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SENSITIVITY OF EEMOPHILUS PERTUSSIS AND RELATED
ORGANISMS TO VARIOUS ANTIBIOTIC AGENTS

INTRODUCT ION

During recent years, nevw a.nti.‘bioﬁc agents have been discovered ia
rapid succession. Their importance can hardly be exaggerated, yet they
are, collectively, not a pansgcea for all infectious diseases. Some of
these antidbiotic agents are spectacularly ;ffoctive against a very few
organisms, while others are active against a wide variety. Omn the
other hand, some organisms are more or less resistant to all of these
agents., Among the infections which have generally resisted treatment
with antibiotics is pertussis. It should de neted, however, that most
of the published studies are concerned with streptoxycin, chloromycetina,
or sureomycin.

In many reports, the primary study consisted of a determination of
the sensitivity in vitro of the organism to the antibiotic im questien.
'!hia is, of course, desirable since it may provide some basis for pre-
diction of the success of the antidiotic in preventing or curing the
disease. OCare must bde taken in evaluating any in vitro test since
promising results are mot alvays dorne out ia climical trial.

Hegarty, Thiele, and Verwey (1945) presented evidence that strepto-
mycin in a concentration of 15 mog/ml was bactericidal to H, pertussis
in vitro. Yhen infected mice were treated with 0.5 mg doses, the
survival time averaged approximately twice that of the controls, but
there vas still an ultimate mortality of 90 per eent.

Saitber and Hemans (1951) demonstrated that 0.2 to 0.3 meg/ml of
chloromycetin inhibited growth of H, pertussis in vitro. In subsequeat
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in vivo experiments 100 per cent protection was achieved in some
instances vhen the intranasal route of imeculation was used. In intra-
ceredral infection chloromycetin was mmch less 'oﬂoeﬁn.

Bell, Pittman, and Olson (1949) showed that aureomycia hydrochler
ide given subcutaneously to mice in apparently non-toxic doses not only
delayed the time of death bdut alse prevented deaths due to prior intra-
cerebral infeetion with J, pertussigs. ¥o in vitro experiments were re-
ported. Preliminary clinieal trials wvith childrea suggested that sureo-
myeia given orally in apparently non-toxic doses shortened the clinical
sourse of the disease,

A number of other imvestigzators (Alexander and Redman, 1949; Day
and Bradford, 1952; Shih Man, 1950) have published their findings on the
sensitivity of H, pertussis and similar organisms to & mumber of aati-
diotics. In the majority of cases, however, only one method of testinag
was used. In the matter of investigating the possibilities of the
synergistic effect of combinations of antibiotics against J, pertussis,
very little has been done.

This study vas plamned with three major objeetives, as follows:

I. Sensitivity of H, pertussis and related organisms

%0 various antidbiotics as determined by the use
of antidiotic discs and a solid medium,

II. Semsitivity of J, pertussis and related organisms

to various antibiotics using a liguid medium.
I1l. Synergistic or antagonistic action of various com=

binations of antidiotics.



The use of both so0lid and liquid media was intended to afford a
more complete basis for evaluating the antibiotic agents under test.
Also it wvas hoped that the ‘ruultl would be of some signifiecance in
comparing the two methods,

The choice of the related organisas, Brucella bronchiseptigs and
the parapertussis bacillus rested largely upon the work of Kemdrick and
Eldering (1938), and Anderson (1952). The former investigators showed
by agglutination-absorption techniques and eross agglutination reastioas
that the three organisms are related but not identiecal. Anderson (1952)
in a recent report, indicated that these organisms have a common "O¥
aatigen, vhereas variations of the antigenic strusture of the three
organisms were apparently due to slightly aiffereant "B* and/or "A®
aatigens, besed on differentiation according to Ksufmamn (1951). Both
3. dronchigeptics and the parapertussis bacillus have been reported as
the cause of respiratory infestions in humen beings (Shih Man, 1950,
and Rldering and Kendriek, 1951). Becsuse of the similarity of these .
two organisms to H, pertussis it seemed reasonable to include thea ia
the study. The parapertussis bdacillus has never been given an official
generic designation. Since its taxonomic positioa has not beean clari-
fied, it will be referred to here merely as the parapertussis bacillus.






Pars I
SENSITIVITY OF H. PERTUSSIS AND RELATED ORGANISMS TO VARIOUS
ANTIBIOTICS AS DETERMINED BY THE USE OF ANTIBIOTIC DISCS.
Materials

The medium used im this portion of the study was Bordet-Gengou
mediwm vhich was made up as follows: The Bordet-Gengou agar bese medium
(Difco) was hydrated by suspending 4.5 gm im 100 ml of a one per cent
selution of glycerol im distilled water and heating to Boiling teo dis-
solve the agar completely. It was them autoclaved for fifteem minutes
at 15 198, pressure (121¢)s The medium was allewed to ceol te approxi-
mately 456 and aseptically enriched with sterile sheep bleod te 15 per
eent by velume, After thorough mixing plates were poured, imcudbated at
376 for 24 hours to elimimate contaminated plates, and stored in a
refrigerator.

The antiM otic discs used were the Bacto Sensitivity Disce, memu-
factured by the Difco Laborstories, Detroit 1, Michigan. The following
antibiotics were tested: dacitracin, chloromycetin, dihydrostreptomycin,
penieillia, sureomycin, and tor@ch. Tach of these agents was sup=
plied in three comcentrations which are imdicated in table 1.

The lyophilized cultures of the three test organisms were supplied
by the VWestera Michigam Section Laboratory of the Michigan Department
of Nealth. The 6 J, pertussis and 11 parapertussis cultures were iso-
lated from cough plates cellected im Grand Rapids from children with
whooping cough. JBr, bronchigeptica 22067 was isolated at Thorndyke
Nemorial Hospital, Boston, from a child with symptoms of whooping cough.
This culture was received ia Grand Rapids from Dr. Martha Ward,



Commnicable Disease Center, Chamblee, Georgia. The culture
Br, bronchisepties 2464 was isolated from a ferret by Dr. ¥W. Ferguson,
Miehigan Departmeat of Health, Laasing.

