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The effects of inocula and media on the activities of ampicillin, penicillin,
chloramphenicol and co-trimoxazole against Haemophilus influenzae were
examined in vitro. Two inocula and four media were tested by the disk diffusion,
broth dilution, and agar dilution methods. Chloramphenicol activity versus
H. influenzae was least affected by changes in inocula and media, whereas
co-trimoxazole was most susceptible to these effects. Filde's and Levinthal's agar
dilution tests were most satisfactory for ampicillin. Penicillin was less active on
Levinthal's than on Filde's agar. Both ampicillin and penicillin were less active
when tested against the higher inoculum. Co-trimoxazole was most active (<1%
H. influenzae was resistant) when tested at an inoculum of 106 colony-forming
units/ml on diagnostic susceptibility test agar with 5% lysed horse blood added.
The majority of H. influenzae appeared resistant to co-trimoxazole with in-
creases in the test inocula and/or when tested on brain heart infusion with
Filde's, Levinthal's or "low-thymidine" Mueller-Hinton medium.

The recognition of Haemophilus influenzae
resistant to ampicillin has emphasized the
importance of routine susceptibility testing of
these bacteria in hospital laboratories (6, 11,
15). A study was undertaken to evaluate the
comparative antimicrobial susceptibilities ofH.
influenzae to four currently available anti-
microbials and to determine the effects of
inocula and media on these in vitro measure-
ments.

MATERIAL AND METHODS
H. influenzae were identified by Gram stain,

colonial morphology, and X- and V-factor growth
requirements. Nitrate reduction and indole produc-
tion tests were done on nontypable eye isolates (8).
Typing was performed by the slide agglutination
technique using commercial type-specific antisera
(Difco) to H. influenzae.

Strains were isolated from ill children seen at the
Montreal Children's Hospital from 1 January to 31
October 1974 and were stored in pure culture in
defibrinated horse blood at -70 C. The sources and
respective number of H. influenzae studied were as
follows: blood, 17; cerebrospinal fluid, 13; eye, 20;
nose, 2; sputum, 3; throat, 7; pleural fluid, 2; ear, 1;
nasopharynx, 5; wound, 2. Seventy-two isolates
were tested for susceptibility to ampicillin, peni-
cillin, chloramphenicol, and co-trimoxazole (tri-
methoprim [TMPl/sulfamethoxazole [SMZ]) by the
disk diffusion, broth dilution, and agar dilution
methods. Overnight cultures incubated at 37 C in

Levinthal's broth were diluted to produce inocula of
106 and 108 colony-forming units (CFU)/ml, verified
by colony counts. All tests were carried out using
brain heart infusion (BHI; Difco), with 10% Filde's
medium (Difco) added and Levinthal's medium pre-
pared from defibrinated laked horse erythrocytes as
described by McLinn et al. (10). In addition, co-
trimoxazole agar dilution studies and all disk diffu-
sion tests were performed on "low-thymidine"
Mueller-Hinton agar (MH; Difco) with 5% defibri-
nated lysed horse blood plus 2.5 MLg of reduced beta-
nicotinamide adenine dinucleotide (Sigma; 7) per ml
and diagnostic susceptibility test (DST; Oxoid) agar
with 5% defibrinated lysed horse blood added (9).
Both media were incubated overnight (37 C) to
neutralize TMP-SMZ-antagonizing substances by
ensuring complete phosphorylysis (2, 3). Disks,
stored at -20 C, had the following potencies (in
micrograms): ampicillin, 10; penicillin, 10; chloram-
phenicol, 30; and co-trimoxazole, 25. Antibiotic
powders were stored at 4 C under desiccation.
Ampicillin (Ayerst) and K penicillin G (Lilly) were
adjusted to 100% potency and dissolved in sterile
distilled water. Chloramphenicol (Parke-Davis) was
dissolved in absolute ethanol, sulfamethoxazole
(Roche) in 0.1 N NaOH, and trimethoprim (Roche)
in 0.1 N lactic acid. Fresh stock solutions of anti-
biotics were made for each experiment.
Two concentrations of bacteria (106 and 108 CFU/

ml) were inoculated onto the surface of the agar
with a cotton swab to produce a uniform growth
across the plate. After drying for 20 min, disks were
placed onto the agar surface and the plates were
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incubated at 37 C for 18 to 24 h. Zone diameters were
measured to the nearest 0.5 mm by means of
calipers. For the broth and agar dilution studies,
serial twofold dilutions were made so that end con-
centrations yielded 20 to 0.078 ,ug/ml for ampicillin,
penicillin, chloramphenicol, and trimethoprim and
400 to 0.78 ,ig/ml for sulfamethoxazole. Co-trimoxa-
zole was tested in a 1:20 ratio of trimethoprim/sul-
famethoxazole.

