely the case. Effective inter-
ventions to improve antimicrobial use must
address the underlying causes of current practice
and barriers to change (56).

Lack of knowledge and training

Lack of knowledge about differential diagnoses,
infectious diseases and microbiology and about the
appropriate choice of antimicrobials for various
infections all play a role in inappropriate prescrib-
ing practices (34). Even in developed countries,
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Recommendations for intervention

Education

2.1 Educate all groups of prescribers and dispens-
ers (including drug sellers) on the importance
of appropriate antimicrobial use and contain-
ment of antimicrobial resistance.

2.2 Educate all groups of prescribers on disease
prevention (including immunization) and
infection control issues.

2.3 Promote targeted undergraduate and post-
graduate educational programmes on the ac-
curate diagnosis and management of common
infections for all health care workers,
veterinarians, prescribers and dispensers.

2.4 Encourage prescribers and dispensers to edu-
cate patients on antimicrobial use and the
importance of adherence to prescribed treat-
ments.

2.5 Educate all groups of prescribers and dispens-
ers on factors that may strongly influence their
prescribing habits, such as economic incen-
tives, promotional activities and inducements
by the pharmaceutical industry.

Management, guidelines and formularies

2.6 Improve antimicrobial use by supervision and
support of clinical practices, especially diag-
nostic and treatment strategies.

2.7 Audit prescribing and dispensing practices
and utilize peer group or external standard
comparisons to provide feedback and endorse-
ment of appropriate antimicrobial prescrib-
ing.

2.8 Encourage development and use of guidelines
and treatment algorithms to foster appropri-
ate use of antimicrobials.

2.9 Empower formulary managers to limit anti-
microbial use to the prescription of an appro-
priate range of selected antimicrobials.
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the pharmacology of antimicrobial agents, their
modes of action and spectrum of activity and
issues relating to resistance receive limited cover-
age in medical school curricula, resulting in poorly
informed prescribers (57). It is not uncommon
for drug company sales representatives and the
commercially oriented publications they provide
to be the main sources of information for prescrib-
ers (58).

Lack of knowledge is a major factor responsi-
ble for inappropriate antimicrobial use globally.
In one study in China, 63% of antimicrobials
selected to treat proven bacterial infections were
found to be inappropriate (59). In a retrospective
study in Viet Nam, more than 70% of patients
were prescribed inadequate dosages (60). Gumo-
doka et al. (61) reported that one in four patients
in their medical districts received antimicrobials
by injection and that approximately 70% of these
injections were unnecessary. Studies in many
European countries and in the USA demonstrate
widespread unnecessary use of antimicrobials in
patients with viral upper respiratory tract infec-
tions (62).

Printed materials are the most common and
least expensive educational interventions but in-
appropriate prescribing is rarely due to a lack of
knowledge alone. Many studies have found that
the use of printed material only, without other
forms of supporting interventions, is ineffective
in altering prescribing behaviours (63,64,65).
Continuing education and in-service training
programmes have traditionally involved lecture-
and seminar-style presentations oriented to the
presentation of factual information. A large body
of research has shown that these approaches are
not necessarily the most effective for improving
practice (66). Academic detailing, or unadvertise-
ments, and educational programmes directed to
physicians have been shown to decrease antimi-
crobial use/misuse (67,68,69,70). One consist-
ently successful method has been educational
outreach, which consists of brief, targeted, face-
to-face educational visits to clinicians by specially
trained staff (67,71,72). In developing countries
where individual educational outreach visits may
not be practical or cost-effective, interactive prob-
lem-oriented educational sessions with small
groups of physicians, paramedics, or pharmacy
counter attendants have demonstrated similar suc-
cess, especially when sessions are repeated over time
or reinforced with improved clinical supervision
(53). Another promising approach involves engag-
ing local opinion leaders in the process of dissemi-

nating targeted educational messages to their peer
group (73,74). Unfortunately, none of these stud-
ies looked at resistance as an outcome or impact
indicator. Increasing problem-based pharmaco-
therapy training for medical and paramedical stu-
dents can have a positive impact on long-term
good prescribing habits. The use of a WHO
manual (75) designed to support problem-based
learning for medical students has been demon-
strated to have a positive impact on prescribing
skills of students in seven medical schools (76).

In countries with limited resources, the dispens-
ing of antimicrobials by unauthorized persons
lacking appropriate knowledge is common. In a
study of 40 randomly selected health facilities in
Ghana, only 8.3% of dispensers had received for-
mal training (77). Bruneton et al. (78) found that
drug sellers in seven sub-Saharan African coun-
tries frequently recommended antimicrobials not
present on the regions’ Essential Drugs List and
rarely suggested that the patient should consult a
physician.

Improving the drug education of non-physi-
cian prescribers and dispensers is another recom-
mended step in improving drug use. A study in
Ghana showed that educational interventions
aimed at dispensers significantly improved drug
use by increasing the percentage of appropriately
labelled containers and by increasing patient
knowledge of their medications (77). Interventions
targeted at local drug sellers in the Philippines sig-
nificantly improved their quality of practice (79).

Lack of access to information

Even relatively well-trained prescribers often lack
the up-to-date information required to make
appropriate prescribing decisions. This tends to
result in the excessive use of newer antimicrobial
agents, often with a broader spectrum of action.
Conversely, lack of surveillance data and updated
treatment guidelines may lead to the inappropri-
ate prescription of older antimicrobials which are
either no longer effective due to the emergence of
resistance or should have been replaced by newer
agents with improved cost-effectiveness or reduced
toxicity.

Use of clinical practice guidelines is a core
managerial strategy in every health system for
improving diagnosis and therapy. Despite the
abundance of guidelines, research has shown that
they have little effect on clinical practice unless
they are actively disseminated (80). Factors that
increase the likelihood of guidelines being adopted
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include local involvement of end-users in the proc-
ess of development, the presentation of key ele-
ments in a simple algorithm or protocol, and
dissemination in a multi-component programme
that includes interactive education, monitoring of
adherence and reinforcement of positive changes.
A combination of national prescribing guidelines
and educational campaigns on the appropriate use
of antimicrobials targeted at prescribers has had
some success in reducing the prevalence of spe-
cific antimicrobial resistance (7). There has also
been some success in the use of educational cam-
paigns targeted at prescribers and patients to
recognize that not all infections require the use of
antimicrobials. Included in one such campaign was
a message to parents discouraging them from
sending their sick children to day care in order to
reduce the opportunities for transmission of in-
fection (81).

Lack of diagnostic support

Lack of access to or use of appropriate diagnostic
facilities and slow or inaccurate diagnostic results
encourage prescribers to cover the possibility that
infection may be responsible for a patient’s illness,
even when this is not the case (58). In particular,
the lack of accurate tests at point-of-care to achieve
a rapid diagnosis is a significant problem for many
diseases and is an area in which future research
could be very beneficial. Empiric treatment of in-
fections with a reasonably well-defined clinical
presentation is more likely to be appropriate than
that of infections with an undifferentiated pres-
entation e.g. malaria presenting as fever alone. In
this latter situation the differential diagnosis may
be wide and therefore empiric treatment protocols
will necessarily need to be broad—leading to a
higher likelihood of unnecessary antimicrobial
therapy. A careful history and access to adequate
diagnostic facilities allow the differential diagno-
sis to be narrowed and therapy more targeted. A
study of barefoot doctors in a district of Bangla-
desh found that antimicrobials were prescribed for
60% of all patients seen in areas without diagnos-
tic services—a higher rate than noted in other
districts (82). Other studies have had similar find-
ings (83,84). In developed countries, empiric
antimicrobial therapy is sometimes considered to
be more cost-effective than awaiting laboratory
proof of infection before commencing treatment.

