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Augmentin (Beecham Laboratories, Bristol, Tenn.), a combination drug con-
sisting of two parts amoxicillin to one part clavulanic acid and a potent beta-
lactamase inhibitor, was evaluated in vitro in comparison with ampicillin or
amoxicillin or both for its inhibitory and bactericidal activities against selected
clinical isolates. Regression analysis was performed and tentative disk diffusion
susceptibility breakpoints were determined. A multicenter performance study of
the disk diffusion test was conducted with three quality control organisms to
determine tentative quality control limits. All methicillin-susceptible staphylococ-
ci and Haemophilus influenzae isolates were susceptible to Augmentin, although
the minimal inhibitory concentrations for beta-lactamase-producing strains of
both groups were, on the average, fourfold higher than those for enzyme-negative
strains. Among the Enterobacteriaceae, Augmentin exhibited significantly greater
activity than did ampicillin against Klebsiella pneumoniae, Citrobacter diversus,
Proteus vulgaris, and about one-third of the Escherichia coli strains tested.
Bactericidal activity usually occurred at the minimal inhibitory concentration.
There was a slight inoculum concentration effect on the Augmentin minimal
inhibitory concentrations. On the basis of regression and error rate-bounded
analyses, the suggested interpretive disk diffusion susceptibility breakpoints for
Augmentin are: susceptible, >18 mm; resistant, <13 mm (gram-negative bacilli);
and susceptible, .20 mm (staphylococci and H. influenzae). The use of a beta-
lactamase-producing organism, such as E. coli Beecham 1532, is recommended
for quality assurance of Augmentin susceptibility testing.

The increasing prevalence of clinical bacteria
producing plasmid-mediated beta-lactamases
has progressively restricted the usefulness of
beta-lactamase-susceptible penicillins such as
ampicillin and amoxicillin. When either of these
drugs is combined with a potent beta-lactamase
inhibitor such as clavulanic acid, the penam is
protected from the beta-lactamase and is thus
free to exert its normal antimicrobial activity (4,
8, 13, 20). Clavulanic acid inhibits beta-lacta-
mases by virtue of its strong affinity for and
irreversible binding to certain beta-lactamases,
especially plasmid-mediated enzymes (19). Vari-
ous combinations of beta-lactam antibiotics with
clavulanic acid have been shown to exhibit
synergism against beta-lactamase-producing
bacteria (4, 8, 13, 20). Noteworthy among these
bacteria are beta-lactamase-producing staphylo-
cocci, Haemophilus itfluenzae, Neisseria gon-

orrhoeae, and several Enterobacteriaceae spp.
The combination of amoxicillin plus clavulanic
acid at a 2-to-1 ratio is known as Augmentin
(Beecham Laboratories, Bristol, Tenn.). The
potential usefulness of this compound has been
demonstrated in several preliminary clinical
studies (3, 7, 9, 12, 18).
The purposes of this study were to (i) assess

the susceptibility of a wide variety of clinical
bacterial isolates to Augmentin by both broth
microdilution and disk diffusion methods, (ii)
evaluate the bactericidal activity of Augmentin,
(iii) determine the effect of inoculum size on the
activity of this drug, (iv) perform a regression
analysis on the susceptibility data from which
tentative susceptible and resistant breakpoints
would be derived, and (v) evaluate the perform-
ance of standard quality control (QC) organisms
with this drug.
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MATERIALS AND METHODS