Broth dilution tests were carried out in a micro-
titer by serially diluting the antibiotic in 0.05 ml of
broth through the first 11 wells; well 12 contained
only broth and bacteria. Minimum inhibitory con-
centration (MIC) was defined as the lowest concen-
tration of antibiotic inhibiting visual growth. Agar
dilution was performed employing the Steer's repli-
cator, delivering approximately 0.007 ml of a 10" or
109 CFU/ml suspension onto the surface of the agar
(13); MIC was defined as the lowest concentration of
antibiotic completely inhibiting growth. Known re-
sistant and susceptible strains ofH. influenzae were
used as controls. Tests were considered valid if the
zone sizes varied not more than ±2 mm and the
MICs varied by + one dilution.

RESULTS

Two of 223 H. influenzae tested were resis-
tant to ampicillin (MIC 6 ,ug/ml). Three of 72

isolates were resistant to penicillin (MIC - 1
,ug/ml), and all were susceptible to chloram-
phenicol.
The results of the disk diffusion suscepti-

bility tests are illustrated in Tables 1 and 2.
All isolates were susceptible to chlorampheni-
col on all media tested at both inocula (108 and
10" bacteria/ml). Using a disk zone diameter of
.22 mm as indicative of susceptibility to ampi-
cillin and penicillin, there is no difference
between the numbers of isolates susceptible to
these antibiotics at the same inoculum on
Levinthal's agar when compared to Filde's
agar. Intermediate readings were more fre-
quent (especially with penicillin) when MH or
DST agar was used. Most H. influenzae were

resistant to co-trimoxazole (zone diameter, -16
mm) when the disk diffusion test was carried
out on Levinthal's or Filde's agar but were
susceptible in all but one instance when tested
at the same inoculum on low-thymidine MH or
DST.
The effects of two inocula (108 and 108 CFU/

ml) on disk diffusion results were tested on
Levinthal's agar. The larger inoculum was
associated with an increase in resistance of

TABLE 1. Effect of media on disk diffusion susceptibilities of72 H. influenzae using an inoculum size of108
CFUlmla

H. influenzae susceptibility (no.) to:

Co-trimoxazole Ampicillin Penicillin Chloramphenicol
Medium (25 gg) (1Ogg) (10 gg) (30 pAg)

R I S R I S R I S R I S
(-10)b (11-15) (>16) (sll) (12-21) (.22) (511) (12-21) (222) (s12) (12-17) (.18)

Levinthal's/BHI 60 1 11 2 0 70 2 27 43 0 0 72

Filde's (10%)/BHI 65 0 7 2 0 70 2 25 45 0 0 72

MH plus 5% lysed 1 0 71 1 3 68 1 19 52 0 0 72
horse blood

DST plus 5% lysed 1 0 71 1 3 68 1 5 66 0 0 72
horse blood

a R, Resistant; I, intermediate; S, susceptible.
b Numbers in parentheses are zone diameters (in millimeters).

TABLE 2. Effect of inoculum on disk diffusion susceptibilities of 72 H. influenzae using Levinthar's agara

H. influenzae susceptibility (no.) to:

Co-trimoxazole Ampicillin Penicillin Chloramphemool
Inoculum (25 pAg) (10 pig) (10 pIg) (30 pg)

R I S R I S R I S R I S
(s1O1) (11-15) (216) (r11) (12-21) (.22) (C11) (12-21) (.22) (r12) (13-17) (.18)

