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SUMMARY

Clavulanic acid 1is a beta-lactam that has a high
affinity for beta-lactamase enzymes, but is also inherently
stable to the majority of them. Combination o¢f <clavulanic
acid with amoxycillin protects the latter from attack by
beta-lactamase enzymes and allows it to achieve its
antibacterial effect.

The effect of clavulanic acid on the activity of
amcxycillin was studied, initially against well
characterised strains of enterobacteria. Chessboard
titrations, disc sensitivity testing and minimum inhibitcry
concentration (MIC) determination wers used. A
turbidimetric system was also used which allowed some MIC
effects of the combination to be studied. From the results
it Dbecame apparent that apart from 1its role as a
beta-lactamase inhibitor, clavulanic acid affects the
activity of other beta-lactam antibiotics in a different
manner . This 1interaction was seen with beta-lactamase
negative organisms and took the form of a complimentation
effect due to the £fact that different penicillin binding
proteins (PBPs) were being bound by clavulanic acid and 1its
partner. Clavulanic acid binds to PBP2 and from the studies
carried out greatest complimentation occurred when it was
combined with an antibiotic that bound to PRP1.

Tt also became apparent that there were problems with
testing the sensitivity of organisms to the combination of
amoxycillin and clavulanic acid. In a second pvart of the
study, the methods for determining the susceotibility of
strains of bacteria %to amoxycillin in the presence of
clavulanic acid wers examined. Conventional dise
sensitivity testing resulted in a majority of bacterial
strains being classified as of intermediate sensitivities,
even when the MIC of amoxycillin in the presence of
clavulanic acid suggested that the strains were sensitive.
Breakpoint sensitivity testing overcame this problem and a
recommendaticn 1s made that this should be the method of
chcocice for testing this combination.
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INTRODUCTION

1.1l. Beta-lactamases.

In 1940 an extract from disrupted cells of a strain of

Escherichia coli was noted to have the property of

destroying penicillin (Abraham and Chain 1940). The active
component of the extract was an enzyme and was termed
penicillinase. The introduction of other beta-lactam
antibiotics into clinical practice such as the
cephalosporins, has led to the recognition of a series of
enzymes which will inactivate these antibiotics and to the
replacement of the term penicillinase by that of
beta-lactamase.

As the name suggests this group of enzymes acts by
hydrolysing the beta-lactam ring and producing penicilloic
or cephalosporoic acid which has no antibacterial activity
(see Fig. 1). This is not the only mechanism of resistance
to beta-lactam antibiotics, other methods include diminished
cell wall permeability (Zimmermann and Rosselet 1977) and
changes in the affinity of the target sites for the
antibiotic (Hakenbeck et al. 1980). However, in the
majority of bacteria of <clinical significance the most
important mechanism of resistance to the penicillins and
cephalosporins is the production of beta-lactamase.

It is probable that all bacteria and most fungi produce
beta-lactamases of one sort or another (Citri and Pollock
1966; Richmond and Sykes 1973; Sykes and Matthew 1976) and
that they were being produced by bacteria long before the

antibiotic era (Pollock 1967). Although in most instances,

11
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particularly in the gram positive bacteria, there appears to
be a causal relationship between beta-lactamase and
beta-lactam antibiotic resistance, there 1is evidence to
suggest that the enzyme possesses a physiological <function
rather than just a protective one (Saz and Lowery 1979). In

experiments with Bacillus cereus Ozer et al. (1970) showed

that beta-lactamase possessed a function in cellular
metabolism, most prebably in cell-wall spore metabolism.

Mutant strains of B. cereus which were Iimpaired in

sporulation showed no defect 1in sporulation pattern when
beta-lactamase was added exogenously. This implies that
with B. cereus the beta-lactamase 1is involved in certain
aspects of cell-wall and spore-coat metabolism. TIn families
of bacteria not of the Bacillaceae it is conceivable that
similar reactiecns occur, but obviously not concerned with
spore formation. Leggate and Holms (1967) repvorted that a
semisynthetic penicillin with 1little or no antibiotic
activity induced marked beta-lactamase activity in

Staphylococcus aureus, but only at the end of the

exponential phase of growth.
Sachithanandam et al. (1¢78) reported the isclaticn of
a potent beta-lactamase from a fully susceptible strain of

Staph. aureus. The beta-lactamase hydrolysed benzyl-

penicillin methicillin and cephaloridine, the activity was
not 1induclible and was cell-bound, being liberated only by
disruption of the producinag cell. The enzyme was found in
significant 1levels only during the very early exponential

phase of growth.

