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Abstract
Aim: This study was aimed to detect Mannheimia haemolytica in lung tissues of sheep and from a bacterial culture.

Introduction: M. haemolytica is one of the most important and well-established etiological agents of pneumonia in 
sheep and other ruminants throughout the world. Accurate diagnosis of M. haemolytica primarily relies on bacteriological 
examination, biochemical characteristics and, biotyping and serotyping of the isolates. In an effort to facilitate rapid 
M. haemolytica detection, polymerase chain reaction assay targeting Pasteurella haemolytica serotype-1 specific antigens 
(PHSSA), Rpt2 and 12S ribosomal RNA (rRNA) genes were used to detect M. haemolytica directly from lung tissues and 
from bacterial culture.

Materials and Methods: A total of 12 archived lung tissues from sheep that died of pneumonia on an organized farm 
were used. A multiplex polymerase chain reaction (mPCR) based on two-amplicons targeted PHSSA and Rpt2 genes of 
M. haemolytica were used for identification of M. haemolytica isolates in culture from the lung samples. All the 12 lung 
tissue samples were tested for the presence M. haemolytica by PHSSA and Rpt2 genes based PCR and its confirmation by 
sequencing of the amplicons.

Results: All the 12 lung tissue samples tested for the presence of PHSSA and Rpt2 genes of M. haemolytica by mPCR were 
found to be positive. Amplification of 12S rRNA gene fragment as internal amplification control was obtained with each 
mPCR reaction performed from DNA extracted directly from lung tissue samples. All the M. haemolytica were also positive 
for mPCR. No amplified DNA bands were observed for negative control reactions. All the three nucleotide sequences were 
deposited in NCBI GenBank (Accession No. KJ534629, KJ534630 and KJ534631). Sequencing of the amplified products 
revealed the identity of 99-100%, with published sequence of PHSSA and Rpt2 genes of M. haemolytica available in the 
NCBI database. Sheep specific mitochondrial 12S rRNA gene sequence also revealed the identity of 98% with published 
sequences in the NCBI database.

Conclusion: The present study emphasized the PCR as a valuable tool for rapid detection of M. haemolytica in clinical 
samples from animals. In addition, it offers the opportunity to perform large-scale epidemiological studies regarding the role 
of M. haemolytica in clinical cases of pneumonia and other disease manifestations in sheep and other ruminants, thereby 
providing the basis for effective preventive strategies.

Keywords: lung tissues, Mannheimia haemolytica, multiplex polymerase chain reaction, Pasteurella haemolytica serotype-1 
specific antigens, Rpt2, 12S ribosomal RNA, sheep.

Introduction

Pasteurellosis is one of the most common dis-
ease of sheep and other ruminants throughout the 
world that causes losses because of high mortal-
ity, treatment costs, reduced weight gain, delayed 
marketing, and unthriftiness among survivors of 
the flock [1,2]. Mannheimia haemolytica, formerly 
known as Pasteurella haemolytica, is the etiological 
agent of ovine pneumonic pasteurellosis or enzootic 
pneumonia [3,4], with the occasional involvement 
of Pasteurella multocida serotypes. They are Gram-
negative coccobacilli to pleomorphic, non-motile, 
non-spore forming, fermentative, which may show 
bipolar staining [5]. M. haemolytica being an important 

primary and opportunistic pathogen of sheep is capa-
ble of causing infection in cases of compromised body 
defense by a variety of stress factors such as transpor-
tation, malnutrition, adverse physical, environmental 
or climatic conditions, previous or co-infection with 
certain respiratory viruses, mycoplasma or other types 
of bacteria, etc. [6]. The disease has economic signifi-
cance for India, which is a rich source of diverse ovine 
germplasm with 74.5 million sheep, which is 6.813% 
of world sheep population [7]. There are limited pub-
lished reports regarding the extent of involvement of 
M. haemolytica in pneumonia in the sheep and goat 
population of India [8].

Diagnosis of M. haemolytica has been tradi-
tionally based on clinical symptoms, isolation of the 
organism and extensive phenotyping and capsular 
serotyping, which are not only time consuming and 
very tedious but encounter considerable deficiencies 
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regarding validity and reproducibility of results. For 
instance, culture conditions can influence the expres-
sion of phenotypic attributes thus hampering the stabil-
ity and reproducibility of phenotypic methods [9,10]. 
In recent years, genotypic methods, especially nucleic 
acid based assays, allow the bacterial identification 
with improved sensitivity and rapidity [11].

In order to improve M. haemolytica detection by 
polymerase chain reaction (PCR), we employed multi-
plex PCR (mPCR). One step reaction amplifying mul-
tiple loci through mPCR is a robust and widely used 
tool for rapid and specific identification of pathogenic 
bacteria [12]. Our three-amplicons based mPCR assay 
targeted P. haemolytica serotype-1 specific antigens 
(PHSSA) (2) and Rpt2 genes [12] of M. haemolytica 
and a sheep-specific mitochondrial 12S ribosomal 
RNA (rRNA) gene [13] as a non-competitive internal 
amplification control (IAC). This internal PCR con-
trol provided assurance that the tissue samples were 
successfully amplified and detected. An mPCR based 
on two-amplicons targeted PHSSA and Rpt2 genes of 
M. haemolytica that enabled specific identification of 
M. haemolytica isolates in culture. The mPCR enabled 
rapid, accurate and direct detection of M. haemolytica 
in lung tissue of affected animals and bacterial isolates 
in culture.
Materials and Methods
Ethical approval

