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Abstract- The aim of this study was to characterize Brazilian isolates of P. mulfocida from pig lungs based on Multilocucs sequence typing
(MLST) and virulence factors. We analyze 27 isolates of P. multocida from lungs with pneumonia and 2 isolates from lungs without lesions.
PCR was used to confirm P. multocida by kmtl gene and identify the presence of virulence factors genes toxA, pfhA and thpA. Aimost all sam-
ples belong to serotype A (27/29) were from pneumonic lesions and only two of serotype D (2/29) were from healthy lung. No samples ampli-
fied gene foxA. Sixteen samples (55,1%) amplified the thpA and ten (34,48%) the pfhA. Lincosamid and aminoglycosides resistance were
observed in 80% and 52% of isolates, respectively. Upon MLST analysis, 13 genotypes were identified, nine isolates have ST that was not
previous reported. Occurrence of Clonal Complex (CC) in pneumonic lungs was associated to CC74 that have seventeen isolates followed by
CC13 with four isolates. No pneumonic lungs have CC50 detected with two isolates. Six isolates (ST 190, 193, 194, 198, 197) have no CC
identity to previous complex but concatenate phylogenetic analysis showed a closely relationship with CC74 and CC13. Phylogenetic analysis
shows that all isolates sequence type in this study has a linkage disequilibrium (IsA=0,40; P=0,000) and probably this swine isolates have a
clonal distribution. P. multocida isolated from swine pneumonic lungs at Central Western Brazil region have serotype A, great variability with
two main CC (CC74 and CC13) complexes with a high number of isotates positive to thpA virulence factor. This data could help to uncover P.
multocida genetic diversity associated to swine pneumonia.
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Introduction

Pasteurella multocida is part of the microbiota of the respiratory
tract of pigs, although some strains are associated with progressive
atrophic rhinitis and others with pleurisy and pneumonia. These
diseases are highly contagious and responsible for significant loss-
es in modern swine production [1-3]. Currently there are five capsu-
lar serotypes (A, B, D, E and F) of P. multocida [1] and several
authors have studied the presence of virulence genes involved in
the pathogenesis of pneumonia caused by P. multocida with toxA,
pfhA, thpA, ompH, ptfA, hgbA, pls and Nanh are the most studied
[3-6]. Some virulence factors are associated with pathogenicity,
including the dermonecrotic toxin gene (foxA), filamentous hemag-
glutinin gene (pfhA) and transferrin binding protein gene (tbpA)
[16].

Recently, Multiloccus Sequencing Typing (MLST) technique were
developed to characterized P. multocida from avian cholera [7] and
then applied to bovine and swine pneumonia isolates [8]. This has
advantage to be portable and results comparable between labora-

tories. Since no data is available based on this technique, the ob-
jective of this study was to characterize isolates of P. multocida
from lungs of pigs with pneumonia and demonstrate population
structure associated of P. mulfocida associated to pneumonia in
Central-western of Brazil.

Material and Methods

Sample Collection

One hundred samples were collected from lungs of pigs, forty with
and sixty without macroscopic lesion of pneumonia, at slaughter-
house under Federal inspection in Mato Grosso state in the period
December 2009 to March 2011 [Table-1]. Five samples were col-
lected from outbreaks of pneumonia occurred in the same period
[Table-1]. The macroscopic changes of the lungs for inclusion in
the study were: hepatization, fibrin deposition, pleurisy or adher-
ence. Fragments were kept on ice and fixed in 10% formalin and
sent to the laboratory for microbiological and histopathological
processing.
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Isolation and Antibiotic Susceptibility Testing

The samples were plated on 5% sheep blood and MacConkey
agar, incubated at 37°C for 48 hours. The samples that showed the
coccobacilli morphology and negative on MacConkey agar cultiva-
tion were subjected to biochemical tests of catalase, oxidase, ure-
ase, triple sugar iron (TSI), glucose, sucrose, lactose, maltose and
mannitol. The isolates classified as P. multocida [9] were submitted
to antibiogram test by disk diffusion method [10]. The antimicrobial
agents tested included oxaciclin (1 mg), norfloxacin (10 mg), linco-
mycin (2 mg), tetracycline (30 mg), ampicillin (10 mg), colistin (10
mg), streptomycin (10 mg), ofloxacin (5 mg), enrofloxacin (5 mg),
doxycycline (30 mg), amoxicillin (10 mg), ceftiofur (30 mg) and
penicillin (10 1U).

