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Pasteurella multocida is a widespread respiratory pathogen in pigs associated with atrophic rhinitis and contributing to aggravation of the pulmonary lesions. The aims of the present study were to characterize isolates of P. multocida from porcine bronchopneumonia by pulsed-field gel electrophoresis (PFGE), PCR based capsular typing and multilocus sequence typing (MLST) and to compare clonal complexes outlined with the type of histological lung lesions to investigate if a correlation between clonal lineages and lesions might exist. Isolates of P. multocida were obtained from cases of cranioventrally located porcine bronchopneumonia. All lung lesions were described and classified according to histological lesions. A total of 139 isolates, from lung (n=111), pericardial sac (n=21) and kidney (n=7) of 111 pigs were described using PFGE with ApaI as the restriction enzyme. Furthermore, 20 and 29 isolates were characterized by capsular serotyping and multilocus sequence typing, respectively. PFGE demonstrated 15 different clusters showing 50% or more similarity. All selected isolates were of capsular serotype A and only three main sequence *Manuscript types (ST) were detected among the isolates. Associations were not found between histopathology and clonal complexes of P. multocida. In conclusion, PFGE demonstrated a high diversity of genotypes of P. multocida associated with porcine bronchopneumonia. However, isolates obtained mainly belonged to few STs, indicating that isolates of P. multocida associated with porcine bronchopneumonia originates from a limited number of clonal lineages and therefore might have adapted to porcine hosts. No correlation was demonstrated between genotypes and types of lesions, and extra-pulmonary spreading was only rarely demonstrated.

Introduction

Infectious bronchopneumonia is a widespread and well-known disease of pigs used for meat production [START_REF] Sørensen | Diseases of the Respiratory System[END_REF]. In a Danish study, bronchopneumonia was demonstrated in 25% of the pigs at slaughter [START_REF] Christensen | The prevalence of pneumonia, pleuritis, pericarditis and liver spots in Danish slaugther pigs in 1998, including comparation with 1994[END_REF]. Similar reports have been published from other countries [START_REF] Gois | Incidence and evaluation of the microbial flora in the lungs of pigs with enzootic pneumonia[END_REF][START_REF] Osborne | An abattoir survey of the incidence of pneumonia in Saskatchewan swine and an investigation of the microbiology of affected lungs[END_REF][START_REF] Von Altrock | Occurrence of bacterial infectious agents in pathologically/anatomically altered lungs of pigs and compilation of resistance spectra[END_REF][START_REF] Maes | Non-infectious factors associated with macroscopic and microscopic lung lesions in slaughter pigs from farrow-to-finish herds[END_REF]. Both viruses and bacteria have been included in the aetiology of porcine pneumonia [START_REF] Thacker | Immunology of the porcine respiratory disease complex[END_REF][START_REF] Sørensen | Diseases of the Respiratory System[END_REF][START_REF] Hansen | An investigation of the pathology and pathogens associated with porcine respiratory disease complex in Denmark[END_REF]. Among these, the Gram-negative bacterium Pasteurella multocida, associated with a broad disease spectrum in animals [START_REF] Hunt | The molecular biology of Pasteurella multocida[END_REF], constitutes a frequent finding [START_REF] Gois | Incidence and evaluation of the microbial flora in the lungs of pigs with enzootic pneumonia[END_REF][START_REF] Morrison | Microorganisms associated with pneumonia in slaughter weight swine[END_REF][START_REF] Falk | An abattoir survey of pneumonia and pleuritis in slaughter weight swine from 9 selected herds. II. Enzootic pneumonia of pigs: microbiological findings and their relationship to pathomorphology[END_REF][START_REF] Von Altrock | Occurrence of bacterial infectious agents in pathologically/anatomically altered lungs of pigs and compilation of resistance spectra[END_REF][START_REF] Ross | Pasteurella multocida and its role in porcine pneumonia[END_REF], and it is suggested that P. multocida may play a central role in the porcine respiratory disease complex (PRDC) [START_REF] Thacker | Immunology of the porcine respiratory disease complex[END_REF][START_REF] Pijoan | Pneumonic pasteurellosis[END_REF][START_REF] Ross | Pasteurella multocida and its role in porcine pneumonia[END_REF][START_REF] Sørensen | Diseases of the Respiratory System[END_REF][START_REF] Hansen | An investigation of the pathology and pathogens associated with porcine respiratory disease complex in Denmark[END_REF]. Compared to bronchopneumonia and atrophic rhinitis, systemic infections with P. multocida in pigs are infrequently reported, although acute septicaemia due to capsular serotypes B A c c e p t e d M a n u s c r i p t 3 and D has been reported from Asia and Australia [START_REF] Mackie | Pasteurella multocida septicaemia in pigs[END_REF][START_REF] Cameron | An outbreak of haemorrhagic septicaemia associated with Pasteurella multocida subsp gallicida in large pig herd[END_REF][START_REF] Pijoan | Pneumonic pasteurellosis[END_REF]. Finally, P. multocida has been associated with the porcine dermatitis and nephropathy syndrome (PDNS), a disease of unknown aetiology recognized in many pig-producing countries [START_REF] Thomson | Detection of Pasteurella multocida in pigs with porcine dermatitis and nephropathy syndrome[END_REF][START_REF] Lainson | Typing of Pasteurella multocida isolated from pigs with and without porcine dermatitis and nephropathy syndrome[END_REF]. A variety of lesions in porcine lungs have been associated with P. multocida, including mild exudative as well as extensive necrotizing lesions and abscess formation [START_REF] Pijoan | Pneumonic pasteurellosis[END_REF][START_REF] Hansen | An investigation of the pathology and pathogens associated with porcine respiratory disease complex in Denmark[END_REF]. Factors influencing the outcome, however, remain to be elucidated. In addition, only little is known about the host response to invasion in the lungs, just as possible systemic spreading remains to be confirmed. The difference observed in pathological manifestations might be explained as a result of differences in virulence of the bacteria previously reported for avian isolates of P. multocida [START_REF] Pedersen | Pasteurella multocida from outbreaks of avian cholera in wild and captive birds in Denmark[END_REF][START_REF] Eigaard | Clonal stability of Pasteurella multocida in free-range layers affected by fowl cholera[END_REF].

