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Abstract

Bovine Respiratory Disease (BRD) causes a severe form of pneumonia in all
age of cattle. This study was designed to investigate the distribution of cap-
sular types, serotypes, and virulence-associated genes of the major bacterial
pathogens from BRD outbreak samples in Ethiopia. In this study 166 sam-
ples were collected from clinically sick (2 = 107) and pneumonic lung tis-
sue (n = 59). Laboratory assay confirmed isolation of M. haemolytica 37
(22.29%), P. multocida 25 (15.06%), B. trehalosi 12 (7.23%), and H. somni
15 (9.04%). PCR assay of P. multocida capsular typing revealed 21 (84.0%)
cap A (hyaD-hyaC) and 4 (16.0%) cap D (dcbF) strains. M. haemolytica se-
rotypes belonged to A: 1, A: 2, and A: 6 from 26 (70.27%), 4 (10.81%), and 7
(18.92%) isolates, respectively. P. multocida biotyping showed isolation of A:
1, A: 2, and A: 3 from 3 (14.29%), 2 (9.52%), and 16 (76.19%) isolates, re-
spectively. M. haemolytica harbored more than 60% ssa gene, and 90.91%
sodA while FbpA, TbpA, and [ktC genes were found in all isolates. Likewise,
all P. multocida exhibited toxA, FbpA, ThpA, and pmSLP genes. The current
finding showed that M. haemolytica serotype A: 1 is frequently associated
with BRD followed by 2. multocida biotype A: 3. These two isolates harbored
diverse virulence-associated genes and presented the pathogenic potential of
the current isolates. Thus, investigation of pathogenic strains of BRD, viru-
lence genes distribution, and molecular epidemiology of the disease from
wider areas of the country are essential. Hence, continuous outbreak sur-
veillance and molecular approaches are indispensable in designing efficient
prevention strategies.
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1. Introduction

Ethiopia has the largest number of livestock in Africa and home for various an-
imal species. The country is naturally endowed with different agro-ecological
zones and suitable for livestock production. Cattle are the most important lives-
tock subsector in the country and the main providers of nutrition and income
for livelihoods. The total cattle population in the country is estimated to be 59.5
million and distributed evenly throughout the country, with higher density in
the highland areas [1] [2]. However, the productivity potential remained very
low to meet the growing demand of the population. This is due to various con-
straints such as high prevalence of veterinary disease, low animal health service
coverage, and shortage of access to inputs. Moreover, animal health issues are
the major barriers to productivity. Prevalence of veterinary important diseases
like respiratory illness exert negative impact on productivity and contributes to
economic losses in the country [3] [4].

BRD is considered as one of the potential disease in all age of cattle [5] [6].
BRD is caused by diverse bacterial pathogens including Pasteurella multocida (P.
multocida), Mannheimia haemolytica (M. haemolytica), Histophilus somni (H.
somni), Mycoplasma species, and Trueperella Pyogens (1. pyogens) [7] [8]. Acute
infection can be caused by virulent strains of M. haemolytica, P. multocida, and
H. somni. These pathogens are opportunistic, possess different virulence genes,
and are capable of infecting the lower airway and lung parenchyma [7] [9] [10].
Moreover, M. haemolytica and H. somni do not constantly involve stressors
(environmental and management) or other concomitant infections to cause fatal
pneumonia [7].

Strains of M. haemolytica can be classified into 17 serotypes using indirect hae-
magglutination assay of the capsular polysaccharide antigen. 12 serotypes belong
to biotype A (1, 2,5, 6,7, 8,9, 12, 13, 14, 16, and 17) and are reclassified as M.
haemolytica. 4 serotypes belong to biotype T (3, 4, 10, and 15) and are worth
mentioned as B. trehalosi, while M. glucosida was belonged to serotype A: 11
[11] [12]. P. multocida was grouped into five capsular types (A, B, D, E, and F)
based on cap loci variation and characterized using primers designed for poly-
merase chain reaction (PCR) assay [13] [14]. Besides, P. multocida was further
classified based on its lipopolysaccharide (LPS) into eight LPS (L1 - L8) geno-
types [15].

