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Characterisation and comparison of Pasteurella
multocida isolated from different species

in the Czech Republic: capsular PCR typing,
ribotyping and dermonecrotoxin production
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Veterinary Research Institute, Brno, Czech Republic

ABSTRACT: The aim of this study was to characterise and compare Pasteurella multocida isolates originating
from pigs (n = 43), calves (1 = 31), rabbits (n = 27), and to a lesser extent from other hosts (n = 6). A total of 107
P. multocida isolates were obtained from various locations in the Czech Republic. They were analysed by capsu-
lar PCR typing and ribotyping, and tested for the production of dermonecrotoxin. Most frequently, serogroup A
isolates (n = 74) were found, followed by serogroup D (n = 25) and serogroup F (n = 8) isolates. From a total of
fifteen different ribotypes (1-15) generated by restriction endonuclease Mspl, four ribotypes (1, 3, 4, and 7) were
predominant. The prevalence of predominant ribotypes was different in isolates originating from different hosts.
Ribotype 1 was characteristic for rabbit isolates, ribotype 3 was primarily found in pig isolates, and ribotype 7
dominated among calf isolates. Sixteen (mainly porcine) isolates produced dermonecrotoxin but significant cor-

relation among ribotypes and dermonecrotoxin production was not observed.
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The Gram-negative bacterium Pasteurella multo-
cida is a causative agent of infectious diseases which
affects a broad host range such as most mammals
including humans, and birds (Adlam and Rutter,
1989). Five capsular serogroups (A, B, D, E, and F)
of P. multocida have been identified so far (Carter,
1967; Rimler and Rhoades, 1987). It is known that
besides the geographical distribution these sero-
groups are more or less specific with regard to the
host and the disease induced (Quinn et al., 1994;
Boyce et al., 2000). Serogroups A and D are world-
wide spread serogroups which can be found in a
wide range of domestic animals (e.g. from fowl to
calves, pigs, sheep, goats, and rabbits) in which they
cause various infections (Confer, 1993; Quinn et al.,
1994). Serogroups B and E have been found pre-
dominantly in tropic areas where they induce he-
morrhagic septicemia in cattle and wild ruminants

(Carter, 1961; Penn and Nagy, 1976; Townsend et al.,
1997). Serogroup F was first isolated from turkeys in
the U.S.A. (Rimler and Rhoades, 1987), and isolates
of this serogroup have usually originated from birds
situated in North America (Rhoades and Rimler,
1987; Wilson et al., 1993; Rimler, 1994; Wilson et
al.,, 1995) and less frequently in other parts of the
world (Hinz and Luders, 1991; Jonas et al., 2001). The
serogroup F has been known as a causative agent of
fowl cholera (Rimler, 1987; Jonas et al., 2001) but, in
recent time, it has also been found in some mam-
malian species in different world areas (Moreno et
al., 2003; Davies et al., 2003c, 2004; Jaglic et al., 2004,
Catry et al., 2005).

Serotyping and biochemical characterisation have
indicated a high heterogeneity within the 2. multo-
cida species (Brogden and Packer, 1979; Mutters
et al., 1985; Blackall et al., 1997), which was later

Supported by the Grant Agency of the Czech Republic (Grant No. 524/05/2714) and Ministry of Agriculture of the

Czech Republic (Grant No. QC0195).

345



Original Paper

Vet. Med. — Czech, 50, 2005 (8): 345-354

confirmed by a new-generation of typing system
based on molecular techniques. Outer membrane
and whole cell proteins were shown to be a suitable
target for isolate typing (Dabo et al., 1999a; Davies
et al,, 2003b). Multi-locus enzyme electrophoresis
was also used as a precise tool in characterisation
of P. multocida (Blackall et al., 1999). DNA-based
typing methods, mainly the restriction endonucle-
ase techniques showing a similar discriminatory
power (Blackall and Miflin, 2000), have already
been established in detailed analysis of P. multoci-
da isolates by many authors (Gardner et al., 1994;
Bowles et al., 2000; El Tayeb et al., 2004).

P. multocida isolates can also be differentiated
based on their ability to produce dermonecrotoxin
(DNT). DNT exhibits osteolytic (DiGiacomo et al.,
1993; Sternerkock et al., 1995) and mitogenic ac-
tivity (Lax and Grigoriadis, 2001; Pullinger et al.,
2001) which results into serious lesions (Chrisp
and Foged, 1991; Schimmel et al., 1992). DNT was
recorded mainly in isolates originating from pigs
(Nielsen et al., 1986).