Drug. A laboratory reference preparation of Aug-
mentin (formerly BEtL 25000) consisting of two parts

to one par potassium clavulan-

ate was provided by Beecham Laboratories. Standard
reference powders of ampicillin, aioxicillin, and cla-
vulanic; acid wer also provided sepaately 'by Bee-
cham Laboratories. Augmentin disks containing 20 pg
of amoxicillin plus, 14 pjg of clavulanic acid were
prepared and provided by Difco Laboratories, Detroit,
Mich. Ampicillin disks (10 pg) were commercially
prepared (Difco).
Bactea. A tot of 555 selected clinical isolates

were collected froi the Cleveland Clinic Foundation

Clevelabd, Ohio; Kaiser Foundation Hospital, Cladca-

mas, Oreg.; Northwestern Memorial Hospital, Chica-
go, Ill.; St. Francis Hospital, Wichita, Kans.; St.
Vincent Hospital and Medical Center, Portland,
Oreg.; University of California, Davis, Medical Cen-
ter, Sacramento, Calif., andthe -Centers for Disease
Control, Atlanta, Ga. These isolates were selected as
representative- of clnically significant bacteria and
have been used inmprevious studies ofnew beta-lactam
antibiotics (5, 10). The organisms (see Tables 1 and 2)
were used in suseeptibility and regression analysis
studies. For staphylococcal regression analysis, the 69
Staphylococcus aureus strins in the above group
were suppleniented with S0 S. aureus, 40 Staphylococ-
cus epidermidis,'a 10 Staphylococcus saprophyticus
clmical isolates frtm the St. Vincent Hospital and
Medical Center andtheKaiser Foundation Hospital.
For inoculum size effect and bactericidal studies, 110
isolates represnting 11 commonly encountered ge-

era were utilized (see Table 3). For assessing the
performance of QC organisms with Augmentin, two
commonly used QC strains, Escherichia coli ATCC
25922 and S. aureus ATCC 25923, were utlized, as
well as a beta-lactamase-producing striin of E. coli
(Beecham 1532;-Beecham Labortories).
dikxw" gyal T'he minimal in-

hibitory concentrations (MICs) were detenined atthe
Centers for. Diseae Control and the University of
California, Davis, Medical Center by broth microlu-
tion procedures described previously (10, 11, 16).
Concentrations of antimicrobial agents tested were
serial twofold dilutions as follows: clavulanic acid, 16
to 0.06 gml-.4 picillin and amoxicillia, 64 to 0.06

g/ml; amoxicilin-clavulanic acid (Augmentin), 64-32
to 0.015-0.008 pagl. Test panels were prepared by a
local media turer (Prepared Meia Labora-
tory, Tualatin,Oeg), fozen at -70C shipped to
the participating laboratories. The inoculum size was
approximately 5 x 10' CFU/ml. Ten percent of the
isolates Were tested in parallel in both ltboratories as a
quality assurance neasure. Disk dbusion susceptibl-

ity testi was conducted bythe same two laborories
on the same Organi by a method previously out-
ined by the National Conmittee for Cliical Labora

tory Standars (NCCLS) (15). The results of the disk
and dilution tests were compared by regression anly-
sis by the method of least squares adapt for conmput-
er computation and thle error rate-bounded mei
(14).

Determinations of bactericidal activity were per-
formed by subculturing S pl from each microtiter wel
onto blood agar plates with a multiple-inoculum repli-
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cating device. Endpoints were read at 24 h is the
lowest concentration yielding no more than 0.1% (-2
colonies) survivors.

eoculum concentratins evaluated- for inoculum
size effect were 1i0, 5 X 10', and 1i0 CFUJ/ml.
For evaluating the performance of QC orgaisms,