Although strains of P. multocida obtained from porcine bronchopneumonia have been typed and characterized using several different approaches, such correlations between isolates and pathology have not been reported for porcine isolates (Zucker et al., 1996;[START_REF] Fussing | Development of a typing system for epidemiological studies of porcine toxin-producing Pasteurella multocida ssp. multocida in Denmark[END_REF][START_REF] Bowles | Ribotype diversity of porcine Pasteurella multocida from Australia[END_REF][START_REF] Lainson | Typing of Pasteurella multocida isolated from pigs with and without porcine dermatitis and nephropathy syndrome[END_REF][START_REF] Moreno | Use of single-enzyme amplified fragment length polymorphism for typing Pasteurella multocida subsp. multocida isolates from pigs[END_REF][START_REF] Jamaludin | Phenotypic and genotypic characterisation of Pasteurella multocida isolated from pigs at slaughter in New Zealand[END_REF]. However, demonstration of a small number of P. multocida variants associated with the majority of cases of porcine pneumonia in the United Kingdom during a twelve year period might suggest that strains associated with lung lesions represent primary pathogens rather than secondary invaders [START_REF] Davies | Characterization and comparison of Pasteurella multocida strains associated with porcine pneumonia and atrophic rhinitis[END_REF]. Pulsedfield gel electrophoresis (PFGE) has previously been used to investigate the genetic diversity of P. multocida [START_REF] Aalbaek | Typing of Pasteurella multocida from haemorrhagic septicaemia in Danish fallow deer (Dama dama)[END_REF][START_REF] Lainson | Typing of Pasteurella multocida isolated from pigs with and without porcine dermatitis and nephropathy syndrome[END_REF][START_REF] Pedersen | Pasteurella multocida from outbreaks of avian cholera in wild and captive birds in Denmark[END_REF]. However, results obtained have not been compared with the type of lesions found in bronchopneumonia. For this reason the aims of the present study were to characterize isolates of P. multocida from porcine bronchopneumonia by capsular typing, PFGE and multilocus sequence typing (MLST) and to compare clonal complexes outlined with the type of lesions found in the lungs and to examine if a correlation between clonal lineages and lesions might exist. In addition, isolates from the lungs, A c c e p t e d M a n u s c r i p t 4 pericardial sac and kidney of the same animal were compared in order to investigate if isolates from the pericardial sac and kidney were identical with those obtained from the lung.

