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IN VITRO SENSITIVITY OF BOVINE
AND PORCINE STRAINS OF PASTEURELLA
MULTOCIDA TO ANTIBIOTICS

By
K.-A. Karlsson and K. G. Nystrom

Several reports have been published on the in vitro activity of
antibiotics against Pasteurella multocida (P.m.) strains isolated
from various animal species (3, 8, 14, 15, 16, 17, 19). Information
is also available about P. m. isolated from human beings (9). It
has been pointed out (6), however, that the antibacterial spectra
of antibiotics are not constant but vary from time to time and
in different environments. For this reason it is important to
study a large number of strains within a particular bacterial
species and to observe possible variations in sensitivity to dif-
ferent antibiotics.

Partly in order to establish whether or not differences in
cultural behaviour reflect variations in antibiotic sensitivity and
partly because of the increased significance infections with P. m.
in calves and pigs have obtained in this country, we have applied
a uniform technique for determining the antibiotic sensitivity
in vitro for a large number of P.m. strains isolated from these
species.

It has long been observed in this laboratory that P. m. isolated
from pigs practically always forms mucoid colonies while P. m.
from calves regularly forms typical S-colonies when grown on
horse blood agar.

MATERIAL AND METHODS
The P.m. strains have been isolated in recent years from
autopsy material. Fifty strains isolated from calves and fifty
strains from pigs were chosen at random. All the calf strains



227

formed smooth colonies and all the pig strains mucoid colonies.
The calf strains originated from animals with septicaemia but
without lung or pleural lesions. Most of the pig strains came
from animals with pneumonia and pleuritis.

Since fermentation properties have previously been used as
a basis for classification of P.m. strains (20, 21) and the fer-
mentation patterns of strains isolated from various animal spe-
cies have been compared (2, 4, 22), we have investigated some
biochemical properties of the strains included in this study.

Fermentation tubes were observed for periods of 21 days. The
other biochemical reactions have been carried out in the manner
described by Kauffmann (10).

The sensitivity tests were performed by an agar diffusion
technique described by Ericsson et al. (5, 6, 7). The strains were
denoted as “sensitive”, “fairly sensitive”, “slighly sensitive” or
“resistant”. These designations correspond to Groups I, II, III
and IV. The clinical evaluations of these four groups are those
applied in medical practice and are listed in Table I.

This is the basis of evaluation for eleven of the antibiotics
tested. The polymyxins, however, come into a different category.
Because of their high molecular weight and other physiochemical
properties they have a slow rate of diffusion. Ericsson & Svartz-
Malmberg (6) therefore advise against using the quantitative
variant of the disc method for this antibiotic.

Neomycin and bacitracin are characterized by their toxicity,
and with oral therapy, effective concentrations are not possible
except in the intestinal contents. Parenteral administration (e. g.
in urinary infections) often involves a risk and should be reserved
for treatment when especially sensitive strains are present. For
these reasons Group I was excluded when evaluating the results
with these agents.

Novobiocin cannot be concentrated in the urine. For this
antibiotic therefore, Group II should be directly followed by
Group IV.

Nitrofurantoin, on the other hand, attains satisfactory thera-
peutic concentrations only in the urinary tract. Quantitative
determination of nitrofurantoin is therefore superfluous for
bacteria of Groups I and II. But for the clinician, all strains which
are inhibited by a Group III nitrofurantoin concentration are fully
susceptible to therapy.



228

(Tu/Som g (o/Bow  9p  (rw/Sow  g¢  (qw/Sow gz g rokmordon

001 <) 0 001 >) 44 91 >) 44 V> Gl v
(Tur/-8ow (44 1X9] 995 Sﬁhwoa 87 :ﬁ“\\.moﬁ 0 q UID01qOAON

91 <) 8¢ 9T >) 89 c>) 4 v

. . . . . . . .W

(rw/Sow 001 (rw/Sowr g (Tu/Sow g (Tu/gow g g wnaooism

001 <) 001 001 >) 0 91 >) 0 v>) 0 v
(rw/Sow  g9g  (Tw/Sow  py  (ru/Powr g (ru/Bow g g womopuEal0

0 <) 09 0¢ >) 8¢ g >) (4 I>) 0 v

(Tur/-8ow 0 (Tu/-Sow 79 (Tur/-8ow ¥e (Tur/*Sour 4 d
- = = urdAuroay}Aazg

0s <) 0 0S >) 9% g>) 4] I>) 4 v
(Tu/nI1 0 SE\HDH 4 A.EWI\DH 08 :E\HDH 91 q urIEag