(T

These findings are consisten with the hypothesis

stated by Sykes and Matthew (1976) that the normal function

18



of beta-lactamase may be to break a beta-lactam structure
which is a transitory cell-wall intermediate.

In gram-positive organisms the beta-lactamases are
usually excreted into the surrounding medium, whilst in
gram-negative bacteria they are located in the periplasmic
space (Curtis, Richmond and Sykes 1972). Synthesis of a
beta-lactamase can be either chromosomally or plasmid
mediated and either constitutive or inducible (Richmond and
Sykes 1973).

Plasmid mediated beta-lactamases are produced 1in much
larger amounts than are the chromosomal beta-lactamases. The
amount of beta-lactamase produced is related to the number
of plasmid copies and to the effect of regulatory genes (Neu
1980) . Attempts to classify beta-lactamases have been
applied primarily to those of gram-negative origin (Richmond
and Sykes 1973; Sykes and Matthew 1976). The first of
these schemes attempted to classify the beta-lactamases on
the basis of biochemical parameters such as substrate
profiles (relative ability to hydrolyse penicillin and
cephalosporin substrates) and inhibition profiles.

Inhibition profiles are obtained by testing to see

whether a particular beta-lactamase is inhibited by
cloxacillin or p-chloromercuribenzoate (PCMB); this 1is
because 1in the first case beta-lactamases showing

preferential activity against the cephalosporins are more
readily inhibited by the isoxazdyl penicillins than by
methicillin, whereas with beta-lactamases showing
preferential activity against penicillins the reverse 1is
true. PCMB, used at a concentration of 0.5-1 mM inhibits

the activity of cysteine-containing enzymes.



TABLE 1.
RICHMOND AND SYKES (1973) CLASSIFICATION OF BETA-LACTAMASES

PRODUCED BY GRAM-NEGATIVE BACTERIA

Relative activity

against Inhibition
Class Inducible
Pen.  Ceph. Cloxacillin  PCMB

Ia - +++ I S R
Ib = + C S R
Ic - ++ I S s
Id - + I S g
II R - C S R
| B s i C S R
IV + + C R S
v ++ - C R S

I: Inducible
Constitutive

Sensitive

o[ ¢ Y

Resistant
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Richmond and Sykes (1973) succeeded in grouping the
beta~lactamases into five broad classes using these criteria
(see Table 1).

This scheme initially proved very useful but with the
introduction of increasing numbers of beta-lactam
antibiotics as substrates and with knowledge gained from
different types of bacteria it became evident that
classification based on substrate profiles was inadequate.
Accordingly, Sykes and Matthew (1976) prepared a novel
classification in which the enzymes were grouped on a
genetic basis, namely, chromosomally-mediated
beta-lactamases and plasmid-mediated beta-lactamases. 1In
these two main groups, the enzymes were further subdivided

according to the Richmond and Sykes scheme (see Table 2).

1.1.1 Chromosomally-mediated beta-lactamase.

The majority of chromosomally-mediated beta-lactamases
hydrolyse cephalosporins more readily than penicillins and
they are usually described as Class 1 cephalosporinases.
Class 1 enzymes are produced by a wide range of pathogenic
bacteria. Most are inducible and are produced by organisms

such as Citrobacter spp (Sawai et al. 1968), Enterobacter

spp (Farrar and Krause 1970), Indole-positive Proteus spp

(Hamilton-Miller, Smith and Knox 1965), Pseudomonas Spp

(Sabath et al. 1965) and Serratia spp (Farrar and Newsome

1973). Examples of non-inducible Class 1 enzymes are much
less common and include some of the beta-lactamases

produced by E. coli (Dale and Smith 1971), Shigella spp

(Sykes and Matthew 1976), Salmonella spp (Sykes and Matthew

1976), and Enterobacter cloacae (Fleming et al. 1967).

16



TABLE 2.