Materials and Methods

Cases of bronchopneumonia and bacterial isolates

Cases of cranioventrally located porcine bronchopneumonia with positive cultivation of P. multocida, randomly collected at two Danish slaughter houses during 2006, were included in the present study [START_REF] Hansen | An investigation of the pathology and pathogens associated with porcine respiratory disease complex in Denmark[END_REF]. The animals originated from 80 separate farms. In addition to isolates from the lung, isolates of P. multocida from the pericardial sac and kidney of pigs demonstrating bronchopneumonia with isolation of P. multocida, were included. All organs were cultured using sterile cotton swabs after heat decontamination of the surface. The swabs were plated on blood agar (Blood agar Base CM 55, Oxoid, Basingstoke, United Kingdom, added 5% bovine blood) and incubated at 37°C in a sealed plastic bag for 24 h. Isolates showing typical colony morphology of P. multocida were sub-cultured and identified using procedures as previously reported by [START_REF] Hansen | An investigation of the pathology and pathogens associated with porcine respiratory disease complex in Denmark[END_REF]. Growth of P. multocida on the primary plates and gross lesions were evaluated as previously reported [START_REF] Hansen | An investigation of the pathology and pathogens associated with porcine respiratory disease complex in Denmark[END_REF]. Evaluation of histopathology was done according to [START_REF] Hansen | An investigation of the pathology and pathogens associated with porcine respiratory disease complex in Denmark[END_REF] and [START_REF] Pors | Occurrence and associated lesions of Pasteurella multocida in porcine bronchopneumonia[END_REF] leading to the following groups of histopathology: acute, subacute, chronic necrotizing, chronic suppurative, chronic mixed and chronic non-suppurative bronchopneumonia.

Pulsed-field gel electrophoresis

Isolates of P. multocida were kept at -80°C in brain heart infusion (BHI) broth (Difco, Heidelberg, Germany) with 10% glycerol (LIFE Pharmacy, Copenhagen, Denmark) and were plated on blood agar. Inoculated plates were incubated at 37ºC in sealed plastic bags for 18-24 hours. From pure A c c e p t e d M a n u s c r i p t 5 cultures, a single colony typical of P. multocida was grown overnight in 10 ml BHI (Difco) at 37ºC with shaking. The optical density at 578 nm was measured using 200 μl of bacterial suspension added to 800 μl SE-buffer (75mM NaCl (Merck, Darmstadt, Germany), 25mM EDTA (Merck) [pH 7.4]). Approximately 3 ml of culture was used for DNA preparation. The culture was centrifuged at 10,000 rpm for 25 min after which the supernatant was discarded and the pellet re-suspended in 4.5 ml SE-buffer followed by centrifugation. After discarding the supernatant and adding SE-buffer as adjustment for density, the suspension of bacterial DNA was mixed with an equal amount of 1% low-melting-point agarose (Seakem GTG agarose, FMC Bioproducts) and dispensed into a plug mould. After solidification the blocks were digested overnight at 56°C in ES-buffer (1% Nlauroylsarcosin (Sigma-Aldrich, Steinheim, Germany), 0.5M EDTA (Merck) [pH 9.5]) added Proteinase K (0.5 mg/ml) (Roche, Basel, Switzerland). The blocks were then washed in cold (4°C) TE-buffer. Subsequently, the purified DNA was washed in restriction buffer (NEBuffer 4, B7003S, New England BioLabs, Massachusetts, USA) containing 10 mg/ml bovine serum albumin (B9001S, New England BioLabs) and digested overnight with 2 µl ApaI (R0114, New England BioLabs) at 25°C as this has previously been used in PFGE analysis of P. multocida isolates [START_REF] Lainson | Typing of Pasteurella multocida isolated from pigs with and without porcine dermatitis and nephropathy syndrome[END_REF]. The fragments were separated in a 1% agarose gel (Pulsed Field Certified Agarose, Bio-Rad, Richmond, California) in 0.5TB-buffer (Tris/boric acid (Merck), 0.5 M EDTA (Merck) [pH 8.]) using a CHEF-DR III system (Bio-Rad) at 14ºC for 20 hr. The electrophoresis conditions were: an initial switch time of 1 sec, a final switch time of 15 sec, a potential difference of 5.6 V/cm and an included angle of 120 o C. Gel images were analyzed and banding profiles compared using GelCompar II (Applied Maths, Belgium). Subsequently, the Unweighted Pair Group Method with Arithmetic Average (UPGMA) was used for cluster analyses using the DICE similarity coefficient and a band-matching index greater than 0.8% among the profiles. To determine clonality among the isolates, guidelines presented by [START_REF] Lainson | Typing of Pasteurella multocida isolated from pigs with and without porcine dermatitis and nephropathy syndrome[END_REF] and [START_REF] Tenover | Interpreting chromosomal DNA restriction patterns produced by pulsedfield gel electrophoresis: criteria for bacterial strain typing[END_REF] were used.
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Capsular PCR

