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A WHO Scientific Working Group on antimicrobial resistance met in Genmeva from
23-27 November 1987, Pr I, D. Ladnyi, Assistant Divector-General of the World Health
Organization, opened the meeting on behalf of the Director-General.

1. INTRODUCT ION

The constant exposure of the body flora of man and animals to antibiotics— has led to
the selection apnd wide dissemination of antibiotic-resistant bacteria, and the transfer of
resistance genes between gstrains in 2 selective envitomnment has widened the range of
bacteria in which resistances are prevalent.

This exposure to antibiotics iz a consequence of their use (1) inm human and veterinary
medicine for the treatment or prevention of disease {2) in animal husbandry for the promotien
of growth or (3) in varicus other ways for disease control in agriculture, The use of
antibioties other than in human medicine has been reviewed in previous WHO publicatjons, i 2,3
and various proposals were made to limit its impact on bacteria pathogenic for man. It was
accepted in these publications that the administration of antibiotics to the human population
was a major cause of the accumulation of resistant bacteria in its [lora, but measzures
designed to limit this usage were mot discussed in detail.

The Workinmg Group decided, therefore, to concentrate its attention on rhe use of anti-
bictics in human medicine, and to (1) consider what types of antibiotic use were inappropriate,
(2) provide general guidelines for the appropriate use of antibiotics, and (3} suggest
measures Lo improve the quality of antibiotic treatment. The Group also decided to review
briefly the operation of restriction on the use of antibiotics in animal husbandry and
veterinary medicine and to suggest improvements in their clinical use in animals.

2. ANTIBIOTIC RESISTANCE IN BACTERJTA PATHOGENIC FOR MAN

2.1 Historical background

The first cliniecally serious conseduences of antibiotic resistance to attract widespread
attention was the wide disseminatfion in hospitals of strains of Staphylococcus aureus that
were resistant to penicillin by virtue of their ability to form an antibiotic-destroying
enzyme, penicillinase-(j-lactamase), and subsequently acquired resistance to several other
chemically unyelated antibiotics. Some but by no means all of these other resistances were
also mediated by the production of antibiotic-destroying enzymes. From the early 1950s
onwards these so-called "multiple-antibiotie™ resistant staphylococci became endemically
established in most hospitals throughout the world and were for some years the main cause of
hospital-acquired septic infection, Many of the genetic determinants for resistance in rthege
strains of 5. aureus were extyachromescmal pieces of DNA, called plasmids (R factors), most of
which coded for resistance to only one antibiotic or group of related antibioties: multiple
aptibiotic resistance had thus arisen as a result of several genetic events. The wide
dissemination of multiple-antibiotie resistant strains was attributable to their spread from
patient to patiemt In populations exposed to several of the antibiotics to whieh they wore
resigtant,

In the early 1950s it was also observed® that certain gram-negative organisms, notably
straing of Klebsiella, Pyoteus and Pseudomonas seruginosa that were naturally insuseceptible to
currently available antibiotics, were assuming & great importance as causes of septic infections
in hospitals. This pruocess continued into the 19605, by whick time & number of other gram-
negative organisms - some of them derived from the natural environment = had been added to
the list of important "hospital" pathogens, and the established gram-negative pathogens were
acquiring additional resistances to more recently introduced antibiotics., Registance in
gram-negative organisms differed from that in 5, auzeus in that (1) it was in many cases
determined by R plasmids that coded for resistance to several unrelated antibiotics and which

2 This term is used tc include both antibiotics and synthetic chemicals with & similar
selective antibacterial activity.
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could be easily transferred as a simgle genetic event between bacterfal strains and (2)
R plasmids were transferable not only between members of a single species but also between
members of many genera of gram-negative bacilly and cocei.

Az a result of these changes, the gram-negative bacilli had by the early 19705 replaced
5. aureus as the most important cause of hospital-acquired septic infections, and, at least in
a number of developed countries, widespread endemic prevalences of multiple-antibiotic resistant
strains of 5. aureus had become rather uncangon.

The serious clinical comsequences of antibiotic resistance became apparent considerably
Later in the general population than in hospitals. Penicillin resistance in 3. aureus,
vhich had become common in hospital-acquired strains by 1950, did not reach a similar frequency
in the outside populatjon for another ten years or more; and, apart from some "overflow'" of
cxceptionally virulent hospital stralns in the years 1955-1960, multiple-antibiotic resistant
straing have seldom been very prevalent im the general populatiom. Multiple-antibiotic
resistant strains of group-A streptococci became very common in some countries in the 1960s
but the clinical significance was limited by their continued sensitivity to penicillin,

A more serious situation developed when antibiorie regsistance became 2 commen cause of
treatment failure in diarrhoeal and enteric diseases. Plasmjd-determined transferable
resistance was detected with increasing frequency among shigellae and salmonellae during the
1960s, and a few years later there were widespread epidemics of severe bacillary dysentery
and of typhoid fever caused by strains that were resistant to severzl antibiotics,3 including
the agents of cheijce for the treatment of tkese infections. In 1974, a plasmid-determined
B -lactamase (TEM 1) fdentical with that found in many enterobacteria appeared in Haemophilus.
influenzae.%:7,8  In 1976 plasmid borne enzyme-mediated chloramphenicol recistance in
H. influenzae was discovered® and emergence of multiple resistant strailng carrying resistance
to ampicillin, chloramphenicol and tetracycline (antibiotics of first choice for the therapy of
of infections) have been reported simce.il% 1l

For most of the organisms so far discussed, the number of carriers greatly exceeds the
number of clinjical infections, so that exposure of the whole population te antibiotics might
he expected to select for resistance., With tubercle bacilli, and until recently gonococci,
the situation is different: clinically infected persons are the main source of the organism,
and high-case finding rates and the elimination of treatment-failure rhus assume exceptional
importance in controlling resistance.  The resistance of gonococci to penicillin increased
slowly over many years, but treatment failure could be prevented by suitably increased doses

of penicillin. This resistance was chromosomal apnd non-enzymic; 1n 1976, however, plasmids
determining the production of the TEM 1 fj-lactamase appearad in gonocacci,12:13:14»1 which
then exhibited toral resjistance to penicillin. (For reviews of the development of resistance

in gonocoeci, see referemces 16,17,18.)

2.2 The present situation

The Working Group reviewed the prevalence of antibiotic resistance in man since the last
Wit Report on this subject.3 in this report it was moted rthat information about its
distribution was patchy; it was particularly deficient in developing countries and was often
difficult to dnterpret because the methods used for testing susceptibility to antibiotica
were often net standardized. The present Working Group considered the informetion now
available, and concluded that, although the frequency of resistance in individual pathogens,
and the pattexns of multiple resistance varied considerably between countries apd often in
different parts of the same country, the situation had in a number of respects worsened in
the last few vears.

In mest developed countries endemic hospital infection caused by multiple-antibiotic
resistant strains of §. aureus continued to present less urgent problems than infections
with certain members of the gram-negative bacilli. There was, however, recent evidence from
Britain, the USA apd Australia of an imcreasing number of local ocutbreaks of infection caused
by staphyloeoecal strains with a very broad spectrum of resistance to antibiotics, including

[ )

e
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I{
methicillin and aminoglycosides.lg’20’21’22’23’EF Some reports from developing countries

indicated that strains of S. aureus rezistant to locally available antibiotics were still a
major caunge of serious infectioms in hospitals.

