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Control of antibiotic-resistant bacteria: Memorandum
from a WHO Meeting*

Control of the prevalence of antibiotic-resistant bacteria is essential for the appro-
priate use ofantibioticsforprophylaxis and treatment ofinfections. Hospitals are regarded
as the place where antibiotic-resistant bacteria might often develop. Control of antibiotic
use in hospitals is therefore one of the most important measures for effective control of
antibiotic resistance. Another effective means to control antibiotic resistance is to develop a
surveillance programme on a national, and international scale. This would be of great
assistance, especially for forecasting future changes in the resistance of bacteria. The
prevention of disease by measures other than the use of antibiotics could also reduce anti-
biotic resistance.

This Memorandum of the WHO Scientific Working Group on Antibiotic Resistance
describes the measures for controlling the prevalence of antibiotic-resistant bacteria by
(a) the surveillance of antibiotic resistance, including surveillance of resistance in human
pathogens and resistance determinants in the general population, and (b) control of anti-
biotic use in hospitals, the essential elements of which are the establishment ofappropriate
hospital antibiotic policy, elaboration ofgeneral strategy, and the monitoring ofantibiotic
use. Further research needs are also described and a number of areas are indicated where
research might lead to improvements in antibiotic use and in methodsfor the containment
of resistance. Guidelines for the appropriate use of antibiotics are presented in an
Annex.

MEASURES TO CONTROL THE PREVALENCE OF ANTIBIOTIC-RESISTANT BACTERIA

SURVEILLANCE OF ANTIBIOTIC RESISTANCE

The needfor surveillance
Without reliable information about the suscepti-

bility of important human pathogens to antibiotics, it
is impossible to find solutions to the problems created
by antibiotic resistance. Surveillance is therefore
necessary at several levels in order to:

(1) improve the quality of antibiotic prescribing for
the individual patient;

(2) influence the pattern of antibiotic usage in every
hospital;

* This Memorandum is based on the report of the WHO Scientific
Working Group on Antimicrobial Resistance, which met in Geneva
from 23 to 27 November 1981. The first part of this report appears as
an Update article on pages 383-394. The participants at this meeting
are listed on pages 430-431. A French translation of this Memo-
randum will appear in a later issue of the Bulletin.

(3) assist governments in the formulation of policy
for the supply and use of antibiotics in man and
animals;

(4) encourage responsible action by antibiotic
manufacturers in the marketing and promotion of
their products.

In countries with well developed laboratory facili-
ties, a great deal of valuable information about the
susceptibility of micro-organisms to antibiotics ac-
cumulates in hospital records. In some hospitals this
is analysed periodically for local use, and in a few
countries a comprehensive scheme of surveillance,
based on hospital laboratory data, is in operation. At
least one informal international collaborative study
has been made of resistance in a range of important
human pathogens (1). To these sources of infor-
mation must be added several special schemes for the
surveillance of resistance in individual pathogens,
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notably enteric pathogens and gonococci, by WHO
Reference Centres.

Information from these sources, though valuable,
is far from comprehensive. Earlier WHO reports
stressed the need for national and regional centres for
the surveillance of resistance. The Working Group
is of the opinion that such a scheme covering a
wide range of important human pathogens is now
required.

Requirements for surveillance
Surveillance ofresistance in humanpathogens. The

primary objective is to assemble information about
resistance in pathogenic bacteria, which is most
readily available from clinical microbiology labora-
tories. There is thus a very strong case for basing a
surveillance system on the results of routine sensi-
tivity tests from these laboratories and considerable
advantages would be gained by making use of local
laboratories. The role of the national centre would
then be (1) to organize the selection by participating
laboratories of strains to be included in the surveil-
lance, and (2) to ensure that laboratory testing is
performed reliably and by a standard method. This
arrangement would keep the work-load of the
national centre within reasonable limits and would
tend to upgrade the quality of routine sensitivity test-
ing in the local laboratories.
The scheme for selecting test results for inclusion in

the surveillance would be standardized inter-
nationally. Sampling should be designed to include
adequate numbers of each important pathogen from
a series of specified clinical sources (e.g., blood, pus,
faeces, as well as urine from patients with significant
urinary-tract infection) in each participating labora-
tory in an agreed period of time. National centres
would apply this scheme according to local circum-
stances, choose the participating laboratories, and
collect and analyse the results. Participating labora-
tories should be those where standard methods are
employed and monitored, and should be as represen-
tative as possible of the major geographical regions in
the country.
The national centre would indicate the acceptable

methods for sensitivity testing according to the guide-
lines on the requirements for antimicrobial suscepti-
bility tests,a and would regularly monitor their perfor-
mance in the participating laboratories by a system of
external quality control. The centre should also evalu-
ate all commercially available reagents (antibiotic
discs, sensitivity-test media) and, where suitable, indi-
cate the available locally produced alternatives, as
well as provide standard cultures for use in internal
quality-control tests.

arRequirements for antibiotic susceptibility tests. I. Agar dif-
fusion tests using antimicrobicsusceptibility discs. (Requirementsfor
Biological Substances W26). Unpublished WHO document,
WHO/BS/81.1337, Rev. 1, 1981.