Twenty isolates obtained from lung lesions, were randomly selected to represent major clusters according to PFGE. A multiplex capsular PCR based upon capsule-specific primer pairs (CAPA, CAPB, CAPD, CAPE, and CAPF) was used as described by [START_REF] Townsend | Genetic organization of Pasteurella multocida cap Loci and development of a multiplex capsular PCR typing system[END_REF].

MLST

Twenty-nine isolates were selected randomly to represent major clusters based upon PFGE. MLST was performed according to [START_REF] Subaaharan | Development of a multi-locus sequence typing scheme for avian isolates of Pasteurella multocida[END_REF]. Seven housekeeping gene fragments adk (coding for adenylate kinase), est (esterase), pmi (mannose-6-phosphate isomerase), zwf (glucose-6phosphate-1-dehydrogenase), mdh (malate dehydrogenase), gdh (glutamate dehydrogenase) and pgi (glucose-6-phosphate-isomerase) were characterized. PCR conditions included an initial denaturation of 5 min at 94°C; 30 cycles of (94°C, 30 s; 48°C, 30s; 72°C, 1 min) and a final elongation at 72°C for 5 min. For the gdh gene the annealing temperature was 58°C instead of 48°C. Residual dNTPs and primers were removed by mixing 10 µl PCR-mixture with 1 µl exonuclease I and 2 µl calf intestine alkaline phosphatase (Fermentas, St. Leon-Rot, Germany). The samples were incubated for 15 min at 37°C and subsequently at 85°C to stop the enzymatic reaction. Sequencing was performed at Macrogen Inc., Seoul, Korea, using the PCR primers.

Sequencing results were analyzed with Vector NTI 10.1.1 (Invitrogen, Carlsbad, USA) and assembled sequences aligned and compared using ClustalW at www.ebi.ac.uk. Using the Pasteurella multocida RIRDC MLST Database ( http://pubmlst.org/pmultocida_rirdc/) the ST types found was compared to previous findings. Significance level was set to P<0.05. All analysis was done using SAS version 9.1 (SAS Institute, Cary, NC, USA). For statistical analysis, histopathological observations were pooled according to the age of lesion (acute, subacute, chronic) to ensure adequate group sizes. Furthermore, analyses were performed among the groups of lungs with chronic lesions (necrotizing, suppurative, mixed, non-suppurative). Clusters with a number of isolates below ten were not included in the statistical analyses.