0 <) 0 0% >) 91 g>) 08 10 >) 4 v

(qur/-Sux 4Y (T /S 9 (Tw/-Sur 8 (qur/-ur ¥e q
— — e aurprurposteydng

6z <) 9L §g >) 9 01 >) 0T a'c>) 8 A\

* %o . % . % . * % _ [elaE N anorqnuy
*(suoijodjul AJeurin
AayIun 30359 ule}s ‘g19) pajed agesop ysdiy afesop Aieurpao

onnaderay |,

-udduo0d 3q Aew juade
Yy} yoiym ur uedio

‘uorjodjur [eroudd

‘uorjosyur [eIausd

ur £derayy o) ppalk 03 APAI]

L, Jue)sisar,
Al

»oANIsUas A1pysirs,,
11

,,9ANIsUds L[aief,
II

,,2A1ISUDS,
I

uonezirajoeieyd dnoun

(se1uo[00 proonur) sureds aurodod (g :g [eLIdJE
(SAIUO[0D [JOOWS) SUTBJ)S JUIAOQ (G :V [BIIJE]

Ju0d Jad ur passaadxs eprdoj[nuI B[[oNd)SEd JO AJTANJISUSS OTJOIqIIUY

‘T 21qe.L



229

*0J]1a U] UOTEIJUIOUO0D SUNIQIYUI 9y} 0] J9JaI SJOYIBI( UL SAINTTT 4«

(‘ru/-Sow
or <)

1%93

33s
(‘ur/*8owr
001 <)
(‘Tur/*8owa
08 <)
(Tw/n
£ <)
(‘Tur/-8owt
0¢ <)
(‘[u/-8ow
08 <)
(‘Tur/-Sowx
0s <)
(‘Tu/-Sowr
0¢ <)

00T
00T

00T
00T

SR =R =}

[}

(‘Tu hmoE
01 >)
1x%91
335
T/ Bow
001 >)
(Tur/Sowr
0¢ >)
(1w/n
€>)
(‘Tu hmoE
0¢ >)
SE‘\\.on
0§ >)
38\\.@08
0§ >)
(‘qur/Sowr
& - =
0g>)

. qren

00T
00T

(4
4

(44

=]

N N o <@ [

(=}

0

1X9} 99s

1X9}
998
(qu hmoﬁ
91 >)
(‘Tu/*Sow
91 >)
(1w/n
g0 >)
(‘Tua hmoE
91 >)
(‘qu/Sow
v >)
SE!\.moE
v >)
(‘quz/-Sowt
v>)

87
8¢

¥6
8L

=+ N -+ o0

1X9} 99s
X9}
998
(‘Tux/-Sowr
v >)

1X91 99s

1X9} 998

A.EW\.WQE
v >)
A.EW\.MQE
1>)
Sﬁf\.mos
1>)
S:W\.moﬁ
1>)

8y
8¢

86
c6

c6

06
¥6

86

4m <M «€m <M «€<Mm <M <@ <M <</

urojue.anjoa}iN

urxAwkrod

uroAweuey|

UIdAWoaN

uroeajoeyg

[ooruaydureaory)

auI[oAdenay,

UI[I4d.II91LX ()

uroAoe.nalIo[y)



Chlortetracycline

Al
F
B|

Oxytetracycline

[

B/

Tetracycline

Chloramphenicol

Bacitracin

Kanamycin

A

Polymyxin

| ——— A\ RN
V’sensitive’’ Pfairly 7’slightly ’resistant”’
sensitive” sensitive”

Fig. 1. Distribution of Sensitivity to Different Antibiotics of
Pasteurella multocida.
Material A: 50 bovine strains (smooth colonies)
Material B: 50 porcine strains (mucoid colonies)
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RESULTS AND DISCUSSION

The pattern of sensitivity for the P.m. strains studied is
shown in Table I and Fig. I. In spite of the different sources and
the cultural differences, there was a great uniformity of response
to the antibiotics tested. Mannheimer (12 )has also reported few
differences in antibiotic sensitivity between smooth and mucoid
P.m. strains. The tetracyclines and chloramphenicol have the
greatest effects upon P.m. in vitro. Few studies have been re-
ported on the in vitro effects of sulphonamides. According to our
results, about two-thirds of the strains tested were resistant to
sulphaisodimidine — a somewhat surprising result in view of
several reports on successful therapeutic results in calves and
pigs treated with sulphonamides. Another incongruous result was
the relatively great sensitivity to penicillin for a Gram-negative
organism. As for chloramphenicol, chlortetracycline, neomycin,
oxitetracycline, tetracycline, penicillin, bacitracin, polymyxin,
and nitrofurantoin, our results fall in with previous reports for
strains of animal origin as reviewed by Carter & Bain (2) and
the results obtained by Henriksen & Jyssum (9) for P. m. strains
of animal and human origin. In our material, streptomycin and
erythromycin were somewhat less effective against P. m. than is
usually reported. Oleandomycin, ristocetin, novobiocin, and kana-
mycin have not been tested for activity against P. m. before. Since
these antibiotics are effective primarily against Gram-positive
organisms, the results were as could be expected.

