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There has developed recently renewed in-
terest in methods of determination of sensi-
tivity of bacteria to antibiotics. This interest
has paralleled use of the newer antibiotics and
has stimulated the quest for a method for de-
termining quickly the most effective antibiotic
in the treatment of an infection. Several
methods having the principle of agar diffusion
have been used and there has been much dis-
cussion concerning each of those methods
(1,2). Because of the great practical import-
ance of this problem it was decided to com-
pare an agar dilution and an agar diffusion
method of sensitivity determination with the
serial broth dilution method, the latter being
used as a standard for comparison. An agar
dilution method was chosen for evaluation
because it offers 4 inherent advantages: 1) it
obviates the need for diffusion of the anti-
biotic to be tested, 2) a direct estimate of the
concentration of antibiotic necessary for in-
hibition of an organism can be obtained, 3)
the plates may be prepared in quantity for
later use, and 4) a single set of antibiotic
dilutions may be used to measure the sensi-
tivity of a number of bacterial cultures.

Materials and methods. Source and identity
of bacteria. Ninety-eight strains of bacteria,
isolated in the routine diagnostic laboratory
serving the University Hospitals of Cleveland,
were tested for sensitivity to 6 antibiotics,
each organism being tested with all 6 anti-
biotics by the agar dilution, agar diffusion,
and tube dilution methods. The following
bacteria were tested: 29 strains of Escherickia
coli, 20 strains of Staphylococcus, 15 strains
of derobacter aerogenes, 9 strains of Strepto-
coccus, 9 strains of Pseudomonas aeruginosa,
4 strains of Proteus, 3 strains of Pneumococ-

* This work was supported in part by grants from
Chas. Pfizer & Co., the National Institutes of Health,
U. S. Public Health Service and the Elizabeth
Severance Prentiss Foundation.

cus, 3 strains of Klebsiella pneumoniae, 2
strains of Alkaligenes fecalis, and one strain
each of Salmonella typhosa, Salmonella sp.
(antigenic group C,), Skhigella paradysen-
teriae, and Shigella sonnei. Culture media.
Tryptose blood agar base medium (Difco)
with citrated human blood incorporated in a
concentration of 5% was used in the prepara-
tion of antibiotic-containing plates. Tryptose
agar (Difco) was used in the preparation of
plates employed in agar diffusion testing.
Tryptose broth was used in the preparation of
dilutions used in tube dilution testing. Anti-
biotics. Standard commercial preparations of
terramycin,! aureomycin,* penicillin, bacitra-
cin, streptomycin, and chloramphenicol were
employed. Unbuffered crystalline aureomycin
hydrochloride was used for aureomycin deter-
minations. For tests involving the agar dif-
fusion method, commercially prepared anti-
biotic discs were used (“Dia-Discs,” Commer-
cial Solvents Corporation); the disc having
the greater quantity of antibiotic was used
routinely. Agar dilution method. The agar
to be used was melted and then cooled to
45°C. An antibiotic was mixed with the agar
and plates were poured. The various anti-
biotics were used in concentrations of 20, 5,
1.25,.312, and .08 units (or mcg) per ml. All
plates were stored in a refrigerator at 4°C
until they were used. In this test, a sector
of the surface of each of a series of plates was
streaked with a 10 dilution of an 18-hour
broth culture of the organism to be tested;
6 to 8 different cultures were placed on each
plate. After overnight incubation at 37°C
the plates were examined. Complete inhibi-
tion of growth was chosen as the end-point.

t Terramycin was kindly supplied by Dr. Alan
Wright, Medical Director of the Chas. Pfizer & Co.,
Brooklyn, N. Y.

{ Aureomycin was kindly supplied by Dept. of
Clinical Research, Lederle Laboratories Division,
American Cyanamid Co., Pearl River, N. V.
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Agar diffusion method. In this test the sur-
face of a tryptose agar plate (blood agar if a
Streptococcus was being tested) was heavily
inoculated with the organism to be tested,
antibiotic-containing discs were placed on the
surface, and the plate was incubated at 37°C.
After overnight incubation the plate was ex-
amined and, if growth of the organism had
been inhibited, the diameter of the zone of
inhibition was recorded. Tube dilution
method. Five concentrations of an antibiotic
were prepared by dilution in tryptose broth.
To 0.5 ml quantities of the antibiotic-contain-
ing broth were added 0.5 ml quantities of a
107 dilution of an 18-hour broth culture of
the organism to be tested. The final concen-
trations of the antibiotic were 20, 5, 1.25, .312
and .08 units (or mcg) per ml. Citrated human
blood was incorporated in broth used in the
dilution of cultures of streptococci. The tubes
were examined after overnight incubation.
Complete inhibition of growth, indicated by
absence of visible turbidity, was selected as
the end-point.