The national centres would, in collaboration with
WHO, specify which pathogenic bacteria should be
tested and with which antibiotics. In the first instance,
it would be wise to limit surveillance to common and
easily identifiable pathogens. Later, consideration
might be given to extending surveillance to other
organisms for which special testing methods are
required.
The national centre should also be prepared to

examine "problem" cultures from local laboratories,
including strains that are thought to exhibit "new"
resistances. It is not envisaged that such centres
should undertake advanced research on the bio-
chemical basis of resistance or on genetics; this should
be left to academic centres in the same or other coun-
tries. However, they would be expected to make use
of simple procedures for the recognition and charac-
terization of R plasmids. They would have an impor-
tant role in providing bacterial strains, suspected of
containing new or unusual R factors, to specialized
laboratories for further study.

Surveillance of resistance determinants in the
general population. Information about the preva-
lence of R plasmids in the bacterial flora of the gen-
eral population would be of great assistance in fore-
casting future changes in the resistance of pathogens.
A programme should therefore be initiated for
national centres to monitor periodically the R factors
in coliform bacteria in the faecal flora of healthy
persons. Faecal samples would be plated by a serial-
dilution method on, for example, MacConkey's
medium. Replication on to plates of the same
medium, each containing one of a series of clinically
important antibiotics, would be used to enumerate
colonies resistant to one or more antibiotics, and
simple methods would be used to examine selected
colonies for plasmid DNA.

Information about the prevalence of R plasmids in
the faecal flora is already available in many countries.
The value of the proposed surveillance would there-
fore be greatest in countries -mainly in the develop-
ing world -where this sort of information is unlikely
to be obtained. However, information about the
prevalence ofR plasmids in faecal coliform bacteria is
unlikely to be of much use unless the current situation
in clinically important pathogens is also known.

Analysis ofsurveillance data. The methods of ana-
lysis of the results of surveillance should be so chosen
that they can conveniently be applied successively at
each level- local, national, and global. Manual or
simple mechanical sorting may be appropriate to give
early information locally but computer assistance will
be essential for the analysis of national and global
data. Regional cooperation in the use of computer
facilities might help to meet deficiencies in individual
countries.



CONTROL OF ANTIBIOTIC-RESISTANT BACTERIA

CONTROL OF ANTIBIOTIC USE IN HOSPITALS

Hospital antibiotic policy

The decision to administer an antibiotic to patients
is taken by the doctor responsible for their care. In
many hospitals, however, attempts have been made to
influence such decisions by the development of an
antibiotic policy, agreed upon by the heads of the
main clinical departments in collaboration with the
microbiologist. This policy may be given official
status by the relevant hospital committee. It may be
conveniently codified in a booklet issued to all
medical members of the staff. This booklet could pro-
vide basic information about the action of common
antibiotics, dosage schedules, etc., but its main
purpose is to outline the agreed principles for the
rational use of antibiotics (see Annex 1, pages
432-433). It should not seek to establish rigid rules
because (1) the ultimate right of the doctor to decide
upon the treatment appropriate for his patient must
be preserved, (2) alternative courses of action may be
acceptable in the present state of knowledge, and
(3) changing circumstances, e.g., increasing resist-
ance in an important pathogen or the introduction of
a new antibiotic, may from time to time dictate
modifications. Thus, the antibiotic policy should seek
only to define the limits within which antibiotic pre-
scribing is justifiable and appropriate. The heads of
individual departments may establish more precise
rules, within these guidelines, to which junior doctors
will be expected to adhere.

General strategy. The following is an outline of a

general statement on antibiotic policy, which can be
elaborated, with suitable examples, according to local
circumstances. Antibiotic treatment should be based
on a precise clinical diagnosis of the nature of the
infective process. It is directed against specific path-
ogens identified by culture or, when this is not practi-
cable, inferred from the site and nature of the infec-
tion. The antibiotic is chosen, whenever possible, in
accordance with the results of susceptibility tests
(with advice from the laboratory); when immediate
treatment is deemed necessary, this should be
reviewed when the first reliable results become
available. When no pathogens are isolated, a suitable
antibiotic for the inferred pathogen should be chosen
with reference to the known susceptibility of recent
local isolates of the species. In all cases, an effective
antibiotic with the narrowest possible spectrum of
activity should be chosen. (For an elaboration of this
strategy and for indications on the prophylactic use of
antibiotics, see Annex 1).