For conditions such as acute respiratory infec-
tions, diarrhoea and malaria in children, and
sexually transmitted disease in adults, treatment

algorithms have been developed (55,85,86). These
diagnostic and treatment algorithms are based on
detailed research studies, generally in resource-
poor regions, in which the patients’ clinical pres-
entations have been correlated with subsequent
microbiological confirmation of disease. This
syndromic approach is particularly useful in health
care settings where diagnostic capabilities are lim-
ited, since it allows a rational approach to deter-
mining the need for antimicrobial therapy and the
most appropriate agents.

Fear of bad clinical outcomes

Prescribers may overuse antimicrobials because
they fear that their patients may suffer poor out-
comes in the absence of such therapy. Prescribing
just to be safe increases when there is diagnostic
uncertainty, lack of prescriber knowledge regard-
ing optimal diagnostic approaches, lack of oppor-
tunity for patient follow-up, or fear of possible
litigation (87,88).

Perception of patient demands and
preferences

Prescribers’ perceptions regarding patient expec-
tations and demands substantially influence pre-
scribing practices (22,23,58,87,89). Although
these perceptions may be incorrect, they can lead
to a perpetual cycle whereby patients who repeat-
edly receive unnecessary antimicrobials develop the
misconception that antimicrobials are frequently
necessary for most ailments and therefore request
them excessively (22,90). Prescribers and dispens-
ers may also respond to patient demand for par-
ticular formulations of antimicrobials, e.g. capsules
rather than tablets. In some cultural settings,
antimicrobials given by injection are considered
more efficacious than oral formulations. This tends
to be associated with the overprescribing of broad-
spectrum injectable agents when a narrow-
spectrum oral agent would be more appropriate
(61).

In an effort to reduce re-consultation of
patients, Macfarlane et al. (23) utilized a patient
information leaflet regarding coughs. Among
patients not prescribed antimicrobials, those given
the educational leaflet appeared less likely to
re-consult; this result, however, was not statisti-
cally significant. The use of delayed prescribing
techniques has been proposed when physicians feel
pressured by their patients into prescribing
antimicrobials (45,87). Some physicians say that
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they promise a free return visit if the patient feels
that a re-consultation is necessary because they did
not receive antimicrobials (87).

Economic incentives

Many health providers practise in environments
with financial incentives to prescribe or dispense
greater numbers of drugs overall or of specific
types. Prescribers may fear the potential loss of
future patient custom and revenue if they do not
respond to perceived demands for antimicrobials
(91). Furthermore, in some countries, prescribers
profit from both prescribing and dispensing
antimicrobials, such that it is in their financial
interest to prescribe antimicrobials even when they
are not clinically indicated. Additional profit is
sometimes gained by recommending newer more
expensive antimicrobials in preference to older
cheaper agents. In countries where physicians are
poorly paid, pharmaceutical companies have been
known to pay commissions to prescribers who use
their products (92). Other less direct incentives
such as financial support for attendance at meet-
ings, entertainment, or payment for enrolling
patients in marketing research studies may also
influence prescribing practices. Even in health
systems where there is no overt incentive to
prescribe, there is usually no incentive not to
prescribe (8).

It is desirable to minimize financial conflicts
of interest in therapeutic decision-making by
health providers, such as allowing physicians to
profit from dispensing drugs that they prescribe
or allowing pharmacists who sell drugs to prescribe
them as well. Coast et al. (9) and Smith and Coast
(93) explored economic perspectives of policies
used to decrease antimicrobial resistance. They
discuss techniques such as regulation (controlling
prescription practices by means of policies and
guidelines or by enforcing a global limit to the
prescription of antimicrobials), permits (allowing
physicians to prescribe up to a certain quantity of
antimicrobials per permit) and charges (levying
taxes on antimicrobials). In their model, they sug-
gest that the use of permits may offer a method
for reducing antimicrobial resistance.

Several countries have introduced health pro-
vider reimbursement strategies that are designed
to encourage physicians to limit overall use of
medicines and often to share in the resulting
financial savings. Examples of these strategies are
capitation payments that include pharmaceutical
costs, general practice fundholding (94) and

bonuses tied to practice pharmaceutical budgets.
While these strategies may reduce inappropriate
use of antimicrobials, they may also reduce
appropriate use. Nevertheless, a number of
Scandinavian studies have suggested that national
antibiotic policies together with changes in reim-
bursement policy can be safe and effective
(95,96,97).

Peer pressure and social norms

In focus group studies, prescribers expressed con-
cern that, if they did not prescribe antimicrobials,
patients would seek other sources of care where
they could obtain antimicrobials (91). In addition,
the physician offering the latest and often the most
expensive and broad-spectrum antibiotic may be
perceived to be the most informed and desirable
source of care.

Understanding prescribing patterns is crucial
to identifying areas for potential intervention to
improve use (58). Drug use patterns and prescrib-
ing behaviour, including the influence of various
social and patient pressures, can be described us-
ing the indicators and methods in the WHO
manual “How to investigate drug use in health
facilities” (98). After undertaking interventions to
improve drug use, these same indicators can be
used to measure impact.

Factors associated with the prescriber’s
working environment

In busy clinical practices, health care providers may
not have time to explain to patients why they have
chosen to prescribe or not prescribe antimicrobial
therapy (99). Some clinicians in this situation may
believe it is simply most time-effective to prescribe
an antimicrobial. Lack of privacy in consultation
facilities may also impact on prescribing behav-
iour since some conditions, such as urinary tract
sepsis and sexually transmitted diseases, require
diagnostic specimens and/or physical examination
that are difficult to undertake in public. The lack
of opportunity for health care workers to follow
up their patients to assess progress after treatment
and poor continuity of care in general negatively
influence communication and the development
of trust between the patient and health care pro-
vider. It is thus often easier for both prescriber
and patient if an antimicrobial agent is prescribed
on first contact.
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Lack of appropriate legislation or
enforcement of legislation

Absence of appropriate legislation or its enforce-
ment may result in the proliferation of locations
where untrained or poorly trained persons dispense
antimicrobials, leading to overuse and inappro-
priate use (see Chapter 5).

Inadequate drug supply infrastructure

In many parts of the world, the ability of prescrib-
ers and dispensers to provide appropriate antimi-
crobial therapy is limited by the lack of availability
of the necessary drugs (100).
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CHAPTER 3

Hospitals

Introduction

Hospitals are a critical component of the antimi-
crobial resistance problem worldwide. The com-
bination of highly susceptible patients, intensive
and prolonged antimicrobial use, and cross-
infection has resulted in nosocomial infections
with highly resistant bacterial pathogens such as
multi-resistant Gram-negative rods, vancomycin-
resistant enterococci (VRE) and methicillin-
resistant Staphylococcus aureus (MRSA) as well as
resistant fungal infections. Some of these resist-
ant strains have now spread outside the hospital
causing infections in the community. Hospitals
are also the eventual site of treatment for many
patients with severe infections due to resistant
pathogens acquired in the community, including
penicillin-resistant Streptococcus pneumoniae,
multi-resistant salmonellae and multi-resistant
Mycobacterium tuberculosis. In the wake of the
AIDS epidemic, the prevalence of such infections
can be expected to increase, both in the commu-
nity and in hospitals. Hospitals can thus serve both
as a point of origin of and as a reservoir for highly
resistant pathogens which may later enter the com-
munity or chronic care facilities.