M. haemolytica and P. multocida possess a range of virulence factors that in-
fluence the host defense mechanism and enable colonization and infection [15].
M. haemolytica pathogenicity is associated with various virulence factors of out-

er membrane proteins, adhesins, leukotoxin, superoxide dismutase, protectins,
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and hyaluronidase. Virulence genes like transferring-binding protein A (7bpA),
leukotoxinC (/ktC), ferric-binding protein A (FbpA) which acquire similar prop-
erties to the transferrin, and several outer membrane proteins facilitate the de-
velopment of the disease in the host [16] [17] [18]. Besides, M. haemolytica se-
rotype-specific antigen (ssa) represents virulence-associated gene coding an im-
portant virulence marker responsible for the pathogenic potential of M. haemo-
Iytica [18] [19] [20]. Likewise, the Rp#2 locus (species-specific) modulates the
type III restriction-modification system which acts as a barrier to the introduc-
tion of foreign DNA [21].

P. multocida possesses multiple virulence factors associated with fimbriae,
capsule, polysaccharide, endotoxins, lipopolysaccharide (LPS), exotoxins, mul-
tocidins or siderophores, plasmids, outer membrane proteins (OMPs), and extra-
cellular enzymes. The virulence-associated genes such as toxA, ThpA, sodA,
sodC, ompA, ompH, and plpB play a significant role in the pathogenesis of the
pathogen [15] [22] [23] [24]. P. multocida surface lipoproteins (pmSLP) are a
class of soluble proteins that represent surface and are anchored to the outer
membrane [25]. Hence, the identification of these virulence factors indicate the
pathogenicity of bacterial pathogens.

Effective control of BRD is likely requires efficient intervention, definitive di-
agnosis, efficacious vaccines, therapeutic measures, and improved management
practices [26]. Hence, BRD call for efficient controlling strategies. Thus, conti-
nuous outbreak surveillance and characterization of the major bacterial patho-
gens associated with BRD are essential for the development of an effective pre-
ventive approach. Moreover, molecular epidemiology is essential to determine
the distribution of potential pathogenic serotypes circulating in the country.
However, there are few studies on the characterization of M. haemolytica and P.
multocida circulating in Ethiopia. Besides, information regarding serotypes and
virulence genes distribution associated with BRD cases in cattle of Ethiopia is
lacking. Therefore, the present study aimed to investigate BRD causing bacterial
pathogens, distribution of capsular types, serotypes, and virulence-associated
genes of M. haemolyticaand P. multocida.

2. Material and Methods
2.1. Sample Collection and Study Area

Samples were collected from BRD outbreak cases, showing respiratory signs in-
cluding depression, appetite loss, respiratory distress, high fever, nasal discharge,
and lacrimation. 166 samples were collected from November 2020 to April 2021.
Nasopharyngeal swab samples (2 = 107) and a section of lung tissue samples (n
= 59) were excised from the pneumonic lungs. Samples were transported to the
National Veterinary Institute (NVI), research and development laboratory, Ethi-
opia. Samples were collected from Hawassa, Ziway, and Mojo. Hawassa is lo-
cated at 7°3'1.3464"N and 38°29'43.8144"E with an elevation of 1712 meters
above sea level (m.a.s.l). Ziway is located at 7°55'39.792"N and 38°43'15.9888"E

DOI: 10.4236/aim.2022.121002

12 Advances in Microbiology


https://doi.org/10.4236/aim.2022.121002

M. Akalu et al.

at an altitude of 1645 m.a.s.l. Mojo is coordinated between 8°35'13.2648"N and
39°7'23.3256"E with an elevation of 1780 m.a.s.l.

2.2. Isolation of Bacterial Pathogens

Bacterial strains were isolated using the standard bacteriological assay. Briefly,
pneumonic lung tissue samples were minced, reconstituted in 4 ml sterile physi-
ological saline (pH 7.0 + 0.2), centrifuged at 3000 x g for 3 min, and the super-
natant was discarded. The remaining sediment was reconstituted with 100 ul
sterile physiological saline. Ten pl of pneumonic lung sample suspension and
nasopharyngeal swabs were streaked comparably onto blood agar base (HiMe-
dia, India) with 5% sheep blood and MacConkey agar (HiMedia, India). Plates
were incubated at 37°C for 24 - 48 hrs aerobically.

Colonies characteristics of Pasteurellaceae were further assayed as per the stan-
dard bacteriological method. Presumptive isolates were further analyzed using bi-
ochemical test (catalase and oxidase reaction, ornithine decarboxylase (ODC), in-
dole production, nitrate reduction and urease). Identification of BRD-associated
bacteria pathogens to species level was conducted using carbohydrate fermenta-
tion reaction (glucose, lactose, sucrose, arabinose, trehalose, dulcitol, mannitol,
sorbitol, and D-xylose).