Experimental results. A total of 98 bac-
terial strains, of 13 genera, were tested for
sensitivity to penicillin, bacitracin, strepto-
mycin, chloramphenicol, aureomycin, and ter-
ramycin by 3 methods currently in use, viz.
agar dilution, agar diffusion, and tube dilu-
tion. The results of simultaneous tests of
sensitivity to 3 of the 6 antibiotics by the agar
dilution and tube dilution methods are shown
in Tables I-IIT. It is seen that agreement
between the two methods is good, less than
10% of the tests differing by as much as a

TABLE I. Comparison of Tube Dilution and Agar
Dilution Methods of Testing Sensitivity to Peni-
cillin. Bacteria tested: Staphylococeus, 20 strains;
Streptococcus, 9 strains; Pneumococcus, 3 strains.

Inhibiting concentration, agar
dilution test (units/ml)
08 .312 125 5 20 NI*

w

IL*

2

o

9
2 1
1.25 1

312
.08 | 12t 1 1

* N.I. = Not inhibited.

t No. of strains, having indicated semsitivity in
tube dilution test which were inhibited by given
concentration of antibiotic in agar dilution test.

Inhibiting con
centration, tube
dilution test
(units/ml)
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TABLE II. Comparison of Tube Dilution and
Agar Dilution Methods of Testing Sensitivity to
Streptomyecin, Bacteria tested: Escherichia coli, 29
strains; Staphylococous, 20 strains; Aderobacter
aerogenes, 15 strains; Streptococcus, 9 strains;
Pseudomonas aeruginosa, 9 strains; Proteus, 4
strains; Pneumococcus, 3 strains; Klebsiella pneu-
montae, 3 strains; Alkaligenes fecalis, 2 strains; 1
strain each of Salmonella typhosa, Salmonella sp.
(antigenic group C,), Shigella paradysenteriae, and
Shigella sonnet,

Inhibiting concentration, agar
dilution test (ug/ml)

08 312 125 5 20 NIL*
)
€28 NI+ 540
WwoSnE 20 16
H2E8S 5 2 28 2 1
EFE% 125 5 01
2emY 812 11
EES 08 |

* N.I. = Not inhibited. 1 See Table L.

TABLE III. Comparison of Tube Dilution and

Agar Dilution Methods of Testing Sensitivity to
Aureomycin. Bacteria tested: See Table II.

Inhibiting concentration, agar
dilution test ( ,Lg/ml)

08 312 1.25 5 20 N.I*

§§ 7 N.L*[- 23
wosa 20 13
5888 %5 2 33 1
EFER 125 1 10 1
ES=Y 312 12t 1
5 E .08 1

* N.L = Not inhibited. t See Table 1.

single 4-fold dilution; in all the determina-
tions, which amount to a cumulative total of
1176, there are only 3 instances in which there
is a discrepancy greater than a 4-fold dilution.

In Tables IV-VI a comparison of the agar
diffusion and tube dilution test results is pre-
sented. For the purpose of tabulation, the
results of the tests were used to classify each
organism as “resistant,” “sensitive,” or “inter-
mediate.” The concentrations of antibiotic
chosen to limit each of these groups was based
on the plasma levels of the antibiotic that can
be obtained by administration of a reasonable
dose of the drug(3-8). Since the blood level
that can be obtained varies with each anti-
biotic, the “yardstick” used to define each of
the 3 groups also varies with each antibiotic.
The zone diameters chosen to limit each of
the groups were based on the over-all range
of the diameters of the zones of inhibition pro-
duced by an antibiotic-containing disc in the



576

TABLE IV. Comparison of Tube Dilution and
Agar Diffusion (Disc) Methods of Testing Sen-
sitivity to Penicillin. Bacteria tested: See Table I.

Classified by Agar Diffusion
Test

<8 mm)

Claussified by tube
dilution test

Resistant (in-
= | hibition zone

Sensitive: 14 (in-
hibited by .08
unit/ml)

Intermediate: 6 (in-
hibited by .312-

20 units/ml)

Resistant: 12 (in- 2
hibited by 20
units/ml)

¥ No. of strains, having indicated semsitivity in
tube dilution test which were classified as ‘‘sensi-
tive,”’ ‘‘intermediate,’’ or ‘‘resistant’’ in agar
diffusion test (see text).