Capsular Typing and Virulence Factors

P. multocida classified by biochemical tests were grown in a medi-
um (BHI) for 24 hours at 37°C with stirring and subjected to extrac-
tion of genomic DNA [11]. Isolates of P. multocida were confirmed
by kmtl gene PCR (specific to P. multocida) and capsular typing
was determined with specific genes, hyaD-hyaC, bebD, dcbF, ecbd
and fcbD to identify the serotypes A, B, D, E and F, respectively
[12]. The presence of genes of virulence factors toxa, tbpA and
pfhA were determined [5]. The amplification products were ana-
lyzed by electrophoresis on 2% agarose gel stained with ethidium
bromide (10pg/mL) for 1 h at 125V per cm UV transilluminator and
observed with marker ladder.

Histopathologic Analysis

Lungs fragments were immersed in formalin 10% for 24 hours,
processed for histopathology and stained with hematoxylin-eosin
and observed in optical microscopic [13].

Genotype Analysis

Multilocus sequence typing scheme and protocol from P. multocida
RIRDC MLST Databases were realized on all isolates [7]. Genetic
analysis were performed on START2 software [14] and multiple
sequence alignment were done with Muscle and Neigborn Join with
100 bootstrap were utilized to construct concatenated phylogenetic
tree from sequence of seven genes of P. multocida RIRDC MLST
Databases captured November 21, 2011.

Results

In 27 (60%) pneumonic lungs, from nine herds, had growth of P.
multocida, confirmed by kmtl gene PCR amplification. The hyaD-
hyaC gene was amplified all samples classifying them as belonging
to serotype A [Table-1]. Only two (3.3%) isolates were detected in
healthy lung and they were serotype D. Histophatological findings
were depicted in table 3. Bronchopneumonia and interstitial pneu-
monia were detected at variable degree, distribution and edema in
lung with pneumonia. No microscopic lesions were detected in lung
whitout macroscopic lesion.

Analysis of virulence factors shows that at least one gene (thpa,
toxA e pfha) were detected in 25 isolates (92%). Virulence factor
show eleven out of 27 (34.48%) isolates with pfha gene and six-
teen (55.17%) with tbpa gene. All isolates were negative to foxA.
The samples showed 80% resistance to lincosamids and 52% had
partial sensitivity to aminoglycosides. To other antibiotics
(quinolone, tetracycline, polypeptides and cephalosporin), sensitivi-
ty was high, 80 to 100% [Table-2].

Table 1 - Characteristic of 29 isolates of P. multocida from swine
lungs from Mato Grosso and Mato Grosso do Sul States, during

2008 to 2011.

ID Farm Kmtl Serotype toxA thpA pfhA ST CC
M305/09* A + A - + - 194
M135/10* B + A - - + 13 ST13
M142/10 C + A + - 27 ST74
M150/10 C + A 271 ST4
M151/10 C + A - 27 ST74
M152/10 C + A + 27 ST4
M153/10 C + A + 27 ST74
M154/10 C + A + 27 ST4
M155/10 C + A + 27 ST74
M157/10 C + A 27 ST74
M158/10 C + A - 27 ST74
M159/10 C + A + 27 ST74
M160/10 C + A + 190
M161/10 C + A + 191 ST74
M162/10 C + A + - 192 ST74
M164/10 D + A + 196 ST13
M165/10 D + A - 152 ST13
M166/10 D + A + - 197
M167/10 D + A + + 196 ST13
M171/10 D + A + 27 ST74
M173/10 D + A + 27 ST74
M174/10 E + A + 193
M175/10 E + A + - 193
M225/08*  F + A + 198
M506/11* G + A 74 ST74
M1015/10* H + A 74 ST74
16A* | + D 195 ST50
18A*™* | + D 195 ST50
M994/10*  J + A 74 ST74

*Outbreaks cases.

Table 2- Profile of antimicrobial susceptibility of isolates of P. mul-
tocida from pig’s lungs isolates in Mato Grrosso and Mato Grosso
do Sul States in the period December 2009 to March 2010.