Infection control

Transmission of highly resistant bacteria from
patient to patient within the hospital environment
(nosocomial transmission) amplifies the problem
of antimicrobial resistance and may result in the
infection of patients who are not receiving anti-
microbials. Transmission of antimicrobial-resist-
ant strains from hospital personnel to patients or
vice versa may also occur. The key element in mini-
mizing such horizontal transmission of infection
within hospitals is careful attention to infection
control practices (101).

Failure to implement simple infection control
practices such as handwashing and changing gloves
before and after contact with patients is common
(102,103,104,105). In some cases, especially in
resource-poor regions, this may be due to the ab-
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Recommendations for intervention

Management

3.1 Establish infection control programmes, based
on current best practice, with the responsi-
bility for effective management of antimicro-
bial resistance in hospitals and ensure that all
hospitals have access to such a programme.

3.2 Establish effective hospital therapeutics com-
mittees with the responsibility for overseeing
antimicrobial use in hospitals.

3.3 Develop and regularly update guidelines for
antimicrobial treatment and prophylaxis, and
hospital antimicrobial formularies.

3.4 Monitor antimicrobial usage, including the
quantity and patterns of use, and feedback
results to prescribers.

Diagnostic laboratories

3.5 Ensure access to microbiology laboratory
services that match the level of the hospital,
e.g. secondary, tertiary.

3.6 Ensure performance and quality assurance of
appropriate diagnostic tests, microbial iden-
tification, antimicrobial susceptibility tests of
key pathogens, and timely and relevant
reporting of results.

3.7 Ensure that laboratory data are recorded, pref-
erably on a database, and are used to produce
clinically- and epidemiologically-useful
surveillance reports of resistance patterns
among common pathogens and infections in
a timely manner with feedback to prescribers
and to the infection control programme.

Interactions with the pharmaceutical industry

3.8 Control and monitor pharmaceutical
company promotional activities within the
hospital environment and ensure that such
activities have educational benefit.
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sence of suitable handwashing facilities. However,
inadequate handwashing is generally due to lack
of recognition of its importance in maintaining
good infection control, understaffing or health care
worker forgetfulness. Regardless of the reasons,
poor infection control practices result in the
increased dissemination of resistant bacterial
strains in hospital and health care facilities. The
spread of resistance appears to be widening as
patients move more rapidly from intensive care
wards to general wards and then to the commu-
nity or between hospitals and nursing homes
(51,106,107).

Infections can also be transmitted via non-
sterile injection and surgical equipment. In a study
of health facilities in Tanzania, 40% of suppos-
edly sterilized needles and syringes were bacteri-
ally contaminated (61). Poor decontamination or
failures in sterilization of equipment can have an
enormous impact on the spread of viral infections
such as HIV (108), hepatitis B and C. Re-use of
single-use needles and syringes has played a major
role in the spread of viral hepatitis following im-
munization programmes in some countries and
among intravenous drug users (109,110,111,112).
Any practice that permits the spread of infection
permits the spread of resistant infections.

Infection control activities are best coordinated
by an active and effective infection control pro-
gramme. The SENIC study, conducted by the
Centers for Disease Control (CDC) and which
included a large sample of hospitals in the USA,
demonstrated that hospitals having infection con-
trol programmes with both active surveillance and
control elements were effective in reducing rates
of nosocomial infection (113,114,115). In par-
ticular, interventions such as education and moti-
vation programmes, improvement of equipment,
and performance feedback can increase adherence
to improved handwashing (104). Barrier precau-
tions have been shown to be effective in reducing
infection transmission rates and thereby the spread
of resistance. Mayer et al. (116) showed that im-
proved handwashing and the use of gloves and
gowns decreased infection rates.

With respect to the control of antimicrobial
resistance within the hospital setting, the major
evidence of effectiveness stems from the manage-
ment of outbreaks or clusters of resistant infec-
tions. In these situations, a variety of techniques
including targeted cohorting of infected patients,
enhanced surveillance, isolation or rigorous
barrier precautions, early discharge and alteration
in antimicrobial usage have been effective.

The key elements of an effective infection con-
trol programme include:

— development and implementation of appro-
priate barrier precautions (handwashing,
wearing of gloves and gowns) and isolation
procedures

— adequate sterilization and disinfection of
supplies and equipment

— the use of aseptic techniques for medical
and nursing procedures

— training of health care personnel in appro-
priate sterile techniques and infection con-
trol procedures

— maintenance of appropriate disinfection
and sanitary control of the hospital envi-
ronment, including air

— active surveillance of infections and anti-
microbial resistance, with data analysis and
feedback to prescribers and other staff

— recognition and investigation of outbreaks
or clusters of infections.

The programme should have a qualified chair-
person and staff and adequate resources to accom-
plish these goals. The most effective infection
control team consists of a physician (preferably
trained in infectious diseases), a microbiologist,
infection control nurses, pharmacist(s) and
hospital management representatives, with the
responsibility for the day-to-day management of
resistance issues. Increased efficiency may be
achieved by an overlap in the membership of the
infection control team and the hospital therapeu-
tics committee.

Appropriate facilities for optimal infection
control practices, including sufficient basins and
clean towels to regularly wash hands between
patient contacts, may be difficult to achieve in
some countries. Nevertheless, such facilities are
vital if nosocomial transmission of infections is to
be controlled. Handwashing, isolation practices,
sufficient beds (and space between them), as well
as clean ventilation are needed in hospitals to pre-
vent the spread of bacteria, including resistant
strains.

Control of antimicrobial use in hospitals

Hospitals provide an important training ground
for students to learn about prescribing practices.
Unfortunately, antimicrobial prescribing in hos-
pitals is often irrational. In an analysis of prescrib-
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ing practices in ten studies from teaching hospi-
tals worldwide, 41% to 91% of all antimicrobials
prescribed were considered inappropriate (117).
Patterns of prescribing become entrenched and, if
they are not consistent with appropriate antimi-
crobial treatment guidelines, they may have an
enormous effect on the emergence of resistant
pathogens and on the pharmacy budget of a hos-
pital if the drugs are expensive. For many clini-
cians, a common source of information regarding
hospital antimicrobial use is the literature provided
by pharmaceutical representatives. Such informa-
tion is less likely to be objective than national or
regional treatment guidelines (see Chapter 7).

Antimicrobial prophylaxis for surgical proce-
dures is a common reason for excessive prescrib-
ing in many hospitals. Numerous studies have
outlined those procedures in which patients
benefit from such prophylaxis and those in which
they do not (118,119,120,121,122,123,124), but
inappropriate prophylaxis is still widely used. A
further problem is the continuation of anti-
microbials, initially administered as prophylaxis,
well beyond the required 12 to 24 hour post-
surgical period without clear medical indication
other than the opinion of the surgeon. Such pre-
scribing patterns result in high rates of antimicro-
bial exposure among hospitalized patients,
potentially leading to high colonization rates of
resistant nosocomial pathogens and antibiotic-
associated diarrhoea. For these reasons a variety
of approaches have been utilized to modify anti-
microbial prescribing practices within the hospi-
tal setting. These have the overall goal of reducing
the total consumption of antimicrobials and of
altering the type of usage in favour of regimens
less likely to foster the emergence of resistant
strains.