Tactical modifications of antibiotic policy. De-
cisions to restrict the use of individual antibiotics,
for longer or shorter periods of time, have often been

employed as elements in a hospital antibiotic policy.
The ultimate measure, which is withdrawal of all or
nearly all antibiotics, was successful in controlling
one local outbreak of surgical wound infection caused
by a multiple-antibiotic resistant Klebsiella infection
(2). Less stringent measures of selective restriction
have been practised, often for long periods of time.
This restriction may be practised to minimize the use
of antibiotics that are useful for the treatment of
serious infections, so delaying the appearance of
resistance to them. This policy illustrates the idea of
"keeping antibiotics in reserve". Other justifiable
grounds for restricting the use of particular agents
include: high cost, particularly if equally effective
alternatives exist; frequency of toxic reactions; and a
tendency to disturb the natural flora of the patient.
Temporary restriction of a single antibiotic, e.g.,
carbenicillin (3), has on occasion resulted in the
disappearance of organisms resistant to it from a
hospital, but such a satisfactory outcome cannot
always be expected, particularly when the organism is
resistant to other antibiotics that continue to be used.

Restrictive policies can be used effectively only
when close surveillance of resistance in the hospital is
practised. Provision must also be made for the release
of the restricted agents under exceptional circum-
stances by "requiring justifications" (4) for this to an
outside authority, e.g., the infection-control officer
or the infectious-disease physician. Another option is
the release of the antibiotic if the patient is transferred
to an isolation unit.

Improving the quality ofantibioticprescribing. It is
generally easy to obtain the agreement of senior hos-
pital staff to establish a policy for antibiotic adminis-
tration; securing general adherence to it presents
greater difficulties.
Role of the laboratory. The effect of good labora-

tory reporting on the appropriate choice of antibiotics
is likely to be most effective when the medical micro-
biologist has convinced his clinical colleagues of his
competence to advise on antibiotic treatment (see
Annex 1, pages 432-433, section on efficient labora-
tory support).
Role of the pharmacist. The appropriate hospital

authority should agree upon a limited formulary
comprising the minimum number of antibiotics re-
quired for effective treatment. The pharmacist should
under normal circumstances dispense antibiotics only
from this list, and should operate rules for the auto-
matic substitution of the least expensive and the most
effective of a class of suitable agents. The conditions
under which he may depart from these rules should be
carefully defined by the authority. Generic names
should be required to be used in all prescriptions and
in labelling. The pharmacist has an important role in
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monitoring the hospital's policy for the restricted use
of individual antibiotics (see subsection above,
Tactical modifications...).

Restriction of contact between pharmaceutical
representatives and physicians. The hospital authori-
ties should enforce the following rules: (1) all phar-
maceutical representatives should report to the phar-
macy for registration; (2) they should visit physicians
only by appointment, and should not in general enter
the areas where the patients are; (3) they should be
permitted to mount displays of their products only for
limited times and in designated places; (4) offers to
sponsor speakers at scientific meetings and to provide
free samples, test kits, etc. should be accepted with
caution and only after consultation with senior
staff.

Education. The hospital authority has a responsi-
bility to organize a continuing programme of post-
graduate education for medical staff on all matters
concerning antibiotic use. It must be admitted,
however, that the relative effect of different types of
educational presentation on subsequent practice is
not known.

Monitoring antibiotic use. Perhaps the most valu-
able means of influencing the pattern of antibiotic use
is to obtain information retrospectively about anti-
biotic consumption and use this to stimulate dis-
cussion between physicians about their practices.
The simplest and cheapest form of monitoring is

one based on pharmacy records. It will produce useful
information if these records are based on unit doses,
if the antibiotics issued to individual wards are identi-
fied, and if the drugs given to in-patients and out-
patients are recorded separately. It will indicate any
trends in the use of particular agents and may identify
unusual practices in some departments as well as
stimulate fruitful discussion on these matters. Com-
parison of the pattern of antibiotic use in similar
departments in several hospitals is possible if the
recording methods are standardized.
More elaborate surveys of particular forms of anti-

biotic use, e.g., by retrospective examination of
patients' records, are more expensive but very valu-
able. These include studies on the prophylactic use of
antibiotics by different surgeons on patients under-
going various surgical operations, and on the thera-
peutic use of antibiotics in groups of patients identi-
fied by the diagnosis at the time of discharge.

Collaborative schemes for monitoring the effects
of treatment in relation to the in vitro susceptibility of
the causative organism (e.g., in gonococcal infection)
have contributed materially in preventing the spread
of resistant strains (5, 6).
The value of retrospective monitoring depends on

the use made of the results. The principle of "peer
assessment" of current practices by groups of phy-

sicians and surgeons must first be accepted; the poten-
tial for profitable "feed-back" on these practices and
on programmes of education is very great.