the currently recommended (NCCLS) disk diffusion
method and QC strains for gramt-ngtive and gram-
positive organisms were used (15). In addition, beta-
lactamasbeproducing E. coli Beecham 1532 was tested
to,evlate the effect of the clavulanic acid component
of Augmentin disks. Nine laboratories paicipated in
this phase, including the aforementioned laboratories
plus the following individuals from clinical microbiolo-
gy laboratories: J. Matsen, University of Utah, Salt
Lake City, Utah; L. B. Reller, University of Colora-
do, Denver, Colo.; and S. Brown, Good Samaritan
Hosital, Portland, Oreg. Ten different lots of Mueller-
Hinton agar were tested, nine by individual labora-
tories, and the tenth serving as a common cross-over
QC lot for all participants. These included three lots
from BBL Microbiology Systems, Cockeysville, Md.,
four lots from Difco, two- lots from GIBCO Diagnos-
tics, Madison, Wis., and one lot from Acumedia
Labortories, Baltimore, Md. Each laboratory tested
the same three different lots of comerically prepared
Augmentin disks (BBL and Difco), and assay poten-
cies of which were a mean of 116% of the stated
potency. Each laboratory contributed a miimum of 55
tests per disk for each QC orgnsm, 50 with its
individual Mueller-Hinton agar lot and 5 with the
commot cross-over Mueller-Hinton aa lot. Statisti-
cal determinations included mea zone diameter, stan-
dard deviation, individual test contro, and accuracy
and precision control by methods previously described
(6, 15, 22).

RESULTS
The MICs of Augmentin, anpicilin, and cla-

vulanic aQid for 555 clinical isolates are shown in
Tables 1 and 2. Among the Enteroliacteriaceae,
Augmentin exhibited the greatest synergstic ef-
fect against Klebsiella pneumoniae, Citrobacter
diversus, and Proteus vulgaris, rendering virtu-
ally all ampicillin-resistant strains susceptible to
the conbiiation drug. Among the other Entero-
bacteriaceae, Augpnentin showed either a vari-
able response (as with, e.g., E. coli and Entero-
bacter agglomerans) or no appreciable
incrased activity as compared with ampicilin,
Acinetobacter calcoaeeticus- subsp. anitratas
was the only gram-neptive bacillus-tested th
showed any susceptblity to clavulanic acid
alone. The susceptibility of individual Acineto-
bacter isolates to Augmentin gencrally equalled
the susceptibility to the more active-of the two
drugs, indicating no synergistic activity with the
combination.- Among Pseudomonas tpp., Aug-
mentin exhibited activity against only Pseudo-
monas stutzerl, but this activity was no greater
than that of ampicillin alone.
With the exception of methicillin-resistant

staphylococci, the gram-positive cocci were sus-
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ceptible to Augmentin. Beta-lactamase-produc-
ing staphylococci required 1-0.5 to 8-4 ,ug of
Augmentin per ml for inhibition of growth, and
enterococci were generally inhibited by 1-0.5 ,ug/
ml. All others were inhibited by substantially
lower concentrations. All beta-lactamase-pro-
ducing H. influenzae strains were resistant to
ampicillin and were inhibited by Augmentin, but
the MICs were two to four times higher than
those for ampicillin-susceptible strains. Neisser-
ia meningitidis was highly susceptible to Aug-
mentin and to each of its components individual-
ly.
There was a moderate effect of inoculum

concentration on Augmentin MICs (Fig. 1), with
a <0.5-log2 dilution interval between MICs with
inocula of 1 and 5 x 105/ml. There was a 1.0-
log2 dilution step difference in MICs between
tests in which inoculum concentrations of 5 x
105 and 1 x 107 CFU/ml were used. Six orga-
nisms (representing three Enterobacteriaceae
spp.) required 3 log2 concentrations more Aug-
mentin with an inoculum of 1 x 107/ml than with
5 x 105/ml. Interestingly, the MBCs for these six
organisms with an inoculum of 5 x 105 CFU/ml
were identical to the MICs at this concentration.
This was comparable to the inoculum size effect
with ampicillin alone. With an inoculum size of 5
x 105/ml, the bactericidal activity of Augmentin
against all isolates tested equalled its inhibitory
activity.
The correlation of Augmentin MICs and disk

diffusion zone diameter with bacteria other than
staphylococci and H. influenzae is shown in Fig.
2. Regression analysis calculated on points in
the MIC range of 2 to 64 ,ug/ml yielded a
regression coefficient of -0.26 with a correlation
coefficient of -0.89. With susceptible and resist-
ant MIC breakpoints for Augmentin of c8-4 and
>-32-16 p,g/ml, respectively, both regression
analysis and the error rate-bounded methods
indicated corresponding zone diameter break-
points of Z18 and s13 mm, with indeterminant
zone diameters of 14 to 17 mm.

