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ABSTRACT

We have used restriction endonu-
clease analysis (REA) of genomic
DNA to classify porcine Pasteurella
multocida isolates with similar capsu-
lar and somatic serotypes, and to
monitor the distribution of isolates
from 12 different herds in Quebec.
Within herds, P. multocida isolates of
similar capsular and somatic serotypes
showed similar REA fingerprints.
Between herds, some isolates had
similar REA fingerprints. However,
differences in REA enabled subtyping
of many P. multocida isolates with the
same antigen types. Our data indicate
that REA would enable accurate
epidemiological typing of P. multo-
cida in conjunction with classical
capsular and somatic typing.

RESUME

Cette etude visait a classifier les
isolats porcins de Pasteurella multoc-
ida, provenant de 12 troupeaux du
Quebec, a l'interieur de leur serotype
capsulaire et somatique et a deter-
miner leur distribution. Les auteurs
ont analyse 'a cette fin l'empreinte
genomique obtenue par digestion des
genomes des differents isolats de P.
multocida avec des endonucleases de
restriction. II a ete observe que, dans
un meme troupeau, les isolats ayant le
meme serotype capsulaire et soma-
tique avaient un patron d'empreinte
genomique similaire. Dans plusieurs
cas, des isolats possedant un patron
d'empreinte genomique similaire se
retrouvaient dans differents trou-

peaux. Les differents patrons d'em-
preinte genomique obtenus par
enzymes de restriction ont permis de
classifier les isolats de P. multocida
qui avaient les memes antigenes
capsulaires et somatiques. Les resul-
tats obtenus ont suggere' que l'em-
preinte genomique des endonucleases
de restriction s'avere un tres bon outil
pour un typage epidemiologique de P.
multocida lorsque utilise en conjonc-
tion avec les serotypages capsulaires et
somatique.

INTRODUCTION

Atrophic rhinitis (AR) is an impor-
tant disease of pigs and is character-
ized by rhinitis, atrophy or hypoplasia
of the nasal turbinate bones, snout
deformation, and poor growth rates
(1). Pasteurella multocida and Borde-
tella bronchiseptica are recognized as

the etiological agents of porcine AR
(2,3).

Serotyping of P. multocida strains
is based on differences in capsular
polysaccharides (4) and in 0-antigen
groups of lipopolysaccharides (LPS)
(5,6). Several capsular and somatic
serogroups are involved in pasteurel-
losis (3). Leblanc et al (7) have shown a
great heterogeneity among strains of
porcine P. multocida isolated in
Quebec, based on both capsular and
somatic antigens and the presence or

absence of dermonecrotoxin. The
major groups were represented by
nontoxigenic strains of serotype
A 3,16 followed by toxigenic and
nontoxigenic strains of serotype
D 3,16 (8). Toxigenic P. multocida

were mainly found in herds with
clinical AR or with history of AR
(7,8).

Recent investigations have shown
that the progressive changes in the
snout and turbinate bones can be
reproduced by using certain strains of
P. multocida, capsular serotype A and
D which produce a novel protein toxin
(3). The toxin of P. multocida which is
mostly associated with capsular type
A and D isolates produces turbinate
atrophy and snout deformation after
inoculation of pigs (3). Current
evidence indicates that toxin-
producing P. multocida organisms are
involved in the etiology of naturally-
occurring progressive atrophic rhinitis
of swine (1). The toxin gene has been
cloned in Escherichia coli (9-1 1).

Restriction endonuclease analysis
(REA) has proved valuable for strain
discrimination among bacteria (12-
17). Restriction endonuclease analysis
fingerprinting permits the identifica-
tion of unique strains within groups of
related organisms (16). Restriction
endonuclease analysis fingerprinting
did permit the differentiation of
isolates of P. multocida from turkeys
in serotype A:3 (17). To study the
occurence and distribution of various
porcine isolates of P. multocida from
12 herds in Quebec, we used REA to
classify the isolates within a capsular
and somatic serogroup and to monitor
the distribution of strains within a
particular herd and among herds.
Twenty-three P. multocida isolates,
including 18 from pigs associated with
an outbreak of atrophic rhinitis, were
typed on the basis of capsular and
somatic antigens, biochemically char-
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acterized and examined by total
cellular DNA restriction endonuclease
digest analysis.