In veterinary practice the relatively large doses required make
the cost of particular antibiotics a major factor in their choice.
For this reason sulphonamides, penicillin, and streptomycin are
most commonly used on calves and pigs. These three agents had
different degrees of effect on the different strains of P. m. tested
here. Determination of the antibiotic sensibility in vitro of a
particular strain would obviously increase the chances of success-
ful therapy.

Fermentation reactions are listed in Table 2. Only in xylose
and lactose did the calf and pig strains show a consistent dif-
ference. Many more calf strains fermented lactose; many more
pig strains fermented xylose. A comparative study of the bio-
chemical properties of various Pasteurella species has been car-
ried out by Knapp (11). Carter & Byrne (1) obtained much the
same results as we did for the xylose-fermenting properties of
calf and pig strains. The relatively large number of lactose-
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Table 2. Biochemical reactions of Pasteurella multocida.

Bovine strains Porcine strains
(smooth colonies) (mucoid colonies)

+ - - -
Arabinose 0 50 0 50
Rhamnose 0 50 0 50
Xylose 16 34 45 5
Glucose 50 0 50 0
Lactose 20 30 2 48
Sucrose 50 0 50 0
Maltose 49 1 46 4
Adonitol 0 50 0 50
Mannitol 50 0 50 0
Sorbitol 49 1 50 0
Dulcitol 0 50 2 48
Inositol 0 50 0 50
Salicin 0 50 0 50
Hydrogen Sulphide 0 50 0 50
Gelatin Liquefaction 0 50 0 50
Nitrate Reduction 50 0 50 0
Methyl-Red Test 0 50 0 50
Voges-Proskauer Test 0 50 0 50
Urea Hydrolysis 0 50 0 50
Growth in Liquid
Ammonium-Citrate Medium 0 50 0 50
Indol Production 50 0 50 0

fermenting calf strains is somewhat unusual judging from
published reports (12, 13). Smith (22) found that the majority
of P.m. strains isolated from calves and pigs did not ferment
maltose, but practically all our strains did so.
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SUMMARY
An agar diffusion technique was used to study the sensitivity to
16 antibiotics of 50 Pasteurella multocida strains isolated from calves
(smooth colonies) and 50 strains isolated from pigs (mucoid colonies).
The tetracyclines (chlortetracycline, oxitetracycline, and tetracycline)
were most effective in vitro. There were no major differences between
calf and pig strains in antibiotic sensitivity.

ZUSAMMENFASSUNG

Die Empfindlichkeit vom Kalb und Schwein isolierter Pasteurella
multocida-Stdimme fiir verschiedene Antibiotika.

Die Aktivitit von 16 Antibiotika gegeniiber zwei Sammlungen von
je 50 Pasteurella multocida-Stimmen, die von Kilbern (S-Kolonien)
bezw. Schweinen (mukoide Kolonien) isoliert worden waren, wurde
mittels einer Agardiffusionstechnik studiert. Die Tetracycline (Chlor-
tetracyclin, Oxytetracyclin, Tetracyclin) und Chloramphenicol er-
wiesen sich in vitro gegen diese Bakterienart als am wirksamsten. In
der Empfindlichkeit fiir die untersuchten Antibiotika liessen sich
zwischen den beiden Gruppen von Stammen keine grosseren Ab-
weichungen nachweisen.

SAMMANFATTNING

Kdnsligheten av Pasteurella multocida stammar isolerade fran kalv
och svin for olika antibiotica.

Aktiviteten av 16 antibiotika mot tvA kollektiv om vardera 50
Pasteurella multocida stammar, som isolerats fran respektive kalv
(S-kolonier) och svin (mukoida kolonier) har studerats medelst en
agardiffusionsteknik. Tetracyklinerna (klortetracyklin, oxitetracyklin,
tetracyklin) och kloramfenikol visade sig vara mest effektiva in vitro
mot denna bakterieart. Inga stérre avvikelser mellan de bada kollek-
tivens kinslighet for de testade antibiotika har framkommit.

(Received May 11. 1962).