Hospital hygiene and antibiotic resistance

The very high prevalence of antibiotic-resistant
pathogens in the bacterial flora of hospital patients is
attributable not only to frequent exposure to anti-
biotics but also to the many opportunities that exist in
hospital for the transmission of bacteria between
patients. However successful we are in controlling
antibiotic misuse, the amount of antibiotics used in
hospitals will continue to be considerable, particu-
larly in some departments. For example, from one
careful study carried out in a urological ward (7), it
was concluded that only 24% of all the patients ad-
mitted had received courses of antibiotics that had
been prescribed on strictly rational grounds. There is
little doubt that the use of antibiotics on such a scale
would lead to serious antibiotic-resistance troubles
unless the highest standards of hygiene are main-
tained. Thus an active programme for the control of
hospital-acquired infection can be looked upon as an
important element in "antibiotic policy". The pro-
vision of adequate facilities for the isolation of
patients (8), with sufficient trained staff to work in
them, is particularly relevant to help control the
spread of resistant organisms in parts of the hospital
where antibiotic usage is heavy. Such facilities for iso-
lation are needed to accommodate infected patients
who are heavy dispersers of resistant organisms, as
well as to protect uninfected patients for whom the
prolonged administration of broad-spectrum anti-
biotics is considered to be justifiable.

Close epidemiological surveillance of the spread of
identifiable strains of resistant pathogens is an impor-
tant part of the work of the hospital's infection-
control team (9), who should advise about special
measures needed to deal with individual incidents,
whether or not these have yet resulted in clinical infec-
tions. These measures may include the detection and
elimination of unhygienic lapses, the transfe'r of
patients to the isolation areas, and tactical changes in
antibiotic policy.

ALTERNATIVES TO THE USE OF ANTIBIOTICS

The prevention of disease by measures other than
the use of antibiotics is an important means of
reducing antibiotic consumption. Improved hygienic
conditions, notably in the quality of drinking water in
developing countries, would reduce the need to use
antibiotics for treatment as well as for prophylaxis.
Other examples of specific measures might be
expected to have a similar effect.
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Immunoprophylaxis
Immunization in the general population would in

some instances reduce antibiotic consumption, e.g.,
by the use of meningococcal vaccines in high-inci-
dence areas. The development of really effective
vaccines against enteric bacterial pathogens, and their
widespread employment, would also reduce one of
the major uses of antibiotics in developing countries.

Opportunities for the successful deployment of
immunoprophylaxis to protect hospital patients at
special risk of infection are unfortunately less
common. In many cases the increased susceptibility
of the patient is of rapid onset, and there is insuf-
ficient time for active immunity to develop before the
infection appears. The proven efficacy of pseudo-
monas vaccine, when given to patients with burn
injuries, in preventing invasive infection by Pseudo-
monas aeruginosa is an almost unique exception to
this, and certainly lessens the justification for broad-
spectrum antibiotic prophylaxis in burned patients.

If the period of susceptibility to infection can be
predicted, e.g., in pregnancy and after delivery, there
may be time to initiate the development of active
immunity. There is evidence that giving staphylo-
coccal vaccines to pregnant women reduces somewhat
the incidence of puerperal mastitis and neonatal skin

sepsis, but the present infrequency of these conditions
in most countries hardly justifies the use of this
vaccine. A similar procedure for preventing neonatal
group-B streptococcal infection by means of a poly-
saccharide vaccine is under investigation.
Immunization may be of value in protecting certain

categories of patients with an established suscepti-
bility to a single bacterial pathogen, e.g., to the
pneumococcus in asplenic persons. However, other
patients with a similar susceptibility may give a poor
response to the vaccine, and caution should therefore
be exercised in abandoning long-term antibiotic
prophylaxis in favour of such immunization.

The use of chemical disinfectants

The topical application of relatively non-toxic
disinfectants such as chlorhexidine and iodophors
provides a possible alternative to antibiotic prophy-
laxis in surgical and neonatal cases for the prevention
of skin sepsis. The best example of success to date is in
the prevention of catheter-borne urinary-tract infec-
tions (10). Mention must be made of the specific
effect of silver salts in preventing the invasion of
burns by Ps. aeruginosa, but plasmid-borne resis-
tance to silver has developed in some Gram-negative
bacteria.

RESEARCH AND DEVELOPMENT

The Working Group identified a number of areas
where research might lead to improvements in anti-
biotic use and in methods for the containment of
resistance. These are described below.

BACTERIOLOGICAL RESEARCH

Rapid methods of diagnosis of infection and anti-
biotic-sensitivity testing
Many new methods are under investigation; the

most urgent needs are for the development of in-
expensive methods applicable to a number of differ-
ent pathogens and their integration into routine
laboratory practice.