2.3. Molecular Assay

A PCR assay was conducted on presumptive bacterial pathogens of BRD as a
confirmatory assay. Species-specific universal genes Rp#2 and Kmtl were used
for molecular detection of M. haemolytica and P. multocida, respectively. Ge-
nomic DNA was extracted using the Qiagen DNeasy Blood and Tissue Kit
(QIAGEN GmbH, Germany) following the manufacturer’s instruction.

2.4. Serotyping

Rabbit antisera were produced against M. haemolytica reference strains which
were kindly provided by the NVI, Ethiopia. The assay was conducted using a
rapid plate agglutination test against rabbit serum and classified to their respec-
tive serotypes [27]. Biotypes of P. multocida were assigned based on their sugar

fermentation profiles [28].

2.5. M. haemolytica and P. multocida Virulence-Associated Genes

Virulence-associated genes detection was conducted using the PCR method on
twenty-two randomly selected isolates of M. haemolytica (n = 11) and P. multo-
cida (n= 11). PCR was conducted to investigate virulence-associated genes of M.
haemolytica (ssa, sodA, FbpA, TbpA, and [ktC) and P.multocida (toxA, FbpA,
TbpA, and pmSLP) (Table 1 and Table 2).

2.6. Electrophoresis

Amplified PCR products were electrophoresed in 1.5% agarose gels. PCR prod-
ucts (10 ul) were mixed with loading buffer (6x) and loaded into each separate
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Table 1. Primer pairs and PCR condition of virulence-associated genes.

Isolates Size

Pri S 5'-3 Reft
virulence genes and function rumer sequence (bp) elerence
F GTT TGT AAGATATCCCATTT
Rpr2 Species-specific 1022 [3] [12]
R CGT TTT CCA CTT GCG TGA
Serotype-specific F TTC ACA TCT TCA TCC TC
ssa . 327 (3] [12]
surface antigen g TTT TCA TCC TCT TCG TC
F GCA CTT GCT ATT GCT GCA G
FbpA Iron acquisition 1000  This study
R CTC AGA GAA ATC GTC GAA
M. haemolytica
F GGA AAC ATT ACT TGG CTA TGG
ktC Toxin 440 [18]
R TGT TGC CAG CTCTTCTTG ATA
F TTTG GTT GGA AAC GGT AAA GC
ThpA Iron acquisition 728 [36]
R TAA CGT GTA CGG AAA AGC CCC
Superoxide F GCC TGC GGA CAA ACGTGT TG
sodA ] 144 (3] [24]
dismutase R TTT CAA CAG AAC CAA AAT CACGAATG
F ATC CGC TAT TTA CCC AGT GG
Kmitl Species-specific 460 [3] [12] [14]
R GCT GTA AAC GAA CTC GCC AC
Toxin F CTT AGA TGA GCG ACA AGG
toxA . 864 [26]
(dermonecrotoxin) R GAA TGC CAC ACC TCT ATA G
F GCA CTT GCT ATT GCT GCA G
FbpA Iron acquisition 500  This study
R CTC AGA GAA ATC GTC GAA
capA F TGC CAA AAT CGC AGT CAG
P multocida B P Capsular synthesis 1044 [3] [13]
: (hyaD-hyaC) R TTG CCA TCA TTG TCA GTG
capD F TTA CAA AAG AAA GACTAG GAG CCC
Capsular synthesis 657 [3] [13]
(debF) R CAT CTA CCC ACT CAA CCA TAT CAG
F TTTG GTT GGA AAC GGT AAA GC
ThpA Iron acquisition 728 [36]
R TAA CGT GTA CGG AAA AGC CCC
F CCT CACTCGCTCCGACTATT
pmSLP Surface lipoprotein 1025  This study

R TCA TCC CAA GTA AAACCCAGTG

F: forward primer; R: reverse primer; bp: base pair.

wells. A 100 bp/1kb plus DNA molecular marker was added into the first and
last lane and run at 120 V for 60 min. Products were visualized for the desired
size of DNA bands under a gel documentation system (Uvitec, UK).

2.7.Data Analysis

Data were coded and stored in Excel and analyzed using statistical software
(STATA 11). Descriptive statistics were used and statistical result was considered
at p<0.05.
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Table 2. PCR condition of the different virulent gene primers.