Due to the great variability of P multocida in gen-
eral and lack of knowledge on isolates circulating
in the Czech Republic, the aim of this work was to
characterise a panel of various P. multocida isolates
originating from different hosts and obtained from
different locations in the Czech Republic by cap-
sular PCR typing, ribotyping and DNT production
determination.

MATERIAL AND METHODS

Bacterial strains and culture media. Four refer-
ence strains of P. multocida (14070/82, W-9217, 45/
78, and 93 IOWA) obtained from the Collection of
Animal Pathogenic Microorganisms (CAPM, Czech
Republic), and 107 P. multocida isolates originating
from 89 different locations in the Czech Republic
and isolated from pigs (n = 43), calves (1 = 31), rab-
bits (n = 27), fowl (n = 3), a cat (# = 1), a manul
(Otocolobus manul) (n = 1), and a human (z = 1)
were included in this study (Table 1). The rabbit
isolates have already been capsular-typed and 8 of
them belonging to serogroup F characterised by
ribotyping in our previous work (Jaglic et al., 2004).
The isolates were limited to one per location (farm)
except for those which were of different serogroups.
The bacterial strains were grown at 37°C on blood
agar (Blood Agar Base No. 2, HiMedia, India) con-
taining 5% of sheep blood.
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Identification of P. multocida and capsular
PCR typing. The suspected colonies were classified
as P. multocida by means of PCR using species-spe-
cific primers (Townsend et al., 1998). Capsular typ-
ing was performed by multiplex capsular PCR with
the capsule-specific primers pairs (CAPA, CAPB,
CAPD, CAPE, and CAPF) designed by Townsend et
al. (2001). The capsular PCR conditions have been
already described elsewhere (Jaglic et al., 2004).

Ribotyping. For ribotyping, chromosomal DNA
was purified using QIAGEN Blood & Cell Culture
DNA Kit (QIAGEN, Germany) according to the
manufacturer’s instruction. The DNA was digested
for 12 hours using restriction endonuclease (RE)
Mspl (New England BioLabs, USA) and ribotyping
was performed by an adapted RFLP method de-
scribed elsewhere (Pavlik et al., 1999). Briefly, after
electrophoresis in 0.8% agarose, DNA was trans-
ferred to Hybond N nylon membrane (Amersham
Biosciences, UK) using vacuum blotting (BioRad,
USA). The 16S rDNA probe was amplified from
genomic DNA of P multocida reference strain X-73
using the oligonucleotides UNB51 (5'-GAG TTT
GAT CCT GGC TCA-3") corresponding from po-
sitions 8 to 27 and UNBS800 (5'-GGA CTA CCA
GGG TAT CTA AT-3") corresponding from posi-
tions 806 to 787 of the Escherichia coli 16S rDNA
gene sequence (Kirschner and Bottger, 1998).
Prior to labelling, the PCR product was purified
using a QIAquick PCR Purification Kit (QIAGEN,
Germany). The probe labelling, hybridisation and
signal development were carried out using ECL
Direct Nucleic Acid Labelling System (Amersham
Biosciences, UK). Restriction endonuclease pat-
terns (ribotypes) were compared by the Gel Base
software (Applied Maths, Belgium). A similarity
matrix was constructed according to the UPGMA
algorithm using Dice coefficient.

Determination of the dermonecrotoxin produ-
ction. DNT production was assayed using an ELISA
test (PMT ELISA Kit ref. K0O009, DakoCytomation,
Denmark), according to the manufacturer’s instruc-
tions.

RESULTS

Detailed characters of P. multocida isolates and
reference strains examined are shown in Table 1.

Among 107 isolates identified as P. multocida,
three capsular serogroups A, D, and F were found
by capsular PCR typing. Isolates belonging to the
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Table 1. A. Characterisation of Pasteurella multocida isolated from different hosts