Yethods

Prior to condneting the tests, the cultures were reconstituted by
suspending the coatents of the ampule in approximately 0.2 ml of sterile
physioclogieal saline, plating on the Bordet-Gengou medium, and incu~
bating at 35 0, for 24 to 48 hours. After suitable grovth had been
established, enough growth was removed by loop and eamlsified in 2
of sterile salime to give a suspension of approximately 1.2 bdillion
organisms per ml. Previous tests had shown that 0.3 ml of such a sus-
pension, wvhen spread evenly over the surface of the plate, provided the
necessary eonfluent growth and the suspending saline was quickly absorbed
by the medium.

After the imoculum had been spread over the plate and had deea
absorbed by the medium, the sensitivity discs were aseptically placed
uapon the surface using flamed forceps. No more thamn three discs vere
placed on the surface of the medium to avoid ecrowding, Since the dises
come in three concentrations of each antidiotic, one plate wes suf-
ficient for determining the effect of one antibiotic.

After the discs had been placed on the surface of the medium, the
plates were imcubated inm an upright position for 24 hours at 35 6. Ia
the ease of J, pertussig, the incubation period was increased to 48
hours. The results were read by noting the diameter of the clear sone
of no grovth vhich surrounded the dises.
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TABLE 1
Sensitivity of H, pertussis, parapertussis bacillus, and Br, bronchiseptica as indicated by antibiotic discs
Mean diameter in centimeters of inhibition zone with each concentration of antibiotic
Penicillin Terramycin Dihydrostreptomycin Bacitracin Chloromycetin Aureomycin
Units Meg Meg Units Mcg Mcg
Organism 0,8 1 10 10 30 60 s 10 100 2 10 20 10 30 60 10 30 60
H.pertussis
mgreie 0.6 0.8 1.4 1.5, 2.6 2.6 0.8 1 ISN1E 0.7 TN 8 34 3.7, 3.9 0 1oy 136
18323 0,5 0.7. X 1.8 2.1 86 0.6 0,8 0.9 2.0 2.4, 3,2 3,6 3.8 &4 e 177! 2.8
23360 0.5 0.6 1.1 1.6 2.7 2.9 0,5 0.6 0.9 1.8 259" 309, USRS A9 2.0 2,2 2,6
19605 0V 1.1 1S 2,1 2.5 2.9 0,8 0,8 1 1 1.3 0B 8 3.3 3.8 4 0 15&4 2R3
18560 0 0.9 1.5 3.2 3.6 U4 1 e P s 2 1.5, 2.8 3.1 3.7 3.9 4 0 1360 3.0
10536 0.8 1 1.2 21239 LB 0.7 v 1.2 CINCNEEE S N T R s e T R 5 % (% 0 P e %
parapertussis bacillus
23788 0 0 0 P G P R e 0 o 0.9 QTR E g2 2553 3.5 0.8 1 1.3
17903 9 0 2.8 2ol 3.6 0 0 0.8 (Pt o oty S s | PRy G P NN 7| s D% 06 5y s -
% 23807 0 0 0.7 2.8, 3.1. 5.8 0 0 i 0 1.5 1.8 3,0 3,3 4 9.8 1,20 1.9
| 22345 g <70 2.8 2,84 3,2 0 0 0. 1 I P e T R B I B 2.0 2.1 2.8 (
| 23456 O 0. -85 izl ze txis o o Lo -0.e¥0l0. 1.6 LR g v sns Rak D By
| 23910 o o 0 2,6 3,0 3.6 0 0 1.2 9.9 . 137 2.0 8.9« 3T A5G S s g TSR
‘ 23054 0 0 0 e B PR 0 0 0.7 995 aligel 3.8 U4 L 1.3 2,6 2.8
21851 0 0 0 2.2 2,5 3.1 0 0 1.6 - R B W ! 2.8 3,2 3,6 8.9 &332 " a59
23310 0 0 10 3.0 3.8 & 0 0 1,2 8 2 SRS I R ! 2,5 3.7 U 1,4+ 2,8 2.9
21838 0 0 0 3.2 3,8 4 0 0,705 1 0,9 1,8 2,0 3,0 3.4 3.9 1.6% 1.8 2
21551 0 0 0.7 3¢9 3.7 3.9 0 0 1.6 PR 7 TR b 3.2 3,6 4 2.8 3.2 3,3
Br, bronchisepticus |
22067 0 1.5 1.7 1.8 0 0 0.6 0 1,0 1,2 L5 2317 V2.3 0.6 1.7 1.9
al6l o 0 0 L7 sl 9 2 ul 0 0 1,3 0 0 0.5 S FEEL T e Lt R 0 0 0.7




Besults

Several duplications of the tests with antidiotic discs were mede,
and the results are given in table 1. The figures represent the mean
of the recorded diameters of the clear sgones, in centimeters. These re-
sults are shown ia a condensed form in table 2, vhere the results are
expressed as an average of the observations with eultures of each species.

Beasitivity of H, pertussig, Six eultures of f, pertussig vere
tested, and these were all imhibited te some dsgree by each of the amti-
blotics tested. According to the sise of the zone of imhibdition, the
greatest effect was observed vith chloromycetin and the least effect
with penicillin and dihydrostreptomycin, Terramycin, bacitracin amd
sureomyein, all appeared to have the same general imhibditory effest.

Sensitivity of the paravertmssis decillus. Uslike [, pertussis,
the parapertussis bacillus was almost completely resistant teo pemi-
¢illin and was inhidited by dikydrestreptomycin only im the 100 meg am
mount, Only one of the 11 cultures tested showed any imhiditive sene
with the 10 meg disc. Chloromysetia and terramycia were the most ef-
fective. Bacitracin and sureomycia also were imhibitery in all three
sonsentrations although the zones were not as large.