Hospital therapeutics committees

An active and effective hospital therapeutics com-
mittee is considered a key element for the control
of antimicrobial usage in hospitals, although there
are only limited published data to support this
view and there are few data regarding the impact
of hospital therapeutics committees in develop-
ing countries. However, their beneficial role in the
promotion of rational prescribing habits, moni-
toring of drug usage and cost containment is well
established in developed countries (125,126). For
this reason, the establishment of such a commit-
tee is considered important. The premise that any
clinician should be allowed to use any antimicro-

bial considered necessary without any peer-review
process is generally inconsistent with optimizing
antimicrobial use. All clinicians should be prepared
to justify their antimicrobial usage patterns.

The following activities represent some of the
key roles of an effective therapeutics committee.

• Development of written policies and guide-
lines for appropriate antimicrobial usage in
the hospital, based on local resistance sur-
veillance data. Policies should be developed
locally, with broad input and consensus from
health care providers and microbiologists.

• Selection and provision of appropriate anti-
microbials in the pharmacy after considera-
tion of local clinical needs.

• Establishment of formal links with an
infection control committee, preferably with
some overlap in membership.

• Definition of an antimicrobial utilization
review programme, with audit and feedback
on a regular basis to providers, and promo-
tion of active surveillance of the nature
and amount of antimicrobial use in the
hospital.

• Overseeing antimicrobial use through a
system of monitoring the quantity used and
the indications for use.

With regard to the last point, it is important to
recognize that such seemingly basic data collec-
tion can be difficult to undertake accurately, even
in the best medical centres. Nevertheless, accu-
rate antimicrobial usage information is crucial to
rational decision-making and the interpretation
of antimicrobial resistance data. In systems where
prescribing data are collected routinely, utilization
review (or audit) combined with feedback of per-
formance data to prescribers has become a com-
mon strategy to influence patterns of prescribing
practice. The success of audit and feedback
programmes is mixed (127). Audit and feedback
programmes using manually collected samples of
prescribing data and simple performance indica-
tors have been successful at improving antibiotic
prescribing in some developing country settings
(53). Although a decrease in resistance prevalence
can be achieved with the use of control
programmes, once monitoring is relaxed, the
prevalence of drug-resistant organisms may quickly
increase again (128).
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Formularies

Hospital formularies, or lists of drugs routinely
stocked by the hospital pharmacy for inpatient and
outpatient use, guide the parallel processes of an-
timicrobial selection, procurement and supply, and
represent a means for decreasing inappropriate
antimicrobial prescribing and reducing expendi-
tures. In conjunction with clinical guidelines,
formularies encourage the proper use of preferred
drugs within each category of antimicrobial.
Antimicrobial formularies should relate to local
or regional treatment guidelines and should ide-
ally be based on relative efficacy, cost-effectiveness
data and local patterns of resistance (129). This,
however, is difficult in many hospitals. In a USA
survey in which a great majority of hospitals
had implemented formularies as a method of
decreasing antimicrobial costs, many noted that
expenditures actually increased—this was usually
considered to be due to drug resistance (130).
Although some authors have suggested that a
restrictive hospital formulary may actually con-
tribute to the selection of resistant bacteria by nar-
rowing and focusing selective pressures, there are
few data to support this view (131). Thus, formu-
laries are useful in avoiding the unnecessary keep-
ing in stock of a range of antimicrobials that
duplicate their spectrum and in reinforcing the
importance for clinicians to understand an appro-
priate range of antimicrobials well. However, the
specific effectiveness of a formulary in reducing
the emergence of antimicrobial resistance is un-
clear.

Cycling of antibiotics

The cycling of antimicrobials within a health care
institution has been suggested as a possible inter-
vention to decrease drug resistance. This technique
alternates formulary antimicrobials between drug
classes every couple of months and theoretically
reduces the selective pressure of one antimicro-
bial class (132). However, in a recent review of
the topic, there was no evidence that cycling
reduced antimicrobial resistance (133). Cycling
may have only a temporary effect on resistance
patterns and ultimately may simply replace one
resistance problem with another (134).

Use of clinical practice or treatment guidelines

Clinical practice guidelines (80) can improve
decision-making and therefore improve patient
care. They should be developed locally or

regionally with wide input and consensus and
should utilize information from local surveillance
data whenever possible. Programmes that utilize
clinical practice guidelines supported by other in-
terventions such as education and peer review are
more effective than those without such support
(135). In an observational study of one hospital
with a computerized prescribing guideline system
that encouraged appropriate use of antimicrobials,
trend analysis showed that resistance patterns in
selected hospital-acquired infections stabilized over
a seven-year period (136). Another study noted a
reduction in one type of resistance when controls
on selected agents were applied, but an increase
in resistance to other antimicrobials which were
not controlled—the so-called “squeezing the bal-
loon” effect (137). Nevertheless, treatment guide-
lines are particularly useful in resource-poor
countries where they can be used to streamline
treatment protocols and limit the range of
antimicrobials stocked in pharmacies. However,
such treatment guidelines need to be developed
carefully and their implementation reviewed regu-
larly. Their appropriateness is dependent on
accurate and updated resistance surveillance and
clinical outcome data.

Other techniques to control or modify
antimicrobial use in hospitals

Several types of innovative tools to guide antimi-
crobial prescribing and dispensing have been
tested; some have been shown to be effective in
changing antimicrobial use in hospital settings.
Antimicrobial order forms have been used with
mixed success, showing improvement in antimi-
crobial prescribing in some hospitals but not in
others (138,139,140). Automatic review of the use
of selected antimicrobials by a consultant or
automatic cessation of antimicrobial administra-
tion after a defined period may also reduce
unnecessary use (46). However, these control
measures are either labour-intensive or require
reasonably sophisticated computerized pharmacy
records—both of which are not generally avail-
able.

Integrated interventions

Multi-disciplinary and integrated approaches to
reduce antimicrobial use in hospitals have been
proposed as a solution (105,141,142,143). Hos-
pital administrators, clinicians, infectious diseases
specialists, infection control practitioners,
microbiologists, clinical epidemiologists and
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hospital pharmacists all have a role—but coordi-
nation of their activities is vital. Such activities
include the selection of formulary drugs, the
development of formulary-based guidelines, moni-
toring and evaluating drug use, surveillance and
reporting of bacterial resistance patterns, detec-
tion and appropriate care of patients with resist-
ant organisms, and promotion and monitoring of
basic infection control practices (143). Interactions
with the pharmaceutical industry must also be con-
sidered, including appropriate control of the
access of sales representatives to clinical staff and
monitoring industry-sponsored educational pro-
grammes for providers. Targeted antimicrobial
control policies in combination with improved
hygiene and education have reduced antimicro-
bial resistance in some settings (144,145). How-
ever, in one study, prescriber education combined
with hospital antimicrobial control policies led to
decreased antimicrobial costs and improved pre-
scribing, but only limited change in resistance
(146).