Egia(zis Host  Site of isolation Herd status i:;lzii(c))i Serogroup Ribotype DNT
1 pig nose data not available 2001 A 3 +
1 pig lungs bronchopneumonia 2001 A 3 +
1 pig lungs bronchopneumonia 2001 A 3 -
1 pig lungs bronchopneumonia 2001 A 4 +
3 pig lungs bronchopneumonia 2001 A 4 -
1 pig lungs bronchopneumonia 2001 A 7 +
5 pig lungs bronchopneumonia 2001 A 7 -
1 pig nose data not available 2001 D 3 +
5 pig lungs bronchopneumonia 2001 D 3 -
1 pig lungs bronchopneumonia 2001 D 7 +
2 pig lungs bronchopneumonia 2002 A 3 +
1 pig nose PAR! 2002 A 3 +
1 pig tonsil bronchopneumonia 2002 A 3 -
1 pig lungs bronchopneumonia 2002 A 4 -
1 pig  nose PAR! 2002 A 4 -
3 pig lungs bronchopneumonia 2002 A 7 -
1 pig nose PAR! 2002 A 7 -
2 pig lungs bronchopneumonia 2002 D 3 +
3 pig lungs bronchopneumonia 2002 D 3 -
2 pig nose PAR! 2002 D 3 -
1 pig nose PAR! 2003 D 3 +
1 pig  nose PAR! 2003 D 3 -
1 pig lungs bronchopneumonia 2004 A 3 +
1 pig lungs bronchopneumonia 2004 A 8 -
1 pig lungs bronchopneumonia 2004 A 9 -
1 pig lungs bronchopneumonia 2004 D 3 +
2 calf lungs bronchopneumonia 2002 A 7 -
1 calf data not available  data not available 2002 A 8 -
1 calf lungs bronchopneumonia 2002 A 11 -
1 calf data not available  data not available 2002 D 3 -
1 calf lungs bronchopneumonia 2002 D 10 -
2 calf lungs bronchopneumonia 2004 A 4 -
1 calf  datanot available data not available 2004 A 4 -
1 calf nose bronchopneumonia 2004 A 4 -
1 calf lungs bronchopneumonia 2004 A 7 +
5 calf lungs bronchopneumonia 2004 A 7 -
2 calf nose bronchopneumonia 2004 A 7 -
4 calf  datanot available data not available 2004 A 7 -
1 calf lungs bronchopneumonia 2004 A 9 -
1 calf nose bronchopneumonia 2004 A 11 -
1 calf nose bronchopneumonia 2004 A 12 -
1 calf data not available  data not available 2004 A 12 -
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Table 1 continued

No. of

Year of

isolates Host  Site of isolation Herd status isolation Serogroup Ribotype DNT
1 calf data not available data not available 2004 A 13 -
1 calf lungs bronchopneumonia 2004 D 3 -
2 calf  lungs bronchopneumonia 2004 D 10 -
1 calf nose bronchopneumonia 2004 D 10 -
1 rabbit  data not available data not available 1967 A 6 -
1 rabbit  lungs rhinitis, pneumonia 1997 A 1 -
1 rabbit  blood rhinitis, pneumonia 1997 A 5 -
1 rabbit  blood rhinitis, pneumonia 1997 A 6 -
1 rabbit  data not available data not available 1999 F 1 -
1 rabbit  nose data not available 2000 A 4 -
1 rabbit  lungs rhinitis, pneumonia 2000 F 1 -
1 rabbit nose rhinitis, pneumonia 2000 F 1 -
1 rabbit  uterus acute septicemia 2001 A 1 -
2 rabbit  lungs data not available 2001 A 1 -
2 rabbit nose data not available 2001 A 4 -
1 rabbit  data not available data not available 2001 A 4 -
1 rabbit  conjunctiva data not available 2001 D 3 -
1 rabbit  lungs data not available 2001 D 3 -
3 rabbit  lungs data not available 2001 F 1 -
1 rabbit nose rhinitis, pneumonia 2001 F 2 -
1 rabbit  data not available data not available 2002 A 1 -
1 rabbit  lungs rhinitis, pneumonia 2003 F 1 -
1 rabbit  lungs rhinitis, pneumonia 2004 A 1 -
1 rabbit  nose rhinitis 2004 A 1 -
1 rabbit  nose data not available 2004 A 1 -
1 rabbit  heart data not available 2004 A 1 -
1 rabbit  lungs data not available 2004 A 4 -
1 hen ovary chronic fowl cholera 2004 A 14 -
1 hen liver chronic fowl cholera 2004 A 14 -
1 hen joint chronic fowl cholera 2004 A 14 -
1 cat nose rhinitis 2004 A 14 -
1 manul  nose rhinitis 2004 A 15 -
1 human throat pharyngitis 2004 A 3 +
'randomly selected isolates from monitored herds with history of progressive atrophic rhinitis

B. Characterisation of Pasteurella multocida reference strains

Strain Code CAPM No. Source Serogroup Ribotype DNT
14070/82 6272 pig A 3 +
W-9217 6077 T pig A 7 -
45/78 6271 pig D 3 +