PCR condition
Virulence (Amplification 35 cycle)
genes Primary . . . Final

Denaturation Denaturation Annealing Extension extension

Rpt2 95°C/3min 95°C/1min 48°C/lmin 72°C/1min 72°C/5min
ssa 95°C/3min 95°C/1min 48°C/lmin 72°C/1lmin 72°C/5min
FbpA 95°C/5min 95°C/30s 50°C/30s 72°C/1lmin 72°C/7min
IktC 94°C/5min 94°C/30s 58°C/40s  72°C/40s  72°C/10min
ThpA 95°C/5min 95°C/30s 50°C/30s  72°C/1min 72°C/7min
sodA 95°C/5min 95°C/30s 55°C/30s 72°C/40s 72°C/5min
Kmtl 95°C/5min 95°C/45s  55°C/lmin 72°C/lmin 72°C/10min
toxA 94°C/5min 94°C/30s 48°C/40s  72°C/45s  72°C/10min
hyaD-hyaC ~ 95°C/5min 95°C/1min  55°C/lmin 72°C/1:30s  72°C/7min
dcbF 94°C/5min 94°C/1min 55°C/lmin 72°C/30s  72°C/7min
pmSLP 94°C/2min 94°C/15s 62°C/30s  68°C/lmin  68°C/5min

3. Results

3.1. Outbreak Investigation

Diseased animals showed high fever (>40.0°C), coughing, anorexia, severe res-
piratory distress, marked depression, salivation, and absence of rales when the
ventral lung auscultated. Infected animals appeared dull and respiratory grunts
were observed in advanced cases. Cattle slaughtered at the abattoir were inspected
for typical gross pathological lesions. The affected parts of the lung showed firm,
friable, irregularity in shape, consolidation, and dark red coloration were fre-
quently observed in pneumonic cases. In some advanced cases, pulmonary pa-

renchymal consolidation and interstitial edema were evidenced.

3.2. Biochemical Characterization

Bacterial pathogens isolated from nasopharyngeal and pneumonic lung samples
of cattle revealed the identification of M. haemolytica, P. multocida, B. trehalosi,
and H. somni. Isolates were Gram-negative, coccobacilli, and pleomorphic
(Table 3).

3.3. Isolation of Bacterial Pathogens

Bacteriological assay showed that 37 (22.29%) M. haemolytica isolates and 26
(15.66%) P. multocida isolates were identified. Besides, 12 (7.23%) B. trehalosi
isolates and 15 (9.04%) H. somni isolates were phenotypically characterized from
outbreak samples at p> 0.05 (Table 4).
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Table 3. Biochemical profile of presumptive isolates.

Isolates

Oxidase
Catalase

M. haemolytica +* +
P. multocida + +
B. trehalosi + +
H. somni + -

Biochemical assay

o © © g Y —_ 3 —_ v
L Q [72]
o ¥ £ 2 2 z 2 g =S £ = £ B
() = o +© = = < o =] 3 =,
c & 2 5 =2 3% 32 £ € E § B 7
= .
= Z =) ) _ 2 & = &) s A A
Cal - + - + + + + - - + + +
+ + + - + - + - - + + +
- - + - + - + - + - + + +
+ + + - + - + - + + + + +

*+: Positive; **-: negative.

Table 4. Prevalence of bacterial pathogens.

Study area and sample size
Chi-square
Isolates Hawassa Ziway Mojo Total test

(n=67) (n=137) (n=62) (n=166)
M. haemolytica 14 (20.89%) 13 (35.13%) 10 (16.13%) 37 (22.29%)
P. multocida 11 (16.42%) 9 (24.32%)  5(8.06%) 25 (15.06%)  0.648*
B. trehalosi 5(7.46%)  6(16.22%)  1(1.61%) 12 (7.23%)

H. somni 7(10.45%)  7(18.92%)  1(1.61% 15 (9.04%)

*The result is not significant at p < 0.05.

3.4. PCR Assay

PCR assay confirmed that all (100%) M. haemolytica isolates and 25 (96.15%) P.
multocida isolates were positive for the Rp2 and kmt1 universal genes, respec-
tively. Besides, all B. frehalosi isolates were found positive for the sodA gene.
Capsular typing of P. multocida isolates posive for kmtl gene revealed that 21
(84.0%) isolates were belonged to capsular type A (AyaD-hAyaC) and 4 (16.0%)
were belonged capsular type D (dcbF) (Figure 1).