The microbiology laboratory and
antimicrobial resistance

Delayed or incorrect laboratory diagnostic data
frequently result in prolonged empiric antimicro-
bial therapy (see also Chapters 2 and 5). The hos-
pital microbiology laboratory plays an important
role in the recognition and surveillance of antimi-
crobial resistance, both within the hospital and in
the community. The laboratory must provide high
quality diagnostic testing to correctly identify in-
fection and accurate antimicrobial susceptibility
testing to guide appropriate treatment. Appropri-
ately trained personnel, adequate supplies, mate-

rials and equipment, and internal quality control
and external quality assurance procedures, are
essential. The laboratory should produce and dis-
seminate meaningful local surveillance data both
with respect to the predominant pathogens/syn-
dromes and their antimicrobial resistance patterns.
The laboratory should work closely with hospital
infection control personnel, with the hospital
therapeutics committee and with providers to
ensure that appropriate antimicrobials are tested
and reported in order to recognize outbreaks or
unusual infections and identify trends in antimi-
crobial resistance. Software tools such as
WHONET are available to facilitate analysis and
data sharing (147). Depending on resources, the
laboratory should also provide specialized testing,
e.g. molecular typing of bacterial strains, to assist
epidemiological investigations.

Interactions between the hospital
and the community

Following discharge from hospital, patients may
still be colonized or infected with resistant bacte-
ria acquired in hospital. In general, little action is
necessary in such circumstances if the patient is
healthy and discharged home. However, this is the
likely mechanism through which highly resistant
hospital-acquired pathogens eventually become
widespread in the community. Of greater concern
is the transfer of such patients to chronic care
facilities where they have been shown to be the
source of strains that subsequently spread through-
out the facility. Patients known to be colonized or
infected with resistant pathogens upon discharge
to a care facility should generally be identified so
that appropriate precautions can be taken.
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CHAPTER 4

Use of antimicrobials in
food-producing animals

— an increased risk for resistant pathogens to
be transferred to humans by direct contact
with animals or through the consumption
of contaminated food or water

— the transfer of resistance genes from ani-
mal to human bacterial flora.

Increasingly, data suggest that inappropriate
antimicrobial use poses an emerging public health
risk (148,149,150,151).

Factors associated with the emergence of anti-
microbial resistance in food-producing animals
and the farming industry appear to be similar to
those responsible for such resistance in humans.
Inadequate understanding about and training on
appropriate usage guidelines and the effects of in-
appropriate antimicrobial use on resistance are
common among farmers, veterinary prescribers
and dispensers.

There are three modes of antimicrobial use in
animals—prophylaxis, treatment and growth
promotion. Overall, the largest quantities of anti-
microbials are used as regular supplements for
prophylaxis or growth promotion in the feed of
animal herds and poultry flocks. This results in
the exposure of a large number of animals, irre-
spective of their health, to frequently subthera-
peutic concentrations of antimicrobials (152).
Furthermore, a lack of diagnostic services and their
perceived high cost means that most therapeutic
antimicrobial use in animals is empiric, rather than
being based on laboratory-proven disease. For
animals and birds that are farmed in large herds
or flocks, the identification of a few ill individuals
generally results in the entire herd or flock being
treated to avoid rapid dissemination and stock
losses. Clearly this is a different situation to most
human diseases where decisions are generally made
about the need for individual therapy, rather than
the empiric treatment of an entire population. In
addition to these issues, veterinarians in some
countries earn as much as 40% or more of their
income by the sale of drugs, so there is a disincen-
tive to limit antimicrobial use (153,154).

This topic has been the subject of specific consul-
tations which resulted in “WHO global princi-
ples for the containment of antimicrobial
resistance in animals intended for food”*. A com-
plete description of all recommendations is con-
tained in that document and only a summary is
reproduced here.

Recommendations for intervention

Summary

4.1 Require obligatory prescriptions for all
antimicrobials used for disease control in food
animals.

4.2 In the absence of a public health safety evalu-
ation, terminate or rapidly phase out the use
of antimicrobials for growth promotion if they
are also used for treatment of humans.

4.3 Create national systems to monitor antimi-
crobial usage in food animals.

4.4 Introduce pre-licensing safety evaluation of
antimicrobials with consideration of poten-
tial resistance to human drugs.

4.5 Monitor resistance to identify emerging health
problems and take timely corrective actions
to protect human health.

4.6 Develop guidelines for veterinarians to reduce
overuse and misuse of antimicrobials in food
animals.

Introduction

Antimicrobial use in food-producing animals may
affect human health by the presence of drug
residues in foods and particularly by the selection
of resistant bacteria in animals. The consequences
of such selection include:
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* http:// www.who.int/emc/diseases/zoo/who_global_
principles.html
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As in human medicine, inefficient and inad-
equately enforced regulatory mechanisms regard-
ing antimicrobial supply contribute to excessive
and inappropriate drug use. Discrepancies between
regulatory requirements and prescribing/dispens-
ing realities for animal antimicrobial use are often
worse than in human medicine (155). In addi-
tion, antimicrobials that are used as growth pro-
moters are generally not even considered as drugs
and are either not licensed or licensed solely as
feed additives. Poor manufacturing quality assur-
ance in some settings results in the supply of
sub-standard drugs. Marketing practices of
antimicrobials for therapeutic, prophylactic or
growth promoter purposes in animals by private
industry influence the prescribing patterns and
behaviour of veterinarians, feed producers and
farmers.

In North America and Europe it is estimated
that about 50% in tonnage of all antimicrobial
production is used in food-producing animals and
poultry (156). The increased intensity of meat
production under crowded industrialized condi-
tions contributes to the increased use of anti-
microbials since they are used in subtherapeutic
doses as growth promoters, given as prophylaxis
for disease prevention and used therapeutically for
the treatment of infected animals. In addition, the
impact of antimicrobial metabolites and non-
metabolized drug in animal sewage that is released
into the environment is not clear.

Use of antimicrobials as growth promoters

Some antimicrobials, particularly those that
target Gram-positive bacteria, are associated with
an increase in the rate of animal growth when they
are provided in subtherapeutic quantities in stock
feed to food-producing animals. The mechanism
of this effect is uncertain. However, these drugs
also alter the gut flora of exposed animals such
that they frequently contain bacteria that are re-
sistant to the antimicrobial used. When such
antimicrobial growth promoters belong to a class
similar to that of antimicrobials used in human
medicine, these resistant animal bacteria are
often also resistant, i.e. cross-resistant, to impor-
tant human use antimicrobials (157). Five growth
promoters (bacitracin, tylosin, spiramycin,
virginiamycin and avoparcin [a similar agent to
vancomycin]) have recently been banned by the
European Union due to fears of such cross-resist-
ance (158,159).

Scientific data strongly suggest that avoparcin

use in animals contributes to an increased pool of
vancomycin-resistant enterococci (VRE) (160,
161). However, the extent to which the microbial
gene pool in animals contributes to the prevalence
of VRE colonization and infection in humans is
less well defined. VRE cause serious infections,
mainly in hospitalized immunocompromised
patients. Such infections are difficult to cure due
to the limited number of effective treatment
options and are thus associated with increased
morbidity and mortality. There are also concerns
that the genes that cause resistance to vancomy-
cin may spread from enterococci to other bacte-
ria, such as Staphylococcus aureus, for which
vancomycin is one of the drugs of last resort.

Studies in Denmark have shown that the ban
of avoparcin in animals has led to a reduction in
the prevalence of VRE in poultry and pigs
(162,163). Similarly, studies in Germany and the
Netherlands suggest that banning avoparcin has
led to a reduction in the prevalence of VRE in
healthy individuals in the community (164,165).
Sweden banned the use of growth promoters in
livestock and poultry in 1987 and focused on the
implementation of disease prevention methods
that did not involve antimicrobials and on the
prudent use of antimicrobials for therapeutic pur-
poses. The subsequent national antimicrobial con-
sumption has reduced by approximately 50%
(166,167). Furthermore, the prevalence of anti-
microbial resistance in pathogenic bacteria isolated
from animals in Sweden has been maintained at a
low prevalence since 1985 (168).