93 IOWA 6080 cattle D 3 -
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serogroup A had the highest incidence (n = 74) and
they were the most common in each of the host.
Twenty five isolates were classified as members of
the serogroup D and they were found in pigs, calves,
and rabbits. The serogroup F isolates (n = 8) were
found in rabbits only, and two of them are avail-
able in the Czech Collection of Animal Pathogens
Microorganisms (CAPM 6423 and CAPM 6431).
Fifteen distinct ribotypes (1-15), which showed
clear patterns of five bands, were identified among
all of P. multocida isolates (Figure 1A). Among
these ribotypes four ribotypes (1, 3, 4, and 7) were
predominant. Most frequently (27.1%), ribotype 3
(n = 29) was observed, which was mainly detected
in isolates originating from pigs (as a dominant
ribotype of pig isolates), or in isolates belonging to
the serogroup D. Ribotype 7 (n = 25), the most com-
mon ribotype in isolates originating from calves,
was also recorded in pig isolates, and almost all
isolates of ribotype 7 belonged to the serogroup A.
These two ribotypes were also detected in the refer-

ence strains examined. The most frequently found
ribotype in rabbit isolates was ribotype 1 (1 = 16),
which was not recorded in any other host, and it
was detected in isolates of the serogroups A and F.
Ribotype 4 (n = 15) occurred in pig, calf, and rabbit
isolates, which belonged to the serogroup A. Other
ribotypes were found less frequently or sporadi-
cally, and most of them were only recorded in one
of the hosts or serogroups.

A high divergence among ribotypes was found in
isolates that belonged to the serogroup A (13 different
ribotypes) where ribotype 7 was observed as the most
common ribotype. In isolates of the serogroups D and
F only a few ribotypes were found with domination
of ribotypes 3 and 1, respectively. An occurrence of
P multocida serogroups and ribotypes in connection
with different hosts is shown in Table 2.

A dendrogram of genetic relatedness is presented
in Figure 1B. Two major clusters (I and II) were
found at a genetic similarity of 0.5. Cluster II was
divided to four subclusters (IIa, IIb, IIc, and IId).

Table 2. Prevalence of Pasteurella multocida serogroups and ribotypes in isolates originated from different hosts

Pigs Calves Rabbits Others
Ribotype Total
A D A D A D F A
1 - - - - 9 - 7 - 16
2 - - - - - - 1 - 1
3 8 16 - 2 - 2 - 1? 29
4 6 - 4 - 5 - - - 15
5 - - - - 1 - - - 1
6 - - - - 2 - - - 2
7 10 1 14 - - - - - 25
8 1 - 1 - - - - 2
9 1 - 1 - - - - - 2
10 - - - 4 - - - - 4
11 - - 2 - - - - - 2
12 - - 2 - - - - - 2
13 - - 1 - - - - - 1
14 - - - - - - - 4b 4
15 - - - - - - - 1¢ 1
Total 26 17 25 6 17 2 8 6 107

2isolate from human

bthree isolates from fowl (Gallus gallus domesticus) and one isolate from cat

‘isolate from manul (Otocolobus manul)
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Figure 1. A. Ribotypes of Pasteurella multocida isolates and reference strains found after digestion with restriction
endonuclease Mspl and hybridisation with the 16S-rDNA probe. M = 1 kb molecular weight marker (ABgene,
Epsom, United Kingdom). Lanes 1-15: ribotypes 1 — 15, respectively. B. Dendrogram of genetic distance among
15 ribotypes clustered by UPGMA strategy. The two ribotype clusters (I and II) and four subclusters (IIa — I1d) are

marked

Ribotypes 3 and 4 were found in cluster I, remain-
ing ribotypes were found in cluster II. The isolates
of serogroups A and D were found in the both clus-
ter I and II, whereas the isolates of serogroup F (all
isolated from rabbit) were found only in subcluster
IId. Clustering of the ribotypes using the UPGMA
strategy has shown that most of the porcine (30 of
43) isolates belonged to cluster I, and most of the
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calf (25 of 31) and rabbit (20 of 27) isolates belonged
to cluster II (Figure 1B).

DNT production was confirmed in 16 isolates
(14.9%), mainly in those which originated from pigs
(n = 14) of which eight isolates were serogroup A,
and six were serogroup D. The remaining two toxi-
genic isolates originating from calf and human were
serogroup A (Table 3).
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Table 3. Occurrence of dermonecrotoxin positive Pas-
teurella multocida isolates in connection with the host
origin, serogroups and ribotypes

. Pigs Calves Human

Ribotype Total
D A

3 6 5 - 1 12
4 1 - - - 1
7 1 1 1 - 3
Total 8 6 1 1 16
DISCUSSION

This study was undertaken to examine the diver-
sity of Czech P. multocida isolates originating from
different hosts and different locations. As it shown
in Table 1, a relatively high diversity among them
was found what confirms that at least two different
typing methods should be used in detailed epiz-
ootiological studies. The fact that some ribotypes
occurred in different serogroups or the serogroups
consisted of different ribotypes indicates that the
combination of capsular typing and ribotyping pro-
vides better discriminatory power of P. multocida
(Table 2).