The Working Group unoted that there had been a further dissemination of strains of
gonococei and of H. influenzaes that possessed the TEM 1 fi-lactamase, and that an additional
type of [i-lactamase had been reported in H. influenzae, 25 that multiple antibiotic vesistant
strains of the latter organism had been found, 26,27 and that H. influenzae type b resistant
to both ampicillin and c¢hleramphenicol had caused a2n outbreak of meningitis with three deaths
in an orphanage in Thailand. 8 Climical failure in the treatment of meningitis caused by
H. influenzae with ampicillin has now been reported with considerable frequency. In recent
years, penicillinase-forming gomococcd have shown considerable spresd worldwide, 29:30,31 apg
several diffevent fi-lactamase plasmids have been identified among them.?2 A penicillinase-
producing gonccoccus with a high level of resistance to spectinomycin has been described,33=
but such strains appear to be still uncommon. Dacreased susceptibility to the newer
cephalospoerins has also been described.””? Penicillin resistant strains of pneumccocci had
become locally prevalent in South Africa,36 where they caused treatment failure and the death
of infants. This resistance wés non-enzymatic and chromosomally determined, and was often
accompanied by resistance to other antibiotics, including chloramphenjieol and tetracycline.
Pnevmocoeel with clinically significant levels of penicillin resistance were also common in
Papua New Guinea®7? and had been found occasionally elsewhere. Antibiotie resistance in

Bactercides has been on the increase for some years, and a transferable R factor for clindamvcin

had now been reported.38 Until quite recently cholera vibrios with B factors coding for
multiple-antibiotic resistance were seen Infrequently. Extensive epidemics of cholera have
now been reported from Tanzania?? and Bangladesh40 in which an initially sensitive strain
became predominantly resistant within a few months; the R factors responsible for this
specified resistance for several antibioties, including tetracycline, the current drug of
first choice for treatment.

Clinically significant resistances may be mediated by antibietic inactivating enzymes or
by other resistance mechanisms; and they may be determined genetically on & plasmid or on
the chromosome. Multiple-antibiotic resistance may be specified by a single plasmid or by a
number of distinct resistance genes, some on plasmids and others on the chvomosome. Lvidence
continues to accumulate of the genetic adaptability ©f many of the R plasmids.4l They may be
self-transferable or may be accompanied by other plasmids that wmobilize them for tramsfer.
Many of them can move as distinct genetic clements called "transposons" from a plasmid to the
chromosocme, or to a phage. This permlits modification of the pattern of resistance conferred,
and the bringing teogether of resistance determinants and transfer mechanisms appropriate for a
fresh host bacterium. Transposition may alse lead to the association on the same plasmid of
resistance determinants and genes for colenization, toxin productiom amd other so-called
“virulence factors™.

When an infection is treated with anm antibiotic te which the causal agent is initially
susceptible, resistance may appear as a result of the transfer of an R plasmid or its
transposable resistance determinant from another organism in the patient’'s flora.%2  Numerous
instances have been reperted in which an R plasmid, after being introduced into a2 hospital in
ong gram-negative organism, is subsequently tramsferred to another strain of the same or a
different species, which then spreads extensively among the patients.

Preliminary evidence from surveillance data presented to the Working Group indicated that
serious consequences of antibiotic resistance were no longer confipmed to urbap hospitals but
were being enccountered increasingly in the geuneral populationm. It also showed a2 greater
prevalence in developing countries of resistance to easily available antibiotics such as
ampicillin, tetracycline, chloramphenicol and sulfomamides, than is known to oceur im
developed countries. Surveys of ﬁhlactamﬂses in enterobacteria from developing countries
revezled a coxrvesponrdingly greater variety of types, and of instances of multiple f-lactamases
in the same isolate. Patients in developing countries were thus in a situation in which only
the c¢heaper antibiotics were available to them and these agents were becoming progressively
less effective. In the absence of loeal laboratory support and of up-to-date informatien
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about the prevalemce of resistance, the choice of an appropriate antibiotic was becoming a
pgamble against worsening odds, It wag clear that the uncontrolled importation of the
expensive "new" antibiotics now available in developed countries, even if economically
feasible, would cause only a temporary improvement in the situation.

2.3 Copsequences of widespread antibiotic resistance

H Antibiotic resistance limits the therapeutic efficacy of antibiotics apgainst pathogens
that are initially tesistant to them or acquire a transferable resictance from apother
organism in the patient’'s flora during treatment.

2. Widespread use of antibiotiecs encourages the overgrowth of other resistant bacteria in

the flora of the treated patient. This process (“superinfection"), may have important
clirjical consequences, especially in hospital patients, many of whom have apn inereased
susceptibility to infection by organisms that seldom invade healthy persons. In such patients
these organisms are frequently responsible for respivarory or septicaemic complications that
may be a greater hazard than the infection for which antibiotic trestment was given.

3. Wide spectra of antibiotic resistance in prevalent bacteria seriously limit the possibility
of contrelling the further spread of resistant organisms by the selective use of antibloticsa. ‘l“

3. THE USE OF ANTIBIOTICS IN MAN
Auntibiotic resistance in human pathogens is widely attributed to the "misusze" of anti-
biotiecs for treatment or prophylaxis in man. Before making proposals for the more rational

use of antibiotics, the Working Group considered the nature and extent of this misuse,

3.1 Social pressures favouring rhe excessive or inappropriate use of anribiotics

The decision to use an antibiotic may be influenced by social pressures that outweigh the
medical indications.®?  When antibiotics are availlable on the open market, the attitude of
the patient and his family is deecisive. The desire to do the best for the patient in a
situation of fear and anxiety, coupled with public ignorance about the efficacy of antibiotics
in particular diseases, encourage unnecessary and sumetimes damaging treatment, Poor choice
of antibioti¢s is encouraged by the bewildering multiplicity of names under which they are
marketed, by the promotion in developing countries of antibiotica that are obsolete or in
other ways inappmpriate,44 notably unjustified fixed combinations of drugs, apnd by misleading
advertising material.

Even when the physician is the only or the preferred source of antibiotics, he may find it ‘/
difficult to resist pressure from the patient or the family. He iz also motivated to do the
best for the patient; wunless he has a good knowledge of the management of microbial infectioms,
of antibiotic action, and of the current local state of susceptibility of pathogens to anti-
biotics, he may be tempted to give unnecessary treatment, He may feel that even if an
antibietic is unlikely to do good 1t will do no harm, or he may attempt to ensure the efficacy

of treatment by giving larger doses or more prolonged treatment than iz necessary. For
similar reasons he way employ broad-scpectrum agents or antibiotic combinations as a routine
to ecver the possibility of infection by unusual organisms. All of these practices will be

particularly difficult to resist if laboratory and other diagnostic support are not available.