New means ofattacking the resistance mechanisms of
bacteria

Chemical substances that inhibit the action of
antibiotic-destroying enzymes may restore the use-
fulness of antibiotics at present rendered ineffective
by the prevalence of enzyme-mediated resistance.

j3-lactamase inhibitors (e.g., clavulanic acid) are now
available; their therapeutic value in combination with.
various penicillins and cephalosporins, their range of
activity against various ,B-lactamases, and their
potential impact on the pattern of antibiotic usage,
are all matters of great interest. Chemical substances
that inhibit other antibiotic-destroying enzymes
would be of great potential value. Non-toxic sub-
stances that eliminate plasmids from bacteria within
the animal and human body might be useful in pre-
venting the spread of resistance in the natural flora.

Alternatives to the use of antibiotics

Among the available methods of immunological
prophylaxis, the use of pseudomonas vaccine is of the
greatest interest; study of the rapid immunity pro-
vided by this vaccine may have implications for pre-
venting infections by other Gram-negative bacteria.
The topical application of mild disinfectants is a
promising method for preventing bacterial infection
in certain sites; the extent to which it could replace
antibiotic prophylaxis and the optimal methods for
deploying it require further study in controlled
trials.
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Alternatives to antibiotics for growth promotion in
farm animals

Pressure to use antibiotics for animal growth pro-
motion, especially where this is not effectively con-
trolled by government action, might be lessened if
effective and cheap chemical agents with a similar
action could be found.

CLINICAL RESEARCH

Minimal effective dosage
In some infections, e.g., in the urinary tract, a

smaller dosage or a shorter course of treatment may
perhaps be as effective as those currently employed in
effecting clinical cure. Recent experience with
uncomplicated urinary-tract infection supports this
view; some other infections also merit reconsider-
ation in this regard.

Antibiotic prophylaxis
The guidelines given in Annex 1 represent a general

consensus of current views, but uncertainty exists on
some points, e.g., about the relative efficacy of indivi-
dual antibiotics and the liability of certain proposed
regimens to cause undesirable changes in the patients'
bacterial flora when given by different routes. The
justification for long courses of prophylaxis in certain
non-surgical conditions, e.g., in underweight neo-
nates and immunodeficient patients, is a subject
of controversy. Critical evaluation of their conse-
quences for the patient and others in the same unit,
and the extent to which these are influenced by vari-
ous systems for isolating patients are needed.

EPIDEMIOLOGICAL RESEARCH

Surveillance of antibiotic resistance and of resistance
determinants

There is a need for establishing an integrated
system of surveillance, under the general direction of
WHO, to obtain information on a global scale about
the frequency and nature of antibiotic resistance in
pathogenic bacteria; proposals on a limited study of
the R plasmids in the faecal flora of the general popu-
lation of the respective countries have been made.

Arguments in favour ofthese schemes are given above
(see pages 423-424).

Effects ofstopping the administration of antibiotics

There is insufficient information about the effect
of the reduced use of individual antibiotics, either as a
result of a planned policy or restriction or as a conse-
quence of the introduction of new antibiotics, on the
prevalence of resistant bacteria and of clinical infec-
tions caused by them. Some information can be found
in published papers, but the findings of workers in
different hospitals are often difficult to compare.
Guidelines for recording relevant information are
urgently needed. The introduction in many hospitals
of detailed schemes for the monitoring of antibiotic
use should provide a good starting point for improved
studies.
The effect of the duration of antibiotic adminis-

tration, in communities and individuals, on the persis-
tence of resistant flora after the antibiotic has been
withdrawn also requires further study.

Non-human sources of resistance plasmids
There is still considerable doubt about the relative

exposures of human subjects (by the oral route)
to faecal coliform bacteria derived, directly or
indirectly, from meat and other animal products,
from vegetables, and from other sources. Investi-
gation of this problem is very difficult because the
organisms from the various sources are at present
indistinguishable in the laboratory. A combination of
indirect methods, e.g., quantitative studies of raw
products and of the foods actually ingested, and the
use of bacterial and non-bacterial markers might
eventually yield a general picture.

HEALTH SERVICES RESEARCH

Opinions differ about optimal methods of edu-
cation on matters concerned with the administration
of antibiotics. Studies on the effects of various types
of education in imparting information and in affect-
ing prescribing practices, and perhaps also on the
effects of the internship experience in different types
of hospital departments are required. The attitudes of
physicians to the objective assessment of their pre-
scribing habits, and ways of encouraging acceptance
of "peer assessment" need investigation.

