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Abstract: The present study was aimed to isolate and characterize phenotypically as well as genotypically bacterial 
strain from tracheal froth of a Murrah buffalo on the Government livestock farm (GLF) located at Hisar, Haryana. The 
isolate showed the cultural, morphological and biochemical properties of Mannheimia haemolytica as per Bergey’s 
manual of determinative bacteriology and as confirmed by GENIII microplate (biolog). However, the isolate was further 
confirmed as Mannheimia varigena by 16S rRNA sequencing. 
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INTRODUCTION 

Bovine respiratory disease complex (BRDC) is the 

most economically important multi-factorial disease 

among ruminants worldwide that is caused by the 

interaction of host, pathogen and environment [1]. 

Stress factors such as extreme weather changes, 

stocking density, transportation and other factors are 

the precipitating causes to BRDC [2]. The most 

prevalent infectious agents responsible for BRDC 

include viral (Bovine herpes virus type-1, Bovine 

respiratory syncytial virus, Parainfluenza type-3, and 

Bovine viral diarrheoa virus), bacterial (Mannheimia 

haemolytica, Pasteurella multocida, Haemophilus 

somnus), and mycoplasmal (Mycoplasma bovis) [3-4]. 

Mannheimia haemolytica formerly known as Pasturella 

haemolytica is the primary bacterial agent responsible 

for BRDC, also referred as bovine pneumonic 

pasturellosis or shipping fever in which it causes a 

severe fibrinonecrotic pleuropneumonia [5-7]. The 

bacterium is normal inhabitant of the upper respiratory 

tract of healthy ruminants worldwide [8]. However, 

when animal’s immune system becomes compromised 

following stress and concurrent viral infections, M. 

haemolytica proliferates rapidly and extends 

downwards into the lungs, where it becomes 

pathogenic and causes fibrinonecrotic 

pleuropneumonia [9-10]. This organism is a gram-

negative, weakly haemolytic, nonmotile and facultative 

anaerobic coccobacillus [11]. Historically, Pasteurella 

hemolytica strains were classified biochemically into  
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two biotypes designated A (cattle-associated) and T 

(sheep-associated) based on their ability to ferment L-

arabinose and trehalose respectively [12-13]. Recently, 

trehalose-negative P. haemolytica complex strains 

(biotype A) were reclassified within a new genus, 

Mannheimia, using studies based on phenotypic data, 

multilocus enzyme electrophoresis, ribotyping, DNA-

DNA hybridization and 16S rRNA sequencing. On the 

other hand, trehalose-positive strains (biotype T) called 

as P. trehalosi were recently placed into a new genus 

Bibersteinia trehalosi [14]. The genus Mannheimia 

consists of five distinct 16S rRNA clusters (clusters I–

V) representing 6 new species of which 5 are named 

as: Mannheimia haemolytica and M. glucosida (cluster 

I), M. ruminalis (cluster II), M. granulomatis (cluster III), 

and M. varigena (cluster IV) and cluster V comprising 

unclassified strains [15-19]. While M. haemolytica, M. 

granulomatis and M. varigena have been associated 

with pneumonia, M. ruminalis and M. glucocida are not 

of pathogenic significance. Traditional identification of 

isolates based on phenotypic methods are time 

consuming and often ambiguous since the genus 

Mannheimia includes very heterogeneous taxa [20-21]. 

Therefore, genotypic methods involving sequence 

analysis of the 16S rRNA allow definitive identification 

of the isolates. Various studies have described the 

isolation and characterization of M. haemolytica from 

ruminants worldwide including the cattle [22-23], sheep 

[24] and goat [25] but to date, there has been no 

reported isolation of this bacterium from buffaloes in 

India. The present study was aimed to isolate, identify 

and characterise the bacterium in a sampleof tracheal 

froth from a dead Murrah buffalo on Government 

livestock farm at Hisar, Haryana. 