DIFFERENTIATION OF BETA-LACTAMASES FROM GRAM-NEGATIVE

ORGANISMS AFTER SYKES AND MATTHEW (1976)

Mediation Type Class Inducibility
- I +
Cephalosporinase I i
Chromosomal
q
Penicillinase i -
L Broad Spectrum IV -
-
TEM I1I -
Plasmid 7, OXA V' -
PSE ¥
\

17



Only a small number of bacterial species produce
beta-lactamases that are chromosomally mediated and more
active against penicillins than cephalosporins - the Class
II enzymes. The most important example being that produced

by ampicillin-resistant Proteus mirabilis (Sawai et al.

1968) .

The Class IV chromosomally-mediated beta-lactamases
possess broad spectrum activity and are exemplified by
enzymes produced by Klebsiella (Hamilton-Miller et al. 1965)

and some strains of Bacteroides (Salyers et al. 1977).

1 odaZ Plasmid-mediated beta-lactamases.

The first report of a beta-lactamase mediated by a
plasmid that could be transferred between bacteria was by
Datta and Kontomichalou in 1965. Since then many more
examples have been found; these enzymes fall into three
classes, namely TEM-type enzymes, OXA-type and the PSE
group.

The TEM-type group of beta-lactamases have similar
substrate profiles, hydrolysing ampicillin and
cephalovodimM€ . but not the isoxazolyl penicillins or
methicillin (Matthew 1971). The group consists of four
types, TEM-1, TEM-2, SHV-1 and HMS the last being very rare
(Sutherland 1982). The TEM-type beta-lactamases are by far
the more frequently isolated of the plasmid mediated enzymes
(Matthew and Harris 1976). This high incidence of isolation
is attributed to their carriage on translocatable elements
(transposons) which can migrate rapidly between chromosome
and plasmid (Heffron et al. 1975). The TEM-type group of

beta-lactamases are widely distributed amongst enteric

18



pbacteria including Pseudomonas (Furth 1979) and are being

increasingly found among strains of Haemophilus influenzae

(Sykes et al. 1975), and Neisseria gonorrhoea (Sykes and

Percival 1978).

The OXA class of plasmid-mediated beta-lactamases are
so named (oxacillin hydrolysing) because of their ability to
hydrolyse isoxazolyl penicillins and methicillin at a faster
rate than that at which they hydrolyse ampicillin (Matthew
1979). Three OXA-type beta-lactamases are recognised, the
0XA-1 hydrolysing methicillin about ten times more rapidly
than the other two. They are found amongst a wide range of
bacteria, OXA-1 being the commonest isolated.

The third class of plasmid-mediated beta-lactamases are
referred to as the PSE (Pseudomonas specific enzymes). Until
recently, as the name suggests, they were found only amongst

strains of Pseudomonas spp (Slocombe 1980), but they have

now been described in a small number of isolates of Esch.

coli (Medeiros et al. 1980).

19



B (e Beta-lactamase Inhibitors.

Structural modifications of the basic penicillin and
cephalosporin nuclei have produced compounds which are
resistant to beta-lactamase hydrolysis to varying degrees.
The antistaphylococcal penicillins, e.g. methicillin (Figure
2) are effective inhibitors of the chromosomally mediated

beta-lactamases produced by Staph. aureus and Bacillus sp.

(Rolinson et al. 1960). However, although it was possible
to demonstrate a synergistic effect between these compounds
and ampicillin or benzylpenicillin, the degree of synergy
was insufficient for «clinical application (Sutherland and
Batchelor 1964).

The 2-isopropoxy-l-naphthyl penicillin BRL 1437 was
shown to be a good beta-lactamase inhibitor (Cole et al.
1972), but its therapeutic usefulness was limited due to
poor absorption following oral administration (Greenwood and
O'Grady 1975).

Carbenicillin has also been reported to be a
competitive inhibitor of beta-lactamases and the kinetics of
the inhibition of several cephalosporinases by this
antibiotic have been studied by Labia and Fabre (1976).