Antibiotics Susceptible Intermediary Resistance

Penicillin 96% 0% 4%
B-Lactan Ampicillin 92% 0% 8%
Amoxicillin 96% 0% 0%
Norfloxacin 100% 0% 0%
Quinolones Ofloxacin 96% 0% 4%
Enrofloxacin 96% 0% 0%
Tetracycins Tetracicline 80% 8% 12%
Doxycycline 88% 8% 4%
Aminoglycosides  Streptomycin 40% 52% 8%
Polypeptides Colistin 80% 12% 8%
Cephalosporin ~ Ceftiofur 100% 0% 0%
Lincosamides Lincomycin 8% 8% 84%

Under MLST analysis, in this study 13 genotypes were described
from 29 P. multocida isolates. Four genotypes were previous de-
scribed and nine were new and submitted to PUBMLST. Isolate
M225 have new alleles to adk, est, gdh and pgi genes [Fig-1].
Comparison between isolates in this study and isolates from pig in
P. multocida (RIDC) database shows a presence of linkage dise-
quilibrium (I4=0,40; P=0,000).

Clonal complex analysis with five of seven identical alleles genes
show presence of CC 74, CC13 and five STs without previous
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described in RIDC database. Concatenate analysis with all ST of
RIDC database show that this isolates are phylogenetic closely
related to CC13 (ST197) and CC74 (ST190, ST193, ST194 and
ST198) [Table-4]. At herd level, CC 74 was the most frequent oc-
curring in five herds followed by CC13 in two herds. CC50 was
detected in herd associated to lung with no macroscopic lesion.

Fig. 1- Concatenate sequence analysis tree was constructed using
muscle alignment and Neighbor Joining (100 replicates) of seven
genes of two hundred two sequence of sequencing typing (ST1 to
ST202) from RIDC database. CC: clonal complex ; isolated with
pneumonia ® isolated from lung without pneumonia

Table 3- Microscopic lesions in histological analisys and MLST ST
of P. multocida isolated from pig lung

Sample Lesion  Degree Distribution Edema ST cc
M305/09 Nd Nd Nd Nd 194

M135/10 Nd Nd Nd Nd 13 ST13
M142/10 SSIP ++ Focal + 27 ST74
M150/10 SSIP ++ Focal + 27 ST74
M151/10 SSB +++ Diffuse - 27 ST74
M152/10 SSIP + Multifocal - 27 ST74
M153/10 SSB ++ Multifocal - 27 ST74
M154/10 SIP + Multifocal - 27 ST74
M155/10 SSB ++t Multifocal - 27 ST74
M157/10 SSB +++ Multifocal - 27 ST74
M158/10 PM ++ Multifocal + 27 ST74
M159/10 SSB ++t Diffuse - 27 ST74
M160/10 SSIP +++ Diffuse - 190

M161/10 BPS ++t Diffuse - 191 ST74
M162/10 SSB ++t Diffuse - 192 ST74
M164/10 SSIP + Focal - 196 ST13
M165/10 SSB ++ Diffuse + 152 ST13
M166/10 SIP ++ Diffuse - 197

M167/10 SSB ++ Focal - 196 ST13
M171/110 SIP ++ Multifocal - 27 ST74
M173/10 SSB ++ Focal - 27 ST74
M174/10 SIP + Multifocal - 193

M175/10 SIP + Focal + 193

M225/08 SSB +++ Diffuse - 198

M506/11 ++ Focal + 74 ST74
M1015/10 SIB ++ Focal + 74 ST74
16A - - - - 195 ST50
18A - - - - 195 ST50
M994/10 SIB ++ Focal + 74 ST74

Table 4-Genotype classification based on MLST
ID Isolate Allele ST cc
adk est pmi zwf mdh gdh Pgi

508 16A 1 10 20 19 8 3 20 195 ST50
510 18A 1 10 20 19 8 3 20 195 ST50
507  M1015 22 13 8 29 8 3 3 74 ST74
487  M135 71" 9 10 4 7 8 13 ST13
214 M142 22 13 8 30 8 33 271 ST74
488 M150 22 13 8 30 8 3 3 271 ST74
215 M151 22 13 8 30 8 3 A 27 ST74
216 M152 22 13 8 30 8 3 A 27 ST74
489 M153 22 13 8 30 8 3 3 271 ST74
490 M154 22 13 8 30 8 3 A 27 ST74
491 M155 22 13 8 30 8 3 3 271 ST74
492 M157 2 13 8 30 8 3 3 271 ST74
493 M158 22 13 8 30 8 3 A 27 ST74
494  M159 22 13 8 30 8 3 3 271 ST74
4%  M160 22 13 9 30 4 7 8 190