3.2 the misuse of antibiotics

3.2.1 1In hospital practice

Recent surveys in North America and Britain indicate that about one~quarter of all
patients receive one or more courses of antibiotie whilst in haspital,asp 6,47,48,49,50,51
though the rates vary somewhat between hospitals and even more between hospital departments.
In Britain, some 20% of all patients in general hespitals on any one day are recelving
antibiotics.  About ome-third of all courses of antibiotic are given for prophylaxis.>20
A similar situation exists in many other advanced countries.
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Several workers have claimed that the administration of antibiotics was irrational or
inappropriate in a considerable proportion of patients, variously estimated at
3B-667..43,46,47,51,52,53 154 rétrospective Canadian survey in 1976, 46 only 41% of all
courses of antibiotics were congidered to be "rational; 38% were "irrational, and 22% werc
"questionable', ' ‘

3.2,1.1 Antibiotic treatment

Antibiotic therapy is inappropriate i1f it is unnécessary, or if the agent used is
unsuitable or giver in incorrect dosage, . This may be attributable in various degrees to
(1) poor elinieal decision-taking, (2) absence or failure to make use of laboratory support,
(3) ignorance of the types of bacteria most likely to cause particular infections and lack
of information about the current susceptibility of the suspected causal agent to antibjotics,
and (4} inadequate knowledge ahout the pharmacokinetic properties of amtibiotics.

An example of the analysis of antibiotic use for treatment iz shown in the investigation
carried out in a London hospital provided with a well run laboratory service. Antibietis
use was monitored at the time of administration by an independent team of experts; ir was
concluded®l that in this hospital the most frequent form of therapeutic misuse was giving
unnecessary courvses of antibioties. The most commnon reagons for giving antibiotiec treatment
were infections and suspected infections of the lower respiratory tract (39%) and of the
urinary tract (20%), Reconsideration of the clinical, bacteriological and radiological
findings led to the conclusion that there was no significant evidence of pneumonia in 40% of
the patients treated for this disease. Nearly 40% of all patients aged more than 80 years
vho were admitted to the hospital received antibiotics for “chest infection". In patients
given antibiotics for suspected infeecriom of the urinary tract, no justification could be
found for the treatment ip 497%. Irvational treatment was: (1) giving an antibiotic, or
failing to stop treatment, when the initial urine specimen showed no evidence of bacteriuria
(33%), and (2) treating bacteriuria in the absence of relevant symptoms in patients on
continuous catheterization or when the only evidence of infection was a "significant” pumber
of bacteria in a single routine midstream urine specimen (16%). There was thus very
congiderable overuse of antibiotics attriburable to poor clinieal decision-taking, notably
inadequate diagnostic criteria for infection and uneyritical interpretation of chest X-ray
films and laboratory reports. . In this hogpital the choiece of antibiotics for infections
confirmed by labovatory examination was in general good, but there was disturbhing evidence
that, in the absence of a significant laboratory report, physicians had little idea of the
most likely mic¢robial cause of an infection and its probable susceptibility to antibiotics, and
s often gave inappropriate treatment.

3.2.1.2 Aptibiotic prophyvlaxis

The widespread use of antibiotics prophylactically has undoubtedly contributed greatly to
the spread of resistant organisms in hospitals. On the other hand, antibiotic prophylaxis
significantly reduces the risk d{ certain types of surgical operation, notably those of the
intestinal or urogenital tract, and its use in these circumstances must be considered
justifiable. Misuge can be defined as using prophylaxis when there is mo clear evidence that
this will prevent serious cliniecal infection or vsing a prophylactic regimen that unnecessarily
selects resistant organisms. Guidelines for the appropriate prophnylactic use of antibiotics
are given In the Annex,

3.2.2 1In primary health care

There is little quantitative informationm about antibiotic-prescribing habits in primary
health care, and this mainly concerns practice in developed countries. It suggests considerable
misuse in the treatment of mild upper-tespiratory-tract infections, febrile episodes 2and
diarrhoes. In one survey in the USA,55 nearly 60% of physicians used antibiotics to treat
the common cold. Until quite recently, considerable quantities of chloramphenicol continued
to be used mainly by older physicians and in rural areas for the treatment of infections of
the upper-respiratory tract, despite repeated official condemnation of rhe practice.26,57
Tetracycline was also widely used for respiratory-tract infeetions in children,58  There has
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been considerable overuse of tetracycline in Britain for many years; treatment of relapses in
chronie bronchitis with this drug, in which it is now believed to be ineffective, accounted

for much of this. There are now few common diseases in non-tropical areas in which tetra-
cyeline is the drug of first_choice59 but it continues to be widely used in family practice
irn Britain. Richmond & Linton®C concluded that this was the main cause of the prevalence

of tetracycline-resistant strains of Escherichia coli, many of which were also ampicillin
resistant, in the faeces of members of the general population of Bristol.

The use of antibiotics to treat suspected infections of rhe urinary tract in women is
certainly excesgive. Treatment is commonly given to all women with frequency and dysuria
despite the fact that no more than one-half of them have significant bacteriuria. The
evidence that very short courses of antibiotic are as effective as longer courses in
uncemplicated urinary-tract infection®ls®2; appears to have had little impact yet in primary
health care.

In highly affluent countries there has been a recent tendency to use new high-cost
proprietary agents, such as oral cephalosporins and derivatives of ampicillin, though these
are seldom more effective rhan cheaper altermatives.

Evidence from developing countries presented to the Working Group indicated that the
totzl congumption of antibiotics was often enormous, but there was lirrie precige information
about the purposes for which they had been given. In most such countriles, antibiotics
are freely available on the open market and are habitually taken without medical advice.
The unexpected finding of widespread trimethoprim resistance in E. coli strains in Mexico
is a probable consequence of uncontrolled use.®4  Chloramphenicol is widely used in developing
countries for the treatment of diarrhoea, which is often attributed to typhoid fever without
bacteriological evidence. ,

The prophylactic uge of antibiotics on individual patients outside hospital does not
appear to make a material contribution to total antibiotic usage, and eomplications
attributable to the overgrowth of resistant organisms are infrequent. Mass prophylaxis
with narrow-spectrum agents such as penicillin, e.g. for the control of group-A streptococcal
infection in institutions, though not always very effective, appears to have had few untoward
consequences, On the other hand, mass prophylaxis with broad-spectrum antibiotics, e.g.
tetracycline, for the control of diarrhoeal diseases is likely to comtribute materially to
the spread of registant strains.

4. ANTIBIOTIC USAGE IN ANIMALS

It is well recognized that the administration of antibiotics to animals for any purpose
(growth-promotion, prophylaxis or therapy) leads to the accumulation of resistant bacteria in
their flora, Anribiotics have been used for each of these purposes over many years and it
is diffieult to separate the contribution made by each te the pool of resistant organisms in
animals. The impoxtanee of this pool to man are (1) that antibiotic resistant pathogens
common to animals and man may reach man by ¢ross-infection and (2) that antibiotie resistant,
non-pathogenic organisms in the animal may be passed to and colonize man, thereby carrying
R plasmids into rhe human environment. These R plasmids may be transferred subsequently to
human pathogens or to his indipgenous flora.