428



CONTROL OF ANTIBIOTIC-RESISTANT BACTERIA

CONCLUSIONS AND RECOMMENDATIONS

GENERAL

The increasing frequency of acquired resistance to
antibiotics among bacteria of medical importance is a
worldwide health problem that demands inter-
national attention. The World Health Organization
has kept the situation under review for twenty years,

during which time it has promoted research into
various aspects of the problem. However, the rapidity
with which new resistances are appearing and existing
resistances are becoming more prevalent indicate the
need for more precise information about the situation
and for action to control it.
The importance of antibiotics to health care in all

countries is reflected in the composition of the WHO
model list of essential drugs (11), and, potentially, the
Organization has an important coordinating role to
play in ensuring that these drugs are used everywhere
to optimum advantage.

SURVEILLANCE OF BACTERIAL RESISTANCE

The group is in full agreement with the emphasis
placed by previous WHO meetings (12-14) on surveil-
lance of bacterial resistance at both the national and
the international level with a view to providing health
authorities, doctors and pharmaceutical companies
with data, based on which the use and future develop-
ment of antibiotics may be rationalized. Efficient
integration of surveillance activities internationally
will depend upon the establishment of regional and
national reference centres, and their subsequent col-
laboration both in standardizing the methods of anti-
biotic susceptibility testing and in training personnel
working in peripheral laboratories and institutes of
quality control. WHO could play an important role in
the promotion of these activities.

NATIONAL SURVEILLANCE OF ANTIBIOTIC USE

Information is urgently needed about the pattern of
antibiotic use in each country with the objective of
assessing the extent of overuse, misuse (and underuse)
of various agents in the common clinical situations
encountered in the country. The extent to which the
advertising of products in the lay and medical press
contributes to this requires investigation. The
expected effect of various regulatory measures, the
provision of reliable information, cost, etc., on the
quality of antibiotic use should be studied. Areas
should be defined where further investigations are

needed to determine the relative efficacy, in relation
to cost, and the safety of different regimens of anti-
biotic administration currently employed in various
countries.

Importation and manufacture of antibiotics

Countries should develop their own schemes for
antibiotic manufacture and for import controls on
those that are not manufactured in the country.
Countries should introduce a well-designed national
formulary for antibiotics and update this regularly on
the advice of pharmacologists and microbiologists;
WHO has provided guidance on this matter (11).
Special mention must be made of the widespread use,
particularly in developing countries, of preparations
containing two or more antibiotics in fixed ratios.
Their spectrum of activity is often so wide that they
have undesirable effects on the body flora, few of
them have notable therapeutic advantages, and they
are generally costly. Only the few combinations that
are of clinically proven value should be permitted.

Availability of antibiotics

The unrestricted sale of antibiotics to the general
public encourages excessive and inappropriate use.
Legislation making them available only on prescrip-
tion by certain designated classes (e.g., medical and
veterinary practitioners) is therefore highly desirable
and strongly recommended; however, such laws have
proved very difficult to enforce in some countries. A
possible solution to this difficulty may be through
limiting the routes by which antibiotics are distributed
to hospitals, government primary health care ser-
vices, and registered pharmacists, coupled with in-
creased supervision of pharmacists who provide anti-
biotics directly to the public and attempts to educate
them in the indications for antibiotic use. In countries
with an acute shortage of doctors in primary health
care it may be necessary to empower health workers
who have received little formal training to administer
antibiotics. High priority should be given to the in-
service training of these workers in the use of anti-
biotics and to monitoring their prescribing practices.
Consideration should be given, in countries where the
control of antibiotic use is particularly difficult, to
restricting the supply of certain antibiotics that are
required for the treatment of very serious infections
to hospitals only, or to selected hospitals.

Education

Countries should provide, through programmes on
health education for the general public, simple advice
about the types of illness for which antibiotics should
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not be used. They have a responsibility to ensure that
the correct use of antibiotics is given adequate atten-
tion in the training not only of medical students but of
all categories of health workers who may be involved
in the administration of antibiotics. Adequate facili-
ties should be provided for the continuing post-
graduate education of medical practitioners, whether
or not they are in the government service. Countries
should also disseminate reliable and up-to-date infor-
mation to all medical practitioners about the efficacy
of, indications for, contraindications to, and un-
wanted side-effects from the use of individual
antibiotics by means of a periodical publication
(examples are Prescriber's Journal, Drugs and Thera-
peutics Bulletin, and AMA Drug Evaluations).

Quality control

Manufacturers and importers of antibiotics should
be required to provide the same information to users
in all countries in which their products are sold; this
should always include the generic name of the prod-
uct, the indications and contraindications for use,
and the side-effects. The Working Group welcomed
the efforts of the WHO Expert Committee on Essen-
tial Drugs in preparing data sheets for international
use (11). It is the duty of countries to ensure that
evidence is obtained through the existing WHO
certification scheme for drugs moving in inter-
national commerce. The same standards should be
enforced in respect of drugs manufactured in the
country. Countries should monitor the claims made
by antibiotic manufacturers and distributors in adver-
tisements in the medical and lay press.