3.5. Serotyping and Biotying

Serotyping of Rpt2 PCR-positive M. haemolyticaisolates revealed that 26 (70.27%)
isolates were belonged to serotype A: 1, 4 (10.81%) isolates were serotype A: 2,
and 7 (18.92%) were belonged to M. haemolytica serotype A: 6. P. multocida
kmtl and AyaD-hyaC PCR-positive isolates belonged to biotype A: 1, A: 2, and
A: 3 from 3 (14.29%), 2 (9.52%), and 16 (76.19%) isolates, respectively.

3.6. Virulence Gene Detection

M. haemolytica strains harbored ssa in 7 (63.63%) and sodA in 10 (90.91%)
strains, while FbpA, TbpA, and [ktC genes were found in all isolates. P. multoci-
da exhibited 100% toxA, FbpA, ThpA, and pmSLP genes (Table 5 and Figure 2).
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657 bp
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(b)

1044 bp

144 bp

Figure 1. Agarose gel electrophoresis (a) (lane M: molecular ladder; lane 1 - 5: M. hae-
molytica ssa gene (327 bp); lane 7 - 10: P. multocida kmtl gene (460 bp); lane 11 - 14: P.
multocida capsular type D (657 bp); lane N: negative control; lane P1 - P3: positive con-
trol); (b) P. multocida capsular type A (1044 bp); (c) B. trehalosi isolates sodA gene (144
bp).

MP 123 456 7891011INM

(a)
1000 bp

MP 123 456 789I101INM

®) =
500 bp

M123456789101INP M
: o sy (©

728 bp

—
—_

o om0 G Emo B0 ong S G Aug 80 o -:_-: 440 bp

Figure 2. Agarose gel electrophoresis of Virulence-associated genes (a) FbpA gene of M.
haemolytica (1000 bp); (b) FbpA gene of P. multocida (500 bp); (c) TbhpA gene of P. mul-
tocida (728 bp); (d) LktC gene of M. haemolytica (440 bp).

4. Discussion

BRD is a multiplex illness that causes a severe form of pneumonia in all age
groups of cattle. It is caused by range of factors such as multiple bacterial and
viral pathogens together with environmental stressors are responsible for the
outbreak of this disease [29]. BRD infected animals are detected late or not detected
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Table 5. Virulence genes detected in M. haemolyticaand P. multocida.

Isolates
Isolates Virulence gene
Positive % Negative %
Ssa 7 63.64 4 36.36
Soda 10 90.91 1 9.09
M. h [yti
aemoytica FbpA 11 100 0 0
(n=11)
ThpA 11 100 0 0
IktC 11 100 0 0
toxA 11 100 0 0
P. multocida FbpA 11 100 0 0
(n=11) ThpA 11 100 0 0
pmSLP 11 100 0 0

at all during the disease development. Hence, early intervention is essential to
effectively control the disease and reduce morbidity and mortality. Besides, com-
piling the prevalence of the major causative pathogens of BRD might help in
early intervention and disease control [30] [31]. Therefore, outbreak monitoring,
investigation, and identification of bacterial pathogens are significant to design
effective controlling strategies.

BRD outbreak investigation aids in defining the frequency of the major infec-
tious pathogens. The clinical signs observed in the current study include cough-
ing, depression, loss of appetite, respiratory distress, and elevated temperature
(DART). These findings are consistent with previous studies [7] [8]. Pneumonic
lung gross pathological lesion inspection showed irregularity in shape, dark red
coloration, marbling, non-friable foci, or fibrinous pleuritis, pulmonary paren-
chymal consolidation, and interstitial edema in advanced cases were consistent
with previous findings [7] [30] [32]. However, diagnosis of BRD infection based
on clinical symptoms is difficult. Consequently, diagnosis has to be supported
with the identification of the exact pathogens.

In the current outbreak investigation, bacteriological assay revealed higher
prevalence of M. haemolytica 37 (22.29%) followed by P. multocida 25 (15.06%).
Besides, H. somniand B. trehalosi are identified from 15 (9.04%) and 12 (7.23%)
outbreak samples, respectively. This study showed the potential impact of M.
haemolytica and P. multocida in the study areas. The current finding indicated a
lower prevalence of M. haemolytica as compared to previous reports of 50.59%
[3], 46.4% [4] and 29.2% [33]. However, it is higher than other reports of 10.67%
and 10.13% of M. haemolytica from the central part of the country [34] [35].
Alike, 14.3% and 12.67% B. trehalosi incidence was reported in previous studies
[4] [33]. Therefore, this study highlights the significant role of M. haemolytica,
B. trehalosi, P. multocida, and H. somniin causing BRD outbreaks.