Capsular typing revealed that 74 of 107 P. multo-
cida isolates (69.1%) were serogroup A, which was
dominant in each of the hosts. This finding is in
general agreement with earlier studies which report
that serogroup A is the most common, followed
by other serogroups (Dabo et al., 1999a; Dziva et
al., 2001; Davies et al., 2003a). Serogroup F rabbits
isolates included in this study have been already
described in our previous work (Jaglic et al., 2004).
Nevertheless, a relatively high incidence (8 of 27)
of these isolates in rabbits was unexcepted since
the occurrence of serogroup F in a rabbit host has
not been described so far.

The identified serogroups also differed to a de-
gree of isolates RFLP diversity. A high number of
different ribotypes (13 of 15) was detected in se-
rogroup A isolates. Although the limited number
of the serogroup D and F isolates was examined,
it could be presumed that these serogroups were
quite uniformed as in both of them one ribotype
was clearly dominant.

RE Mspl used in this study is an isoschizomer of
RE Hpall, which has been shown to allow differ-
entiation and good discrimination of P. multocida

isolates (Zhao et al., 1992; Blackall and Miflin, 2000;
El Tayeb et al., 2004). Ribotyping using RE Mspl
revealed ribotype patterns which consisted of five
distinct hybridization bands. Five bands ribotype
patterns generated by RE Hpall were also predomi-
nant in porcine isolates examined by Bowles et al.
(2000).

The ribotype clustering revealed that most of the
porcine isolates belonged to cluster I, and most of
the calf and rabbit isolates belonged to cluster II.
However, relationship among individual clusters
(subclusters) and host origin was not absolute since
for example in cluster I, besides the porcine iso-
lates, approximately one third of isolates originated
also from other hosts.

Most of the ribotypes detected in our study (11 of
15) occurred in more than one isolate. However,
most of the isolates (85 of 107) had one of the four
predominant ribotypes. The prevalence of the pre-
dominant ribotypes was different in isolates origi-
nating from different hosts. The most commonly
detected ribotype in isolates originating from pigs
was ribotype 3 (55.6%). Ribotype 7 dominated in
calf isolates (45.2%), but it was also relatively fre-
quent in porcine isolates. Most of the rabbit iso-
lates (59.3%) were of ribotype 1, which was not
observed in any other host. In general, the rabbit
isolates showed the highest host specificity since
74.0% of them had ribotype patterns which were
not found in isolates originating from other hosts.
It therefore seems that some clones might be host
adapted or, at least, different ribotypes dominate in
different hosts. Similar host specificity of P. multo-
cida isolates has been also observed in several host
species (Davies et al., 2004) or dairy cattle (Dabo
et al., 1999b).

Other ribotypes were found less frequently, and
they were mainly detected in only one of the host
(Table 2). For example, ribotype 10 was found in
only four serogroup D calf isolates obtained from
separated outbreaks of severe bronchopneumonia
accompanied by a relatively high mortality rate.
Ribotype 14, which was found in fowl isolates origi-
nating from breeding flocks suffering from chronic
pasteurellosis was also recorded in a single cat iso-
late. Relationship among P. multocida isolated from
closely located fowl, cats, and dogs was investigated
by Muhairwa et al. (2001). However, in our case
we did not have any information about potential
contact between the cat and the fowl. On the other
hand, the most common ribotype found in the por-
cine isolates (including toxigenic isolates) was also
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found in one toxigenic isolate originating from a
human, who was in close contact with affected pigs.
Donnio et al. (1999) analysed toxigenic isolates of
porcine and human origin, and based on the fact
that some of them were closely related, they sug-
gested possible colonisation of people from a por-
cine reservoir. Nevertheless, the limited number of
our isolates makes it difficult to make any definitive
conclusions with these findings.