EMERGENCY ACTIONS

Among the lines of action that might be taken if an
epidemic of severe infections caused by an organism
resistant to all available antibiotics occurred in a

developing country, it was proposed that manufac-
turers of "new" antibiotics should be invited to con-
tribute a limited supply of these to the WHO Emer-
gency Relief Operations, where they would be held in
reserve for prompt issue, under WHO coordination,
to the government of the affected country.

VETERINARY USE OF ANTIBIOTICS

Recognizing that the use of antibiotics is an
important means of treating bacterial diseases in
animals, as in human medicine, the Working Group
recommended the following: (a) antibiotics for veter-
inary use should be available only on prescription by a
licensed person; training courses for these persons in
the proper use of antibiotics should be organized by
the national authorities; (b) countries should be en-
couraged to prohibit the therapeutic use in animals of
certain newer antibiotics that are required for the
treatment of serious infections in man (e.g., genta-
micin and related aminoglycosides, spectinomycin,
rifampicin); (c) chloramphenicol should be reserved
for use in man, which was also recommended by an
earlier WHO Working Group (12); as this antibiotic
is still widely used for the oral treatment of salmonel-
losis in animals, its use should be restricted to the
treatment of infected animals under the care of a
veterinary surgeon and the drug should be available
for such use only as a parenteral preparation;
(d) since large numbers of antibiotic preparations for
intramammary administration in cases of mastitis are
being marketed (often as mixtures of several anti-
biotics) and for the reasons given earlier (pages
425-426), the use of fixed-ratio combinations of anti-
biotics (other than the few of proven efficacy) should
be discouraged, if necessary by administrative action;
(e) the routine use of antibiotics prophylactically, in
the absence of proven infection, should be avoided
because it is no substitute for good hygiene in animal
rearing establishments.

* *
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MEMORANDUM

Annex I

GUIDELINES FOR THE APPROPRIATE USE OF ANTIBIOTICS

Objective

The main objective is the successful treatment of
infections in patients, but treating one patient may
increase the risk that others will acquire the infection
with resistant organisms. To minimize this risk:

(1) the antibiotic used should be one to which the
infecting organism has been shown to be sensitive; or,
if this is not practicable, to which the putative infect-
ing organism can be expected to be sensitive;

(2) the antibiotic should have as narrow a spectrum
of activity as possible;

(3) it should be given in a dosage and by a route
appropriate to effect cure; and

(4) it should be used for the shortest possible
time.

The therapeutic use of antibiotics

The correct use of antibiotics for treatment
depends on an accurate clinical diagnosis, supported
whenever possible by laboratory evidence of the
nature of the infecting organism and its susceptibility
to antibiotics.

Good clinical practice
Under optimal conditions, the physician will obtain

assistance in interpreting the patient's signs and symp-
toms from ancillary services (laboratory tests, radio-
graphs, and so on). He must know how to deploy
these and to interpret their results correctly. In many
cases, however, it is necessary to begin treatment
before the causative organism has been isolated, and
in others it may not be possible to obtain laboratory
evidence of its identity. "Best-choice" treatment of
severe infections must in these circumstances be based
on experience and on a knowledge of the current anti-
biotic susceptibility of the more likely causes of the
infection. Physicians without laboratory support,
notably those working in developing countries, need
special training in the performance of simple labora-
tory procedures, such as the microscopic examination
of cerebrospinal fluid, pus and other exudates,
counting of leukocytes, and selected serological
tests.

Efficient laboratory support

A good laboratory service can do much to improve
the quality of antibiotic prescribing. Reporting of
results should be as rapid as possible; provisional

reports, based on microscopic examination or pre-
liminary cultural and sensitivity tests, may be given by
telephone with suitable explanations and are particu-
larly valuable in guiding the initial treatment of
meningitis, septicaemia and other serious infections.
Rapid methods, e.g., of blood culture, detecting
bacterial antigens in exudates, and antibiotic-sensi-
tivity testing, should be employed whenever possible
in these infections.
The laboratory should report only relevant infor-

mation; it has a responsibility to assess the clinical
significance of its findings and to report in the light of
this. When the physician does not provide enough
clinical information for this to be done, the labora-
tory should not hesitate to seek this from him or his
staff. Selective reporting of the results of antibiotic-
sensitivity tests is a useful method of influencing the
choice of antibiotic. Results should be given only in
respect of organisms thought to be of clinical signifi-
cance. For such significant organisms, the results
indicating antibiotics of first choice only are given,
the names of other antibiotics being withheld and
released only on request from the physician. Inter-
national nonproprietary or generic names of anti-
biotics should be used.

The prophylactic use of antibiotics

Antibiotics should be used prophylactically only
when there is good evidence that this will significantly
reduce the frequency of infection. With a few excep-
tions (see below), its use will be in situations in which
the risk of infection is short-lived and it is practicable
to give the antibiotic before the infecting organism
has multiplied significantly where it entered the body.