The problem in providing effective synergy between
these compounds and beta-lactamase susceptible compounds
such as ampicillin, 1is that they are all competitive
inhibitors of beta-lactamases and hence must be available in
a fairly high concentration to protect the substrate.
Unfortunately, high concentrations of these compounds in the
vicinity of their beta-lactamase targets are difficult to

achieve because most of them have difficulty in penetrating
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the outer membrane and cell-wall of gram-negative bacteria.
The possibility that beta-lactamase inhibitors might
exist as naturally occurring substances produced by
microorganisms caused Brown et al (1976) to develop an agar
plate test for inhibition of the beta-lactamase of

Klebsiella aerogenes NCTC 418. The test involved the

incorporation of benzylpenicillin in agar seeded with a

strain of Kleb. aerogenes. Samples of fermentation broths

were placed in wells cut in the agar, and the plate
incubated at 37°C overnight. As a result of beta-lactamase

production by the Kleb. aerogenes the penicillin in the agar

was inactivated thus allowing bacterial growth over the
general area of the plate. However, if the test sample
contained an inhibitor of beta-lactamase this diffused into
the agar surrounding the well, inactivated the
beta-lactamase in that area and thus allowed a zone of
inhibition due to action of the penicillin to be formed
around the well.

During an investigation (Reading and Cole 1977) of

metabolites produced by Streptomyces clavuligerus, a

pronounced beta-lactamase inhibiting activity was detected
in culture filtrates using the agar plate test as described
above. High dilutions of the culture filtrate also
inhibited the TEM type beta-lactamase of E.coli. Although

S. clavuligerus was known to produce various antibiotics

structurally related to cephalosprin C, chromatography

suggested that these were not responsible for the inhibitory

activity. This was confirmed by the isolation of a
beta-lactamase inhibiting compound which was named
clavulanic acid. Structure determination (H@w8rth et al.
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1976) revealed that clavulanic acid possessed a novel
bicyclic structure containing a beta-lactam ring (Figure
33

Clavulanic acid has good inhibitory properties against
a wide range of beta-lactamases from both gram-positive and
gram-negative bacteria (Reading 1982). IE lacks
significant inhibitory activity only against the
chromosomally-mediated cephalosporinases. Its antibacterial
activity is low, an M.I.C. range of 25-125 mg/L being common
for most bacteria, greater activity is shown against

Neisseriae gonorrhoea (M.I.C. 1.25-5.0 mg/L) (Comber et al

1980) .

The compound appears to be sufficiently similar in
structure to the penicillins and cephalosporins to fit into
the catalytic centre of the beta-lactamase enzymes.
Initially this active site is occupied without involving any
chemical reactions and the clavulanic acid functions solely
as a competitive inhibitor (Cole 1982). This is followed by
a second phase in which a reaction occurs resulting in
acylation of the beta-lactamase through the beta-lactam
carbonyl of the clavulanic acid molecule (Charnas et al.
1978; Fisher et al. 1980). The acyl enzyme so formed is no
longer active but is capable of being slowly hydrolysed by
water and thus resulting 1in the restoration of active
beta-lactamase and degradation products of clavulanic acid;
because of this the acyl enzyme is said to be 'transiently
inactivated' (Rolinson 1980). If the presence of the
inhibitor is maintained, however, a second reaction occurs

between beta-lactamase and inhibitor which is irreversible,

and remains so even after removal of excess clavulanic acid
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(Reading 1981).

The protective effect that clavulanic acid has on
beta-lactamase labile substrates has now been reported for a
variety of penicillins and cephalosporins against a range of
organisms including anaerobic bacteria (Hunter et al. 1978;
Jackson et al. 1978; Wise et al. 1978).

The broad spectrum, orally absorbed penicillin,
amoxycillin is unfortunately liable to hydrolysis by many of

the clinically important beta-lactamases, at rates similar

to, or even greater than those obtained with
benzylpenicillin (Reading 1982). 1t 12 however,
relatively stable to the chromosomally-mediated
cephalosporinases - the group of enzymes that clavulanic

acid lacks significant activity against. It <can be seen,
therefore, that amoxycillin and clavulanic acid are ideal
partners for a synergistic formulation.

Sabath (1968) stated four requirements for synergy by
competitive inhibition of beta-lactamase:-
(i) that beta-lactamase must be an important factor in the
Organisms resistance,
(ii) that the inhibitor must have very much greater affinity
for the beta-lactamase than theﬁydfolysable antibiotic to be
protected,
(iii) that the inhibitor must be stable to beta-lactamase
action and,
(iv) that the inhibitor must have little or no antibacterial
activity at the concentrations to be used.