All H. influenzae strains, including 24 beta-
lactamase-producing strains, were susceptible to
Augmentin at c2 gI.g/ml. Augmentin MICs for
beta-lactamase producers ranged from 0.5-0.25
to 2-1 ,ug/ml, whereas those for ampicillin-sus-
ceptible strains ranged from 0.06-0.03 to 0.5-0.25
,ug/ml. The ampicillin zone diameter susceptible
breakpoint for H. influenzae of .20 mm (4)
correctly separated beta-lactamase producers
from enzyme-deficient strains. When the same
>20-mm susceptible breakpoint was utilized for
Augmentin, the beta-lactamase-producing
strains fell in the susceptible category.

All staphylococci were susceptible (MIC,
-8.0 p$/ml) to Augmentin. Augmentin was sig-

nificantly more active than ampicillin against

beta-lactamase-producing staphylococci which
were intermediate or resistant to ampicillin but
susceptible to Augmentin. The added clavulanic
acid exerted no significaat effect on the beta-
lactamase-negative strains.
With respect to QC organisms, P. aeruginosa

ATCC 27853 was not tested, since no inhibitory
zones would be expected with either ampicillin
or Augmentin. The data obtained from the nine
participating laboratories with the two NCCLS
QC strains, S. aureus ATCC 25923 and E. coli
ATCC 25922, as well as E. coli Beecham 1532,
are summarized in Table 3.

DISCUSSION
Among the Enterobacteriaceae, the synergis-

tic effect of the amoxicillin-clavulanic acid com-
bination that constitutes Augmentin was most
apparent with K. pneumoniae, C. diversus, and
P. vulgaris. Whereas some E. coli and E. ag-
glomerans strains responded in a similar fash-
ion, many did not, and showed no greater re-
sponse to Augmentin than to ampicillin. The
other Enterobacteriaceae and Pseudomonas
spp. were generally resistant to both ampicillin
and Augmentin at the concentrations tested.
These findings are consistent with those of pre-
vious reports (9, 12) and also correlate with the
recognized inhibitory activity of clavulanic acid
again$t Richmond-Sykes types II, III, IV, and V
beta-lactamases but not against type I enzymes
(17). Because the P. mirabilis isolates in this
series were all non-beta-lactamas, producing
and hence susceptible to ampicillin, we were
unable to demonstrate the Augmentin synergy
described by others against this species (4, 8, 13,
20).

Since the pharmacokinetics of amoxicillin in
Augmentin are essentially the same as those of
amoxicillin alone (1), the MIC correlate (c8
eig/ml) for the disk diffusion susceptible break-
point of ampicillin, as recommended by the
NCCLS (16), was chosen for the MIC suscepti-
ble breakpoint for the amoxicillin component of
Augmentin for gram-negative bacteria. Based on
susceptible and resistant Augmentin breakpoints
of c8-4 and -32-16 gj.g/ml, respectively, the
corresponding zone diameter breakpoints calcu-
lated by regression and error rate-bounded
methods are .18 and -13 mm, with an indeter-
minant range of 14 to 17 mm. The very-major
and major error rates were each less than 1%
with these breakpoints, and the minor-error rate
was only 4.1%. That the zone diameter break-
point for Augmentin is greater than that for
ampicillin is a reflection of the 20-1jg content of
amoxicillin in the Augmentin disk, as compared
with 10 ,ug in the standard ampicillin disk. Early
clinical trials with urinary tract infections indi-
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TABLE 1. MICs of augmentin, ampicilin, and clavulanate aginst gram-negative bacilli
% Strains with