10", 42 2 28 2 0 70 2 1 69 0 0 72

10" 60 1 11 2 0 70 2 27 43 0 0 72

a. b See footnotes to Table 1.
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H. influenzae to co-trimoxazole and an increase
of intermediate readings for penicillin. Ampi-
cillin and chloramphenicol disk diffusion sus-
ceptibilities were not affected by these inocula
changes. Thus, both the inoculum size and type
of agar are critical factors affecting the disk
diffusion susceptibilities of H. influenzae to co-
trimoxazole. These effects were not evident for
chloramphenicol or ampicillin and did not
affect the resistance of these bacteria to
penicillin.
An inoculum effect was demonstrable for

penicillin, ampicillin, and co-trimoxazole tested
in Levinthal's and Filde's media by the broth
and agar dilution methods. Figure 1 illustrates
this effect for co-trimoxazole tested in Levin-
thal's broth at inocula of 106 and 109 bacteria/
ml. The same effects on penicillin and ampicil-
lin susceptibilities on Filde's agar are demon-
strated in Fig. 2. The inoculum did not affect
chloramphenicol susceptibilities in the broth or
agar dilution studies. As with the disk diffusion
studies, co-trimoxazole resistance was increased
with the larger inoculum in broth and agar
dilution studies. The effect was also present for
penicillin and ampicillin, but not for chloram-
phenicol.
The effects of media were compared by the

broth and agar dilution methods. End points
were difficult to determine accurately in both
Levinthal's and Filde's broth (also noted in the
inoculum studies reported above). This was
most marked with the microtiter method. Agar
dilution tests were easiest to read with Filde's
broth. MICs were slightly higher on Levinthal's
agar, especially for penicillin. The results for
chloramphenicol, ampicillin, and penicillin are
illustrated in Fig. 3 on both Filde's and Levin-
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thal's agar. In general, ampicillin and chlor-
amphenicol demonstrated similar results by
agar dilution with both media. However, peni-
cillin was considerably less active when tested
on Levinthal's medium.
The most difficult drug to evaluate in vitro

was co-trimoxazole. In the initial experiments,
a marked inoculum effect was noted for broth
and agar dilution tests carried out on both
Filde's and Levinthal's media. Most strains
were resistant, and there was poor correlation
between the disk diffusion and agar dilution
tests. To further define this, four media were
compared by the agar dilution method using an
inoculum of 106 CFU/ml. These results are
illustrated in Fig. 4 and demonstrate a signifi-
cant effect of the testing medium. Most strains
ofHaemophilus (>90%) were susceptible to co-
trimoxazole using DST agar with 5% defibri-
nated lysed horse blood added, but appeared
resistant when tested with the three other
media, i.e., agar with 5% defibrinated lysed
horse blood, Bil agar with 10% Filde's, and
BHI agar with defibrinated laked horse eryth-
rocyte filtrate (Levinthal's). MIC end points
(defined as complete inhibition of growth) were
very clear with DST agar, whereas trailing end
points were often encountered with the other
three media and a great deal of subjectivity was
present in reading these tests.

DISCUSSION
The technical aspects of antimicrobial sus-

ceptibility testing of H. infZuenzae have been
studied for four antimicrobials. Results indicate
that ampicillin resistance (-6 ,ug/ml) is presert
in 0.9% of H. influenzae isolated from ill
children in Montreal. The predominant type of
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FIG. 1. Susceptibilities of 72 isolates ofH. influenzae to trimethoprim and sulfamethoxazole alone, and in
combination, tested in Levinthal's broth. (A) Inoculum, 106 CFUlml; (B) inoculum, 109 CFUlml. Symbols: 0
trimethoprim; *, sulfamethoxazole; A, trimethoprimlsulfamethoxazole.
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FIG. 2. Susceptibilities of 72 isolates ofH. influenzae to ampicillin, penicillin, and chloramphenicol tested
on BHI agar with 10% Filde's. (A) Inoculum, 106 CFUlml; (B) inoculum, 109CFU/ml. Symbols: O, penicillin;
*, ampicillin; 0, chloramphenicol.
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FIG. 3. Susceptibilities of 72 isolates ofH. influenzae to ampicillin, penicillin, and chloramphenicol tested
on (A) BHI agar with 10% Filde's agar and (B) Levinthal's agar. Inoculum, 106 CFUlml. Symbols: O, peni-
cillin; *, ampicillin; 0, chloramphenicol.
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FIG. 4. Effect of four media on the agar dilution susceptibilities of H. influenzae to co-trimoxazole.
Inoculum, 106 CFUlml.