Statistical analysis

Results

Bacteriology

A total of 111 isolates of P. multocida were obtained from the lungs of cases of cranioventral located bronchopneumonia Of these 96 were demonstrated in pure culture, while colonies of P. multocida present in a mixed culture were obtained in 15 cases. Massive growth (more than 300 colonies) were found in 76 cases, dense growth (25-300 colonies) in 21 cases and weak growth (<25 colonies) in 14 cases. Isolates of P. multocida were also obtained from the kidney in 7 animals. All isolates from the kidney were in pure culture, massive growth was found in 4 cases and dense growth were found in 3 cases. Isolates obtained from the pericardial sac were kept and included for further examination in 21 out of 40 cases with positive cultivation of P. multocida from the pericardial sac. Of these 19 were demonstrated in pure culture, while colonies of P. multocida present in a mixed culture were obtained in 2 cases. Massive growth (more than 300 colonies) were found in 4 cases, dense growth (25-300 colonies) in 6 cases and weak growth (<25 colonies) in 11 cases. Four of the cases had simultaneous isolation of P. multocida from kidney and pericardial sac.

Isolates from lung, pericardial sac and kidney all shared the same colony morphology, typical of P.

multocida.
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Pathology

Lung lesions from which P. multocida was cultivated and included for further characterization (n=111) were grouped into six categories according to histopathology (Table 2). There were only eight acute and 21 subacute cases of bronchopneumonia. The most frequent finding was chronic bronchopneumonia (n=82) represented by different types of exudation in alveoli, including neutrophils or a mixed cell population consisting of lymphocytes, macrophages and neutrophils.

Additionally, multifocal necrotic lesions were found in a single subacute case and in eight cases of the chronic bronchopneumonia. A detailed description of the histopathological findings has been reported by [START_REF] Hansen | An investigation of the pathology and pathogens associated with porcine respiratory disease complex in Denmark[END_REF].

PFGE analysis

A total of 139 isolates of P. multocida obtained from lung (n=111), pericardial sac (n=21) and kidney (n=7) were examined by PFGE. The PFGE patterns obtained with ApaI as the restriction enzyme included 7-13 clear and well separated bands. A total of 15 clusters (A-O) demonstrated more than 50% similarity (Table 1 and Fig. 1). Clusters A and B each contained 34 isolates. Within these clusters accumulations of clonally related isolates representing several farms were observed.

Cluster C included 13 isolates, six isolates made up cluster D, while three (E, F and G), one (H) and two (I and J) clusters contained four, three and two isolates, respectively. Five clusters (K, L, M, N and O) only included a single isolate each. A total of 47 isolates formed 13 clusters (Fig. 1) each of which demonstrated 90% or more similarity. The similarity of PFGE profiles of isolates obtained from lung, pericardial sac and/or kidney is shown in Table 2. In nine out of 24 animals isolates obtained demonstrated more than 90% similarity. Isolates from the remaining 15 animals were A c c e p t e d M a n u s c r i p t 9 different with the exception of isolates from three animals from which two out of three isolates demonstrated an identical profile.

Association between PFGE clusters, pathology and cultivation of P. multocida

The nine isolates obtained from necrotic lung lesions belonged to 7 different clusters (Table 1) and a significant association between PFGE clusters and necrosis was not observed (P=0.12).

Furthermore, an association between the clusters outlined and groups of histopathology (acute, subacute, chronic) (P=0.49) or groups of chronic cases (necrotizing, suppurative, mixed, nonsuppurative) (P=0.32) was not demonstrated. Neither was a significant association between the clusters outlined and isolation of P. multocida from the pericardial sac and/or kidney found (P=0.40). Using the definition of clonal relationship between isolates defined by [START_REF] Tenover | Interpreting chromosomal DNA restriction patterns produced by pulsedfield gel electrophoresis: criteria for bacterial strain typing[END_REF] did not demonstrate clones that correlated with groups of histological lesions either (P=0.15) (data not shown).

Capsular typing

All isolates selected randomely to represent major PFGE clusters for capsular PCR belonged to capsular serotype A.

MLST

Three groups of sequence types (STs) were demonstrated (Table 3). The largest group made up the clonal complex 13 and comprised ST13 (21 isolates) or ST149 (one isolate). Four isolates belonged to clonal complex 74 including ST74 (3 isolates) or ST148 (one isolate), while the last group comprised three isolates belonging to clonal complex 50 (ST50, ST150 and ST146). Within the three clonal complexes, the STs share 6 out of seven alleles. ST50 and ST74 differ in five out of A c c e p t e d M a n u s c r i p t 10 seven alleles and ST13 demonstrates seven unique alleles compared to ST50 and ST74 (Table 3).