16     Journal of Buffalo Science, 2015, Vol. 4, No. 1 Yadav et al. 

MATERIALS AND METHODS 

In August and October 2013, twenty-eight elite 

Murrah buffaloes died suddenly without any 

premonitory signs of illness over the course of about 

two weeks at two different occasions on Government 

livestock farm (GLF) located at Hisar, Haryana.These 

buffaloes were in their last month of pregnancy and 

previously vaccinated for FMD and Haemorrhagic 

septicaemia. During this outbreak, a Murrah buffalo 

died suddenly in October 2013 and showed respiratory 

distress including open-mouth breathing and pyrexia 

(rectal temp 41°C) a day before death. Necropsy 

revealed fibrinous pneumonia and profuse froth in the 

trachea indicating towards pasteurellosis. For 

bacteriological examination, tracheal froth/exudates 

was taken in sterile container and transported 

immediately to the laboratory on ice-box. A loopful of 

tracheal froth was inoculated on blood agar plate 

(prepared using 5% defibrinated sheep blood) and 

incubated overnight at 37°C in with the presence of 5% 

CO2. The representative colonies were purified through 

subculturing and subjected to further identification by 

conventional bacteriological methods involving colony 

morphology of pure culture on blood agar, gram 

staining and cell morphology under x100 

magnification followed by biochemical tests: catalase 

(3% hydrogen peroxide), oxidase, indole, urease, 

citrate, hydrogen sulphide production, nitrate reduction, 

methyl red and Voges–Proskauer reactions, motility, 

growth on McConkeyagar, carbohydrate fermentation 

tests including glucose, mannose, trehalose, mannitol, 

xylose, dextrin, maltose, lactose, arabinose, melibiose, 

fructose, sucrose, inositol, arabitol, fucose, ornithine 

decarboxylase using standard procedures [26]. The 

isolate was at first identified to species level according 

to Bergey’s manual of determinative bacteriology [27]. 

To further confirm the identification, standardized 

biochemical methods using GENIII microplate (biolog) 

and 16S rRNA sequencing analysis were performed. 

Extraction of Genomic DNA (gDNA) 

gDNA was extracted from overnight grown broth 

culture (10 ml) using the Pure link genomic DNA 

extraction kit (Invitrogen) and according to the 

protocols in the manufacturer’s instructions, with a final 

elution volume of 50 l. Extracted DNA was stored at -

20˚C for further use. 

16S rRNA Gene Specific PCR 

The 10 l bacterial gDNA extract and controls (E. 

coli) were amplified with 0.5 M of each primer (Table 

1), 200 M of each dNTP (Fermentas), 2X Top Taq 

buffer master mix (Qiagen). Amplification conditions for 

both PCRs were as follows: 3 min at 94˚C to denature 

the DNA, followed by 35 cycles of denaturation at 94˚C 

for 1 min, primer annealing at 60˚C for 1 min and 

strand extension at 72˚C for 1 min on a Veriti (ABI) 

thermal cycler. PCR products were separated on a 1% 

agarose gel and DNA bands were visualized with 

ethidium bromide. Amplified PCR products were 

purified using a gel extraction kit (Qiagen).  

Sequencing of PCR Purified Products 

Purified PCR products were sequenced in the 

forward and reverse direction in separate reactions 

using PCR primers and BigDye terminator v3.1 cycle 

sequencing kit from Applied Biosystems on an ABI 

3130XL genetic analyser. 

Sequencing Analysis 

The sequence data generated was assembled 

using SeqMan programme of the Lasergene software 

ver 5.0. The contig sequence obtained was submitted 

to Genbank under accession number KM389532 and 

aligned with the available sequences in the Genbank 

using MEGA 5.0 programme. The16S rRNA gene 

sequence of the isolate was compared to already 

published sequences in the GenBank database using 

the BLAST algorithm (http://blast.ncbi.nlm.nih.gov/ 

Blast.cgi).  

RESULTS AND DISCUSSION 

Isolation of Bacterium and its Identification by 
Conventional Methods: 

From tracheal froth, the organism of interest was 

obtained as a part of mixed flora with E. coli and 

Klebsiella probably as post-mortem contaminants. 

Presumptive colonies were shiny, regular, medium 

sized with double zone of haemolysis on blood agar 

(Figure 1). Gram staining of colonies revealed 

presence of Gram-negative (G-ve) coccobacilli in the 

culture (Figure 2). The colony morphology with double 

zone of haemolysis and presence of G-vecoccobacilli 

pointed towards the presence of Mannheimia 

haemolyticaor Mannheimia varigena in the sample. 