MIC (pglMI)b MIC (>Lgwm)
Organism (no. of strgns) Druga of

Rangc 50% 90%o s8 s32
Escherichia coli (30) AUG 1.0->64 4.0 32 77 93

AM 2.0->64 4.0 >64 67 70
CA >16 >16 >16 0

Klebsiella pneumoniae (30) AUG 1.04 2.0 8.0 97 97
AM 2.0->64 32 >64 3 73
CA >16 >16 >16 0

Enterobacter cloacae (22) AUG 2.0->64 64 >64 14 18
AM 1.0->64 >64 >64 9 23
CA >16 >16 >16 0

Enterobacter aerogenes (22) AUG 1.0-4 64 64 5 5
AM 8.0->64 >64 >64 5 5
CA 16 >16 >16 0

Enterobacter agglomerars (10) AUG 0.5->64 2.0 >64 80 80
AM 0.5->64 16 32 40 90
CA >16 >16 >16 0

Enterobacter gergoviae (2) AUG >64 >64 >64 0 0
AM >64 >64 >64 0 0
CA >16 >16 >16 0

Serratia marcescens (29) AUG 32->64 >64 >64 0 3
AM 16->64 >64 >64 0 28
CA >16 >16 >16 0

Citrobacter diversus (11) AUG 2.0-8.0 2.0 2.0 100 100
AM 32-64 32 64 0 63
CA >16 >16 >16 0

Citrobacterfreundii (12) AUG 8.0-44 32 64 8 75
AM 4.0-44 16 64 17 75
CA >16 >16 >16 0

Morganelia morganii (11) AUG 64->64 >64 >64 0 0
AM 16->64 >64 >64 0 9
CA >16 .16 >16 0

Proteus mirabilis (30) AUG 0.5-1.0 0.5 1.0 100 100
AM 0.5-2.0 1.0 1.0 100 100
CA >16 >16 >16 0

Proteus vulgaris (12) AUG 1.0-32 4.0 8.0 92 100
AM 1.0->64 >64 >64 25 33
CA >16 >16 >16 0

Providentia rettgeri (12) AUG 0.S->64 64 >64 8 25
AM 0.25->64 32 >64 17 50
CA >16 >16 >16 0

Providentia stuartii (24) AUG 16->64 64 >64 0 8
AM 16->64 64 >64 0 38
CA >16 >16 >16 0

Acinetobacter cakoaceticus subsp. AUG 2-64 16 64 44 78
anitratus (18) AM 4-64 32 64 11 72

CA 4-16 >16 >16 39
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TABLE 1. Continued
% Strains with

Organism (no. of strains) Drug' of:

Range 50% 90%o <8 S32

Pseudomonas aeruginosa (30) AUG 32->64 64 >64 0 3
AM >64 >64 >64 0 0
CA >16 >16 >16 16

Pseudomonas sp.C (38) AUG 1->64 64 >64 39 47
AM 1->64 >64 >64 32 32
CA 8->16 >16 >16 3

a AUG, Augmentin; AM, ampicillin; CA, clavulanic acid.
b MICs given for amoxicilUin only. 50% and 90%, MICs inhibiting 50 and 90o of strains respectively.c Includes P. acidovorans (4) P. cepacia (5), P.fluorescens (7), P. maltophilia (4), P. putida (6), and P. stutzeri

(12).

cate that many of the infections caused by beta-
lactatnase-producing Enterobacteriaceae strains
respond when treated with Augmentin (9, 12, 17,
21). Since (i) levels of Augmentin in urine may
be .100-fold thian those in serum, (ii) the sug-
gested breakpoints are based on achievable se-
rum levels, -and (iii) no published studies on
Augmentin therapy of non-urinary tract infec-

tions caused by beta-lactamase-producing En-
terobacteriaceae strains are currently available,
we consider the above interpretive criteria to be
tentative at this time.
Our data on H. influenzae supports that of

others (2, 18) in that beta-lactamase-producing
strains are both resistant to ampicillin and sus-
ceptible to Augmentin. Although the Augmentin