MATERIALS AND METHODS

BACTERIAL STRAINS

A total of 23 isolates of P. multocida
were examined in this study. The
isolates were retrieved from the nasal
cavities of pigs from herds with (18
isolates) or without (5 isolates) clinical
signs of atrophic rhinitis in the herd.
Some isolates (1354-5, 1354-4, 1354-
10, 1354-12) were recovered from
animals showing severe atrophic
rhinitis in 1988. All other strains were
isolated in 1984 (18). The isolates
studied as well as their farm identifica-
tion are listed in Table I. The farms
were located in the St-Hyacinthe area,
Quebec. Bacteria were grown in
brain heart infusion broth (Difco,
Detroit, Michigan) at 370C for 18 h in
an Orbit environment shaker (New
Brunswick).

Identification of capsular types A
and D was done by hyaluronidase and
acriflavine tests (6). Somatic antigens
were identified serologically by gel

precipitin tests (5). Production of a
dermonecrotoxic toxin were deter-
mined by the guinea pig skin test as
described by Lugtenberg et al (19).
Capsular and somatic characteriza-
tion and toxigenic properties of the
isolates are presented in Table I.

BIOCHEMICAL CHARACTERIZATION

The methods and media used to
determine the biochemical characteri-
zation of the bacterial strains have
been described by Muuters et al (20).
Pasteurella multocida subsp. multo-
cida HIM 975-1 (NCTC 10322) was
used as a reference strain.

TOTAL CELLULAR PREPARATION

The DNAs were extracted using a
procedure based on the method of
Marmur (21). Briefly, bacteria were
grown in 5 mL of brain heart infusion
broth on a shaker. Cells were harv-
ested, washed and resuspended in
1.2 mL buffer (0.5 M NaCl, 0.01 M
ethylenediaminetetraacetate (EDTA)
containing lysosyme (1 mg/mL) and
incubated at room temperature for
30 min. Sodium dodecyl sulfate (SDS)
was added (0.8 mL of 10% solution)
and the mixture incubated for 5 min

TABLE I. Source, serological and toxigenic characterization of the P. multocida isolates

Antigen type Dermonecrotic

Herd Isolate ARa Capsular Somaticb toxinc

16 1604 + D 4,7 +
17 1703 + D 4,7 +
23 23-3 + D 4,7
23 23-4 + A 4,7 -
23 2305-Ad + A 4,7 +
23 2305-Bd + A 4,7 +
23 23-8 + D 1,7,15,16 -

24 24-6 + D 3,16 -
26 26-2 A 3,16 -

26 26-5 D 3,16 -

27 27-1 + D 4,7 +

28 28-1 + A 3,16
28 28-9 + D 15
30 3001 + D 3,16 +

30 30-1 + D 3,16 +

30 3002-1 + D 3,15,16 -

32 32-1 - A 3,16 -

36 3601 D 3,16 -

37 3750 D 3,16 -

1354 1354-5 + A NDe
1354 1354-4 + D NDe +

1354 1354-10 + D NDe +

1354 1354-12 + D NDe +

a+, from a pig from herd with clinical signs of atrophic rhinitis;
from a pig from herd without clinical signs of AR

bTyping system of Heddleston et al (S)
cDetermined by the guinea pig skin test of Lugtenberg et al (19)
dStrains isolated from the same animal
eNot determined

prior to the addition of proteinase K
(final concentration: 1 mg/mL), the
lysates were shaken for 2 h at 370C.
Following several phenol and chloro-
form extractions, purified DNA was
dialyzed against 10 mM Tris HCI,
1 mM EDTA, pH 8.0, at 230 C for 24 h
and at 4°C for 36 h.