Use of antimicrobials that affect food-
borne pathogens such as Salmonella and
Campylobacter spp.

Non-typhoidal Salmonella spp. and Campylobacter
jejuni are among the most commonly identified
causes of bacterial diarrhoea in humans. Such
species are generally transmitted to humans via
food or direct contact with animals (169). Data
demonstrate that antimicrobial use in animals
selects for resistance among non-typhoidal Salmo-
nella spp., thus limiting the effective available treat-
ment options (170,171,172). A recent example is
a clone of Salmonella typhimurium DT104 that
has become prevalent in many countries includ-
ing the UK, Germany and the USA—it is resist-
ant to commonly used agents including ampicillin,
tetracycline, streptomycin, chloramphenicol and
sulphonamides (171,173,174). Multi-drug resist-
ance has likewise been noted in other Salmonella
spp. (175).
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Following the introduction of fluoroquinolones
for use in food-producing animals, the emergence
of Salmonella serotypes with reduced susceptibil-
ity to fluoroquinolones has been observed in
countries such as France, Germany, Ireland, the
Netherlands, the Russian Federation, Spain and
the UK (176,177,178). Little has been docu-
mented about the impact of this resistance on
human health to date, but there is concern about
the potential human health consequences. This
has been substantiated by a recent outbreak of
quinolone-resistant S. typhimurium DT104 result-
ing in treatment failures in hospitalized patients
in Denmark (179).

The introduction of fluoroquinolone use in
poultry has been associated with a dramatic rise

in the prevalence of fluoroquinolone-resistant
Campylobacter jejuni isolated in live poultry,
poultry meat and from infected humans (180,181,
182). Prior to fluoroquinolone use in poultry, no
resistant strains were reported in individuals with-
out previous exposure to these agents (178,183).
Because of their broad antibacterial spectrum,
fluoroquinolones are often used for empiric treat-
ment of gastrointestinal infections in severely ill
or immunocompromised patients. Fluoro-
quinolone resistance among Campylobacter spp.
is associated with a higher rate of clinical treat-
ment failure than for susceptible strains when
fluoroquinolones are used for treatment of disease
(184,185,186). A recent review by APUA (187)
provides further material on this topic.
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CHAPTER 5

National governments and health systems

5.5 Ensure that only antimicrobials meeting in-
ternational standards of quality, safety and
efficacy are granted marketing authorization.

5.6 Introduce legal requirements for manufactur-
ers to collect and report data on antimicro-
bial distribution (including import/export).

5.7 Create economic incentives for the appropri-
ate use of antimicrobials.

Policies and guidelines

5.8 Establish and maintain updated national
Standard Treatment Guidelines (STGs) and
encourage their implementation.

5.9 Establish an Essential Drugs List (EDL) con-
sistent with the national STGs and ensure
the accessibility and quality of these drugs.

5.10 Enhance immunization coverage and other
disease preventive measures, thereby reduc-
ing the need for antimicrobials.

Education

5.11 Maximize and maintain the effectiveness of
the EDL and STGs by conducting appro-
priate undergraduate and postgraduate
education programmes of health care pro-
fessionals on the importance of appropriate
antimicrobial use and containment of anti-
microbial resistance.

5.12 Ensure that prescribers have access to approved
prescribing literature on individual drugs.

Surveillance of resistance, antimicrobial usage
and disease burden

5.13 Designate or develop reference microbiol-
ogy laboratory facilities to coordinate effec-
tive epidemiologically sound surveillance of
antimicrobial resistance among common
pathogens in the community, hospitals and
other health care facilities. The standard of
these laboratory facilities should be at least
at the level of recommendation 3.6.
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Recommendations for intervention

Advocacy and intersectoral action

5.1 Make the containment of antimicrobial
resistance a national priority.

— Create a national intersectoral task force
(membership to include health care pro-
fessionals, veterinarians, agriculturalists,
pharmaceutical manufacturers, govern-
ment, media representatives, consumers
and other interested parties) to raise
awareness about antimicrobial resistance,
organize data collection and oversee
local task forces. For practical purposes
such a task force may need to be a gov-
ernment task force which receives input
from multiple sectors.

— Allocate resources to promote the imple-
mentation of interventions to contain
resistance. These interventions should
include the appropriate utilization of
antimicrobial drugs, the control and
prevention of infection, and research
activities.

— Develop indicators to monitor and evalu-
ate the impact of the antimicrobial
resistance containment strategy.

Regulations

5.2 Establish an effective registration scheme for
dispensing outlets.

5.3 Limit the availability of antimicrobials to
prescription-only status, except in special cir-
cumstances when they may be dispensed on
the advice of a trained health care professional.

5.4 Link prescription-only status to regulations
regarding the sale, supply, dispensing and
allowable promotional activities of antimicro-
bial agents; institute mechanisms to facilitate
compliance by practitioners and systems to
monitor compliance.
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5.14 Adapt and apply WHO model systems for
antimicrobial resistance surveillance and
ensure data flow to the national intersectoral
task force, to authorities responsible for the
national STGs and drug policy, and to pre-
scribers.

5.15 Establish systems for monitoring antimicro-
bial use in hospitals and the community, and
link these findings to resistance and disease
surveillance data.

5.16 Establish surveillance for key infectious dis-
eases and syndromes according to country
priorities, and link this information to other
surveillance data.

Introduction

Placing antimicrobial resistance high on the na-
tional agenda should be a priority in tackling the
problem of resistance. National governments and
health care systems can have considerable impact
on limiting the emergence and development of
antimicrobial resistance through the introduction
of legislation and policies concerning the devel-
opment, licensing, distribution and sale of anti-
microbial agents. Health and pharmaceutical
regulations shape the way antimicrobials are used.
Key regulatory frameworks include professional
licensing, the ability to prescribe and dispense
medicines, drug registration, product quality, pric-
ing and movement of drugs in the supply system.
Although pharmaceutical regulations represent a
powerful tool, implementing them to influence
patterns of antimicrobial use can be a two-edged
sword, achieving both intended and unintended
effects. For example, active enforcement of regu-
lations regarding the sale of antimicrobials with-
out prescription in pharmacies and drug shops may
reduce unnecessary use while at the same time
limiting access to appropriate therapy, especially
among the poor. The unintended effects of pro-
posed regulations should be carefully considered
before and monitored during their implementa-
tion.

National governments also have the responsi-
bility for coordinating surveillance networks and
for directing educational efforts to improve
understanding about appropriate antimicrobial
use.

Government legislation—drug licensing

Marketing authorization

Many countries have legislation that requires all
medicinal products to undergo licensure before
being placed on the market. Marketing authori-
zation usually follows a detailed assessment of data
provided by the applicant, generally by a desig-
nated government department and sometimes
with input from an expert advisory group(s). Some
countries are willing to license new medicines
based on their prior approval in other countries,
such as the USA or EU. Whatever the process,
the fundamental requirement is that the data
should support the quality, safety and efficacy of
the product (188,189). The use of antimicrobials
that do not meet appropriate standards in each of
these three areas has implications for human health
and for antimicrobial resistance.