TABLE 2. MICs of Augmentin, ampicillin, and clavulanic acid for gram-positive cocci, H. influenzae, and
N. menirtgitidus

MIC (Ig/ml)c % Strains with
Organism (no. of strains)' Drugb MIC of

Range 50%1 90%o 8 ,ug/ml

Streptococcus pyogenes (20) AUG 0.03 0.03 0.03 100
AM 0.125 0.125 0.125 100
CA 8.0->16 >16 >16 5

Streptococcus pneumoniae (20) AUG 0.03-0.06 0.125 0.25 100
AM 0.125-4.0 0.125 0.25 100
CA 16->16 16 >16 0

Streptococcus faecalis (30) AUG 0.5-8.0 1.0 1.0 100
AM 0.5-16.0 A.0 1.0 97
CA >16 >16 >16 0

Staphylococcus aureus (MR) (12) AUG 8.0-64 16 32 8
AM 16->64 32 >64 0
CA >16 >16 >16 0

Staphylococcus aureus (MS) (57) AUG 0.06-8.0 0.5 8.0 100
AM 0.125-64 1.0 16 88
CA 8->16 >16 >16 2

Haemophilus influenzae (BL+) (24) AUG 0.5-2.0 1.0 2.0 100
AM 32->64 >64 >64 0
CA NTV NT NT NT

Haemophilus influenzae (BL-) (24) AUG 0.06-2.0 0.25 0.25 100
AM 0.12-2.0 0.12 0.25 100
CA NT NT NT NT

Neisseria meningitidis (25) AUG r0.06-0.12 <0.06 0.12 100
AM <0.06-0.12 s0.06 0.12 100
CA 0.12-8.0 0.5 1.0 100

a MR and MS, Methicillin resistant and susceptible, respectively; BL+ and BL-, beta-lactamase positive and
ne?ative, respectively.

AUG, AugnIbntin; AM, anpicillin; CA, clavulailic acid.
C MIC given for amoxicillin only. 50% and 90%O, MIC inhibiting 50 and 90%O of strains, respectively.
d NT, Not tested.
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a I:50-
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MIC (pg/mi)
FIG. 1. Effect of inoculum density on Augmentin

MICs (expressed as concentration of amoxicillin com-
ponent) for 110 bacterial strains (14 species). A, 103
CFU/ml; *, 101 CFU/ml; *, 107 CFU/ml.

MICs for beta-lactamase-producing strains
were, on the average, fourfold higher than those
for non-beta-lItamase producers, the MICs
were all <2-1 FLg/ml and thus equivalent to the 2-
pg/ml susceptible breakpoint for ampicillin (10).
Since our H. influenzae population contained no

Augmentin-resistant strains, we have tentatively
chosen a zone diameter of -20 mm as the
susceptible breakpoint for H. influenzae to stay
in conformity with the current ampicillin break-
point (15). All strains tested fell into this zone
diameter category. Because the clinical correla-
tive data is limited at this time, a tentative stance
is recommended.
The staphylococci are another group of orga-

nisms that require separate consideration, not
only because of their variable beta-lactamase
production, but also because some are resistant
to the penicillinase-resistant penicillins. Al-
though the MICs of Augmentin are lower and
the Augmentin disk inhibitory zone diameters
are larger for methicillin-resistant S. aureus than
those of ampicillin, the changes are modest. In
light of the data on other beta-lactam antibiotics
with methicillin-reisistant staphylococci, we rec-
ommend that such organisms be considered re-
sistant to Augmeotin, irrespective of susceptibil-
ity test results.
With both beta-lactamase-producift S. aure-

us and S. epidermidis, a substantial-reduction in
MICs were observed with Augmentin as com-
pared with ampicillin. As with H. i?fluenzae, the
Augmentin MICs for beta-lactamase-producing
strains were approximately fourfold higher than
for beta-lactanase-negative strains, but all were
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TABLE 3. Combined zone diameter results of QC organisms in nine laboratories and estimated control limits
for monitoring precision and accuracy of inhibitory zone diameters