PCR assay designed to amplify the zp#2 locus (species-specific) universal gene
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of M. haemolytica used as a confirmatory assay [18] [21]. Besides, primers tar-
geting fragment of the kmtl gene of P. multocida produce unique amplification
product to all strains [12] [14]. The PCR result of M. haemolytica and P. multo-
cida isolates using the rpf2 and kmtl universal genes confirmed 37 (100%) and
25 (96.15%) of M. haemolytica and P. multocida isolates, respectively. PCR re-
sults of M. haemolytica and P. multocida using the universal primers rpt2 and
kmtl are in agreement with the previous findings in Ethiopia from pneumonic
cattle and sheep [3] [12]. Besides, the PCR assay designed to detect P. multocida
capsular type A and D strains using specific cap loci (hAyaD-hyaC) and (dcbF)
genes, respectively [13]. The capsular typing revealed 21 (84.0%) capsular type A
(hyaD-hyaC) and 4 (16.0%) capsular type D (dchbF). These findings are in ac-
cordance with previous reports [36] [37] and these studies have proved that 2.
multocida (capsular type A) isolates are the principal causative agent of BRD
[38] [39].

Serotyping of PCR positive M. haemolytica (n = 37) showed that 70.27% iso-
lates belonged to serotype A: 1, 10.81% serotype A: 2, and 18.92% belonged to
serotype A: 6. Higher prevalence of M. haemolytica serotype A: 1 and distribu-
tion of serotype A: 2 and A: 6 in the present study was agreed with other reports
who identified these serotypes from cattle suffering from BRD [3] [16] [26]. Be-
sides, biotyping of P. multocida (n = 21) strains indicated that 76.19% isolates
were A: 3, while 14.29% and 9.52% were belonged to A: 1 and A: 2, respectively.
Higher prevalence of P. multocida A: 3 in the present study was in agreement
with previous reports [37] [39].

In the present study, PCR based assay confirmed the distribution of viru-
lence-associated genes. Potential virulence factors of M. haemolytica include ssa,
sodA, FbpA, ThpA, and lktC. Among these virulence-associated genes, Lkt is
important in inducing pneumonia. The findings revealed that M. haemolytica
isolates harbored 100% FbpA, TbpA, and IktC genes while the ssa gene was
identified from 63.64% and sodA gene from 90.91% strains. PCR assay results of
M. haemolytica are comparable to previous findings, who reported ZktC as spe-
cies-specific in most M. haemolytica isolates [16] [17]. Besides, ssa gene of sero-
type-specific antigen of outer membrane protein serine protease is considered as
the most important virulence factor in M. haemolyticaisolates [29].

P. multocida isolates exhibited foxA, FbpA, TbpA, and pmSLP in all isolates.
These virulence genes play important roles in the pathogenesis of BRD [15] [23]
[26]. The gene encoding dermonecrotoxin (foxA) defines the pathogenic poten-
tial of P. multocida strains. This virulence gene is responsible for the clinical
symptoms associated with pneumonia [15] [23] [39]. Higher prevalence of ThpA
was reported in isolates from diseased cattle [20] [36]. Besides, the surface lipo-
protein (SLP) of P. multocida is essential for host colonization [40] and the FbpA
gene possess similar properties with transferrins and has a great role in trans-
porting and removing iron across the outer membrane [41]. Hence, among these
virulence genes the foxA and tpbA genes of P. multocida are important epide-

miological gene markers [26] [42]. Identification of virulence genes implies sig-
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nificant information about the pathogenicity of M. haemolytica and P. multoci-

daisolates.

5. Conclusion

In conclusion, remarkable evidence was identified in the distribution of capsular
type, serotypes, and virulence-associated genes of M. haemolytica and P. multo-
cida. PCR assay indicated that M. haemolytica (A: 1) and P. multocida (A: 3)
were the most prevalent isolates to cause BRD. Detection of virulence genes of
M. haemolytica (ssa, sodA, FbpA, TbpA, and [ktC) and P. multocida (toxA,
FbpA, TbpA, and pmSLP) in most of the strains implies the pathogenic potential
of both pathogens to cause disease outbreak. Hence, the current findings provide
relevant information to understand the capsular types, serotypes, and virulence
gene incidence associated with M. haemolytica and P. multocida. Therefore, con-
tinuous outbreak surveillance from wider areas of the country and molecular

epidemiology are indispensable in designing efficient prevention strategies.
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