All three clonal complexes have been reported in the Pasteurella multocida RIRDC MLST

Database to be mainly associated with pigs in a worldwide distribution. Due to the uneven distribution of STs among the 29 sampled animals, a statistical analysis of a possible correlation with histopathology was not possible.

Discussion

A high prevalence of P. multocida is usually demonstrated from cases of porcine bronchopneumonia [START_REF] Gois | Incidence and evaluation of the microbial flora in the lungs of pigs with enzootic pneumonia[END_REF][START_REF] Morrison | Microorganisms associated with pneumonia in slaughter weight swine[END_REF][START_REF] Falk | An abattoir survey of pneumonia and pleuritis in slaughter weight swine from 9 selected herds. II. Enzootic pneumonia of pigs: microbiological findings and their relationship to pathomorphology[END_REF][START_REF] Hansen | An investigation of the pathology and pathogens associated with porcine respiratory disease complex in Denmark[END_REF].

However, strains of P. multocida associated with bronchopneumonia in pigs are usually considered secondary pathogens being dependent on co-infections or immunosuppression of the host [START_REF] Pijoan | Pneumonic pasteurellosis[END_REF][START_REF] Ross | Pasteurella multocida and its role in porcine pneumonia[END_REF]. The present study characterized isolates from naturally occurring porcine bronchopneumonia to investigate the genetic diversity of the isolates and to investigate a possible link between genotypes and the histopathology of the corresponding lung lesions. In addition, isolates found in the kidney and pericardial sac was compared with lung isolates from the same animal, to investigate the possibility of systemic spreading of the infection. The results showed that P. multocida isolated from bronchopneumonia in pigs demonstrate a high genetic diversity. Based upon PFGE a total of 15 clusters demonstrating 50% similarity or more were outlined. Using the same cut of value [START_REF] Lainson | Typing of Pasteurella multocida isolated from pigs with and without porcine dermatitis and nephropathy syndrome[END_REF] only demonstrated four clusters among 51 isolates. A high genetic variation among isolates from porcine pneumonia has also been reported by others, although other methods were used and based on a small number of isolates compared to this study [START_REF] Djordjevic | Demonstration that Australian Pasteurella multocida isolates from sporadic outbreaks of porcine pneumonia are nontoxigenic (toxA-) and display heterogeneous DNA restriction endonuclease profiles compared with toxigenic isolates from herds with progressive atrophic rhinitis[END_REF]. Application of restrictrion endonuclease analyses (REA) and ribotyping, has demonstrated less genetic diversity among isolates from porcine pneumonia [START_REF] Zhao | Use of restriction endonuclease analysis and ribotyping to study epidemiology of Pasteurella multocida in closed swine herds[END_REF][START_REF] Blackall | The molecular epidemiology of four outbreaks of porcine pasteurellosis[END_REF][START_REF] Bowles | Ribotype diversity of porcine Pasteurella multocida from Australia[END_REF][START_REF] Rubies | Plasmid and restriction endonuclease patterns in Pasteurella multocida isolated from a swine pyramid[END_REF]. However, in the present study Demonstrations of a low number of STs and a few clonal complexes of P. multocida, however, seems to indicate that only a limited number of clones seem to be associated with porcine bronchopneumonia in Danish pig herds. The three major STs demonstrated in this study, ST13, ST50 and ST74 and the subtypes (146-150) hereof, all belong to P. multocida subspecies multocida (unpublished data). These STs have previously also mainly been reported associated with pigs (http://pubmlst.org/pmultocida_rirdc/) indicating an adaptation to this host. MLST results also demonstrate that several evolutionary lines of P. multocida independently may have adapted to the porcine host since the sequence types differ in most of the alleles. These observations confirm previous findings by [START_REF] Davies | Characterization and comparison of Pasteurella multocida strains associated with porcine pneumonia and atrophic rhinitis[END_REF], who showed that the majority of isolates of P. multocida from porcine pneumonia only made up four different outer-membrane protein (OMP) types.