Precision
Disk Zone diam (mm) control % Out

Organism Drug' content No. of (mm)c oftests control
(sa)

Ma Medi-Rag Individual Accuracy Maxi-
v agMean Miur Rage daily testb control mum g

S. aureus AM 10 445 31.9 32 25-38 29-35 30-34 7 3.5 3.1
ATCC 25923 AUG 20-10 1,323 32.0 33 25-38 28-36 29.3-34.7 9 4.7 4.6

E. coli AM 10 450 19.3 20 16-24 17-21 12.7-20.3 4 2.3 0.7
ATCC 25922 AUG 20-10 1,350 22.2 22 15-27 19-25 20-24 7 3.5 0.7

E. coli AM 10 400 6 6
Beecham 1532 AUG 20-10 1,340 20.4 20 17-23 18-22 19.7-21.3 4 2.3 2.8
a AM, Ampicillin; AUG, augmentin.
b Mean of five consecutive values.
Range of five consecutive values (maximum minus minimum values) should not exceed the maximum listed,

and the mean should fall within the accuracy control range. In continuing series with ranges of five consecutive
value groups, the average range should not exceed the listed value.

inhibited by <8/4 ,ug/ml and thus would be
considered susceptible to Augmentin. Again, as
with H. influenzae, no methicilin-susceptible,
augmentin-resistant staphylococci were encoun-
tered in the population studied, and thus it is
tenuous to select a zone diameter breakpoint.
An Augmentin inhibitory zone diameter break-
point of -18 or -20 mm (staphylococci and H.
influenzae, respectively) would adequately en-
compass the susceptible strains in this study.
Since an intermediate category should not be
recognized with staphylococci or H. influenzae,
it seems reasonable to select 220 mm as the
susceptible breakpoint. Again, the sparcity of
reported clinical data precludes definitive rec-
ommendations at this time.
With respect to ampicillin, there were seven

S. aureus strains whose zone diameters of inhi-
bition fell in the intermediate zone; all were
beta-lactamase producers and hence should be
considered resistant. In light of this as well as
previous experience, we question the validity of
the concept of an intermediate category for
ampicillin (or penicillin) against staphylococci as
currently recommended by the NCCLS (15).
Using previously described methods (6, 15,

22), we calculated various disk diffusion suscep-
tibility control limits for Augmentin and ampicil-
lin with three QC organisms. With both S.
aureus ATCC 25923 and E. coli ATCC 25922,
the calculated limits for ampicillin were some-
what narrower than those recommended by the
NCCLS (15) but fell within those limits. These
results served as a control and validate the results
obtained with Augmentin. The mean inhibitory
zone diameters produced by Augmentin disks
(with 20 ,ug of amoxicillin) were either essentially
the same (S. aureus) or slightly lower (E. colt)
than those obtained with 10-~Lg ampicillin disks.
The problem with using these two strains for

QC of Augmentin susceptibility testing is that
they are both non-beta-lactamase producers,
and hence the results reflect only the amoxicillin
component of the drug. For the control of the
clavulanic acid component, a beta-lactamase-
producing organism, such as E. coli Beecham
1532, must be used. When tested in the nine
participating laboratories, this organism was not
inhibited by ampicillin (6-mm zone diameters),
but a median inhibitory zone diameter of 20 mm
was obtained with Augmentin. Since clavulanic
acid is the less stable of the two Augmentin
components, it appears to be important to use a
beta-lactamase-positive organism, such as E.
coli Beecham 1532, for quality assurance, at
least periodically if not routinely. Conversely,
because E. coli may lose its beta-lactamase
during storage, it is equally important to confirm
the ampicillin resistance of E. coli Beecham 1532
before Augmentin quality assurance data is in-
terpreted.
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