Sensitivity of Er. Dbronchiseptica. Only two cultures of this orgas-
ism were tested and there was some difference ia their semsitivity.
Howvever, both were resistaat to penicillin and dihydrostreptomycin.
They shoved less resistance to bacitrecia and sureomycin. Again terre-
myein and chloromycetia appeared to be the most effeetive of the aati-~

biotics.
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The results with H, pertussis are qualitatively siamilar te those
with the other two organisms., Penicillin had a considerably greater
inhibiting action upon J, pertussis than upon either the parapertussis
bacillus or Jr, tronehiseptica. Dihydrostreptomycin showed resultis
vhich were very similar to that of pemicillin, Hegarty et al., (1945)
showved that H, pertussis was imhibited dy 3 meg of streptomyeia, dut
mice infected with H, pertussis and treated with streptomycin showed a
90 per cent mortality rate. The observations recorded im table 2 in=
dicate that there is an inhibiting effeect with 1 meg, tut that the
inhibitory effect is not markedly increased dy a much greater concen~
tration., Since penicillin has been shown to be of 1little value ia
animal or clinical tests with J, pertussis as the infeeting agent, and
streptomycin but little betier, it seems possible that sone size may
not be a reliable oriterion for choice of a suitable agent ia animel
tests, Oa the other hand, chloromycetin, which displayed a meaa imhi-
bition sone dismeter of 3.4 cm im a comcentration of 10 mcg has been
shown to be active against experimentel pertussis infections. Sarber
and Hemsns (1951), have shown that 0.3 meg of chloromycetin per ml is
inhibitory te H, pertussis and that im treatment of mice infected with
X, pertussisg, 100 per ceat survived in some cases.

!or:aych and bacitrecin showved an intermediate imhibitory effeect
as compared with chleoromycetin aad dikydrostreptomycim. Awreomycin
gave results showing appreciably more imhibition tham dihydrostreptomycin
or penicillin, though smch less inhibition than chloromycetin. This is
an interesting fimding sinee Bell et al., (1549) have reported promising






results in animals wvith sureomycin and, to a lesser extent, in clinical
treatment of children. Hovever, in tests with mice, the dosazes were
as high as 10 meg, vhich would produce a relatively high bleod level.
The imoreased inhibiting effect of higher concentrations of aureomyein
as compared with streptemycia or penicillia as showe in table 2 would
give an indication of pessidble imhidition at high concentrations of the
antidbiotic in the dlood.

It is of note that Bramde and Dockrill, (1952) have reported that
the inhibition sone diameter whem using sureomycin may be considerably
less than some other antidiotic, yet ia a 1liquid medium it is much more
effective. Buccessful treatmeat of clinical infections due to strains
sensitive to aureomyein in the test tube indicated that the tube method
was more reliable im their study.

From the results givea ia table 1, it is evident that penicillia
and dihydrostreptomycin have little effect upon the parapertussis bacillus
ia any eomcentration., This result is not surprising since Alexander and
Redman (1949) found ia & recent study that when using Bordet-Gengou
plates contalning a concentration of 1,000 meg of streptomycin, a con~
siderable zumber of colonmies of parapertussis dbacilli grew from the
original inoculum. The suthers concluded from this result that there were
sone extremely resistant organisms initially present in every porulatioa
examined. One might, therefore, expect to find isolated coleaies im the
clear sone of imhibition surrounding the aantidiotic disci however, Fome
was found. A possible explanation is that the occasional clear zome
found around the disc containing the highest concentration of dihydro=-
streptonyecia did mot imclude a large emough zmumder of organisms to demon=-
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TABLE 2

Surmary of Results with Antitiotic Discs Showing Mean Diermeter Observed
with Seversl Cultures.

Paramertussis Br. branchi-

E. pertussis bacillus sertica
Penicillin (Units)
0.5 0.5 0 0

1 0.8 <0.1 0

10 1.3 0.2 0]
Terranycin (Meg)

10 1.9 2.7 1.6

30 2.6 362 1.8

60 3.0 3.6 2.0
Dihydrostrentomycin (Mcg)

1l 0.8 0 0

10 0.9 <0.1 0

100 1.2 1.1 0.9
Bacitracin (Units)

2 1.5 0.8 0]

10 2.3 1.4 0.5

20 3.0 2.1 0.9
Chloromycetin (Mcg)

10 3.4 2.9 1.5

30 3.7 3ok 1.9

60 3.9 3.8 2.1
Aureomycin (Mcg)

10 0.6 1.4 0.3

30 1.7 21 0.9

60 2.5 2.3 1.3



strate extremely resistant celonies.

Ia the oase of parapertussis, the most effective antidiotic is
chloromycetin, followed very closely by terramycin, Of noticeably less
effectiveness are sureomycin and bacitracin. 3Br, tronchiseptica
followed the same pattern, i.e., penicillin and dihydrostreptomycin had
1little or no effect, chloromo.tin and terramycim proved to be the most
effective and very nearly identical ia their effect, and auwreomycia was
sinilar to becitraecin.

The results given im table 2 imdicate that as far as relative sen-

sitivity to antidbiotics is concerned, parapertussis is more sensitive to

all antibioties used thaa is Br, bropchiseptica.
Sonclusions

l. Of the organisms studied, JBr, tronchiseptica was the most
resistant, the parapertussis bdacillus was of intermediate
resistance, aad J, rertussis the least resistant to the
antidbioties penicillin, terramycin, dihydrostreptomycin,
bacitracin, chloromycetin, aad sureomycin.

2. J. pertussls was sensitive ia some degree to each of the
six antibioties.

3« There was very little variatioan among the sensitivity of

the six strains of J, pertussgis to the antidbiotics
studied.






Part II

SENSITIVITY OF H. FERTUSSIS AND RETLATED ORGANISMS TO VARIOUS
AFTIBIOTICS USING A LIQUID MEDIUM.

According to plan, vhen date had been accummlated on the effect of
various antibiotics upon the test organisms using the disc method, the
aext step wvas to study the tube dilution method with the same agents
and cultures. The purpose was to determine more exact emdpoints of
iahibition, and alse to obtain data for comparison of the two methods.
This eomparison seemed especially important with sureemycin, since
Breude (1952) has pointed out discrepant results between test tude and
dise with this aatibiotic. He showed that sureomycin was much more
effective in droth eultures than was sugzgested by the use of aureomyeia
discs. However, his observations did not imelude H, rertussig.

Nedjvm
Since ve had had considrable experience with the semi-gynthetie

medium described by Ochen and Wheeler (1946), this medium was chosen for
the semsitivity studies., It contains casein hydrolysate, various salts,
starch, and yeast dialysate, and is a clear faintly yellowish fluid.

The formula as published by Cohen and Wheeler (1946) follows.