Previous studies have used different molecular methods to describe the genetic diversity of P. multocida obtained from porcine pneumonia [START_REF] Pijoan | Serotyping of Pasteurella multocida isolated from swine lungs collected at slaughter[END_REF][START_REF] Zhao | Use of restriction endonuclease analysis and ribotyping to study epidemiology of Pasteurella multocida in closed swine herds[END_REF]Zucker et al., 1996;[START_REF] Blackall | The molecular epidemiology of four outbreaks of porcine pasteurellosis[END_REF][START_REF] Rubies | Plasmid and restriction endonuclease patterns in Pasteurella multocida isolated from a swine pyramid[END_REF]. However, none of these studies examined the possible association between the genotypes and histopathological findings in the lung. In the present study a connection between PFGE clusters of P. multocida and histopathological findings was not demonstrated, indicating the important role of other infectious agents and/or management factors in the outcome of porcine bronchopneumonia [START_REF] Sørensen | Diseases of the Respiratory System[END_REF][START_REF] Hansen | An investigation of the pathology and pathogens associated with porcine respiratory disease complex in Denmark[END_REF]. With an uneven distribution of the STs among the 29 sampled animals it was not possible to carry out any meaningful statistical analyses of the association between ST and histopathological findings. However, it was observed that ST13 did not occur in animals with chronic necrotic lesions and A c c e p t e d M a n u s c r i p t ST50 and ST13 did not occur in animals with chronic suppurative lesions (data not shown). This observation should be further investigated in future studies.

All isolates of P. multocida selected for capsular serotyping, were found to be of capsular type A in agreement with previous studies [START_REF] Pijoan | Serotyping of Pasteurella multocida isolated from swine lungs collected at slaughter[END_REF][START_REF] Zhao | Use of restriction endonuclease analysis and ribotyping to study epidemiology of Pasteurella multocida in closed swine herds[END_REF][START_REF] Djordjevic | Demonstration that Australian Pasteurella multocida isolates from sporadic outbreaks of porcine pneumonia are nontoxigenic (toxA-) and display heterogeneous DNA restriction endonuclease profiles compared with toxigenic isolates from herds with progressive atrophic rhinitis[END_REF][START_REF] Davies | Characterization and comparison of Pasteurella multocida strains associated with porcine pneumonia and atrophic rhinitis[END_REF]. In contrast, strains found in porcine atrophic rhinitis often belong to capsular serotype D [START_REF] Sakano | Toxigenic type A Pasteurella multocida as a causative agent of nasal turbinate atrophy in swine[END_REF][START_REF] Gardner | Molecular fingerprinting of Pasteurella multocida associated with progressive atrophic rhinitis in swine herds[END_REF][START_REF] Davies | Characterization and comparison of Pasteurella multocida strains associated with porcine pneumonia and atrophic rhinitis[END_REF], indicating that isolates of P. multocida associated with atrophic rhinitis and bronchopneumonia, respectively, seem to represent different clonal lineages. Investigations of the tonsillary flora of apparently normal pigs demonstrated a high prevalence of capsular serotype A [START_REF] Townsend | PCR detection and analysis of Pasteurella multocida from the tonsils of slaughtered pigs in Vietnam[END_REF][START_REF] Jamaludin | Phenotypic and genotypic characterisation of Pasteurella multocida isolated from pigs at slaughter in New Zealand[END_REF] and typing these strains might give insight as to whether the clones found in this study originate from the tonsils. Comparison of isolates from lung and extra-pulmonary sites, including the kidney and pericardial sac, showed the same PFGE profile in only nine out of 24 animals.