Biochemical tests were performed on bacterial colony 

and the results are presented in Tables 1 and 2. The 

bacterial colony was found positive in the following 

tests: -haemolysis on sheep blood agar, catalase, 

oxidase, fermentative reaction in Hugh–Leifson 

medium with glucose, nitrate reduction, acid/acid (A/A) 
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Table 1: Comparison of Phenotypic Properties of the Isolate Investigated in the Present Study and Mannheimia 
haemolytica as per Bergey’s Manual of Determinative Bacteriology [27] 

Phenotypic properties M. haemolytica HSR GLF 132 isolate 

catalase + + 

oxidase + + 

Nitrate reduction + + 

ONPG d + 

Phosphatase  + + 

Gelatinase - - 

H2S production N - 

Ornithine decarboxylase  - - 

Indole production  - - 

Urease  - - 

McConkeyagar growth + - 

B haemolysis + + 

Methyl red - - 

Voges -proskauer - - 

Lysine decarboxylase - - 

Acid without gas    

D-Glucose - - 

L-Arabinose + + 

Cellobiose  - 

Dextrin  + + 

Fructose  + + 

D-Galactose + + 

Glycerol  d + 

Myo- Inositol d + 

Lactose  d + 

Maltose  + + 

D-Mannnitol + + 

D-Mannose - - 

Melibiose N w 

Raffinose d w 

L-Rhammose d - 

Salicin N - 

D-Sorbitol + w 

Trehalose - - 

D-Xylose + + 

D: both positive and negative results have been reported for this test. 
N: not tested. 
W: weak reaction. 

on triple sugar iron media (TSI), ONPG (b-

galactosidase), phosphatase and production of acid 

without gas from xylose, dextrin, D-mannitol, D-

maltose, D-glucose, D-lactose, arabinose, D-melibiose, 

D-fructose, and sucrose. Negative results were 

obtained in the following tests: motility at 37°C, 
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Simmons citrate utilization, urea hydrolysis, indole 

production, gelatinase, H2S and gas production on 

triple sugar iron media (TSI) agar slant, production of 

acid from D-arabitol, D-fucose, D mannose, trehalose, 

cellobiose, gentiobiose, methylblue (MB) and Voges 

Proskauer (VP) reaction, lysine and ornithine 

decarboxylase, gelatinase reaction. 

Testing of sample on McConkey agar yielded a 

scanty growth of pink colonies. These initial phenotypic 

characterization based on Bergey’s manual of 

determinative bacteriology revealed that the isolated 

bacterium belonged to M. haemolytica. The 

standardized biochemical methods using GENIII 

microplate (biolog) also identified the isolate as M. 

 

Figure 1: Isolate grown on blood agar showing colony 
surrounded with beta hemolytic zone. 

Table 2: Phenotypic Characterization of the Different Species of Mannheimia genus [19] 

 M. haemolytica M. glucosida M. varigena M. granulomatis M. ruminalis HSR GLF 132 
isolate 

Oxidase  + + + + + + 

Haemolysis + + + - - + 

Urease - - - - - - 

Ornithine 
decarboxylase 

- -/+ -/+ - - - 

Indole - - -/+ - - - 

D-Xylose + + + - - + 

L-Arabinose - -/+ + - - + 

Mannitol + + + + + + 

D-Sorbitol + + - + - + 

Maltose + + + +  + 

Trehalose - - - - - - 

Dextrin  + + + + - + 

Raffinose + + + - - w 

L-Fucose + + + + - + 

L-Rhamnose - - + - - - 

Glycerol  - + + + - + 

Glycosidase* - + - + - - 

ONPG -/+ + -/+ -/+ + + 

*Glycosidase are cellobiose, gentiobiose and salicin. 
Tests in bold indicate similarity to M varigena. 

 

Figure 2: Gram staining of the isolate showing the presence 
of gram negative coccobacilli. 
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haemolytica. Further, the comparison of biochemical 

tests of the isolate with published phenotypic reactions 

could characterise the isolate as M. varigena [19] 

(Table 1). 

PCR Amplification of 16S rRNA 

Nested PCR results showed the amplification of 

right sized bands of 782 and 562 bp using the primer 

pairs mentioned in Table 3. The results of amplification 

are shown in Figure 3. 

 

Figure 3: Electropherogram showing amplification of 16S 
rRNA gene using PSR/XB1 (panel a) and PSL/XB4 (panel b) 
primers. Lane L: 100 bp ladder, Lane 1: positive control (E. 
coli) and lane 2: GLF isolate. 

Sequence Analysis of 16S rRNA Sequence Data 

Sequencing of 16S rRNA amplicons and sequence 

analysis revealed the presence of M. varigena in the 

sample with 98% nuclueotide identity with the 

published sequences of M. varigena. The results 

obtained have elucidated the requirement of extensive 

analysis to precisely identify Mannheimia isolates. 

CONCLUSION 

Defined by typical morphology, growth requirements 

and metabolic activities together with molecular tools 

(PCR and 16S rRNA sequencing), the bacterial isolate 

obtained from tracheal froth of a Murrah buffalo of GLF, 

Hisar, Haryana has been identified and characterized 

as Mannheimia varigena. 
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