Duld Mediuym for E, pertussis
(G2sein hydrolyvzate medium with yeast dislvzate)
Casemino acid (Bacto) ececccccsccccccsscccccsssscecss 10 grems
Sodium chloride (A.C.B.) cecccccccccccscccccscccccces 2.5 grams
Monopotassium phosphate, KH,PO.(A.C.8.) eecceccccccce 0o5 gram
Magnesium ehlorids, ngnz.snzo (A.C.5.) eeecccececces 0.kt gram
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Starch, soluble, pPowdered ccecececcceccccccccscccssccsce 1lo5 gram
Calcium chloride, GaCl, (A.C.8.), 1 per cent solutiom e 1 ml

Porrous sulfate, Pe50,.7H,0 (A.C.S.), 0.5 per cent

solution ceeee 2.5 ml
Gopper sulfate, ensou.snzo (A.€.8.), 0.05 per cent

solution ceeece 105 nl
Gyltoine hydroohlorldo. 1 per eBat solution .eeeecccccee 300 ml
Yeast dialysate 000000000000000000000000000000000000000 50 =m

Distilled water to mBK® cececcecceccscsccccccccscscsccces 1 kg

The casamino acid, salt, phosphate, and magnesium chloride were
disselved ia part of the water. The starch, dissolved separately by
heat im part of the water, was added and then the remaining imgredients.
After making up to 1 kg, the pH was adjusted to 7.2=-7.3. The medium
was dispensed in 6 ml amounts in 175-x 22-zm tubes and autoclaved at
10 1bs. pressure for fifteen mimutes.

The yeast dialysate was prepared from Fleischmann pure dry yeast,
type 2019, dialyzed ageinst distilled water at 78-80 € for 7 hours.

The antidiotics were generously furnished by Dr. P. G¢. Fink of
the Chas. Pfiser Co., Rahway, New Jersey,

Methods

Two strains of J, pertusais, 10536 amd 18560, one straim of the
parapertussis bacillus, 21838, and one strain of Br, dronchiseptica,
22067, wers chosea after preliminary testing as typical and repre-
sentative of the three species. Approximately two weeks defore con-
ducting the experiments these organisms were removed from the dried
state by suspending the pellets from the lyophile tube im sterile
physiological salime., This suspension was spread over the surface of
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Berdet-Gengou plates and the plates imcubated until growth was es-
tablished, usually 48 hours. Incubator temperature was maintained at
35 @ throughout, unless otherwise stated. Several successive transfers
were made, and the cultures studied for typical morphology and hemolysis.
Yhen the criteria for smooth strains had been satisfied, isolated coll-
nies were streaked on Bordet-Gengou agar slants and incubated for 48
hours. At the end of this period another transfer was made, incubated
for 24 hours, harvested by pipetting 2 ml of the liquid medium into the
test tube and gently rudbing off the surface growth. This suspension
was transferred to 125 ml Erlenmeyer flasks containing approximstely
10 ml of 1iquid medium, Gram stains were made before transferring the
suspension to the flasks to disclose any gross contamination., After
2k hours imcudbation, portions were removed and Gram stained for puri-
ty. After purity was established, other portions were imoculated

into the flasks as described above. This procedure was carried out

for three successive days. At this time, samples of each strain were
both stained and plated on Bordet-Gengou medium to rule out morpho-
logical changes and loss of hemolytic ability. If no change was ob=-
served, the eulture was considered to be satisfactory for the re-
mainder of the test.

Upoa the day of the test, the amtidiotic umder study was dis-
solved in a measured amount of the liquid medium to provide a kmowm
conceatration of antibiotiec. Dilutions were made, in vhich the con~
contration was twiee that to be tested, to allow for addition of aa
equal quantity of the culturs.

One ml of each comcentration was placed im a 15 x 90 mm test
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tube. To each tube was added 1 ml of a one billion per ml Gohea-
Wheeler suspension of E, pertussis. Previous tests showed that a fina)
density of 0.5 billion per ml of H, pertussis was necessary to insure
grovth. The parapertussis dbacillus suspension was also adjusted to one
billion per ml. All density determinations were made with a Cenco
photelometer using the pyrex glass suspension from the National Imsti-
tutes of Health, representing an opacity of 10 billion organisms per
ml. The Jr, bronchiseptica suspension was diluted to 2 million organ—
isms p;r nl since this organism is much less fastidious tham the other
two, and grows more rapidly. OControls consisting of 1 ml of Cohen~
Vheeler medium plus 1 ml of the seed suspension were inscluded, All
tubes were then incubated for 48 hours. At the emd of this period,
suitable dilutions were made, and portions plated on derdet-Gengou
platess The plates were imcubated for 96 hours im the case of
Hs pertussis, and 48 hours for the two other organisms. After the in-
cudbation period colomies were counted, morphology and staining proper—
ties observed, and results recorded as percentage of surviving organ-
isms, arrived at by comparing mﬁer of colonies on test and control
plates.
Besults

The results of the sensitivity tests are shown as an average of
severel tests im tadbles 3, &4 and 5. From the data on J, pertussis
in table 3, it may be seen that penicillin, dihydrostreptomycin,
ehloromyeetin and meomycin, im this order, are considerably more ef-
fective against this organism than are aureomycia, bacitracin and
terraxmycin, wvith the method used, The latter three antibiotics are
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very similar to each other ia their effectiveness. The data in table 4
indicate that the parapertussis bacillus is generally more resistant to
all the antibiotics except polymixin and neomycim. Neomycin and poly-
aixin, respecstively, wers the most effestive agents against para~
pertussis. OChloromycetin, terramycin and sureomycim were respectively
somevhat less effestive, and dacitracin, peniciliin and dihydrostrepto-
mycin much less effective.

The data ia table 5 show that chloromycetin, aureomycim, poly-
mixin and neomycin were, respestively, the most effective against
Br, dronchigeptica, showing quite comparable results. Terramycin,
dihydrostreptomycin, bacitracin and penicillin were all much less ef-
fective in their action.

