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We examined ampicillin-resistant strains of Haemophilus influenzae to com-

pare the percentage of resistant organisms in each strain with the susceptibility
to ampicillin by an agar dilution method. Using an inoculum of 104 colony-
forming units, the minimal inhibitory concentration (MIC) increased with the
percentage of resistant organisms in the strain. Laboratory-manipulated strains
composed of different proportions of a susceptible and a resistant strain behaved
similarly. The survival of isolated colony-forming units (colony MIC) was then
determined by spreading inocula over the surface of a set of MIC plates,
resulting in separation of individual colonies. This modification of the suscepti-
bility test to the colony level gave end points that were clear and reproducible
and that did not vary with changes in incubation time or temperature. True
differences in susceptibility among strains were demonstrated by this method,
whereas results of the conventional MIC test may reflect only the number of
resistant organisms present in the inoculum.

Since the emergence of ampicillin-resistant
strains of Haemophilus influenzae, reliable
susceptibility testing of this organism has be-
come a matter of grave importance. Reports
concerning susceptibility patterns, as well as
case reports, often describe ampicillin-resistant
H. influenzae in terms of a minimal inhibitory
concentration (MIC) as though this were a
standard and meaningful laboratory measure.
In fact, the fastidious nature of H. influenzae
necessitates the modification of standard meth-
ods merely to obtain growth adequate for test-
ing purposes. Variables such as inoculum size,
media, and incubation conditions may all influ-
ence results. Among ampicillin-resistant
strains, the important factor appears to be the
size of inoculum used, regardless of whether
agar or broth dilution techniques are used (3,
12). Inoculum size refers to the total number of
colony-forming units (CFU) placed into a broth
or spotted onto an agar plate. A larger inocu-
lum yields a higher MIC. Cultures of ampicil-
lin-resistant H. influenzae, however, are not
homogeneous. Resistance is conferred by a plas-
mid coding for a /8-laciamase (10). A resistant
strain may contain individuals that do not bear
the plasmid and are consequently susceptible to
ampicillin at the usual concentrations. Sponta-
neous loss of the plasmid may occur frequently
under laboratory conditions (1). We have also
obser'ved this phenomenon and found it to affect
the MIC result.

We hypothesized that, inoculum size and
other conditions being equal, the MIC of a
strain depends on the proportion of f3-lactamase-
producing individuals in that strain at the time
of testing. Our experiments show this to be the
case; furthermore, true differences among
strains were demonstrated by a method that
tests the susceptibility of individual CFU.

MATERIALS AND METHODS

Organisms. We have recently examined 271
strains of H. influenzae by agar dilution and disk
diffusion tests for susceptibility to ampicillin and
two cephalosporins (B.M. Gray, C.A. Hubbell, and
H.C. Dillon, Jr., manuscript in preparation). All
were clinical isolates recovered from patients at The
Children's Hospital, Birmingham, Ala., in 1971,
1975, and 1976. Twenty-six strains were ampicinin
resistant, of which 14 were selected for further
study. Seven were type b (strains 3, 4, 6, 7, 8, 9, and
13); the remainder were nontypable. Strains were
preserved in skimn milk at -60°C.
Agar dilution techniques. (i) Strains were re-

covered from storage on Levinthal agar made with
washed human erythrocytes (6, 13). Five to six colo-
nies were incubated until growth appeared (3 to 6 h)
in brain heart infusion broth (Difco) supplemented
with 8 ,ug of hemin (type 1, bovine; Sigma Chemical
Co.) per ml and 5 jig of nicotinamide adenine dinu-
cleotide (,3-NAD, grade III; Sigma Chemical Co.) per
ml. Samples (0.1 and 0.2 ml) of this culture were
inoculated into prewarmed broths and grown for 2 to
3 h to ensure log-phase growth. Growth was moni-
tored by colony count and optical density; broth
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cultures of optical density 0.07 at 590 nm yield 107 to
108 CFU/ml.

(ii) MIC plates were prepared according to the
ICS recommendations (4), using ampicillin (anhy-
drous standard; Wyeth Laboratories) in Levinthal
agar poured in 150-mm petri dishes. Plates were
used within 24 h.

(iii) The conventional agar dilution method was
done using a replicator like that of Steers et al. (11);
the bacterial concentration was adjusted such that
each pin delivered 104 CFU to 5-mm spots on the
MIC plates. Plates were incubated in candle jars at
37°C for 18 h. The MIC was read as the lowest
dilution of antibiotic to completely inhibit growth.

(iv) The MIC of CFU, hereafter referred to as the
"colony MIC," differs from the conventional MIC in
that rather than inoculating multiple strains as dis-
crete spots of 104 CFU on the plates, the inoculum of
each strain tested is spread over the entire surface of
a set of MIC plates, resulting in separation of indi-
vidual colonies. An inoculum of 103 CFU in 0.1 ml,
spread with a bent glass rod and turntable, proved
suitable. Duplicate sets of MIC plates were incu-
bated in candle jars, one set at 37°C and the other at
35°C. The colony MIC was read as the lowest dilu-
tion of ampicillin to inhibit growth (see also Fig. 6).
One to 10 colonies (less than 1% of the inoculum) on
the last plate exhibiting growth were disregarded.
Plates with few or no colonies were reincubated and
examined at 24 and 36 h.