Prophylaxis in surgery

Acceptable indications include "contaminated"
surgery when the risk of infection is high, and
"clean" surgery when, though the risk of infection is
low, its consequences would be disastrous. There is no
justification for its use in certain classes of "clean"
surgery (e.g., herniorrhaphy, thyroidectomy, cranio-
tomy), for which it does not appear to be very effec-
tive. Many surgeons seek to compensate for poor
hygienic conditions in their operating theatre or
wards by employing prophylaxis as a routine in their
"clean" surgical cases; this results in excessive anti-
biotic use and is certainly counterproductive.

Clinical trials support the use of antibiotics in
relation to the following procedures:
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- in "clean" surgery, for the amputation of
ischaemic limbs, the insertion of prosthetic devices,
and in cardiac surgery;
- in "contaminated" surgery, for abdominal

(large bowel, small bowel with blind loop, gall-
bladder in high-risk patients, penetrating accidental
wounds), pelvic (vaginal hysterectomy, Caesarian
section with ruptured membranes), and urological
cases (when the urine is infected), recent compound
fractures, and human bites.

Prophylaxis should be strictly perioperative, begin-
ning not more than a few hours before the operation.
The aim is to maintain high tissue levels of antibiotic
for the duration of the operation and for a few hours
afterwards. It should not be given for a total period
exceeding 24 hours. The presence of a drainage device
in the wound does not justify prolonging this period.
The prophylactic agent chosen should be effective

against organisms that are likely to invade from the
site of the operation, e.g., Gram-positive cocci in
cardiac surgery and joint replacements, Gram-
negative aerobes and anaerobes in abdominal sur-
gery, and clostridia in leg amputations. Dosage
should be high enough for maximal tissue concen-
trations to be attained; the systemic route is generally
preferred. For intestinal procedures, some surgeons
prefer to give prophylactic agents orally or by sup-
pository, in combination with mechanical cleansing
of the bowel. It is particularly important not to begin
these forms of prophylaxis too soon.

Non-surgical prophylaxis
There are few clear indications for this in hospital

patients, though it is widely practised in hospitals,
with the following consequent ill-effects: adverse
drug reactions and superinfection in the patient,
infections with resistant organisms in other patients,
and high hospital costs. Fortunately, most of the con-
ditions in which non-surgical prophylaxis is clearly
beneficial occur in single patients or small groups of
patients scattered throughout the general population.
The adverse consequences of prophylaxis in these
circumstances are less.

Non-surgical prophylaxis may be justified for the
following purposes:

(1) Prevention of rheumatic fever: (a) "primary"
prevention in patients with no previous history of the
disease; and (b) "secondary" prevention of subse-
quent attacks.

(2) Prevention of secondary cases of meningo-
coccal or Haemophilus influenzae meningitis in
family contacts of cases.

(3) Prevention of tuberculosis in high-risk groups.
(4) Prevention of endocarditis in patients with

damaged heart valves when dental or genitourinary
procedures are performed.

(5) Long-term low-dose administration of cotrim-
oxazole or certain other agents for the prevention of
recurrent urinary-tract infection in selected patients.

Conditions for which prophylaxis has not been
clearly shown to be effective include the following:

(1) Cardiac catheterization and the insertion of
pacemakers.

(2) Prevention of recurrences in acute glomerulo-
nephritis.

(3) Prevention of pneumonia in patients with viral
infection of the upper respiratory tract or measles.

(4) Prevention of pneumonia and septic compli-
cations in patients with a variety of serious medical
conditions, including coma, respiratory failure, and
congestive heart failure.

(5) Prevention of acute exacerbations in chronic
bronchitis.

(6) Protection against infection of patients with
immunodeficiency, either natural or therapeutically
induced, unless the condition is limited in duration
and facilities are available for strict protective iso-
lation of the patient.

Other prophylactic uses of antibiotics
The topical application of broad-spectrum anti-

biotics for chronic skin lesions, including varicose
and decubitus ulcers and burns, is a relatively ineffec-
tive means of prophylaxis and a potent cause of the
dissemination of resistant bacteria; it is believed to
have contributed considerably to the increasing fre-
quency of aminoglycoside resistance in staphylococci
and Gram-negative bacteria. It may also induce
hypersensitivity with an associated risk of cross-
allergy to related antibiotics.

Oral tetracycline is reported to be an effective
means of inhibiting the development of acne lesions
and is widely used for this purpose. There is evidence
that it favours the development of antibiotic resist-
ance in the natural flora of patients, and that the resis-
tant organisms may be transmitted to family contacts.
The prophylactic use of tetracycline should therefore
be considered only in severe cases of acne (8, 10).
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