Additiopa) experiments, using $0lid medium. In order to obtain
further data on the sensitivity of the test organisms, Bordet-Gengou
agar plates were prepared containing kmown amounts of the various
antibiotics. The choice of the concentrations was governed by results
with the discs since comparison of disc and liquid medivm methods was
desirable. The preparation of the medium has already beem described
(Methods, Seestion I). Before pouring the plates, the proper cem-
centration of antibiotic in 1 ml was added to 49 ml of the dlood agar
medium, thoroughly mixed and poured. After the plates had cooled,
and had been imcubated te disclose any contamination, they were seeded
with 0.35 ml of a saline suspension containing approximately 80 organ-
isms per .03 ml. The plates were imcubated for 48 to 96 hours, colo-
aies counted, and results expressed in per cent of survival, as com=

pared to ocoatrol plates imoculated im the same manner at the same time,
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Simce polymixin discs in three concentrations, and neomycia in one
concentration, had become available, plates were prepared as ia Part I,
and these data are included with results of the plate method in tables
6 and 7.

Regults

It is evident from these tables that in the majority of cases the
results showvn by the disc method were in agreement with results given
by the poured plate method. The results shown by the tube dilution
method were not in as good agreement with either the tudbe dilution or
poured plate method if J, rertuss]s is considered. The results shown
by the tube dilution were more ecomparable to results of the other two
methods in the case of the parapertussis bacillus and Br, bronchi-
geptica. With meomycin discs of 10 meg concentration, the imhibition
sones indicated considerable effectiveness against the three organ—
fsms. Polymixin B discs of 5 mcg concentration produced imhibition
gones considerably smaller tham meoxmycin with the organisms tested.

Discussion

The results obtained in using a liquid medium should be con=
sidered in the light of results with antibiotic discs since it is
especially important to establish the degree of correlation between
the two methods.

In tadble 2 penicillin and streptomycin discs at respective
levels of 10 units and 100 mgs produced inhibition zone diameters of
20 more than half the size of the imhibition sones of the other four
antibiotics tested azainst f. pertussig. However, ia the test tube,
using liquid medium, tadle 3, these two antidiotics produced 100
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TATLE 3

Per cent Survival of H. nertussis After Incubction for 48 hours in a
Medium Conteining Various Cuentities cf Antitiotics

Units or Microgrems

Culture

Number 20 15 125 10 75 5 2¢5 1 0.5 _Control
Aureonmycin

10536 0 12 15 17 L2 63 62 76 o1 100

18560 0 3 L é 9 10 21 Lo 73 100
Chloromycetin

10536 0 0 0 0 0 0 0 L Lé 100

18560 0 0 0. 0 0 0 1 22 30 100
Terramycin

10536 8 11 16 21 2L 24 24 53 73 100

18560 19 20 20 21 29 38 50 69 77 100
Polymixin

10536 0 0 0 0 0 0 17 25 95 100

18560 0 0 0 0 0 1 2 36 90 100
Dihydrostrevtomycin

105736 0 0 0 0 0 0 0 0 0 100

18560 0 0 0 0 0 0 0 13 61 100
Bacitracin

10536 0 18 19 20 35 39 Ly 93 100 100

18560 0 19 24 29 37 L2 52 8L 96 100
Penicillin

10526 0 0 0 0 0 0 0 0 10 100

18560 0 0 0 0 0 0 0 0 19 100

. Neomycin
10536 0 0 0 0 0 0 0 17 95 100
18560 0 0 0 0 0 0 1 35 39 100
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per ceat inhibition at the 2.5 unit level (pemicillin) and the 2,5 mog
level (dihydrostreptomycin). Indeed, penicillin prodused somplete im-
hibition at the one wnit level. No other antibdiotic gave eomplete in-
hibition of doth strains at the 2.5 unit or meg level. These results
suggest that both penlecillin and dihydrostreptomycin im the form of
discs used on Bordet-Gengou plates gave imhibition zones much smaller
than their effectivensss in liquid medium would indicate., This dis-
erepancy could be similar to that observed by Braude (1952) whea
studying asureomycin; however, there was good correlation bdetweea the
effectiveness of aureomycin im the test tude and the success in clini-
cal cases imn his study. ¥No similar correlation has been noted with
either dihydrostreptomycin or pemnicillin in animal tests or clinical
cases of infection with J, pertussis. In contrast to the foregoing,
sureomycia at a comparable level of concentration of 10 meg displayed
a somevhat smaller zone of imhibition than 4id either penicillin or
dihydrostreptomycin, yet at the 2.5 meg level, there were survival
rates of 62 and 21 per cent with strains 10536 and 18560, respective-
1y, vhea tested with aureomyein. It must also be noted that aureo~
aycia is distinctly more effective in treating experimental and
clinical infections caused by J, pertussis (Easen et 21, 1951).
Iahibition zones produced by terramycim and bacitracia were
sinilar and the results shown im table 3 indicate that there is
reasonably clese agreement between the effects of the two amtibiotics
in the liquid medium, GComparison of the zome diameter with the per
gent of survival suggests that there might be a smaller percentage of
K. npertussis surviving than shown in table 3. Polymixin produced an
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iahibdition zone at the 5 mcg level almost identical with peniecillin at
the 10 unit level; however, penicillin 'allowed no survivors at the 1
anit level while polymixin allowed survivors at the 2.5 mcg level, Of
the antibiotics tested, chloromycetin and meomycin (table 7) respective-
1y gave the best correlation in that the diameters of the imhibitioa
gones were the largest produced by any of the antibiotics at the 10
meg or unit level and inhibdition im liquid media at the identieal
level was complete. Lack of better eorrelation between the solid
mediun disc method and the liquid medium method when testing the
He pertussis might be attridbuted to the slowmess of growth of the organ-
isms, After 48 hours im liquid medium some of the more sensitive anti-
Yotics, sureomycin (Braude and Dockrill, 1952) for example, may have
partially lost their effectiveness. Another possidle explanatien is
the large initiel inoculum, approximately 0;5 billion per ml final
density, necessary to establish dependable growth in a stationary
liquid medium. It is certainly a possidility that this large inoculum
night be of aa overvhelming mature and produce erratic results.

The parapertussis bacillus, table 4, gave results showing in
goneral a better correlation with the disc method. Penicillin and &i-
hydrostreptomycin discs gave very small imhibition szones, and vhea
tested in the liquid medium the mumder of survivors was greater thaa
50 per cent at the 10 unit or mcg level. Again the best correlation
between the results with the two methods was with chloromycetin.