DNT production was tested using ELISA, which
has been shown to be a sensitive and specific tech-
nique (Bowersock et al., 1992). A significant cor-
relation among DNT production and ribotypes was
not observed in this study. Most of the porcine toxi-
genic isolates (11 of 14), as well as two toxigenic
reference strains, belonged to ribotype 3, however,
the remaining 13 of 24 porcine ribotype 3 isolates
were found to be non-toxigenic. However, a close
association between DNT production and a sin-
gle ribotype has been already reported (Donnio et
al., 1999). Gardner et al. (1994) also described a
significant relationship between DNT production
and a single specific ribotype, but only in isolates
within the one geographic area and not in isolates
originated from remote locations. Whether DNT
production relates to certain ribotype patterns re-
mains an opened question.

In this study we have shown that certain diversity
exists among P. multocida isolates originating from
different hosts in the Czech Republic. Based on the
characterisation and comparison of the isolates, we
found that infection or colonisation of various hosts
is usually caused by different P. multocida clones
which might be host adapted. This observation was
the most noticeable in the isolates of rabbit origin
since most of them had profiles which were not
detected in other hosts. Furthermore, according to
identified ribotype patterns we can consider that
isolates of serogroup A were more variable than
isolates of serogroups D and F. DNT positive iso-
lates were much more common in pigs than in any
other host. Although the toxigenic isolates could
not be characterised by an unique ribotype pat-
tern, domination of ribotype 3 among them was
apparent.

Acknowledgement

We thank Dr. Ivan Rychlik for critical reading of
the manuscript, and Romana Ondriasova for tech-
nical assistance.

352

REFERENCES

Adlam C., Rutter J.M. (1989): Pasteurella and pasteurel-
losis. Academic Press, London. 341 pp.

Blackall P.J., Miflin J.K. (2000): Identification and typing
of Pasteurella multocida: a review. Avian Pathology,
29, 271-287.

Blackall P.J., Pahoff ].L., Bowles R. (1997): Phenotypic
characterisation of Pasteurella multocida isolates from
Australian pigs. Veterinary Microbiology, 57, 355—
360.

Blackall PJ., Fegan N., Chew G.T.I., Hampson D.J. (1999):
A study of the use of multilocus enzyme electrophore-
sis as a typing tool in fowl cholera outbreaks. Avian
Pathology, 28, 195-198.

Bowersock T.L., Hooper T., Pottenger R. (1992): Use of
Elisa to detect toxigenic Pasteurella multocida in
atrophic rhinitis in swine. Journal of Veterinary Diag-
nostic Investigation, 4, 419-422.

Bowles R.E., Pahoff ].L., Smith B.N., Blackall P.]J. (2000):
Ribotype diversity of porcine Pasteurella multocida
from Australia. Australian Veterinary Journal, 78,
630-635.

Boyce ].D., Chung].Y., Adler B. (2000): Pasteurella mul-
tocida capsule: composition, function and genetics.
Journal of Biotechnology, 83, 153-160.

Brogden K.A., Packer R.A. (1979): Comparison of Pas-
teurella multocida serotyping systems. American Jour-
nal of Veterinary Research, 40, 1332-1335.

Carter G.R. (1961): A new serological type of Pasteurella
multocida from Central Africa. Veterinary Record, 73,
1052.

Carter G.R. (1967): Pasteurellosis: Pasteurella multocida
and Pasteurella hemolytica. Advances in Veterinary
Science, 11, 321-379.

Catry B., Chiers K., Schwarz S., Kehrenberg C., Decos-
tere A., de Kruif A. (2005): Fatal peritonitis caused by
Pasteurella multocida capsular type F in calves. Jour-
nal of Clinical Microbiology, 43, 1480-14383.

Chrisp C.E., Foged N.T. (1991): Induction of pneumonia
in rabbits by use of a purified protein toxin from Pas-
teurella multocida. American Journal of Veterinary
Research, 52, 56-61.

Confer A.W. (1993): Immunogens of Pasteurella. Vete-
rinary Microbiology, 37, 353-368.

Dabo S.M., Confer A.W., Montelongo M., Lu Y.S. (1999a):
Characterization of rabbit Pasteurella multocida iso-
lates by use of whole-cell, outer-membrane, and
polymerase chain reaction typing. Laboratory Animal
Science, 49, 551-559.

Dabo S.M., Debey B.M., Montelongo M., Confer A.W.
(1999b): Genomic DNA restriction site heterogeneity



Vet. Med. — Czech, 50, 2005 (8): 345-354

Original Paper

in bovine Pasteurella multocida serogroup A isolates
detected with an rRNA probe. Journal of Medical Mi-
crobiology, 48, 279-286.