Determination of percentage of resistant orga-
nisms. Ten clinical isolates were grown in broth and
diluted to 104 CFU/ml in 10% brain heart infu-
sion broth-physiological saline. Samples of 0.1 ml
were spread, as above, on Levinthal medium (to
grow the total population) and on Levinthal medium
containing 2 ,ug of ampicillin per ml (to select the
resistant organisms). The percentage of resistant
organisms was calculated from colony counts of the
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two plates (in duplicate) (Fig. 1). The conventional
MIC was determined from the same initial broth
cultures.

RESULTS
In the course of testing nearly 300 H. influ-

enzae strains for ampicillin susceptibility, we
observed several phenomena prompting further
investigation. The effect of 83-lactamase produc-
tion by a resistant strain on reducing local am-
picillin concentrations, thereby allowing neigh-
boring susceptible colonies to grow (Fig. 2), was
one such observation. We also noted that the
disk diffusion test, which correlated with resist-
ance by MIC in all cases, exhibited a discontin-
uous or "double" inhibition zone with many
resistant strains (Fig. 3). These observations
illustrate two important features of ampicillin-
resistant H. influenzae strains: resistant
strains are composed of both susceptible and
resistant individuals; and the presence of re-
sistant organisms permits the growth of suscep-
tible organisms in their immediate vicinity. By
spotting a large number of organisms as a unit,
the conventional MIC is subject to these influ-
ences, collectively called the "inoculum effect."
The proportion of resistant organisms in 10

wild strains ranged from 7 to 100% and the MIC
increased correspondingly (Fig. 4). Most strains
had 70% or more resistant organisms and gave
MICs of64 ,ug/ml or greater. The same relation-
ship was reproduced artificially with the nine
laboratory-manipulated strains, whose MIC
also increased with the percentage of resistant
organisms (Fig. 5). Since these nine strains

FIG. 1. Percentage of resistant organisms is calculated from the colony counts of inocula spread on plain
agar (left, 1,332 colonies) and on agar containing 2 pg of ampicillin per ml (right, 92 colonies) -for this
strain, 7%.
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FIG. 2. Inoculation spots on this 8-p,g/ml MIC plate show no growth ofsusceptible strains to the far right;
susceptible colonies adjacent to the resistant strain are capable ofgrowth.
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FIG. 3. Inner ring shows growth of only a few
resistant colonies; outer ring approximates the usual
susceptibility zone, outside of which all organisms
are capable ofgrowth; between these two rings resist-
ant organisms predominate. This effect may not be
apparent on opaque media.

were derived from the same parent popula-
tions, the effect of inherent strain differences
was eliminated in this experiment.
Table 1 summarizes results of conventional

FIG. 4. Percentage of resistant organisms versus
MIC/104 CFU for 10 wild H. influenzae strains.

MIC and colony MIC determinations and per-
centage of resistant organisms. Colony MIC
values for 12 clinical isolates ranged from 4 to
32 gg/ml. Typical colony MICs are pictured for
two strains in Fig. 6. The inhibition of growth
on the 4-,ug/ml plate clearly marks the end
point. Corresponding colony counts displayed
graphically showed some decrease at 2 ,ug/ml.
Other strains showed a similar pattern; some
had no diminution of growth at the dilution
before the end point. End points were all
plainly discernible, usually with complete ab-
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FIG. 5. Percentage of resistant
MIC/104 CFU for nine labora
strains.
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DISCUSSION
Ampicillin-resistant H. infli

widely distributed. Chloramp
recommended in addition to an
ous H. influenzae infections pi
bility tests (2). Clinical laboi
perform disk susceptibility te,
properly done, is reliable and
cient information for making cl
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The colony MIC measures the susceptibility

of single CFU, thus eliminating the effect of
inoculum size and minimizing the influence of
environmental factors. This technique is not
intended to replace the disk or MIC methods.
Rather, it serves to characterize a strain in
terms of the susceptibility of its individual colo-

64 128 '128 nies. Reasons for differences in colony MIC may
be speculated upon. As suggested in the work of

organisms versus Medeiros and O'Brien (10), H. influenzae has,
tory-manipulated to a lesser extent than Escherichia coli, a bar-

rier that impedes entry of penicillin into the
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Source ~MIC/ MIC/ antSource CFU 104 CFU orga-nisms
(%)

Middle ear aspiirate 32 >64 84
Lung aspirate 32 >64
Knee aspirate 16 16 7
Cerebrospinal fluid 8 >64 72
Sputum 8 >64
Throat 8 >64 100
Lung aspirate 4 >64 69
Cerebrospinal fluid 4 32 38
Blood 4 >64 80
Tracheal aspirate 4 64 26
Sputum 4 >64
Middle ear aspirate 4
Blood >64 81
Middle ear aspirate >64 87
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FIG. 6. MIC of single CFU is determined by spreading inocula of 103 CFU over agar containing serial
dilutions ofampicillin. Two strains are pictured with a graph of their respective colony counts (0, upper set;
0, lower set). The MIC is thus 4 pg/ml.
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mation is the presence of resistant organisms,
not their proportion or their individual suscep-
tibility, since antibiotic therapy is directed
against the entire population. The interaction
of resistant and susceptible organisms may al-
ter both laboratory results, as shown by our

data, and therapeutic outcome, as evidenced by
clinical experience.
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