Antibiofic resistant animal pathogens

Not a2ll animal pathegens cause disease in man. For instance, pathogenic animal
staphylococei (in cattle, poultry and dogs) are mainly distinct from those found in man.
Antibiotie resistant strains which occur in animals, e.g. in staphylococca)l maatitis of cows,
do not, therefore, present a problem to man. In contrast, many of the enteric Gram~negative
organisms e.g. Salmonella spp. and/%r some stains of Campylobacter infect man as well as
anfmals, The lavger proportion of salmonella infections in man are derived from eating
contaminated meat and therefore, indirecrly, from animal sources. Where strains of anti-
biotic-resistant salmonellae arise in animals, they eventually reach man. 83, 06,
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The frequency of sntibiotic resistance in various salmonella serotypes from animals
varies from country to countxry. A survey of isolates in the United Kingdom from 1958-1%79 8
revealed that whilst resistance to sulfonamides and stxeptomycin occurred in up to 50% of
isplates, multiple-resistance was rarely experienced in most serotypes. Where this did arige
it occurred almost exelusively in one serotype, namely Salmonella typhirmurium, and then only
in a few phage types. In the 1960s multiple resistance was experienced im §. typhimurium
phage type 29°7 and, since 1977, primcipally in phage types 193 and 204,99, 707 Available
evidence indicates that the selection of these multiple resistant phage types was due to the
use of antibiotics for treatment rather than for growth promotion. Since epidemics by
multiple resistant strains have been relatively few, it must be deduced that the ecircumstances
precipitating the genetic events leading to multiple resistance must have been rare in the
United Kingdom. Nevertheless, once selected, these strains spread rapldly over a wide area
by the movement of infected calves as frequently occurs in the calf industry and human
infections followed.

Higher levels of antibiotic resistance have been experienced in the United States of
America, A survey of animal salmonellas in the Northeastern United States of America
revealed that the majority of §. typhimurium, 5. saint-paul, and 5, heidelberg were resistant
to three or more antibiotics; rhese included resistance to ampicillin, kanamycin and
tetracycline, in addition te sulfonamides and streptomycin, Several author565 attribute
this, at least in part, to the continuing widespread use of antiblotics as feed additives and
this may be a significant cguse slhce antibiotics are often used in the United States of
America at levels considerably higher tham those recommended under EEC legislation for growth
promotion.

The level of multiple resistance of salmonellae in the Netherlands falls between that
experienced in the United Kingdom and the United 3tates of America, Multiple registance is
found in a wider range of serotypes tham in the United Kingdom, including 5, dublinm and
§. panama in addition to 5. typhimurium. After a ban on the use of tetracycline in animal
feeds in 1974, the incidence of tetracyecline resistance in §, typhimurium of pexcine oripgin
dropped from about 90% im 1974 to 34% in 1980, The incidence of resistance in human strains
concurrently decreased from about B0%4 im 1974 to 23% in 1980, These changes suggested
strongly that the use of tetracyclinme for growth promoticn played a part in the emergence of
drug resistant salmonellae in pigs and their subsequent transfer to humans in thar
country. * ?* o7

Thus it 1s clear that marked differences in antibictic resistance has been experienced in
animal salmonellae in different countries. These may reflect the difference in the use of
antibiotics, methods of animal husbandry, demsity of animal popularions and local topographical
factors.

Antibiorie resistance in the normal gut flora of apnimals

The antibiotiec resgsistance status of the normal gut flora of domestic animals is somewhat
different. The oral administration of antibiotics (a common route for therapy, prophylaxis
and growth promotion) invariably selects for a resistant straln particularly from among the
Entercbacteriaceas and other Gram-negative bacilli, which then become predominant.

Evidence iz now available confirming that these resistant straing reach man via the food
chain. The most definitive work has been done with Eacherichia coli. The highest incidence
of antibioric resistant E, coli are found in calves, /> pigs/® and poultry’7 species in which
antibiotics have been widely wused. Under commercial slaughter conditions, contamination of
carcasses on the slaughter line regularly oceurs with strains of E, coli of the same
O-serotypes and antiblotic resistance patterns as those found in the gut of the animals being
slaughtered.77:73:79 These strains reach the kitchen on meat and meat products,’’
subsequently colonize the gut of man®0 and may be detected in the dominant gut flora for up to
10 days. Mo evidence has been presented so far to indicate that antibiotic resistant E, coll
of animal origin cause clinical disease in man, such as urinary tract infections, but they
obviously form a rich source of R-plasmids that are potentially transferable to a range of
Gram-negative hacilli pathegenic for man which may be present in the gut.
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The use of antibiotics to prevent food spoilage, once a common practice, is now much legs
widespread because the frequency of antibiotic resistance in contaminating organisgms limirs
its efficacy. It is probably no longer an important consideration,

4.1 Antibioric uzage for growth promotion

The Working Group noted that an earlier WHO Reportl had recommended that no antibiotic
that was of therapeutic value in man, or showed c¢ross-resistance with such an antibiotiec, should
be used for growrh-promotion. It was the opinion that the implementation of this policy weould
have only a limited effect on the prevalence of resistant bacteria unlegs the use of the zame
antiblotic for prophylaxis and treatment in animals was also restricted,

4.2 Prophylactic and therapeutic use of antibiotics

It is not practicable to distimgulsh between the prophylactic and the therapeutic use of
antibiotics im current veterinary practice because antibiotics are usually given not only to
sick animals but alse to their healthy contacts, While recognizing the value of antibiotics
for the treatment of bacterial diseases in animals, the Working Group was of the opinion that
govermnments and professional bodies should exert greater control over the circumetances in
which certain agents are administered to animals (see section 7.5). ‘;

5. MEASURES TO CONTROL THE PREVALENCE OF ANTIBIOTIC-RESISTANT BACTERIA

5.1 Surveillance of antibiotic resistance

53.1.1 The need for surveillance

Without rellable information about the susceptibility to amtibiotics of important human
pathogens it is impossible to find solutiens to the problems created by antibiotic resistance,
Surveillance is necessary at several levels.

(1) To improve the quality of antibiotic prescribing for the individual patient:
information obtained in the course of routine investigations of patlents can be used ag

a guide for the treatment of other patients with severe infections from whom the causative
organism has not yet been fsolated,

(2) To influence the pattern of antibiotic usage in the individual hospital,

(3) To assist national goverpments and intermational organizatioms in the formulation ‘
of policy for the supply of sntibiotics and their use in man and animals: and to .’
encourage responsible action by antibiotic manufacturers in the marketing and promotien

of their products in individual countries.

In countries with well developed laboratory facilities a great deal of valuable
informatien about antibiotic susceptibility accumulates 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.8l  To these sources of informarion must be added several special schemes for
the surveillance of resistance im individual pathogens, notably enteric pathogens and gonococci,
by WHO reference centres.

Information from these sources, though valuable, is fsar from comprehensive. Earlier WHO
reports have urged the establishment of national and regional centres for the surveillance of
resistance, The Working Group is of the opinion that such a scheme to cover a wide range of
important human pathogens is now regquired.
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5.1.2 Requirements for surveillance

5.1.2,1 Surveillance of resistance in human pathogens

The primary chjective of this is to provide infermation about resistance in bacteria thar

are responsible for infection. The most readily available source of these is the glinjcal
micrebiclogy laboratoxy. There is thus a very strong case for basing a surveillance scheme

on the selection of routine isolates from this source. Considerable advantagZzes would be
gained if the resgults of routine sensltivity tests performed in the local laboratories were
made use of in this scheme. The role of the national centre would be (1) te organize the
selection by participating laboratories of strains to be included inm the surveillapce, and

{2) to ensure that laboratory testing is performed xeliably and by & standand wethed. This
arrangemant would keep the work-losd of the national centre within ressonable limits and would
tend to upgrade the quality of routine sensitivity testing in local laboratories.