Davies R.L., MacCorquodale R., Baillie S., Caffrey B.
(2003a): Characterization and comparison of Pas-
teurella multocida strains associated with porcine
pneumonia and atrophic rhinitis. Journal of Medical
Microbiology, 52, 59-67.

Davies R.L., MacCorquodale R., Caffrey B. (2003b): Di-
versity of avian Pasteurella multocida strains based
on capsular PCR typing and variation of the OmpA
and OmpH outer membrane proteins. Veterinary
Microbiology, 91, 169-182.

Davies R.L., Watson PJ., Caffrey B. (2003c): Comparative
analyses of Pasteurella multocida strains associated
with the ovine respiratory and vaginal tracts. Veteri-
nary Record, 152, 7-10.

Davies R.L., MacCorquodale R., Reilly S. (2004): Char-
acterisation of bovine strains of Pasteurella multocida
and comparison with isolates of avian, ovine and por-
cine origin. Veterinary Microbiology, 99, 145-158.

DiGiacomo R.F,, Deeb B.].,, Brodie S.J., Zimmerman T.E.,
Veltkamp E.R., Chrisp C.E. (1993): Toxin production
by Pasteurella multocida isolated from rabbits with
atrophic rhinitis. American Journal of Veterinary Re-
search, 54, 1280-1286.

Donnio PY., Allardet-Servent A., Perrin M., Escande F,,
Avril J.L. (1999): Characterisation of dermonecrotic
toxin-producing strains of Pasteurella multocida
subsp multocida isolated from man and swine. Journal
of Medical Microbiology, 48, 125-131.

Dziva F., Christensen H., Olsen J.E., Mohan K. (2001):
Random amplification of polymorphic DNA and phe-
notypic typing of Zimbabwean isolates of Pasteurella
multocida. Veterinary Microbiology, 82, 361-372.

El Tayeb A.B., Morishita T.Y., Angrick E.J. (2004): Eval-
uation of Pasteurella multocida isolated from rabbits
by capsular typing, somatic serotyping, and restriction
endonuclease analysis. Journal of Veterinary Diagnos-
tic Investigation, 16, 121-125.

Gardner I.A., Kasten R., Eamns G.]., SNIPESKP, Ander-
son R.J. (1994): Molecular fingerprinting of Pasteurella
multocida associated with progressive atrophic rhin-
itis in swine herds. Journal of Veterinary Diagnostic
Investigation, 6, 442-447.

Hinz K. H., Luders H. (1991): Pasteurella multocida as
a cause of disease outbreaks in commercial poultry
flocks (in German). Berliner und Munchener Tierar-
ztliche Wochenschrift, 104, 298-303.

Jaglic Z., Kucerova Z., Nedbalcova, K., Hlozek P., Bartos
M. (2004): Identification of Pasteurella multocida se-
rogroup F isolates in rabbits. Journal of Veterinary

Medicine, Series B, Infectious Diseases and Veterinary
Public Health, 51, 467-469.

Jonas M., Morishita T.Y., Angrick E.J., Jahja J. (2001):
Characterization of nine Pasteurella multocida iso-
lates from avian cholera outbreaks in Indonesia. Avian
Diseases, 45, 34—42.

Kirschner P., Bottger E.C. (1998): Species identification
of mycobacteria using rDNA sequencing. Methods in
Molecular Biology, 101, 349-361.

Lax A.J., Grigoriadis A.E. (2001): Pasteurella multocida
toxin: the mitogenic toxin that stimulates signalling cas-
cades to regulate growth and differentiation. Interna-
tional Journal of Medical Microbiology, 291, 261-268.

Moreno A.M., Baccaro M.R., Ferreira A.].P., de Castro
A.E.P. (2003): Use of single-enzyme amplified fragment
length polymorphism for typing Pasteurella multocida
subsp. multocida isolates from pigs. Journal of Clini-
cal Microbiology, 41, 1743-1746.

Muhairwa, A.P., Christensen, J.P., Bisgaard, M. (2001):
Relationships among Pasteurellaceae isolated from free
ranging chickens and their animal contacts as deter-
mined by quantitative phenotyping, ribotyping and
REA-typing. Veterinary Microbiology, 78, 119-137.

Mutters R., Ihm P, Pohl S., Frederiksen W., Mannheim
W. (1985): Reclassification of the genus Pasteurella Tre-
visan 1887 on the basis of deoxyribonucleic-acid homol-
ogy, with proposals for the new species Pasteurella
dagmatis, Pasteurella canis, Pasteurella stomatis, Pas-
teurella anatis, and Pasteurella langaa. International
Journal of Systematic Bacteriology, 35, 309—322.