TOTAL CELLULAR DIGESTS

Approximately 1.0 to 2.0 jig of
DNA sample was used for each
restriction endonuclease digest. The
bacterial DNA was digested with
EcoRI or HindlIl restriction endonu-
cleases separately according to the
manufacturer's instructions. Restric-
tion enzymes were purchased from
Pharmacia LKB Biotechnology Inc.,
Baie d'Urfe, Quebec. Restriction
fragments were separated by electro-
phoresis for 12 h on 0.8% agarose gels
in Tris-acetate buffer (0.04 M Tris-
acetate, 0.002 M EDTA), at 25 volts.
DNA bands were visualized by
staining the gel with ethidium bromide
(1 Mig/ mL) (22). Polaroid photo-
graphs were taken during exposure to
256 nm ultraviolet light illumination.

Bacteriophage lambda DNA (strain
c1857 Sam7) cut with EcoRI and
HindIlI was used as a molecular
weight marker. Digestion of the
lambda DNA produced fragments of
21.226, 5.148, 4.973, 4.266, 3.530,
2.027, 1.904, 1.584, 1.375 kilobases,
947, 831, 564, and 125 basepairs.
The bacterial DNAs were digested

with EcoRI and HindlIl restriction
endonucleases separately. The REA
classification is based on both the
EcoRI data and the Hindlll data.
Restriction endonuclease analysis
fingerprints of the isolates were
compared within serotypes and com-
parisons were made within gels.
Among each capsular and somatic
serogroup, REA fingerprints were
compared and isolates with similar
profile were grouped. Within and
among herds, REA fingerprints were
compared and isolates with similar
profiles were grouped.

RESULTS

BIOCHEMICAL TESTS
All P. multocida isolates tested were

classified as P. multocida subsp.
multocida. The biochemical reactions
were common to all isolates (Orni-
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thine+, Indole+, Urease-, Maltose-, D-
Xylose+, L-Arabinose+, Mannitol-,
Sorbitol+, Dulcitol+) except for acid
production from the trehalose. Only
two isolates, 28-1 and 32-1 fermented
trehalose.

GENOMIC REA

REA patterns: Seven of the 23
compared isolates had unique finger-
prints. Only isolates with identical
REA patterns are presented in Table
II. Sixteen of the 23 compared isolates
were grouped into six REA patterns.

Comparison of fingerprints within
serotypes: In serotype A 4,7, three
strains from the same herd, 23-4, 2305-
A and 2305-B (Fig. 1, lane A, lane B,
and lane C respectively) had the same
REA fingerprint (Table II) although
phenotypically they differed in their
ability to produce toxin (Table I)). It is
not known whether strain 23-4 has lost
its capacity to produce dermonecro-
toxic toxin because of in vitro
manipulations, or if the strain is
genotypically nontoxigenic because of
a mutation or presence of a possibly
lysogenic phage.

In serotype A 3,16, two isolates
from different herds, 28-1 and 32-1
(Fig. 1, lane E and lane F, respectively)
had the same REA fingerprint (Table
II) which differed from that of 26-2
(Fig. 1, lane D). It is of interest to note
that the biochemical reactions were
common to all isolates except two, 28-
1 and 32-1 which were the only isolates
to ferment trehalose.

In serotype D 3,16 (Fig. 2), the
isolates had very similar REA finger-
prints (Fig. 2, lanes A to G); however,
distinct bands were apparent in
isolates 3750, 30-1, 3001 and 3002-1
(Fig. 2, lane D, lane E, lane F and lane
G respectively), which are due to
plasmid bands (Cote et al, Am J Vet
Res (in press)). The molecular weight
of the plasmid bands generated by
EcoRI digestion from isolates 30-1,
3001 and 3002-1 were 5.6,2.0, 1.65 and
1.35 Kb. The molecular weight of the
plasmid band generated by EcoRI
digestion from isolate 3750 was
5.9 Kb. The isolates 30-1, 3001 and
3002-1 had the same REA fingerprint
(Table II) although phenotypically
they differed in their ability to produce
a dermonecrotic toxin (Table I). Other
isolates from the same serotype D

G
-21.2

Fig. 1. Resiriction endonuclease analysis
fingerprints of genomic EcoRI digested DNAs
from P. multocida isolates of capsular serotype
A. A-C, isolates of serotype A 4,7; D-F, isolates
of serotype A 3,16. Isolate 23-4 (lane A), isolate
2305-A (lane B), isolate 2305-B (lane C), isolate
26-2 (lane D), isolate 28-1 (lane E), isolate 32-1
(lane F), lambda EcoRI-HindIII molecular
weight marker (lane G). Black lanes in the figure
point some major differences in the patterns.