Using the disc method, becitracin showed inhibition zones much
smaller tham terramycin against parapertussis, and in the test tube,

at any level of concentration, the per cent of survivors was gregtor






TAELE 6

Sensitivity of H. nertussis ~nd Related Organisms to Various
Antibiotics Incorvorated in Bordet-Gengou Medium.

Per cent Survival

Concexntration Br.bronchie

Antibiotic ver ml H. vertussis Paravertussis sentica
Chloro-

mycetin 10 ncg 0 0 0
Neomycin 10 mcg 0 0 0
Disc

Method* 2.2 2 1.8
Terra—

mycin 10 mcg 0 0 0
Poly-

mixin B 5 meg 0 0 23
Disc

Metihod* 1.4 1.2 0.9
Beci-

tracin 2 units 22 100 100
Peni-

cillin 10 units 0 100 100
Aureo-

nycin 10 mcg 0 0 0
Dihycro-

strentonyein 1 meg 0 100 100

*Zone dismeter (cm) of inhibition.
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2k

Sensitivity of H. pertussis end Related Orgeanisms to Various
Antibiotics.

A Commarison of Three Methods.

Antibiotic Concentration

Br.

and Method H. nertussis Peramertussis  bronchise-tica

Chloromycetin 10 ncg
Disc(em inhibition zone) 3.4 2.9 1.5
Test Tube(Per cent

Survivals) 0 0 0
Poured Plzte(Per cent

Survivels) 0 0 0
Neomycin 10 mcg
Tisc 2.2 2 1.8
Test Tube 0 0 0
Poured Plate 0 0 0
Terramycin 10 mcg
Disc 1.9 2.7 106
Test Tube 6 1 1
Poured Plate 0 0 0
Polymixin B 5 mcg
Disc 1.4 1.2 0.9
Test Tube 0 0 69
Poured Plate 0 0 23
Bacitracin 2 units
Disc 1.5 0.8 0
Test Tube 24 28 91
Poured Plate 22 100 100
Penicillin 10 units
Disc 1.3 0e2 0
Test Tube 0 62 100
Poured Plate 0 100 100
Aureomycin 10 necg
Disc 006 1.“‘ 003
Test Tube 12 L 0
Poured Plate 0 0 0
Dihydro=-

strentomycin 1 meg

Disc 0.8 0 0
Test Tube 0 100 100
Poured FPlote 0 100 100
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with bacitracin than with terramyocin. Aureomycin gave results quite
similar to those obtained when using the J, pertussis, i.s. a reason-
ably large zone of inhiditliom using discs but survivors im the highest
concentrations in the test tube. The correlation between the disc amd
test tube method was thought to be éne primarily to the somewhat better
growth of the parapertussis bacillus ecompared to J, pertussis.

Br. dronchigeptica, tadbles 2 and 5, gave results similar to those
odserved with the parapertussis bdacillus, Penicillin amd dihydro-
streptomycia discs produced very small imhidition zones, and these
antibiotiocs in the test tube showed Wt little imhidition. Ghlero-
mycetin and terramycin discs gave almost ideatical imhibition zones,
1.5 and 1.5 cm respectively at the 10 meg level, In the test tudbe there
was complete imhibition of the organism at this level with bdoth anti-
biotics. There was evidence of the small imhibition zone of the aureo-
mycin disc being misleading, as Braude (1952)reported. At the 10 meg
level the imhibition zone diameter was 0.3 centimeters as compared with
a diameter of 1.5 centimeters at the same level of chloromycetin, yet
there was complete inhibition with both ageats im the test tube,
Bacitracin gave results similar to those of penicillin and dihydre-
streptomycin in that the discs produced small imhidition zones and
the survival rate was more tham 75 per cent with the highest concen~
tration of aatibdiotic.

The general correlation of the two methods when using Br, dronchie
Jeptica as the test organism wes of the same order as with parapertussis.
The agreement was much closer with these organisms than with

H. pertusgis.






Decreasing Activity of a Number of Antibiotics Ageinst H. vertussis

#nd Eelated Orgcanisms. A Commerison of Two Methods.

TABLE 8

26

Test Tube letlod Using 2

Liquié Medium®*

Disc lethod Using a
Solid Medium*

Penicillin Chloromycetin
Dihydrostrentomyein Neomycin
Neomycin Terramycin

¥. vertussis Chloromycetin Bacitracin

- T Polymixin B Polymixin B
Aureonmycin Aureomycin
Terranmycin Dihydrostrentomycin
Bacitracin Penicillin
Neomycin Chloromycetin
Polymixin B Terrenycin
Chloromycetin Neonycin
Terramycin Aureomycin

Perapertussis Aureomycin Polymixin B
Bacitracin Bacitracin
Penicillin Dihydrostrentoumycin
Dihydrostrentomrcin Penicillin
Chloromycetin Neomycin
Aureomycin Chloromycetin
Neomycin Terramycin

Br.bronc:iseptica Polymixin B Polymixin B
Terramycin Aureomycin
Dihydrostrentonycin Dihydrostremtonycin
Bacitracin Bacitracin
Penicillin Penicillin

*Denotes decreasing inhibition zone size in disc

method and decrersing survivel mercents;e in the

test tube metlod.



Summary

Table 8 presents & summarized comperisom of the overall results
of the disc and dilution methods. The results with the test tube
method were based on per cent of survival at comparable levels vhen de-
ternining the order of activity of the antibdiotic ia question. It is
evident from tadle 8 that there is no correlatioa between the results
of the two methods im the case of the H, pertussis. However, if anti-
biotics shown to be the most efficacious im the treatment of experi-
mental pertussis infections ia animals or clinicsl human infections
are considered, Haszen e} a] (1951), the disc method is much more
reliable., With either of the other two organisms used ia this study,
the results of the two methods are similar., There was a marked
similarity of results between the poured plates and the disc method.
Gomparative results between the poured plate method and the test tube
mothod were not as striking., It is interesting that with bacitracin
the results with the two methods were mearly identiecal. As previ-
ously stated, bacitracin using the disc method gave an imhibitioa sone
which might indicate a greater imhibiting action than is actually
present.