4%  M161 7 13 8 30 8 3 31 191 ST4
497 M162 22 13 8 30 4 3 3 192 ST4
498  M164 7N 9 10 4 29 8 196 ST13
228  M165 7N 9 10 4 3 8 152 ST13
49 M166 22 11 18 10 23 29 8 197

500  M167 7T 9 10 4 29 8 196 ST13
501 M7t 2 13 8 30 8 3 3 271 ST74
502 M173 22 13 8 30 8 3 A 27 ST74
503  M174 7 13 9 30 4 3 31 193

504  M175 713 9 30 4 3 31 193

511 M225 402 58 29 29 23 362 602 198

505  M305 @ 31 8 8 29 4 30 53 19

509 M506 22 13 8 29 8 3 3 74 ST74
506 M994 22 13 8 29 8 33 74 ST74
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Discussion

P. multocida serotype A is responsible for pneumonia in pigs world-
wide. In the UK, a total of 129 strains isolated from lungs of pigs
with pneumonia, 106 (82.2%) belonged to serotype A [15]. In Ger-
many of 155 samples of P. multocida isolated from swine pneumo-
nia, 99 (63.9%) belonged to serotype A [4]. In South Korea, 30
samples of P. multocida in pigs with pneumonia, 17 (56.6%) be-
longed to serotype A and 13 (43.4%) belonged to serotype D [16].
Unlike in China of 233 samples from pigs with clinical signs of res-
piratory disease 92 (39.5%) belonged to serotype A and 128
(54.9%) to D [3], but in China the samples analyzed were from
throughout the respiratory tract different of studies where the sam-
ples came just lung, this may be the justification for the higher
number of serotype D found in China.

In Brazil, Borowski S.M., et al [1]; Moreno AM., et al [17]; Heres
T.S. [18] also isolated the serotype A in most samples of lungs
from pigs with pneumonia (95.5%, 89.4% and 93.91%, respective-
ly). Analyzing only samples of the Mato Grosso and South Mato
Grosso States, studied by Moreno A.M., et al [17] 100% were sero-
type A, a result similar to this study. P. multocida serotype D was
the most isolated in pneumonia in Santa Catarina State [19], how-
ever unlike this study chronic abscess lesions were the most found.
foxA gene was not observed in this study. Studies conducted in the
UK, Davies R.L., et al [15] identified this gene in 9% of samples.
6.3% Ewers C., et al [5] and Bethe A., et al [4] in Germany, in Chi-
na this gene only was identified in samples of P. multocida sero-
type D [3]. In Brazil, this gene was not identified recently [18], how-
ever a few years ago was identified in 9 (37.5%) [20] and one
(1.72%) [17] samples from pigs with pneumonia.

foxA gene is responsible for transcription of the dermonecrotic
toxin and although it is related to the virulence of strains of P. mul-
tocida, some authors identify the most commonly in cases of
atrophic rhinitis or pneumonia caused by strains of P. multocida
serotype D [3-5, 20]. The absence or low presence of this gene in
isolates of P. multocida serotype A of pig’s lungs with pneumonia in
this and other studies [3,5,17] can be explained by the greater
importance of foxA gene in the pathogenesis of atrophic rhinitis
caused by serotype D of P. multocida [5].

pfhA gene amplified in 10 (34,48%) of the isolates, higher than that
found by others authors [4,5]. This gene had a higher presence
from P. multocida isolated from diseased animals (23.3%) than in
carriers (15.4%) [4]. Among diseased animals pfhA gene was more
prevalent in animals with lower respiratory tract infections when
compared with isolates from animals with upper respiratory tract
infection [4]. In China Tang X, et al [3] identified the presence of
this gene in 23 (25%) samples isolated from P. multocida serotype
A, while only 4 (3.1%) samples belonging to serotype D amplified
the gene pfhA. In addition, this aothors described a relationship
between the presence of this gene with pneumonia of pigs and
cattle. pfhA gene is responsible for the production of filamentous
hemagglutinin, the protein is of the same class of Bordetella per-
tussis FHA protein and contributes to the colonization and adher-
ence of the bacteria in the nasopharynx and trachea of the affects
animals [21].