3,16, isolates 26-5, 24-6, and 3601
showed a similar REA fingerprint
(Fig. 2, lane A, lane B and lane C,
respectively) (Table II).

In serotype D 4,7 two isolates from
different herds, 23-3 and 27-1 (Fig. 2,
lane K and lane L, respectively)
showed a similar genomic REA
fingerprint (Fig. 2) (Table II). The
isolates 1604 and 1703 (Fig. 2, lane I
and lane J, respectively) from different
herds had their own genomic pattern.
The presence of plasmid bands
generated by EcoRI digestion is
probably responsible for the major
differences between their REA
pattern.

In serotype D 15, isolates 28-9 and
23-8 (Fig. 2, lane N and lane 0,
respectively) showed difference in
their REA fingerprint only due to the
presence of a 1.6 Kb plasmid band

generated by EcoRI digestion in
isolate 28-9.

Comparisons of fingerprints within
herds: Within three different herds
with AR, isolates with similar
serotypes shared similar REA finger-
prints (Table II). In herd 23 (Fig. 1,
lane A, lane B, lane C), three isolates
(2305-A, 2305-B, 23-4) out of five
isolates shared the same genomic
fingerprint (Table II). In herd 30, the
isolates of serotype D 3,16 (3001, 30-
1, 3002) had the same REA finger-
print (Fig. 2, lane E, lane F, and lane
G, respectively). In herd 1354, three
isolates (1354-4, 1354-10, 1354-12)
(Fig. 3, lane B, lane C and lane D)
shared the same REA fingerprint
(Table II) and they were of serogroup
D while 1354-5 did not show a similar
REA fingerprint (Fig. 3, lane A) and
was of serogroup A.

Comparison of fingerprints among
herds: Isolates 28-1 and 32-1 (Fig. 1,
lane E and lane F respectively) showed
identical REA fingerprints as did
isolates 24-6, 26-5 and 3601 (Fig. 2,
lane A, lane B and lane C respectively)
(Table II), although these isolates were
found in herds with clinical sign ofAR
(herds 24 and 28) and without clinical
signs of AR (herds 26, 32 and 36)
(Table I).

DISCUSSION

Restriction endonuclease analysis
ofgenomic DNA is now an established
technique for the study of molecular
epidemiology of bacterial infections.
The use of direct nucleic acid analysis
has been particularly valuable for
strain differentiation and allows the
monitoring of distribution of strains
(12-17).

TABLE II. Restriction endonuclease analysis classification of Pasteurella multocida isolatess

REA Capsular and
classification somatic types Isolates

I AA3,16 28-1, 32-1
2 A 4,7 23-4, 2305-A, 2305-B
3 D 3,16 30-1, 3001, 3002-1
4 D3,16 24-6,26-5,3601
5 D 4,7 23-3, 27-1
6 D NDb 1354-4, 1354-10, 1354-12

alsolates with identical REA patterns are presented. Isolates with similar profile were grouped
bNot determined
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Fig. 2. Restriction endonuclease analysis fmgerprings of genomic EcoRI digested DNAs from P.
multocida isolates of capsular serotype D. A-G, isolatesof serotype D 3,16; I-L, isolates of serotype
D 4,7; N-O, isolates of serotype D15. Lanes H, M, and P represent the lambda EcoRI-HindlIl
molecular weight marker. Squares in the flgure point some major differences in the patterns. Isolate
26-5 (lane A),isolate 24-6 (lane B), isolate 3601 (lane C), isolate 3750 (lane D), isolate 30-1 (lane E),
isolate 3001 (lane F), isolate 3002-1 (lane G), isolate 1604 (lane I), isolate 1703 (lane J), isolate 23-3
(lane K), isolate 27-1 (lane L), isolate 28-9 (lane N), isolate 23-8 (lane 0).