Quality

As with all medicinal products, control of the
quality of antimicrobial agents is vital for the de-
livery of accurate dosage units to patients—doses
that have been shown to be safe and effective in
clinical trials (188,189,190). Antimicrobial agents
containing less than the stated dose may produce
suboptimal levels of circulating drug, which may
result in both therapeutic failure and selection of
drug-resistant strains. Similar problems may arise
as a result of counterfeit products, which com-
monly contain little or none of the active substance
stated on the label and may even contain entirely
different active ingredients. The Counterfeit
Intelligence Bureau estimated that, in 1991, 5%
of all the world’s trade was in counterfeit goods,
with this percentage likely to be higher for phar-
maceuticals since they are easily transportable
(191). Excessive drug content may lead to con-
centrations in the body associated with certain
adverse events. Unnecessarily high concentrations
may also lead to a marked disruption of the nor-
mal flora and an increased risk of superinfections
such as fungal disease and C. difficile enterocolitis.

Government-initiated inspection of drug
manufacturing plants for adherence to Good
Manufacturing Practice (GMP) with certification
for defined time periods, adherence to the prod-
uct specifications agreed upon at the time of
licensure, and the elimination of unauthorized
medicines from the market are essential. Strict
controls limiting drug importation and exporta-
tion to those products and manufacturers that have
been inspected and approved can serve to reduce
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the risks posed by substandard and counterfeit
medicines. Countries that carry out spot checks
and drug analyses are able to make a major con-
tribution to reducing the production of poor
quality and counterfeit products.

Safety and efficacy

The scope and quality of data presented to sup-
port the safety and efficacy of new drugs are
determined mainly by the requirements of the US
Food and Drug Administration (FDA), the Euro-
pean Commission, and the Japanese Ministry of
Health, Labour and Welfare (MHLW) (188,189,
192). The individual regulations issued by these
bodies, together with the activities of the Interna-
tional Conference on Harmonisation (193), have
greatly influenced the content and conduct of pre-
clinical and clinical development programmes for
pharmaceuticals. Dossiers meeting these inter-
national standards are generally acceptable world-
wide, although there may be additional local
stipulations. In this way, all countries may benefit
from high quality development programmes that
better identify the safety and efficacy of new drugs.
In one sense, the emergence of resistance associ-
ated with the use of a particular antimicrobial
could be viewed as an adverse event. However,
current regulatory and licensure bodies do not
regard the emergence of resistance in this man-
ner.

Countries that do not have systems for the
adequate assessment of safety and efficacy before
and after drug licensure face an increased risk of
exposure to drugs of inferior efficacy and unac-
ceptable toxicity, as well as a potentially higher
market penetration of counterfeit drugs. The
establishment of Assessment Report Sharing
Schemes has facilitated assessment of the safety
and efficacy of antimicrobial agents by resource-
poor countries. Participating countries are able to
request detailed reports of pharmaceutical, pre-
clinical and clinical data that have been prepared
by drug regulatory authorities in other countries.
The Product Evaluation Report (PER) network
and the arrangements made by the European
Agency for the Evaluation of Medicinal Products
(EMEA) are examples of schemes which allow
countries access to information to assist in mak-
ing licensing decisions. In addition, regional as-
sociations of regulatory bodies, e.g. AFDRAN in
Africa, have contributed to the application of simi-
lar standards and requirements for drug approvals
in many countries.

Prescribing information

Wherever there are formal procedures for drug
licensure, the content of the prescribing informa-
tion is subject to approval by the licensing authori-
ties. Requirements for international alignment on
the essential content of the prescribing informa-
tion and on the reporting of safety data have led
to the development of core datasheets by many
pharmaceutical companies (194,195). These
describe the minimal prescribing information,
including contraindications, warnings and poten-
tial adverse reactions, which should be available
to users in all countries where the product is mar-
keted. However, it may not be feasible for all
companies, especially those that are large and mul-
tinational, to regularly audit compliance with the
use of core datasheets in all regions or to require
that national or regional offices fully adopt stated
corporate standards. Also, in countries where there
are inadequate regulations to ensure the availabil-
ity of prescribing information to prescribers and
users, health care professionals may have little or
no access to independently-assessed material re-
garding antimicrobial agents (see also Chapters 2
and 7).

Failure to specify precisely in the prescribing
information the types of infections for which safety
and efficacy have been demonstrated in clinical
trials may serve to encourage antimicrobial use for
conditions that have not been studied. An exam-
ple is the use of the term “lower respiratory infec-
tions” instead of specifying the types of pneumonia
or bronchitis that were studied. Thus, without
careful attention to detail and to translation, even
the approved prescribing information may inad-
vertently encourage inappropriate antimicrobial
use.

The product literature usually reflects the dos-
age regimens shown to be efficacious in clinical
trials for each indication. Identification of opti-
mal antimicrobial treatment regimens for various
diseases is important to ensure that the drug is
given in an appropriate dose and for an appropri-
ate duration to maximize the likelihood of cure,
while minimizing the risk of toxicity. Low dose
regimens may be associated with less toxicity, but
may result in insufficient drug concentrations at
the site of infection to effect bacterial eradication
and may therefore encourage the development of
resistance among target pathogens. In contrast,
higher dose regimens may result in greater effects
on the host’s normal flora increasing the likeli-
hood of superinfections, including those caused
by highly resistant nosocomial pathogens. How-
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ever, clinical trials to support antimicrobial drug
approval are almost always designed to show
equivalence to a licensed comparative agent.
Therefore there is a tendency to use perhaps
unnecessarily high dose or long duration regimens
so as to avoid any risk of treatment failure (196,
197,198). Companies are often reluctant to ex-
plore a variety of dosage and treatment regimens
in clinical trials with a new drug because of the
study costs involved and the risk of failing to meet
the specified regulatory requirement (199). Dose
regimens in clinical trials are often chosen by com-
paring the pharmacokinetics of the drug in man
with the in vitro susceptibilities of the main target
pathogens. Increasingly, the pharmacokinetic and
pharmacodynamic characteristics of new antimi-
crobial agents are being used in pre-clinical
studies to better predict the optimal clinical dos-
ing regimens in man (200,201,202). While this
approach does not replace clinical trials, the phar-
maceutical industry and regulatory authorities
have both recognized that this may also have
benefits in terms of reducing the risk of selecting
for drug-resistant organisms.

Government legislation—control of drug
supply, distribution and sales

Some countries are unable to control the supply,
distribution and sale of medicines. In many re-
gions there is minimal control over public access
to antimicrobials and these can be purchased over
the counter without prescription (34,203). There
are also marked international differences in the
types of retail outlets that provide access to pre-
scription-only and non-prescription drugs, as well
as whether these outlets require government reg-
istration. Where there is adequate legislation
regarding the licensure of medicinal products, a
legal classification system generally determines the
mode of sale, supply and dispensing. In such coun-
tries, antimicrobial agents are almost uniformly
prescription-only medicines (POM), with dispens-
ing restricted to registered outlets and by suitably
qualified personnel (204). In reality, however, the
degree of drug law enforcement and the penalties
imposed for infringements vary enormously
between countries. For example, all systemic
antibacterial agents are legally subject to prescrip-
tion control in the EU, yet they can be purchased
over the counter in pharmacies in several EU mem-
ber states (205). Antimicrobials can be purchased
without prescription in many resource-poor coun-
tries (59,129,206). In a study of chemist shops in

Nairobi, it was noted that 64% of chemists sold
antimicrobials without physicians’ prescriptions
and most sold incomplete treatment courses at the
request of the patient (207). In a study of a rural
village in Bangladesh, 95% of all medications con-
sumed were obtained from pharmacies with only
8% having been prescribed by graduate physicians;
one-third of these medications were antimicrobials
(208). Poor enforcement of prescription-only regu-
lations is almost universally associated with inap-
propriate antimicrobial usage.