Sonclusions

Using the tube dilution method, the various antibiotiec agents
were tested for imhibitory astiam against J, pertussig, the pare~
pertussis bacillus, sad B, tronchigeptica. Based upon the data, the
eonclusions were as follows:

1. JH, pertussis was most susceptible to penicillina,

dihydrostreptomycin, neomycin and chloromycetin,



2.

3.

&,

and least to terramycin, bacitracin and aureomycin.

This was in disagreement with the results with dises.
The parapertussis bacillus was most susceptidle to
neoxycin and polymixin, least susceptible to dihydro-
streptomyein, penicillin and becitracin, and of inter-
mediate susceptidbility to chleromycetin, terramycin,

and aureomycin. This was in sgreement with the re-
sults shown by dises in a majority of the antibiotics
tested.

Brs bronchigeptica was most susceptidle to chloromycetin,
aureomycin, neomycin and polymixin, and least susceptible
to penicillin, bacitracin, dihydrostreptomycin and terra-
myoin, This was in gemersl agreement with the results
with the discs in a majority of the antibiotics tested,
The results of both the antibiotic &isc method and anti-
blotic containing Bordet-Gengou medium method were in
close agreement; further both of these methods were more
reliable tham the tube dilution method using Gohen-
Vheeler medium in predicting the most successful agents
for treatment of infections as shown by clinical studies
by other imvegtigators.






Part 111
STUDY OF SYNERGISTIC OR ANTAGONISTIC ACTION OF VARIOUS

COMBINATIONS OF ARTIBIOTICS.

In recent studies Jewets and coworkers (1952), studied the effect
of a number of antidbiotic combinations egainst both gram positive amd
gran negative organisms. No reports on synergistic actioa upon
H, pertussis have been found im the literature. It was decided to
determine if there were combinations of amtibiotics which would die-
Play synergism or aatagoniem in their action on the three orgenisms
under study.

Method

The concentrations of the antibiotics to be used in combination
vere besed upon the results of each used alone im liquid medium,
shown in tables 3, 4 and 5. The concentration of each amtibiotic
chosen was such that the surviving population was approximately 25
per cent of the control without antidbiotic. GCohen-Wheeler medium was
made up to contain 8 times the desired concentrations, to allow for
dilutiom ia the tests.

Yor each combination tested the set-ur consisted of four
15 x 90 mm test tubes containing the following:

Tube 1. One half ml of each antibiotiec in concentrations

8 times tho final concemtration required per ml.

Tube 2, One ml of one of the antibiotics appearing ia

the combination.

Tube 3., Ome ml of the other antiblotic present iam the

combination.






Tube 4. One ml of plain Cohen-Wheeler medium. This
tube served as a control.
B, pertussis culture suspension prepared as in Part II was added,
1 ml to each tudbe. The procedure was repeated for the parapertussis
bacillus and Br, bronchiseptica. After a suitable imcubation period,
48 nours for J, pertussis end the parapertussis bacillus and 2} hours
for Br, bronchiseptica, suitable dilutions were plated on Bordet-Gengoun
plates, the plates imcubeted and colonies counted. The rovsults were
expressed according to the following scheme:
Antagonism (Antag.) Indicates the surviving population
equals the control within normal
dilution error.
Indifference (Ind.) Indicates the gurviving population
is from 50 to 90 per cent of the
control.
Slight synergism (+) Indieates a surviving population of
from 25 to 49 per cent as compared
to the control.
Nederate synergism (++) Imdicates a surviving population
" of from 10 to 24 per ceat.
Marked synergism (+++) Indieates a surviving population
of less 10 per cent.
Gomplete (Gomp.) Indicates no surviving population.

The above desoription of the synergistic activity is emperical

particularly wvhen defining "Indifference®. It would probably be



fallacious te assume that one antibiotic ima the combinatioa would
inhibit one portion of the microbial population and the other antidbiotic
of the combination an entirely different portion evem though these
agents are chemically different. It is more reasonable to presume that
both agents, initially, exert to some degree an overlapping inhibitory
effeet upon the same organisms but mey then act somewhat more selective-
ly and seperately upon different, more resistant survivors. The results
from the various combinations are given in table 9,

RBesults

K. pertussis. Of the ocomdinations in table 9, those containing
bacitracin exhibit the most synergistic activity, either marked or
moderate, Combinations containing dihydrostreptomycin alse displayed
synergistic activity though not mariked. Penicillin combinations were eof
less activity. Neomycia combinations showed variable astivity, i.e.,
indifference, complete inmhibition, and moderate astivity.

Parepertussis bacillus. All bacitrrcin combimtions, and meomycin
combinations, tadble 9, showed very similar and slightly symergistic
activity in the majority of combinations. Ome bdacitracin combinatiom
and one neomycia combination exhibited moderate activity. Dihydro-
streptomycin combinations showed slight activity except that of dihydro=-
streptomycin and sureomycin vhich completely imhibited the parapertussis
bacillus.

Brs dronchiseptica. Bacitracin combinations exhibited indiffereat
synergistic activity with the exception of bacitracin and terramyecin,
vhich was completely imhiditory. Neomycim combinations showed slight
activity except with terrsaycin with which it was completely inhibitory.
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TAHRLE 9
Synergistic Effects of Antiblotic Gombinations upon E, pertussis and
Related Organisms
): 1Y parapertussis Brs
Antidiotic Combinations pertussis bacillus bronchigeptica
Penicillia plus
Neomycin + + +
Penicillin plus ' '
Dihydrostreptomycia Ind, Ind, Ind,
Penieillin plus
~_Bacitracin + + +
Dihydrostreptomycin plus . . .
Becitracin +* ' + Ind.
Dihydrostreptomycin plus
Neomycin +** + X
Dmdréstreptomin plus.
Chloromycetin + + Antag.
Dihydrostreptomycin plus
Aureomycin > Somp. +
Dihydrostreptomycin plus '
ferramycin had + b
Bacitracin plus - . .
Yeomycia + : Ind,
Bacitracin plus
Shloronycetin + + Ind.
Bacitracin plus
Aureemycin +++ *~» Ind.
Bacitracin plus C o :
o Terramyoin ++ * Somp,
Neomycin plus . .
Chleromycetin Ind. + +
Yeomycin plus
Aureomycia Gomp. + +
Neomycin plus







Dihydrostreptomycin combinations rsmged from antagonism to moderate
activity. Penicillin combinations were of slight or indifferent syner-
glstic activity.