Bobrowski et al (1973) suggested a fifth requirement,

namely that the inhibitor should be able to penetrate the

cell wall at least as well as the labile antibiotic in view

25



of the permeability barrier which exists to the site of
action of cell-bound beta-lactamase.

Reading (1982) showed that at a ratio of 2:1
(amoxycillin:clavulanic acid) virtually complete protection
of the amoxycillin was seen against both cell-free
staphylococcal beta-lactamase and TEM-1 beta-lactamase. He
also demonstrated that clavulanic acid can readily penetrate
the cell wall in E. coli and reach 1its beta-lactamase
target.

Bioavailability studies in animals (Mizen et al. 1980),
and later in human volunteers (Ball et al. 1980), showed the
inhibitor to be well absorbed by the oral route and that its
pharmacokinetics were comparable with those of amoxycillin.
On the basis of these studies, a formulation Kknown as
Augmentin, containing 250 mg of amoxycillin (as the acid
trihydrate) and 125 mg of clavulanic acid (as the potassium
salt) was selected for <clinical investigation. After
administration of Augmentin to man, the serum concentrations
of amoxycillin are about twice those of cla vulanic acid for
up to six hours after dosing (Jackson et al. 1980). That
is, the ratio of amoxycillin to clavulanic acid in serum
approximates the ratio of the components in the formulation

administered.



1.3. Mode of Action of Beta-lactam Antibiotics.

The early work on the mechanism of action of penicillin
resulted in the discovery that it inhibited the final
crosslinking of the peptide sidechains of nascent
peptidoglycan and led to the suggestion that it acted as an
analogue of acyl-D-alanyl-D-alanine (Tipper and Strominger
1965) . In 1966, Isaki et al. demonstrated
penicillin-sensitive enzymatic reactions : peptidoglycan
transpeptidase and D-alanine carboxypeptidase, in E.coli
membrane. By the mid 1970s it was clear that bacteria
possessed multiple D-alanine carboxypeptidases and
peptidoglycan transpeptidases, but the precise role of these
enzymes in cell growth and the mechanism of action of
penicillin was unknown (Blumberg and Strominger 1974). The
demonstration that penicillin bound tightly to the enzymes
that it inhibited (Blumberg and Strominger 1974) provided a
method for the detection of penicillin-sensitive enzymes as
penicillin-binding proteins (PBPs). Spratt and Pardee
(1975) developed an autoradiographic method for the
detection and study of PBPs. Using this method Spratt
(1975) was able to study all of the penicillin-sensitive
enzymes of bacterial cells regardless of which reactions of
peptidoglycan synthesis they catalysed and opened the way to
the identification of the killing targets for beta-lactam
antibiotics.

The number of PBPs varies from species to species.
E.coli contains seven PBPs in the cytoplasmic membrane and
each of these corresponds to a distinct penicillin-sensitive

enzyme (Table 3). The role of the PBPs of E.coli in growth,

27



TABLE 3.

PROPERTIES OF THE PENICILLIN-BINDING PROTEINS OF ESCHERICHIA

COLI.

PBP Mol.Wt.
1A 92,000
1B 90,000
2 66,000
3 60,000
4 49,000
5 42,000
6 40,000

(after Spratt 1983)

Consequence of

Inactivation of PBP

Rapid cell lysis occurs
if both PBP 1A and PBP
1B are inactivated

Growth as spherical
cells

Inhibition of cell
division leading to

filamentous growth

No obvious growth
defect

No obvious growth
defect

No obvious growth
defect

Enzymic Activity
of PBP

Both PBP 1A & PBP 1B
are transglycosylase/
transpeptidase
involved in cell
elongation.

A transpeptidase that
may initiate
peptidoglycan insertion
at new growth sites.

A transglycosylase/
transpeptidase required
for formation of the
cross wall at cell

division

A D-alanine carboxy-
peptidase that may
function in vivo as a
secondary transpeptidase
in the maturation of

peptidoglycan.