In Quebec, great heterogeneity has
been found among porcine isolates of
P. multocida (7,8). In Leblanc's study
(8), 19 different patterns of P.
multocida based on capsular sero-
types, somatic serogroups, and der-
monecrotoxicity, were observed.
Procedures which combine serotyp-
ing, plasmid profiles and chromo-
somal restriction patterns can be used
to identify epidemic-causing strains.
Bacterial restriction endonucleases

Fig. 3. Restriction endonuclease analysis
fingerprints of genomic HindIII digested DNAs
from P. multocida isolates from animals from
herd 1354. Isolate 1354-5 (lane A), isolate 1354-4
(lane B), isolate 1354-10 (lane C), isolate 1354-12
(lane D), lambda EcoRI-HindIII (lane E).
Squares in the figure point some major
differences in the patterns.

were used to produce DNA cleavage
patterns that could be useful as tools
to study the relatedness among
porcine P. multocida serogroup A and
D isolates. This study shows that there
is some heterogeneity as demonstrated
by REA, among strains with the same
capsular and somatic serotype and
biochemical pattern but isolated from
different herds. Seven isolates had
unique fingerprints. Sixteen isolates
could be grouped in six REA patterns
(Table II). Similar REA fingerprints
were observed for some strains
presenting identical capsular and
somatic antigens.

Little is known about the epidemiol-
ogy of nasal pasteurellosis. It is assumed
that transmission readily occurs in the
field among populations of pigs in
which the susceptibility to infection is
increased by concurrent bordetellosis or
interaction with other determinants
(23). Whether the introduction of
toxigenic strains of P. multocida per se
is the principal event preceding an
outbreak awaits clarification. The
precise role of the dam in the transmis-
sion of P. multocida to her suckling pigs
remains unknown (24), but the recog-
nized infectious determinants pass
readily between populations of young
weaned pigs (25). We observed that
isolates having similar somatic and
capsular antigens from different anim-
als of the same herd (herds 23 and 1354)
also have the same REA fingerprint,
suggesting that the isolates are clonal
and could be involved in the transmis-
sion of the disease.

Another point of interest is that
isolates of P. multocida with the same
REA fingerprint are found in different
herds. It is interesting to note that
isolates with similar REA fingerprints
were found both in herds with clinical
sign of AR and in herds without any
clinical sign of AR. But isolates with
different REA profiles were found in
the same herd.

Although P. multocida is recog-
nized as one of the etiological agents of
porcine AR, the genetic elements
encoding the virulence factors
involved in the disease remain
unknown (9,26). Pathogenicity of P.
multocida is correlated with exotoxin
activity. The production of dermone-
crotoxin by P. multocida serotypes A
and D may not be plasmid mediated.
Recently the toxin gene was cloned in
E. coli and it has been suggested to be
present in the chromosome (10,11).
Toxigenic P. multocida are mainly
found in herds with clinical AR or
with a history of AR (7,8,25).
However we have found isolates with
the same serotype and with similar
REA fingerprints that differ in their
ability to produce the dermonecrotic
toxin. At present we do not know
whether these nontoxigenic strains
have lost their ability to produce the
toxin because of in vitro passage,
because of subtle differences at the
chromosomal DNA level or because
of the presence of a phage. Small
differences in profiles are not easily
detected by REA (27).
We have found interesting trends in

REA patterns of P. multocida,
although these results must be con-
firmed with a larger number of herds
and animals. Restriction endonu-
clease analysis enables accurate
epidemiological typing of P. multo-
cida isolates, as a complement to
classical capsular and somatic typing.
Analysis of bacterial genomic digests
by EcoRI and HindlIl restriction
endonucleases is a practical method
for differentiating P. multocida
isolates that have been previously
serotyped. Moreover ribotyping, a
method of highlighting DNA restric-
tion site heterogeneity by using a
rRNA probe, has recently shown to
work well for differentiating avian
strains of P. multocida (28).
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