tbpA gene was amplified in 16 (55.17%) isolates from pneumonic
lungs. This gene were not found in isolates of P. multocida pneu-
monia in pigs in others studies [3-5], however the authors consid-
ered the possibility that this gene is involved in virulence of isolates

of P. multocida outbreaks of hemorrhagic septicemia in ruminants
and other animals [5]. The high occurrence of this gene in this
study may reflect regional characteristic and explained by the even
higher correlation with pneumonia in ruminants and with P. multo-
cida serotype B, that was not identify in this study [10]. In India the
presence of tbpA gene across species and among these pigs and
identified as an important marker of pneumonia in epidemiological
several species where it is present [22].

Bethe A., et al [4] suggests that the presence or absence of some
genes such as toxA, pfhA and tbpA may be associated with the
virulence of strains of sick animals and can be utilized as an im-
portant epidemiological marker. According to the results obtained,
it is suggested that the gene pfhA can be used as a marker for
pneumonia in pigs, because of pneumonia among the samples this
gene had a high occurrence. However pneumonia by P. multocida
in pigs is a multifactorial disease, where several factors such as
nutrition, stocking rate, climate and other environmental character-
istics contribute to the maintenance of the disease in swine herd
[23]. Other studies focused on protein expression are needed to
explain the pathogenesis of pneumonia caused by P. multocida in
pigs.

Several authors have shown that isolated P. multocida are re-
sistant to lincosamides [1,24], although they identified an increased
resistance to multiple drugs than that observed in this study. In
addition to resistance to lincosamides and B-lactam was also ob-
served resistance to quinolones [20,24] and tetracycline [20]

This resistance can be justified by the indiscriminate use of antimi-
crobials in pig farming state, both for the treatment of pathologies
such as the use of growth promoters. in a retrospective study from
2003 to 2007 showed that the resistance of strains of P. multocida
in China increased over the years, from 47% in 2003 to 97% in
2007 to more than 5 antibiotics [3], which shows concern for the
future treatment of pneumonia in the state of Mato Grosso and
Mato Grosso do Sul.

The microscopic lesions found were subacute suppurative bron-
chopneumonia (50%) and interstitial pneumonia (50%) [Table-3].
Others authors in Brazil also observed the presence of suppurative
bronchopneumonia or hemorrhagic necrosis and subacute in pigs
free of respiratory pathogens that after inoculation of P. multocida
serotype A reproduced the disease with the same serotype and
microscopic lesions similar to this study [25]. In Denmark, 28 cases
of acute or subacute suppurative bronchopneumonia with isolation
of P. multocida were observed [26], results similar to ours, howev-
er, in these cases there was concomitant identification of Myco-
plasma hyopneumoniae, unlike this study where only five samples
were positive for M. hyopneumoniae and one for Haemophillus
parasuis by PCR, according to CAl, et al [27] and Oliveira, et al
[28] respectively.

Under MLST analysis, in a study in Denmark, 25 isolates of differ-
ent PFGE (pulsed-field gel electrophoresis) profile were analyzed
by MLST with identification of seven sequence types (ST 13, 50,
74, 148, 149 and 150) that were part of three clonal complex (CC
13, 50 and 74) when consider five out of sevem similarity alleles.
Isolates in this study shows a more genetic diversity with 13 STs in
the 28 isolates and with three previous described CC (C13, 50 and
74) and more five new CC. CC13 and CC74 were described in pig
in other countries isolated mainly from pneumonic lesions. ST 27 is
classified as CC 74, but was not described previously in pig.
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ST191, 193, 194, 197 and 198 has no CC associated.

Phylogenitcs analys shows ST195 (CC50) was described in both in
pneumonia [29] and atrophic rhinitis but this isolated were only
detected in healthy pig lungs (pubmist). In this database the occur-
rence of isolates without pneumonia is greather when compared to
others CC 74 and CC13.

Conclusion

P. multocida isolated in Mato Grosso and Mato Grosso do Sul be-
long to serotype A and among them was the identification of genes
pfhA (48%) and tbpA (4%), which has so far not been reported in
Brazil. The samples were resistant to lincosamids and sensitive to
quinolonas, pB-lactams, tetracyclines, aminoglycosides, polypep-
tides and cephalosporin. Genetic diversity were common with 13
genotypes mainly from clonal complex CC74 and CC13.
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