The scheme for selecting test results for inclusion in the surveillance would be
standardized internationally,. Sampling should be desighed to include adequate numbers of each
important pathogen from a series of gpecified ¢linical sources (e.g. blood, pus, f=zeces,
significant urinary-tract infection) in each participatiag laboratory in an agreed period of
time. Participating laboratories should be those in which standard methods are employed and
are monltored, apd are as representative as possible of majer geographical regions of the
country,

The national centre would specify acceptable methods for sensitivity testing according to
the guidelines given in requirements for antimicrobic susceptibility tests2 and would moniter
their performance in participating laboratories regularly by a system of external quality
control. It should also evaluate commercially available reagents (antibiotic discs,
sensitivity-test media), and if necessary specify locally produced alternatives, and provide
standard cultures for uge in internal quality-control tests,

National centres would, in collaboration with WHO, specify which pathogenic bacteria
should be tested and with which antibiorics, In the first instance it would be wise teo 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 laboratory centre should be prepared alse to examine "problem" cultures from
local laberatories, ineluding strains thought to exhibit '"new' resisrances, It iz not
envisaged that such centres would undertake advanced research on the biochemical basis of
resistance or on genetics; this should be left to academic centres in the same or other
countries, However, they would be expected to make use of simple procedures for tLhe
recognition and characterization of R plasmids, They would have an important role in
providing bacterizl strains suspected of containing new or unusual R faectors to specialized
laboratories for further study,

3.1.2.2 Surveillance of resistance determinants in the general population

The Working Group considered thar information abeout the prevalence of R plasmids in the
bacterial flora of the general population would be of great assistance in forecasting 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 he plated by a serial-dilution method on,
for example, MacConkey's medium, Replication on to plates of the zame mediuwm each containing
one of a gerieg of elinically important antibiotics would be uvsed to enumerate colonies
regigtant to one or more antibiotics, and simple methods would be used to examine selected
colonies for plasmid DNA.

2 Document WHO/BS5/81,1337 Rev.l.
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Information about the prevalence of R plasmids in the faecal flora is already available
in many countries., The value of the proposed surveillamce would therefore be greatest in
countries - mainly in the developing world - in which this sort of information is otherwise
unlikely to be obtained. However, information about the prevalence of R plasmids in faecal
coliform bacteria is unlikely to be of much use unless the current situation in clintcally
important pathogens is also known.

5.1.2.3 Analysie of surveillance data

The methods of analysis of the results of surveillance should be so chosen that they can

conveniently be applied successively at each level - local, national and global. Hand or
slmple mechanical sorting may be appropriate to give early information locally but computer
Assistance will be egsential for analysis of national and global data, Regional cooperation

in the use of computer facilities might help to meet deficiencies in individual countries.

5.2 Control of antibiotic use in hospitals

5.2,1 Hospital antibiotie policy

The decision to administer an aptibiotic to a patient is taken by the doctor responsible
for his care. In many hospitals, however, attempts have been made ro influence such decisions
by the development of an antibiotic policy, apgreed upon by the heads of the main c¢linical
departments ip collaboratiom with the microbiologist, This poliecy may be gilven official
status by the Hospital Infection Control Commjttee or Committee of Consultamts. It may
conveniently be codified in & booklet issued to all medical members of the staff. This
booklet may begin by setting out basiec information about the action of common antibiotics,
dosage schedules, etc., but its main purpose is to outline agreed principles for the rational
usee 0f antibiotice (see Annex). It should not seek to establish rigid rules because (1) the
ultimate right of the docror te decide upon the treatment appropriate for his parient must be
preserved; (2) altermative courses of action mav be acceptable in the present state of
knowledge, and (3) changing circumstances, e.g. increasing resistance in an important pathogen,
intreduction of a mew antibiotic, may from time to time dictate modifications, Thus, the
antibiotic poliecy should seek only to define limits within which antibiotic preseribing is
justifiable and appropriate. The heads of individual departments may establish more precise
tules, within these guidelivnes, to which junier doctors are expaected to adhere,

5.2.1.1 General strategy

The following is an outline of the general advice to be given in an antibiotic policy,
which can be elaborated, with suitable examples, according to local circumstances. Antiblotic
treatment should be based on precise clinical disgnosis of the nature of the infective process.
It is directed against gpecific pathogens identified by culture or, when this is not
practicable, inferred from the site and nature of the infection. The antibiotic is chogen,
whenever possible, in accordsance with results of susceptibility tests (with advice from the
laboratory); when immediate treatment is deemed necessary, this should be reviewed when the

test results become available. When no pathogens are isolated, a suitable antibiotic for
the inferred pathogen should be chosen with reference to the known gusceptibility of recent
local isolates of the species. In all cases, an effective antibiotie with the narrowest

possible spectrum of activity should be chosen. {For an elaboration of this straregy, and
for indications for the prophylactic use of antibiotics see the Annex.)

3.2.1,2 Tactical modificarions of autibiotic poliey

Decisions to restrict the use of individual antibioties, for greater or lesser periods
ol time, have often been employed as elements in a hospital antibiotic pelicy. The ultimate
measure, withdrawal of all or nearly all antibiotiecs, was successful in comtrolling one local
outbreak of surgical wound infection caused by a multiple-antibiotiec resistant klebsiella
infection.%2  Less gtringent measures of selective restriction have been practised, often for
long periods of time. This restriction may be practised to minimize the use of antibiotics

)
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that are useful for the treatment of serious infectiong, so delaying the appearance of
resiztance to them ("keeping antibiotics in reserve"). Other justifiable grounds for
restricting the use of particular agents include: high cost, particularly if equally effective
alternatives exist; f£requency of tpxic reactions; and 8 tendency to disturb the natural flora
of the patient. Tempotary restriction of a simgle antibieotic, e.g. carbenicillin,83 has on
occasion resulted in the disappearance of organisms resistant teo it from a hospital, but such

a satisfactory outcome cannot always be expected, particularly when the organism is resistant
to other antibiotics that continue o be usged.

Restrictive policies can be used effectively only when close surveillsnce of resistance
in the hospital is practised, Provision must also be made for the release of the restricted
agents under exceptional circumstances by "requiring justifications"84 for this to an outside
authority, e.,g. the infection-control officer or the infectious-disease physician, Anocther
option is the release of the antibiotic if the patient is transferred to an isolation unit.

5.2,1.3 Improving the quality of antibiotic prescribing

It is generally easy to obtain the agreement of senior hospital staff to establish a
policy for antibiotic administration; securing general adherence to it presents greater
difficulries,

5.2.1,4 PRole of the laboratery

The effect of good laboratory reporting on the appropriate choice of antibiotics is
likely to be most effective when the medical microbielogist has convinced his cliniecal
colleagues of his competence to advise on antibilotic treatment (see Annex, section 2.2).

5.2.1L.5 Rele of the pharmacist

The appropriate hospital authority should agree upon a limited formulary comprising the
minimum number of antibicotics required for effective treatment. The pharmacist should under
nermal circumstances dispense antibiotics only from this list, and should opervate rules for
the automatic 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 preseriptions
and in labelling. The pharmacist has an important role in monitoring the hospital's poalicy

for the restricted use of individual antibiotics (zee section 5.2.1.2).