A D-alanine

carboxypeptidase

D-alanine

carboxypeptidase



morphogenesis, and the killing action of beta-lactam
antibiotics has been elucidated in two main ways (Spratt
1980) . Firstly, beta-lactam antibiotics produce at least
three morphological effects on E.coli (filamentation, rapid
cell 1lysis, and growth into spherical cells) and the degree
to which beta-lactams produce these responses has been
correlated with their binding to particular PBPs (Spratt and
Pardee 1975; Spratt 1975). Secondly the consequences of
the inactivation of each of the PBPs has been determined by
the 1isolation of mutants that lack or produce thermo-labile
forms of these proteins (Spratt 1975; Spratt et al 1977;
Spratt 1980).

Rapid 1lysis of E.coli occurs when both PBP-1lA and 1B
are inhibited (Spratt 1975, 1977a). By purifying E.coli
PBP-1B Nakagawa et al (1979) finally demonstrated that two
enzyme activities of the formation of crosslinked
peptidoglycan from the lipid-linked precursor GlcNaC-MurNaC
(-pentapeptide) - diphosphate-un-decaprenol, i.e. activities
of peptidoglycan transglycosylase and penicillin-sensitive
transpeptidase, were residing in the preparation of PBP-1B.
More recently, Ishino et al (1980) have succeeded 1in
demonstrating similar peptidoglycan synthetase activities in
purified PBP-1lA of E.coli. Inactivation of PBP3, either with
a beta-lactam antibiotic, or by transferring a mutant that
produces a thermolabile form of PBP3 to the restricitive
temperature, results in the inhibition of cell division and
the growth of E.coli into 1long filamentous cells, and
eventually cell death (Spratt 3975 19778B) . The

inactivation of PBP2 results in the growth of E.coli as

spherical cells and 1leads to eventual cell lysis (Spratt
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1971¢) .

Mutants that lack detectable levels of PBP4, PBP5, or
PBP6 are viable and do not show significant morphological
abnormalities. This implies that these three PBPs are
non-essential at least under laboratory conditions (Spratt
1980; Broome-Smith and Spratt 1982).

The study of mutants shows that inactivation of PBP
1A/1B or PBP2, or PBP3, is sufficient for the death of
E.coli and beta-lactam antibiotics exist that kill by each
of these three routes. The beta-lactams can therefore kill
by three completely different mechanisms (rapid 1lysis,
production of spherical cells, or filamentation) and
effective derivatives are known that kill at or above their
M.I.C. exclusively by rapid 1lysis (e.g. cefsulodin), by
production of spherical cells (mecillinam) or by
filamentation (aztreonam). More typical beta-lactams (e.g.
amoxycillin), at the concentration achieved in serum, kill
by two or all three of these mechanisms (Spratt 1980; Curtis
et al 1979).

Clavulanic acid shows a good affinity for
penicillin-binding protein 2, a moderate affinity for
proteins 1,4,5 and 6, and low affinity for protein 3 (Spratt

et al, 19774).
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l.4. Antibiotic Sensitivity Testing.

Antibiotic sensitivity testing can be performed by a
number of methods; Braude et al (1955) suggested the use of
gradient plates:- antibiotic containing agar was poured
into a Petri dish with one edge of the dishelevated,

resulting in the agar solidifying as a slant. Over this

first agar layer another was poured - this time not
containing antibioctic - and allowed to harden in a
horizontal position. Diffusion of the antibiotic from the

lower agar into the upper layer resulted in a concentration
gradient being produced. Bacteria were streaked onto the
gradient plate from 1low towards high concentration, the
distance from the beginning of the gradient gave a
mathematical expression of the concentration of antibiotic
at a given point. This method obviously required a careful
technique and a 1lot of expertise in interpreting the
results.

The commonest methods of testing antibiotic sensitivity
are based on the establishment of concentration gradients
from predetermined diffusion centres towards the periphery
of the plate. The diffusion centre <can be either
cylindrical holes punched into the agar and filled with the
antibiotic to be tested (Frlanson 1951), or small glass
cylinders applied to the surface of the agar filled with the
antibiotic (Grove and Randall 1955). For routine
measurements of bactarial sensitivity, however, most
laboratories now use filter paver discs impregnated with a
stated amount of antibiotic (Fricsson 1960). Variations in

the actual method used and how to control and interpret the

33



results have resulted in four main methods.