[V

the

the
(=7

TABLE V., Comparison of Tube Dilution and
Agar Diffusion (Dise) Methods of Testing Sen-

sitivity to Streptomycin. Bacteria tested: See
Table IL.
Classified by Agar Diffusion

Test

Classified by tube
dilution test

Resistant (in-
hibition zond
| <12 wmm)

Sensitive: 7 (in-
hibited by
<5 pg/ml)
Intermediate: 49 1i 37 1
(inhibited by
5 & 20 pg/ml)
Resistant : 42 (in- 1C 32
hibited by >20
ug/ml)

* See Table IV.

testing of the 98 strains of bacteria used.
There was wide variation in the zones of in-
hibition produced by the different discs;
therefore, the zone diameters that define each
of the 3 groups also vary with each antibiotic.
The diameters of the zones of inhibition and
the antibiotic concentrations of the broth
dilutions chosen for division of the organisms
into the groups are shown in Tables IV-VI.
It can be seen from examination of these
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tables that in the case of penicillin fair agree-
ment exists between the results of the disc
and tube dilution tests. The agreement be-
tween results of the 2 tests with bacitracin is
also fair. There is poor agreement between
the results of the 2 tests with regard to the
other 4 antibiotics, however, With aureo-
mycin, while there is agreement between the
tests in selecting resistant strains, many were
classified as resistant by the agar diffusion
method that were classified as sensitive by the
tube dilution method. The reverse was true
in the case of streptomycin, in that many
organisms that were classified as resistant by
the dilution method were intermediate as
tested by the diffusion method; also, many
classified as intermediate by the dilution
method were sensitive according to the dif-
fusion method. There was similar rather poor
correlation of the results obtained in the test-
ing of chloramphenicol and terramycin.

The effect of the size of inoculum used in
agar dilution tests was evaluated by repeating
sensitivity determinations using different dilu-
tions of the same broth culture; the dilutions
used were 1071, 102, 103, and 10~*. In such
tests with various strains it was found that the
size of the inoculum used did not alter the
results.

In order to test the stability of the anti-
biotic-containing plates the following expeti-

TABLE VI. Comparison of Tube Dilution and

Agar Diffusion (Disc) Methods of Testing Sen-

sitivity to Aureomycin. Bacteria tested: See Table
1T,

Classified by Agar Diffusion

Test
g2 2 E Az
iz 55 I
£2E TEI B2
Z.2 £E23x 3982
. 7 22, =222
Classified by tube £ 2EE B=E=
dilution test oA ST E =V
Sensitive: 14 (in- iF 6 1
hibited by
<1.25 pg/ml*
Intermediate: 43 3 ¥ 33
(inhibited by
1.25 & 5 ug/ml)
Resistant: 36 35
(inhibited by
20 ug/ml)

* See Table IV,
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ment was performed. Several series of plates
were prepared with each antibiotic and the
plates were then stored at 4°C. The plates
were streaked with the same strains of bac-
teria at weekly intervals over a period of 4
weeks and the apparent sensitivity recorded.
The aureomycin-containing plates showed no
loss in potency during the first 3 weeks; after
that period the potency decreased by one-half.
The other 5 antibiotic-containing plates that
were tested maintained their potency over the
full 4-week period.

Discussion. There is evident need in the
clinical laboratory for a method of determin-
ing quickly, the antibiotic sensitivity of bac-
teria isolated from infectious processes. The
simplicity of the disc method of testing recom-
mends it over the cumbersome tube dilution
method. However, question has been raised
as to the accuracy of the former method of
testing. The results of this study demon-
strate that there is poor agreement between
the values obtained by the disc and tube
dilution methods with certain antibiotics. It
is therefore felt that there is a sacrifice of
accuracy for simplicity of testing when the
disc method of sensitivity determination is
used.

There was good agreement between the re-
sults of the agar dilution and tube dilution
methods of testing. The fact that the anti-
biotic-containing plates can be kept in the re-
frigerator over a period of 4 weeks (3 weeks
in the case of aureomycin) without loss of
potency means that series of plates can be
prepared once every 2 to 3 weeks and stored
until needed for testing. There are several
points that are important in the preparation
of antibiotic-containing plates. It is im-
portant, especially with aureomycin, to avoid
letting solutions of antibiotics stand before
incorporating them in plates because some de-
crease in potency occurs(7,9). Of prime im-
portance in the preparation of such plates is
the cooling of the agar to 45°C before adding
an antibiotic; this must be observed in order
to prevent heat destruction of the antibiotic.
Plates to be stored must be kept in a refrig-
erator at a temperature of 4°C.

In these experiments the size of the in-
oculum used did not alter the results of the
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agar dilution method. These findings are in
agreement with those of others(10-12).

The agar dilution method of testing is sim-
ple in its performance and its accuracy agrees
with that of the tube dilution method within
limits of clinical usefulness. Like the latter
method, the agar dilution method offers a
direct estimate of the concentration of anti-
biotic necessary for inhibition of an organism.

Conclusions. 1. The agar dilution and tube
dilution methods of determining bacterial sen-
sitivity are equally reliable. 2. Aureomycin-
containing plates can be stored for 3 weeks
without loss of potency; plates containing
penicillin, bacitracin, streptomycin, chloram-
phenicol, and terramycin can be stored for 4
weeks without loss of potency. 3. The agar
diffusion method of sensitivity determination
is not fully reliable, as shown by poor cor-
relation of the results obtained by that method
and the tube dilution method of testing with
some antibiotics.

The authors are grateful to Miss Anne C. McKalen
for technical assistance.
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