5.2.1.6 Restriction of contact between pharmaceutical representatives and physicians

The hospital authorities should enforce the following rules: (1) all representatives
should report to the pharmacy for wegistration; (2) they should visit physicians only by
appointment, and sheould not in gemeral enter the patient-care areas of the hospltal; (3) they
should be permitted fo mount displays of their products only for limited times and in
designated places; (4) offers to sponsor speakers at scientific meetings snd to provide free
samples, test kits, etc. should be accepted with caution and only after comsultation with
senior staff,

5.2.1.7 Education

The hospital authority has a responsibility to organize a continuing programme of
postgraduate education for mediecal staff onm all wmatters concerning antibiotic use. Tt must be
admitted, however, that the relative effect of different types of educational presentation on
subsequent practice is not known (see secrtion 5.4).

5.2.1.,8 Monitoring antibiotic use

Perhaps the most valuable means of influencing the pattern of antibiotic use is to obtain
information retrospectively about antibiotic consumption and use this to stimglate discussion
between physicians about their practices.
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The simplest and cheapest form of monitoring is ome based on pharmacy records, It will
produce good information if these records are based on unit doses, if issues to individual
wards are identified, snd if issues for inpatients and outpatients sre recorded separately.
It will provide secular trends in the uwse of particular agents and may identify unusual
practices in some departments and stimulate fruitful discussion of these. Comparison of the
pattern of antibiotic use in comparable departments in different hospitals are possible 1f
recording methods are standardized.

More elaborate surveys of particular forms of antibiotic vse, made by retrospective
examination of patients' records, are more expensive but very valuable, These ineclude studies
of the use of antibiotics prophylactically for different types of surgical operation by

different surgeons, and of therapeutic practice in groups of patients indentified by discharge
diagnosis,

Collaborative schemes for monitoring the effects of treatment in relation to the in vitro
susceptibility of the causative organmism for example, in gonococcal infection, have contributed
materially to preventing the spread of resistant strains,83,86

The value of vetrospective monitoring depends on the use made of the results, The
concept of "peer assessment" of their practiees by groups of physiciams or surgeons must firsgt

be accepted; the potentiality for profitable "feed-back” to practice and to the education
programme is very great,

5.2.2 Hospital hyglene and antibiotic resistance

The very high frequency of antibiotic-vesistant parhogens in the bacterial flora of
hospital patients is attributable not only to frequent exposure to antibiotics 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 antibiotic used in
hospitals will econtinue to be considerable, particularly in some departments. For example,
Casewell and hie colleagues8? concluded from a careful study in a urological ward that 24% of
all the patients admitted 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 maintained. Thus an aectlve programme for the control of hospital-acquired
infeetion can be looked upon as an important element in "antibictic pelicy". The provision of
adequate facilities for the isolation of patients, B8 and sufficient trained staff to work in
them, are particularly relevant to controlling the spread of resistant organisms in parts of
the hospital where antibiotic usage 15 heavy, Source isolation is needed to accommodate
patients whe are heavy dispersers of resistant organisms, and protective isolation for
uninfected patients in whom the prolonged administration of broad-spectrum antibiotiecs is
congidered to be justifiable,

Close epidemiological gurveillance of the spread of identifiable straims of resistant
pathogens in the hospital {s an important part of the work of the Infection-Control Team, 5%
wha should advise about special measures needed to deal with individual incidents, whether or
not these have yet resulted in clinical infeetions, These measures may include the detecrion
and elimination of hyglenic lapses, the transfer of patients to isolation accommodation, and
tactical changes in antibiotic policy.

5.3 Alternatives to the use of antibioties

The prevention of disease by means 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 lessen the use of antibioties for
treatment and reduce pressure for their prophylactic use. Many other examples could be quoted.
Certain more specific measures might be expected to have a aimilar effect,

[ )
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5.3.1 Immunoprophylaxis

Immunization in the general population would in some instances reduce antiblotic
consumption, e.gz. the use of meningococcal vaceines in high-incidence areas. The development
of really affective vaccines against enterie bacterial pathogens, and their widespread
employment, would alse reduce one of the major uses of antibiotics in developing countries,

Opportunities lor the successful deployment of immunoprophylaxis to protect hospital
patients at sepecial risk of infection are unfortumately less coummon. In many cases the
inctessed susceptibility of the patient is of acute onset, and there is insufficient time for
active immunity to develop before the infection appears. The proven efficacy of pseudomonas
vaccine when given after burning in preventing invasive infection by Pseudomonas aeruginosa is
ar almost unique exception to this, and certainly lessens the justification for broad-spectrum
antibiotic prophylaxis ia burned patients,

If the onset of susceptibility can be predicted, as in pregnant women and their babies,
there may be time for the development of active immunity. There is evidence that giving
staphylococcal vaceines to pregnant women reduces somewhat the frequency of puerperal mastitis
and neonatal skin sepsis, but the present infrequency of these conditions in most countries
hardly justifies the practice. A similar procedure for preventing necmatal group-B
streptococcal infection by means of a polysaccharide vaccine is under investigation,

Acute immunizstion may be of value in protecting certain categories of patients with an
established susceptibility to a single bacterial pathogen, e.g. to the pneumococcus in asplenic
persons, Howevex, some other patients with a similar susceptibility may give a poor respanse
te the vaccine, and caution should therefore be exercised in a2bandoning long-term antibiotic
prophvlaxies in favour of vacecination.

5.,3.2 The use of chemical disinfactants

The topical applicaticn of relatively non-toxic disinfectants such 2s chlorhexidine and
iodophors provides a possible alternative to antibiotic prophylaxis in surgevy and the
prevention of neonaztal skin sepsis. Its most clear success to date 15 in the prevention of
catheter-borne urinary-traet infection.?® Mention must be made of the specific effect of
silver salts in preventing the iavasion of burns by P. aeruginosa, but plasmid-borne resistance
to silver has developed in gome gram-negative bacreria,

6. RESEARCH AND DEVELOPMENT

The Working Group identified a number of areas in which this might lead to improvements in
sntibiotic use and in methods for the containment of resistance.

6.1 Bacteriological

g,1.1 Rapid methods of diagnesis of infection and antibiotic-sensitivity testing

Many new metheds are under investigatiom; the mest urgent needs are for the development
of inexpensive methods applicable to a number of different pathogens and their integration into
routine laboratory practice,

6.1.2 New means of attacking the resistance mechapisms of bacteria

Chemical substances that inhibif the action of antibieotic-destroying enzymes may restore
the usefulness of antibiotics at present rendered ineffective by the prevalence of enzyme-
mediated resigtance. fB-lactamase inhibitors (e.g. clavulanic acid) are now available: their
therapeutic value in combination with various penicilling and cephalosporins, their range of
activity against various B-lactamases, and their potential impact on the pattern of antibhiotic
usage, are all matters of great interest. Chemical substances that inhibit ¢ther antiblotilc-
destroving enzymes would be of great potential value, Non-toxic substances that eliminate
plasmids from bacteria within the animal and human body might be useful in preventing the spread
of resistance in the natural flora,




W10 /BVL /PHA /ANT /82,1
page 18

6.1.3 Alternatives to the use of antibiotics

0f available methods of immunological prophylaxis, the use of pseudomonas vaccine is of
the greatest interest; study of the "early" immunity elfcited by it may have implications for
preventing infections by other gram-negative bacteria, The topical application of mild
disinfectants is a promising method of preventing bacterial infection from specified sites.
The extent of which it could replace antibiotic prophylaxis, amd optimal methods of deploying
it, require further study by controlled trials.