Nielsen J.P.,, Bisgaard M., Pedersen K.B. (1986): Produc-
tion of toxin in strains previously classified as Pas-
teurella multocida. Acta Pathologica Microbiologica
et Immunologica Scandinavica, Section B, Microbiol-
ogy, 94, 203-204.

Pavlik I., Horvathova A., Dvorska L., Bartl J., Svastova
P., du Maine R., Rychlik I. (1999): Standardisation of
restriction fragment length polymorphism analysis for
Mycobacterium avium subspecies paratuberculosis.
Journal of Microbiological Methods, 38, 155-167.

Penn C.W., Nagy L.K. (1976): Isolation of a protective,
non-toxic capsular antigen from Pasteurella multo-
cida, types B and E. Research in Veterinary Science,
20, 90-96.

Pullinger G.D., Sowdhamini R., Lax A.J. (2001): Locali-
zation of functional domains of the mitogenic toxin
of Pasteurella multocida. Infection and Immunity, 69,
7839-7850.

Quinn P.J., Carter M.E., Markey B., Carter G.R. (1994):
Pasteurella species. In: Clinical Veterinary Microbiol-
ogy. Wolfe Publishing, Mosby — Year Book Europe
Limited, London. 254—258.

353



Original Paper

Vet. Med. — Czech, 50, 2005 (8): 345-354

Rhoades K.R., Rimler R.B. (1987): Capsular groups of
Pasteurella multocida isolated from avian hosts. Avian
Diseases, 31, 895-898.

Rimler R.B. (1987): Cross-protection factor(s) of Pas-
teurella multocida: passive immunization of turkeys
against fowl cholera caused by different serotypes.
Avian Diseases, 31, 884—-887.

Rimler, R.B. (1994): Presumptive identification of Pa-
steurella multocida serogroup A, serogroup D and
serogroup F by capsule depolymerization with muco-
polysaccharidases. Veterinary Record, 134, 191-192.

Rimler R.B., Rhoades K.R. (1987): Serogroup F, a new
capsule serogroup of Pasteurella multocida. Journal
of Clinical Microbiology, 25, 615-618.

Schimmel D., Erler W., Putsche R., Jacob B. (1992): On
the importance of the dermonecrotoxin and dermon-
ecrotoxoid of Pasteurella multocida D in calves (in
German). Berliner und Munchener Tierarztliche Wo-
chenschrift, 105, 233-235.

Sternerkock A., Lanske B., Uberschar S., Atkinson M.].
(1995): Effects of the Pasteurella multocida toxin on
osteoblastic cells in vitro. Veterinary Pathology, 32,
274-279.

Townsend K.M., Dawkins H.].S., Papadimitriou J.M.
(1997): REP-PCR analysis of Pasteurella multocida
isolates that cause haemorrhagic septicaemia. Re-
search in Veterinary Science, 63, 151-155.

Townsend K.M., Frost A.J., Lee C.W., Papadimitriou ].M.,
Dawkins H.J.S. (1998): Development of PCR assays for
species- and type-specific identification of Pasteurella
multocida isolates. Journal of Clinical Microbiology,
36, 1096-1100.

Townsend K.M., Boyce J.D., Chung J.Y,, Frost A.J., Adler
B. (2001): Genetic organization of Pasteurella multoc-
ida cap loci and development of a multiplex capsular
PCR typing system. Journal of Clinical Microbiology,
39, 924-929.

Wilson M.A., Morgan M.]., Barger G.E. (1993): Com-
parison of DNA fingerprinting and serotyping for
identification of avian Pasteurella multocida isolates.
Journal of Clinical Microbiology, 31, 255-259.

Wilson M.A., Duncan R.M., Nordholm G.E., Berlowski
B.M. (1995): Pasteurella multocida isolated from wild
birds of North America — a Serotype and DNA finger-
print study of isolates from 1978 to 1993. Avian Dis-
eases, 39, 587-593.

Zhao G.S., Pijoan C., Murtaugh M.P., Molitor T.W.
(1992): Use of restriction endonuclease analysis and
ribotyping to study epidemiology of Pasteurella mul-
tocida in closed swine herds. Infection and Immunity,
60, 1401-1405.

Received: 05-05-27
Accepted after corrections: 05-07-19

Corresponding Author

Dr. Zoran Jaglic, Veterinary Research Institute, Hudcova 70, 621 32 Brno, Czech Republic
Tel. +420 533 331 216, fax: +420 541 211 229, e-mail: jaglic@vri.cz

354