Discussign

The results shown in table 9 are vhat might be expected i.s.,

He pertussis, generally the most sensitive to the antibiotics tested,
being the most susceptible appearing to be synergistic aection, and the
parapertussis bacillus, of intermediate sensitivity, displaying the
same general sensitivity to the combinations but of a moticeadly lower
order. J2r, bronchisevtica, which is the most resistant of the three
organisms to single antibiotics also appeared to be the most resistaamt
%o the combinations. Of interest too is the fact that both

H, pertussig and the parapertussis bdacillus showed a fairly uniform
degree of sensitivity, the former bdeing of eather moderate or marked
sensitivity, and the latter of generally slight sensitivity to the
majority of combinations. Om the other hand, the activity of the come
dinations against JBr, bronchigeptiga was quite variable, ranging from
aatagonism to moderate effectiveness in the combinations which included
dihydrostreptonycin, This variance was not as marked in the other com-
binations.

Because of the unexpested results odtained vhen using simgle
antibiotics in liquid medium, there seemed to be adequate justification
for testing several of the combinations in Bordet-Gengou plate for
confirmation of the effect observed in liquid medium.

The combination of penicillin and dihydrostreptomycin was se-
lected since with all three organisms the synergistic activity
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appeared to be indifferent. Three combinations which gave complete
inhibition, ome for each organism, were also tested.

The plates were prepared as described previously except that the
two antibiotics were mixed together immediately before being added to
the measured amount of Bordet-Gengou medium. The inoculum used was the
same as described im Part II. The plates were incubated for either 48
or 96 hours depending on the organism, and survivors expressed as a per
cent of the colonies appearing on the control plates., These results
are given in tadle 10.

Results

Vith both combinations tested, H, pertussig exhibited indifferent
senasitivity. The parapertussis bacillus exhibited the same general
type of indifferent sensitivity although there appeared to be evidence
that the combination of dihydrostreptomycin and aureomycin was slight-
1y more active. Jr, bronchiseptics showed indifferent semsitivity im
the case of the penicillin and dihydrostreptomycin combination, and
complete sensitivity to the combination of bacitracin and terramycin.
0f the combinations tested, the only definite evidence of synergisa
noted was in the case of terramycim and neomycin tested with Jr, droachi-
septica.

Riscussion

The results im table 10 indicate again the lack of agreement
botween the two methods, particularly with H, pertugssig and to a
lesser extent with the parapertussis bacillus. In contrast, the re-
sults confirm the agreement of the two methods with Br, bronchiseptiga

as the test organisa.
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TAELE 10
Synergistic Activity of Antiblotic Combinations Using a Solid Medium
Per cen Surviv
H parapertussis
Antibiotie Comdinations pertussig bacillus bronchiseptica
Penicillin 88 57 85
Penicillin plus
Dikydrostreptomycin 88 8s 92
Dikydrostreptonycia 82 7 &8
Gontrol 100 100 100
Aureomycin 70
Aureomycin plus
Neomyein 78
Neomycin 75
Gontrol 100
This combination with J, pertussig omly.
Aureomycia 78
Aureomycin plus
Dikydrostreptomycin 11
Dihydrostreptomycin 70
Gontrol 100
This combination with the perapertussis
Jecillys only,
Terramycia 52
Terramycia plus
Neomycin : -]
Neomycin 83
Gontrol 100

This combination with Br, bronchiseptica only.







The combination of dihydrostreptomycin and penicillin which
oxhibited "indifferent" synergistic activity in the liquid medium was
indifferent in all cases when the Bordet-Gengou medium was used. If
only this combination were used as a basis of comparison between the
two methods, it would suggest good agreement, However, when the re-
sults of the other combinations previously shown to give complete in-
hibition are observed, distianct disagreement is seen with both
E: pertussis and the parapertussis bacillus. JBr, bronchigeptica, oa
the other hand, is completely inhibited regardless of the method. Oa
the basis of these and some of the results shown ia Part II, it
appeared that synergistic activity of comdinations of antidbiotics against
both J, pertussig and the parapertussis bacillus in the liquid medium
method as described and the Bordet-Gengou medium method would have to de
n;pporéod by further ]1j vitro testing as well as animal tests before
reliability of either method could be estadlished.

Yhile the results in tabdle 10 disagree insofar as the two methods
are concerned, the discrepancy bdetweean percentages of survival is not
great with the single antibiotics. 1In all eases, the unit level,
chosen as a result of the testing in liquid medium, was found to allow
more than fifty per ceat survival as was plaaned, In most cases, more
than seventy per cent survival was moted. This bPeing the case, the
results of testing simgle antibiotics in a liquid medium may be con-
sidered reliadble in terms of survivers, i.s., the concentratioan of
an antibiotic mecessary to inhibit a certaim percentage range of less
than fifty per cent of the three organisms may be relied on to in~
hibit, within 1imits, a 1ike percentage on Bordet-Gengou medium. The
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Activity of antibiotic combinations in liquid medium is not wholly pre-
dictadle with respect to the activity found using Bordet-Gengou medium
if E, pertussis and the parapertussis becillus are to be considered.
If Br, bronchiseptica is employed as the test organism, the activity
of antidbiotie combinations is mere likely to be comparable with both
methods.
nclusi
1. Synergistic activity of various combinations of
antibiotics against the three organisms in this
study was demonstrated by use of Cohen-¥Yheeler
liquid medium eontaining the various eombinations.
2. The synergistic activity of eertain antidiotic
combinations against the pertussis and para~-
pertussis organisms shown in the liquid medium
were not duplicated by use of Bordet-Gengou
mediun.
3. The synergistic activity of certain other com-
binations of antidbiotiocs in the 1liquid medium
was duplicated when using Bordet-Gengoun medium.
4, The perceatage of surviving organisms resulting
from the activity of a single antibiotic in the
liquid medium remained comparabdle with Bordet-
Gengou medium 2t the same antidiotic concentration

with the three organisms tested.
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