Previous studies of paired isolates from lung and kidney demonstrated similar results for eight out of 14 animals based on REA [START_REF] Buttenschon | Phenotypical and genotypical characteristics of paired isolates of Pasteurella multocida from the lungs and kidneys of slaughtered pigs[END_REF]. [START_REF] Lainson | Typing of Pasteurella multocida isolated from pigs with and without porcine dermatitis and nephropathy syndrome[END_REF] demonstrated identical PFGE profiles of isolates of P. multocida, obtained from different isolation sites, including kidney and lung, in pigs suffering from PDNS. These results indicate that a spreading of infection might be possible. However, it could be speculated whether the discrepancies observed might be due to contamination, infection with multiple clones or clearance of the bacteria in chronic cases. A majority of the histopathological findings in the lungs was characterized as chronic and therefore it could be speculated whether a systemic spread was cleared by the host at the time of examination, thereby leading to the low isolation rate of bacteria from the kidney. As P. multocida is reported as a zoonotic organism [START_REF] Bisgaard | Zoonoses caused by organisms classifed with Pasteurellaceae[END_REF][START_REF] Iaria | Please, do not forget Pasteurella multocida[END_REF], systemic spreading of the ND: herd origin not reported. a: One case of necrotizing pneumonia A c c e p t e d M a n u s c r i p t A c c e p t e d M a n u s c r i p t 

  A c c e p t e d M a n u s c r i p t 7 Association between PFGE and lesion types demonstrated was done by Fisher's exact test.

  randomly selected and represent isolates which are not epidemiologically connected.

  .,Kruger, M., Horsch, F., 1996. Differentiation of Pasteurella multocida subspecies multocida isolates from the respiratory system of pigs by using polymerase chain reaction fingerprinting technique.Zentralbl. Veterinarmed. B 43,[585][586][587][588][589][590][591] 
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Table 1 .

 1 Isolates of P. multocida characterized by PFGE. Distribution according to herd, isolation from kidney and/or pericardial sac and type of bronchopneumonia for clusters demonstrating more than 50% similarity by PFGE analysis.

	Cluster	Cases with isolation of	No. of	Isolation from			Type of bronchopneumonia	
		P.multocida from lung	herds	kidney/					
				pericardial sac	Acute Subacute	Chronic	Chronic	Chronic	Chronic
							necrotizing	suppurative	mixed	nonsuppurative
	A	34	28	14	3	4	2	14	5
	B	34	27 (3 ND)	14	1	5	1	12	9
	C	13	11 (1 ND)	2	2	2	1	1	4
	D	6	6	3	0	2	1	1	0
	E	4	4	2	1	1	0	1	0
	F	4	2 (1 ND)	2	0	1	1	1	1
	G	4	4	1	0	1	0	1	1
	H	3	4	2	1	0	2	0	0
	I	2	ND	1	0	2 a	0	0	0
	J	2	2	0	0	1	0	0	1
	K	1	1	0	0	0	0	1	0
	L	1	1	0	0	1	0	0	0
	M	1	1	0	0	0	0	1	0
	N	1	1	0	0	0	0	0	1
	O	1	1	1	0	1	0	0	0
	Total	111		42	8	21 a	8	33	22
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Table 3 .

 3 Clonal complex, sequence type (ST) and allelic profile demonstrated among 29 isolates of P. multocida randomly selected to represent the genetic diversity outlined by PFGE.

	Clonal	Sequence		Gene and allelic profile		Clusters represented
	complex	type						(isolates with ST /total
			adk est pmi zwf mdh gdh pgi	isolates typed from cluster)
	13	13	7	11 9	10 4	7	8	A(4/6) B(6/7) C(2/3) D(1/2)
								E (1/1) F(1/1) G(1/1) J(1/1)
								K(1/1) M(1/1) O(1/1)
		149	7	11 9	10 4	30 8	L(1/1)
	50	50	14 10 20 19 8	3	20	D (1/2)
		146	14 10 20 19 8	29 20	C(1/3)
		150	14 10 20 19 8	3	53	N(1/1)
	74	74	22 13 8	29 8	3	31	A(2/6) B(1/7) H(1/1)
		148	22 13 46 29 8	3	31	I(1/1)

Table 3

 3 

In conclusion, the results of the present study clearly demonstrated the presence of highly diverse genotypes of P. multocida in porcine bronchopneumonia. However, isolates obtained mainly belonged to a few STs, indicating that isolates of P. multocida associated with porcine bronchopneumonia originates from a limited number of clonal lineages which and therefore might have adapted to porcine hosts. No relation was demonstrated between genotypes outlined and type of lesion, and extra-pulmonary spreading was only rarely demonstrated.
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