Haemophilus tested was B; however, all types
were susceptible to the same effects of inocula
and media. Susceptibilities of these bacteria to
chloramphenicol, ampicillin, and penicillin
confirm observations previously made by other
investigators (4, 14, 17). No strains resistant to
chloramphenicol have been encountered, and,
in general, penicillin susceptibility paralleled
ampicillin susceptibility.
Medium and inoculum size are most critical

for H. influenzae susceptibilities to co-trimoxa-
zole tested by the disk diffusion and broth/agar
dilution methods. The effects of the inoculum
on the quantitative susceptibility tests (broth
and agar dilution) with ampicillin and penicil-
lin are also important when interpreting these
data in the light of in vivo activity of these
drugs. Chloramphenicol susceptibilities were
not influenced by either the inoculum or
medium in these studies. As the Center for
Disease Control, Atlanta (CDC Morbid. Mor-
tal. Week. Rep., vol. 23, 1974), recommends an

inoculum size of 108 CFU/ml for disk diffusion
susceptibility testing, this was compared to 106
CFU/ml for these tests. The higher inoculum
(109 CFU/ml) used in the broth and agar dilu-
tion studies represents an undiluted 18-h broth
culture.
The importance of the media in susceptibility

testing to co-trimoxazole was most impressive.
Conflicting data are present in the literature
with regard to susceptibility ofH. influenzae to
this combination, and this most likely reflects
the differences in testing techniques (7, 12, 17).
The inhibitory effect of substances in the agar
on sulfonamide activity was noted by Harper
and Cawston (5) and Walker et al. (16). This is
usually attributed to para-aminobenzoic acid,
which inhibits sulfonamide activity, and thy-
midine, which inhibits trimethoprim activity.
These effects can be neutralized by lysed horse
blood. There is a limitation, however, on the
capacity of horse blood to neutralize these
inhibitors, and this is probably related to the

VOL. 8, 1975



662 MARKS AND WEINMASTER

activity of various enzymes in horse blood,
including thymidine phosphorylase (1). This is
evident from the comparative evaluation of
four media by the agar dilution method in our
studies. The agar with the lowest content of
thymidine (DST agar) demonstrated almost
uniform susceptibility for the H. influenzae
strains tested, whereas media containing
higher concentrations of thymidine (including
low-thymidine MH agar) demonstrated almost
uniform resistance.
The technical aspects of H. influenzae anti-

microbial susceptibility testing are complex
and need further evaluation in experimental
models and other in vivo situations to select the
media most appropriate for predicting clinical
therapeutic activities. Until these studies are
available, a note of caution is urged, since it is
quite obvious that the inocula and/or the
media, particularly in the case of susceptibility
testing to co-trimoxazole, can markedly influ-
ence the in vitro susceptibility patterns of H.
influenzae.
The following conclusions resulted from our

research.
(i) Ampicillin resistance was present in 2 of

223 clinical isolates of H. influenzae; 0, 3, and
1% of 72 strains tested were resistant to
chloramphenicol, penicillin, and co-trimoxa-
zole, respectively.

(ii) Resistance, as measured by the disk dif-
fusion method, was directly related to the
inoculum size and test medium for co-trimoxa-
zole. These factors did not influence chlor-
amphenicol or ampicillin susceptibilities but
often shifted the zone diameters for penicillin
to the intermediate range.

(iii) Filde's and Levinthal's media were both
satisfactory for broth and agar dilution suscep-
tibility testing with ampicillin and chloram-
phenicol; penicillin was less active on Levin-
thal's medium. Medium was critical for co-
trimoxazole (see [vii] below).

(iv) Increasing the inoculum markedly in-
creased the resistance of H. influenzae to co-
trimoxazole; it increased resistance to ampi-
cillin and penicillin moderately and had no
effect on chloramphenicol in broth and agar
dilution studies.

(v) The microtiter broth dilution test was
unsatisfactory for accurate, reproducible sus-
ceptibility tests of H. influenzae, since clear,
objective end points could not be demonstrated
for any of the drugs tested.

(vi) The agar dilution method was most use-
ful for quantitative susceptibility testing of
H. influenzae to ampicillin, penicillin, chlor-
amphenicol, and co-trimoxazole.

(vii) The selection of media for co-trimoxa-
zole susceptibility testing is critical. DST agar
(containing the lowest concentration of thymi-
dine, 0.04 jug/ml) yielded clear end points in
the agar dilution test and demonstrated >90%
of strains to be susceptible to sl1/20 jg of
trimethoprim/sulfamethoxazole per ml. End
points were unclear and poorly reproducible
with the other three media tested, and <25% of
strains appeared to be susceptible at the same
concentration of trimethoprim/sulfamethoxa-
zole.
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