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A microdilution method incorporating the use of color-defined growth end
points was compared with a conventional broth tube dilution procedure for
susceptibility testing of Haemophilus influenzae with ampicillin and chloram-
phenicol. The microdilution method allowed rapid performance of dilution sus-
ceptibility tests with easily defined end points.

The existence of ampicillin-resistant strains
of Haemophilus influenzae has now been well
documented in widely separated geographic
areas (Morbid. Mortal. Weekly Rep., vol. 24,
no. 24, 14 June 1975). This emergence of resist-
ant strains ofHaemophilus has emphasized the
need for practical, reliable susceptibility test-
ing methods for this organism (2, 5, 6).
We have recently reported a simplified me-

dium developed in our laboratory for perform-
ance of susceptibility testing of H. influenzae
(1). This medium is composed of Mueller-Hin-
ton medium plus a yeast concentrate with hem-
atin (Difco supplement C). The advantage of
supplement C as an enrichment for growth of
Haemophilus is that the same basic light color
and clarity of Mueller-Hinton medium is re-
tained after the addition of the supplement.
The present report describes a further devel-

opment of this medium that allows use of rapid
microdilution techniques for broth dilution test-
ing of H. influenzae. The addition of dextrose
and a pH indicator to the basic medium allows
the definition of growth end points based on a
change in color of the pH indicator.

Seventy-five isolates of Haemophilus (70 H.
influenzae and 5 H. parainfluenzae) were uti-
lized to evaluate the microdilution technique.
Fifty of these were ampicillin susceptible,
whereas twenty-five isolates were known to be
resistant to ampicillin (minimal inhibitory con-
centration [MIC] 2 8 gg/ml), as confirmed by
the Center for Disease Control, Atlanta, Ga.

All isolates were tested for susceptibility to
ampicillin and chloramphenicol in parallel by
using the traditional broth tube dilution tech-
nique and the modified microdilution proce-
dure. The medium used for the conventional
tube dilution method was Mueller-Hinton
broth plus 5% supplement C (1). For the microdi-
lution test, the medium was composed of: Muel-

ler-Hinton medium, 21 g; dextrose, 10 g; phenol
red, 0.036 g; supplement C, 50 ml; and distilled
water, 1,000 ml. In practice, the medium is
prepared double strength since the addition of
the inoculum suspension dilutes the contents of
each microtiter well 1:2. Fifty-microliter por-
tions of the two times concentrated medium
were added to wells of Falcon sterile, disposa-
ble, flat-bottom microtiter plates. Twofold dilu-
tions of ampicillin and chloramphenicol were
then prepared in the microtiter plates with
flame-sterilized, 50-,l microdiluters. Test con-
centrations of ampicillin and chloramphenicol
included dilutions from 16 to 0.03 ,ug/ml for the
susceptible strains. Those found to be resistant
to 16 gg/ml or greater were repeated, starting
with ampicillin concentrations of 64 ,ug/ml. Two
wells of each column of the microtiter tray con-
tained only medium, without antibiotic, one of
which was inoculated as an organism control,
the other left uninoculated as a medium con-
trol.

Inocula for both broth dilution methods were
prepared by growing Haemophilus strains for 4
to 6 h in Mueller-Hinton broth with 5% supple-
ment C. The cell density was adjusted by dilu-
tion in sterile 0.9% saline to obtain a turbidity
equivalent to that of the 0.5 no. 1 McFarland
opacity standard. For conventional tube dilu-
tion testing, this inoculum suspension was fur-
ther diluted 1:100 in saline, and a 0.05-ml por-
tion was added to 0.5 ml of broth. The standard
inoculum suspension was diluted 1:500 for the
microdilution method, and a 0.05-ml portion
was added to the same volume of media in the
microtiter wells. The final inoculum density
was approximately 2 x 105 organisms/ml with
both methods.
Both test procedures included incubation at

37 C for 20 to 24 h without increased C02 ten-
sion. The MIC for the conventional tube dilu-
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TABLE 1. MIC's of 75 Haemophilus isolates

No. and % of isolates with MIC (,ug/ml) of:
Determination

0.125 0.25 0.5 1 2 4 8 16 32 64 >64

Ampicillin (tubes) 19 (13) 26 (35) 14 (19) 1 (1) 1 (1) 3 (4) 11 (15) 9 (12)
Ampicillin (microtiter) 21 (28) 21 (28) 8 (11) 2 (3) 1 (1) 8 (11) 7 (9) 7 (9)
Chloramphenicol (tubes) 1 (1) 10 (13) 47 (63) 16 (22) 1 (1)
Chloramphenicol (microtiter) 1 (1) 3 (4) 33 (44) 36 (48) 2 (3)

tion procedure was considered the lowest con-
centration of antibiotic inhibiting visible
growth of the organisms, as determined by tur-
bidity. After incubation of the microtiter tests,
growth end points were clearly defined and eas-
ily interpreted. The change in the indicator
color from red to yellow indicated growth of
Haemophilus with dextrose fermentation and
subsequent acid production. Therefore, the
MIC was defined as the lowest dilution of the
antibiotic inhibiting visible growth, i.e., the
last red well.
The composite results of paired susceptibility

tests using the microdilution technique and tra-
ditional broth tube dilution method are indi-
cated in Table 1. Results of tests with both
antimicrobics indicated that the two test meth-
ods agreed within one twofold dilution in all
cases. The median concentration of ampicillin
that inhibited ampicillin-susceptible isolates
was 0.25 ug/ml. Ampicillin MICs of resistant
isolates were 8 ,tg/ml or greater, with a median
of 64 ,ug/ml for the conventional tube dilution
procedure and 32 ,g/ml for the microdilution
method. The median concentration of chloram-
phenicol that inhibited both groups of orga-
nisms was 0.5 ,ug/ml with the conventional
tubes and 1.0 ,g/ml for the microtiter method.
A noteworthy observation was that both tra-

ditional tube dilution and microdilution tests
could be read with confidence as early as 16
h with all strains tested with chloramphenicol.
The same statement could be made with ampi-
cillin testing of ampicillin-susceptible isolates.
Conversely, the ampicillin MICs of resistant
isolates were seen to change as much as four
dilutions between 16 and 24 h. For this reason,
all final test readings were made between 20
and 24 h.
The need for an efficacious method for the

determination of ampicillin susceptibility with

H. influenzae has been emphasized recently.
Several methods and media have been proposed
for this purpose, but none has proven entirely
satisfactory (3, 4). We have recently described a
medium (Mueller-Hinton plus supplement C)
that appears suitable for this purpose (1). The
present report describes a further modification
of this medium that allows rapid broth dilution
testing using a microdilution procedure. Micro-
titer plates, including medium and completed
dilutions of antibiotics, may be prepared in ad-
vance and stored at -20 C for at least 2
weeks prior to use. Automated devices now
available for rapid mechanized pipeting and
diluting of fluids in microtiter plates allow per-
formance of broth dilution tests with several
strains and different antibiotics in a convenient
period of time.

(This paper was presented in part at the 75th
Annual Meeting of the American Society for
Microbiology, New York, 27 April-2 May
1975.)
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