6.1.4 Alternatives to antibiotics for_growth-promotion im farm animals

Pressure to use antibiotles for growth promotion, espacially where this is not effectively
controlled by government action, might be lessened if effective and cheap chemical agents with
a similar action could be found.

6.2 Clinical

6.2,1 Minimal effective dosage

In some infections, for example of the urinary tract, smaller dosage or a shorter course
of tredtment 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 merit reconsideration, ,

Y

6,2,2 Antibiotic prophylaxis

The guidelines given in rhe Annex represent a general consenszus of current views, bat
uncertainty exists on some points, e.g. aboufr the relative efficacy of individuwal antibloties
and the liability of certain proposed regimens to cause undesirable changes in patients’ flora
when given by different routes. The justification for lonpger courses of prophylaxzis in certain
non-surgical conditions, such as underweight neonates and immunodeficient patients, is a subject
for controversy., Critical evaluation of their consequences for the patient and others in the
unit, and the extent to which these are influenced by various systems of patieant-isolation, are
neaded,

6.3 Epidemiological

6.3.1 Burveillance of antibiotic resistance and of resistance determinants

The need for establishing anm integrated system of survelllance, under the general direction
of WHO, to obtain information on a global scale about the frequency and nature of antibiotic
resistance In pathogenic baeteriz as well as proposals on limited study of the R plasmids in
the faecal flora of the general population of the respective countries have been made and
arguments in favour of these schemes have been given by the group (see sectionm 5,1},

6,3,2 Effects of ceasing fo administer anmtibiotics

There is insufficient information about the effect of the reduced use of individual
antiblotics, either as a result of a planned policy or restriction or as a consequence of the
introduction of new antibiotics, on the prevalence of resistant bacteria and of clinical
infactions caused by them. Sowe can found in published papers, but the findings of workers
in different hospirals are often difficulr to compare. Guidelines for recording relevant
information are urgently needed., The introduction of detailed schemes for the momitorinmg of
antibiotic use in many hospitals should provide a good starting point for improved studies.

The effect of the duration of antibiotic administration, In communities and individuals,
on the persistence of resistant flora after the antibiotic has been withdrawn requires further
study.
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6.3.3 Non-human scurces of resistance plasmids

There ls still considerable doubt about the relative exposure of human subjects by the
oral route to faecal coliform bacteria derived, directly or indirectly, from meat and cother

snimal products, from vegetables, and from other sources, This is very difficult to
investigate because the organisms from the various sources are at present indistinguishable in
the laboratory. A combination of indirect metheds, e.g. quantitative studies of raw products

and of the foods zctually ingested, and the wse of bacterial and non-bacterial markers, might
eventually yield 2 general picture.

6.4 Health service research

Opinions differ about optimal methods of education on matters concerned with the
zdministration of antibiotics., Studies of the effects of various types of education in
imparting information and in affecting prescribing practice are indicared, and perhaps alse
of the effects of internship experience in different types of hospital department. The
attitudes of physicians to the objective assessment of their prescribing habits, and ways of
encouraging acceptance of "peer assessment”, need investigation,

7. CONCLUSTONS AND RECOMMENDATIONS
7.1 General

The increasing frequency of acquired resistance to antibiotics amoung bacteria of medical
impertence is a worldwide health problem that demands international attention. The World
Health Organization has kept the situation under review for twenty years, during which time it
has promoted research iato 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 situationm and for acrion te control it,

The importance of antiblotics to health care inm all countries is reflected in the
compasition of the WHOQ Model List of Essential Drugs,gl and, potentially, the Organization has
an important ceordinating role to play in ensuring that these drugs are used everywhare to
optimum advantage.

7.2 S8urveillance of bacterial resistance

The group is in full agreement with the emphasis placed by previous WHO meetingsl’z’B on
sutveillance of bacterisl resistance at both the national and the international level with a
view to providing health authorities, doctors and pharmaceutical compamies with data on which
the uze and future development of antibiotics msy be rationalized. Efficient integration of
gurveillance activities internatisonally will depend upon the establishment of regional and
national reference centres, and their subsequent c¢ccllaboration both in standardizing methods of
antibiotic susceptibility testing, and training personnel working in peripheral laboratories
and institutes of quality contrel; WHOcould play am important role in prowmoting these activities.

7.3 UNational gurveillance of antibjiotic 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 situarions encountered im 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 vegulatoery measures, the provision of reliable informaticn, cost,
etc., on the quality of antibiotic use should be studied. Areas should be defined in whieh
further investigations are needed to determine the relative efficacy, in relation to cost, and
the safety, of regimensz of antibiotic administration currently employed in the various countries.
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{(a) Importation and manufacture of antibictics

Countries should develop their own schemes for antibiotic manufacture and import contrel
of what antibloticg are manufactured in the country or imported inteo 1t Countries should
introduce a strong and well designed national formulary for antibiotics and update this
regularly on the advice of pharmacologists and microbiclopists; WHO provides guidance for
this.%1l  3Speeial 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 such
combinations that are of clinically proven value, should be available.

(b)Y Availability of antibiotics

The unrestricted sale of antibiotics to the general public encourages excessive and
inappropriate use. Legislation making them available only on preseription by designated classes
of professional persons (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 diffienulty may be through limiring the routes
by which antibiotics are distributed to the hospitals, the government primary health care
service, and Tegistered pharmacists, coupled with increased supervision ¢f pharmacists whe
provide antibiotics directly to the public and attempts to educate them in the indications for
antibiotic use, In countries with an acute shortape of doctors in primary healcth care 1t may
be necessary to empower health workers who have received little formal training to administer
antibiotics, High prierity should be given to the in-service tralning of these workers in
the use of antibiotics and to monitering their prescribing practices. Consideration should
be given, in countries in which the control of antibiotic use is particularly diffieult, to
restricting the supply of certain amtibiotics required for the treatment of very serious
infections to hospitals, or even to selected hospitals.

(c) Education

Countries should provide, through their programme of health education for the general
public, simple advice about the types of illness in which the use of antiblotics is not
indicated. They have a responsibility to ensure that the correct use of antibiotics receives
adequate attention in the training not only of medical students but of all caregories of health
workers who may be concerned in the administratjon of antibiotics. Adequate facilities should
be provided for the continuing postgraduate éducation of medical practitioners, whether or not
they are in the goverpment service. Countries should alse disseminate reliable and up-to-date
information to all medical practitiomers about the efficacy of, indication for, amd contra-
indications to, and unwanted side effects from the use of individual antiblotics by means of a
periodical publicatiom (see the British "Prescriber's Journal" smd "Drugs and Therapeutics
Bulletin', and the American "AMA Drug Evaluations').