8 ) The Kirby-Bauer method (Bauer et al. 1966) is widely
used in the U.S.A. It specifies that only Mw&ller-Hinton
medium can be used. The inoculum is standardised by
adjusting the density of a suspension of the organism under
test to that of a barium-sulphate standard. The plates are
inoculated by dipping a sterile cotton-wool swab into the
standardised suspension removing the excess and streaking
the swab across the surface of the agar in three
directions.

Discs are applied and the plates incubated at 35 to S
C for 16 to 18 hours The zones of inhibition produced are
measured to the nearest millimetre by using calipers, each
zone size is interpreted by reference to a table (National
Committee for Clinical Laboratory Standards, Sub-Committee
on Antimicirobial Susceptibility Testing 1975), into one of
three categories:

Sensitive: Infection treatable with normal dosage,
Intermediate: Infection that may respond to therapy with a
higher dosage or if the infection is in a situation where
the agent is concentrated,

Resistant: Not treatable with this agent.

Controls are tested daily using the same technique and
the zone sizes recorded, the mean and standard deviation of
five successive observations are compared to limits given
for each antimicrobial in Tables (National Committee for
Clinical Laboratory Standards Sub-Committee on Antimicrobial
Susceptibility Testing 1975).

(ii) The Ericsson method is commonly used in Sweden and is a

development of the method recommended by the W.H.O.



sponsored International Collaborative Study of Sensitivity
Testing (Ericsson and Sherris 1971). It specifies that
either Muller-Hinton or PDM medium is used, the inoculum is
standardised to give a semi-confluent growth after
incubation for 15-18 hours. The plate is inoculated by
flooding, excess inoculum is removed and the plates are then
dried for 30 minutes at 37°C before discs are applied. The
antibiotics are allowed to diffuse for 30 minutes at room
temperature before the plates are incubated at 37° C
overnight.

The diameters of the zones of inhibition are measured
with calipers, and the resulting fiqure is interpreted by
reference to tables into one of four categories:

Sensitive: General infections treatable with normal
dosage,

Fairly sensitive: General infections treatable with higher
dosage,

Slightly sensitive: For infections in sites where the agent
may be concentrated,

Resistant: Not treatable with this agent.

Controls are again tested daily using the described
procedure and the zone sizes obtained compared to tables.
(iii) The Comparative method (Stokes and Waterworth 1972) is
commonly used in British Laboratories, any medium designed
for sensitivity testing can be used, the inoculum is
prepared from a fully grown nutrient-broth culture or from a
suspension of several colonies emulsified in saline so that
a semi-confluent growth of colonies 1is produced on the
plates after overnight incubation.

The plates are inoculated by using a wire loop with an
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internal diameter of 4 mm to place the inoculum onto the
surface of the agar and spreading this evenly with a sterile
dry swab in three directions. Discs are applied with forceps
or a sharp needle and pressed gently to ensure even contact.
The plates are incubated at 35-37°C overnight. Control
organisms are inoculated on separate plates by the same
technique, £for organisms isolated from urine the control is

E.coli NCTC 10418; from other material Staph.aureus NCTC

6571; and for pseudomonas Ps.aeruginosa NCTC 10662.

If the test zones are obviously larger than the control

or give no zone at all it is not necessary to make any

measurements. If there 1is any doubt 2zones should be
measured with calipers. Each zone size is interpreted as
follows:

Sensitive: Zone diameter equal to, wider than, or not more

than 6 mm smaller than the control;

Intermediate: Zone diameter greater than 12 mm but smaller
than the control by more than 6 mm,

Resistant: Zone diameter 12 mm or less.

(iv) The Stokes method (Stokes and Waterworth 1972) has the
advantage, like the comparative method, that any medium
designed for sensitivity testing can be used. The inocculum
is prepared in the same manner as that for the comparative
method, so that a semiconfluent growth results after
overnight incubation. The same three control organisms
that are used in the comparative method are used in this
method, whichever control 1is appropriate is inoculated as
two bands on either side of the plate leaving a central band

uninoculated. This is best achieved by using a cotton wool

swab dipped into the inoculum. The test organism is seeded