Although the cost of antimicrobial agents with-
out prescription is generally carried by the patient,
in some regions this may actually be less expen-
sive than the combined costs of a time-consum-
ing visit to a distant and/or very busy health care
facility and the physician’s consulting fee. There-
fore, depending on the structure and funding of
the national health care system, restricting anti-
microbial agents to prescription-only may
actually limit the access of many patients to these
drugs, even when they are really needed. On the
other hand, requiring a prescription for access to
antimicrobial agents provides an opportunity to
dissuade patients from unnecessary antimicrobial
therapy and hopefully results in a trained health
care worker selecting the drug and the treatment
regimen. This potential point of intervention
should help reduce inappropriate antimicrobial
usage, especially if accompanied by an education
programme on the appropriate use of antimicro-
bial agents (see Chapter 2).

With or without implementation of prescrip-
tion-only access to antimicrobial agents, legisla-
tion that restricts the sale of antimicrobials to
registered outlets would allow local policing and
prevention of over-the-counter non-prescription
sales. Ideally, such registered outlets should be
staffed by personnel with at least a basic knowl-
edge of antimicrobials. Legislation that compels
registered outlets to keep records of the sources of
drugs purchased and quantities sold would allow
the auditing of antimicrobial sales and possibly of
usage data. Such surveillance may result in greater
restriction of the sales of counterfeit and substand-
ard medicines. However, in regions where prescrib-
ers earn a considerable portion of their income
either by directly dispensing antimicrobials or via
subsequent pharmacy sales, such legislation is
likely to be less effective. These circumstances
provide a disincentive to appropriate antimicro-
bial prescribing and prescribers are more likely to
recommend antimicrobial use, particularly the
more expensive agents, regardless of whether
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cheaper drugs may be just as appropriate (see also
Chapter 2).

Government legislation—inspection
and enforcement

The existence of appropriate legislation regarding
the manufacture, licensure, sale, supply and dis-
pensing of antimicrobial agents cannot improve
the quality and appropriate use of these drugs
unless it is enforced. Individual countries may not
have the financial or human resources needed to
support policing activities by suitably qualified
personnel. There may be reluctance on the part of
governments to take action because the introduc-
tion of restrictions could prove unpopular with
patients, physicians and the pharmaceutical indus-
try. Increasing international recognition of inspec-
tions of manufacturing plants by teams from other
countries has relieved the burden on some gov-
ernments and facilitated the quality control of
medicines and adherence to Good Manufactur-
ing Practice (GMP), Good Laboratory Practice
(GLP) and Good Clinical Practice (GCP). The
possibility of expanding these international coop-
erative efforts by using suitably qualified staff from
non-governmental organizations (NGOs) to aid
policing efforts in other areas of drug law compli-
ance may be worthy of serious consideration by
some countries (see also Chapter 8).

Health care systems and drug policies

Health care systems

The organization and funding of health care sys-
tems varies between countries, with a mixture of
public- and privately-funded health care facilities
and diagnostic laboratories being common. The
structure and organization of these systems can
be an important factor in determining the reli-
ability and practicality of data collection regard-
ing antimicrobial use, surveillance of antimicrobial
resistance and the impact of resistance on clinical
outcomes. In addition, the system may have a di-
rect influence on undergraduate medical curricula,
on the existence and maintenance of registration
systems for all health care professionals, and on
the attention paid to their continuing professional
education and accreditation. Whether or not
antimicrobials are prescription-only, undergradu-
ate and postgraduate medical and pharmacist edu-
cation concerning appropriate antimicrobial use
is vital (see Chapter 2), as is the need for evidence-
based prescribing information.

Surveillance of resistance and antimicrobial use

Surveillance of both antimicrobial resistance and
antimicrobial use are fundamental to the effective
implementation of any strategy for the contain-
ment of antimicrobial resistance, as a means to
monitor the efficacy of various interventions.
However, designing and implementing compre-
hensive surveillance systems that are practical, cost-
effective and interlink with the national healthcare
system is a challenge. It is likely that in many
resource-poor countries, laboratory facilities and
information networks will require considerable
strengthening before reliable surveillance of resist-
ance can be undertaken.

Epidemiologically sound surveillance of resist-
ance in key pathogens, using standardized micro-
biological methods, may be developed on the basis
of an existing laboratory surveillance system for
antimicrobial resistance and routine diagnostic
microbiology (see Part A, Background). To assist
in this aim, WHO is developing “Surveillance
standards for antimicrobial resistance” which pro-
pose practical epidemiological methods for
several infections and key pathogens (209). Where
possible, such surveillance should be integrated
with other national and hospital laboratory serv-
ices to maximize efficiency and ensure surveillance
of clinically relevant isolates (see Chapter 3).

Measurement of antimicrobial usage could be
approached through the registration of outlets that
dispense antimicrobials, requiring them to main-
tain accurate records of antimicrobial supply and
sales. Incomplete patient adherence to treatment
protocols means that antimicrobial dispensing data
will not necessarily be the same as antimicrobial
consumption, but it is likely to be the most
accurate achievable surrogate available. Targeted
research to measure the correlation between the
quantity of antimicrobials dispensed and the quan-
tity consumed could be used to adjust national
dispensing data, providing a more accurate assess-
ment of antimicrobial consumption. Establishing
surveillance systems of antimicrobial usage and
control of drug supply and dispensing outlets will
require a major commitment from national gov-
ernments in countries which do not currently have
effective prescription-only regulations for anti-
microbials. Implementation of an integrated sur-
veillance system for antimicrobial resistance and
antimicrobial usage will require national govern-
ments to re-assess many regulatory aspects of their
health care system, including legislation related
to drug licensure (including quality, safety and
efficacy) and drug supply, distribution and sales.
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Essential Drugs Lists and policies

In 1977 the first WHO Model List of Essential
Drugs was developed to promote the availability
of a selected number of drugs, including anti-
microbials, and their rational use. The Model List
has been revised regularly and serves as a guide for
countries in determining their national drug poli-
cies. At present over 120 countries have imple-
mented an Essential Drugs List. A retrospective
study of prescribing practices in Ethiopia found a
significant decrease in the prescribing of non-
essential drugs after the introduction of an Essen-
tial Drugs List (210). Studies have demonstrated
that in those areas in which an Essential Drugs
Programme is in operation, significantly more
essential drugs are available, significantly fewer
injections and antimicrobials are utilized, and drug
stocks last about three times longer than in

regions without such a programme. Thus, such
programmes appear to improve access to essential
drugs, especially when they are supported by edu-
cational programmes and follow-up (83,117).

Establishing national treatment guidelines

Evidence-based national treatment guidelines en-
courage appropriate antimicrobial prescribing.
Using local laboratory and clinical surveillance
data on antimicrobial resistance, these guidelines
can be appropriately modified for community and
hospital use in various regions, but should be up-
dated regularly. The use of such guidelines is most
effective when combined with supportive inter-
ventions such as educational training and super-
vision programmes (83,211).
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