(d) 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 product, the indications and contrindications for use, and the
side effects. The Working Group welcomed the efforts of WHO's Expert Commitree on
Essential Drugs to prepare datas sheets for internationmal use.?l It is the duty of countries
to ensure that evidence is obtained through the existing WHD certification scheme for drugs
moving in international 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 advertisements in the medical amnd lay press,

7.4 Emergency actions

The Working Group considered 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., To meet such an emergency, manufacturers of "new' antiblotics should be
invited to contribute a limited supply of these to the WHO Emergency Relief Office, where they
would be held in reserve for prompt issue, under WHO coordination, to the government of the
affected country,
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7.5 Veterinaty use of aantibiotics

Since the use of antibiotics is an important means of treating hacterial diseases in
animals, as in human medicine, (a) antibiotics for thisg purpese should be available only on
prescription by a licensed person; national authorities should organize the education of
these persons inm the proper use of antibiotics; (b) countries should be encouraged to prohibit
the therapeutfc use in animsls of certain newer antibiotics of value for the treatment of
serious infections in man (e.g. gentamicip and related aminoglycosides, spectinomygin,
tifampicin); (&) the recowmmendation of ap earlier WHO Working Group® thar chloramphenicol
should be reserved for use in man iz endorsed, However, it is recognized that this antibiotic
is still widely used for the oral treatment of salmopellosis in animals, In grder to restrict
its use to the treatment of infected animals under the care of a veterinary surgeon, this drug
should be available for veterinary use only as a parenteral preparation; (d) large numbers
of antibiotic preparations for intramammary administration in cases of mastitis are being
wmarketed, Often these are mixtures of several antibiotics. For reasons giver earli-
{sectiom 4.,2), the use of fixed-ratio combinations of antibiotics, other than a few of proven
efficacy, should be discouraged, if necessary by administrative action; (e) the routine use
of antibictic prophylaxis in the absence of proven infection is no subsCitute for good hygiene
In egnimal rearing establishments.
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ANNEX
GUIDELINES FOR THE APPROPRIATE USE OF ANTIBIOTICS

1. Objectives

The fitst of these is the successful treatment of infection in the patient, but treating
one patient may increase the risk to others of acquiring an infeetion with resistant organisms.

To minimize this risk:

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

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

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

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

2. The therapeutic use of antibiotics

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

2.1 Good ¢linical practice

Under optimal conditions the physician will obtain assistance in interpreting the
patient's signs and symptoms from ancillary services {laboratory tests, radiographs, 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 obtaln laboratory evidence of its ldentirty,
"Best-choice treatment of severe infections must in these circumstances be based on experience
and on a knowledge of the current antibiotic susceptibility of the more likely causes of the
infeetion.  Physicians without Laboratory support, notably those werkimg in developing
coumtries, need special training in the performance of simple laboratory procedures, such as
the microscopic examination of cerebrospinal fluid, pus and other exudates, counting of
leucocytes, and selected serological tests.

2.4 Efficient laboratory support

A pood labeorstory service can de much to jmprove the quality of antiblotic prescribing,
Reporting of results should be as rapid as possible; provisional reports, based on
microscopic examination or preliminary cultural and sensitivity tests, if given by telepheone
with suitable explanation, are particularly valuable in guiding initial treatment in meningitis,
gsepticaemia and other serious infections. Rapid methods, e.g. of blood culture, detecting
bacterial antigens in exudates, and antibiotic-sensitivity testing, should be employed
whenever possible in these infections,

The laboratory should report only relevant information; it has a responsibility to
aszess the clinical significance of fts findings and report in the light of this. When the
physician does not provide enough clinical information for this to be dome, the laboratery
should not hesitate to seek this from him or his staff, Selective reporting of the results
of antibiotic~szensitivity tests is a useful method of influencing the chodce of antibiotic.
Results should be given only in respect of organisms thought to be of clinical signifiaance,
For significant organisms, results for antibioties of first choice only are given, those for
other antibiotics being witbheld and released only on request from the physician, (Generic
names of antibloties should be used.
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3, The prophylactic use of antibfotics

Antibiotles should be used prophylactically only when there is good evidence that this
will significantly reduce the frequency of infection., With a few exceprions that will be
noted below, this will be in situations in which the risk of infection is short-lived and it
is practicable to give the antiblotic before the infecting organism has mulriplied
significantly at the expected point of its entry into the body.

3.1 Prophyleaxis in surgery

Acceptable indications include "contaminated" surgery when the risk of infection is high,
and "elean" surgery when though the risk of infection is low its consequences would be
disastrous, There is no justification for its use in other classes of "clean" surgery
{e.g. herniography, thyroidectomy, c¢raniotomy), nor does it appear to be very effective.

Many surgeons seek to compensate for poor hygieric conditions in rheir operating theatre or
wards by employing prophylaxiz as a routine for "clean" surgery; this results in excessive
antibictic use and is certainly counterproductive,

Clipical trials support the use of antibiotics in relation to the following procedures:
in "clean" surgery, for the amputation of ischaemic limbs, the insertion of prosthetic devices,
and in cardiac surgery; in "contaminated" surpery: abdominal (large bowel, small bowel with
blind loop, gall-bladder in high-tisk patients, penetrating accidental wounds); pelvic
(vaginal hysterectomy, Caegarian section with ruptured membranes); urclogical, when the urine
is infected; recent compound fracture; heman bites,

Prophylaxis should be strictly perioperative. It ghould not begin more than a few hours
before theoperation. 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 likely to invade from
the site of the operation, e.g, gram-positive cocel in cardiac surgery and joint replacement,
gram-negative aerobes and anaerobes in abdominal surgery, clostridia Iin leg amputsation,

Dogsage should be high encugh for maximal tissue concentrations to be attainmed, The systemic
route is generally preferred. TFor intestinal procedures some surgeons prefer to give
prophylactic agents orally or by suppvsitory in combination with mechanical cleansing of the
bowel, It is particularly important not to begin these forms of prophylaxis toc soon.

3.7 Non-surgical prophylaxis

There are few clear jindications for this in hospital patients, though it is widely
practised in hospirals, with many consequent ill-effects: adverse drug reactions and
superinfection in the patlent, infections with resistant organisms in other patients, and high
hospital costs, Fortunately, most of the conditioms in which non-surgical prophylaxis is
clearly beneficial oceur in single patients or small groups of patients scattered throughout

the general population. The adverse congequences 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
histery of the disease; and (b) "secondary" prevention of subsequent attacks.

(2) Prevention of secondary cases of meningococcal or H. influenzae meningitis in family
contacts of cases,

{(3) Prevention of tuberculosis in high-risk groups.
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(&Y Prevention of endocarditis in patients wirh damaged heart valves when dental or
genltourinary proceduxes are performed,

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

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

(1) Cardilac catheterization and the insertion of pacemakers.
(2) Prevention of recurrences in acute glomerulonephritis,

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

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

(5) Prevention of acute exacerbations in chronie bronchitis,

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

3.3 Other prophylactic uses of antibiotics

The topical applicarion of broad-spectrum antibiotics to chronic skin lesions, including
varicose and decubitus ulcers and burns, is a relatively ineffective means of prophylaxis and
a potent cause to the dissemination of resistant bacterila; it is believed to have contributed
considerably to the increasing frequency of aminoglycoside resistance in staphylococci and
gram-negative bacteria. It may also induce hypersensitivity with an asgociated risk of eross-

allerxgy 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 1s evidence that it selects for
antibiotic resistanmce in the natural flora of patients, and that the resistant organisms may
be transmitted to family contacts, The prophylactic use of tetraeycline should therefore be

considered only in severe cases of acne .88, 90