 Ethical approval was not necessary as samples 
were collected from dead animals.
Sample collection

In this study, the archived lung tissues from 
sheep that died of pneumonia and that had been tested 
for M. haemolytica by culture were used. Samples 
were collected from July 2012 to October 2012. The 
animals were of farms maintained under semi-inten-
sive system in semi-arid tropical region of Rajasthan, 
India at a longitude of 75°-28′ E, latitude of 26°-26′ N 
and an altitude of 320 m above mean sea level.
Bacterial isolation

Aseptically collected swabs from lung tissues 
were directly streaked onto blood agar base (Himedia, 
Mumbai, Maharashtra, India) supplemented with 5% 
defibrinated sheep blood. After aerobic incubation at 
37°C for 24-48 h suspected colonies were selected for 
further identification [14]. Pure cultures were obtained 
from these isolates after studying morphological 

characteristic of bacterial colonies and bacteria in 
Gram-stained smears. The isolates were subjected to 
routine biochemical tests i.e. nitrate reduction, cata-
lase, oxidase, H2S, urease and growth on MacConkey 
agar.
DNA isolation
DNA extraction from lung tissue

Bacterial genomic DNA was isolated from all 
lung tissues that had already been subjected to cultural 
isolation. For isolation of bacterial DNA, approxi-
mately 1 g of lung tissue was homogenized in 3 ml of 
sterile distilled water and suspension was centrifuged 
at 1500 × g. DNA was extracted from the superna-
tant using QIAGEN DNeasy Blood and Tissue Kit 
(Qiagen, Germantown, MD, USA) as per manufac-
turer’s instructions. The DNA purity was checked on 
0.8% agarose gel electrophoresis and stored at −20°C 
until used.

DNA extraction from bacterial isolates
A few colonies from the phenotypically char-

acterized pure cultures of M. haemolytica from 
24-48 h growth on blood agar plates were transferred 
into 1.5 ml Eppendorf tubes. The bacterial genomic 
DNA was extracted using QIAGEN DNeasy Blood 
and Tissue Kit as per manufacturer’s instructions 
(Qiagen, Germantown, MD, USA). The DNA purity 
was checked on 0.8% agarose gel electrophoresis and 
stored at −20°C until used.

Primers and PCR conditions
The oligonucleotide primers used in this study 

are listed in Table-1. Primers targeting PHSSA and 
Rpt2 genes of M. haemolytica were obtained from pre-
viously published work [1,12] and were synthesized 
commercially from Integrated DNA Technologies. A 
primer pair targeting the mitochondrial 12S rRNA, a 
housekeeping gene of sheep was designed to act as an 
IAC for PCRs done with DNA extracted directly from 
lung tissue samples. PCR carried out in a final volume 
of 25 μl of reaction mixture containing ×1 PCR buf-
fer, 2 mM MgCl2, 200 μM dNTPs mix (Fermentas), 
0.2 μM of each primers, 1.5 units of Taq DNA poly-
merase (Sigma) and 50 ng of DNA template (DNA 
from lung tissues or bacterial isolates) in a thermocy-
cler (peqSTAR 96 Universal Gradient). PCR condi-
tions were optimized by putting gradient PCRs with 
annealing temperature ranging from 45°C to 65°C. 

Table 1: The primer pairs used in PCR for M. haemolytica.

Target gene Primers Sequence (5’→3’) Length of PCR products (bp) Reference

Rpt2 Forward GTTTGTAAGATATCCCATTT 1022 [12]
Reverse CGTTTTCCACTTGCGTGA

PHSSA Forward TTCACATCTTCATCCTC 325 [1]
Reverse TTTTCATCCTCTTCGTC

12S rRNA Forward TAACCCTTGTMCCTTTTGSATRRK 270 [13]
Reverse AGACTAACTTTTAAAGATACAGTGGG

PCR=Polymerase chain reaction, PHSSA=Pasteurella haemolytica serotype-1 specific antigens, M. haemolytica=Mannheimia 
haemolytica, rRNA=Ribosomal RNA
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The annealing temperature of which 48°C was found 
to be optimum and therefore selected for the further 
reaction. The PCR conditions used to amplify all three 
gene fragments included an initial denaturation tem-
perature of 95°C for 3 min, followed by 35 cycles 
each of 95°C for 1 min, 48°C for 1 min and 72°C for 
30 s and a final cycle at 72°C for 5 min. A negative 
control consisting of all component of reaction mix-
ture except the DNA template was included in the 
PCR. Positive controls were included in the mPCR 
from tissue samples. The PCR products were analyzed 
by visualization of desired size of DNA bands in the 
ethidium bromide stained agarose gel (2.0% w/v, 0.5X 
Tris borate EDTA buffer) under gel documentation 
system [15].
Sequencing of PCR products

For the sequencing of the gene fragments, stan-
dard PCRs were run using Pfu polymerase (Fermentas) 
and PCR products were resolved using 2.0% agarose 
gel. The specific sized bands were excised from the gel 
under UV light and were subsequently purified using 
mini elute gel extraction kit (Qiagen, Germantown, 
MD, USA). The purified products were sequenced by 
Xcelris genomics, India and compared with sequence 
available in the NCBI database.
Results
Clinical symptoms of affected animals

The cases of enzootic pneumonia occurred on 
a well-managed farm under a semi-intensive system 
in the semi-arid tropical region of Rajasthan, India. 
Clinically, the animals of the affected flock exhibited 
pyrexia and severe respiratory distress, especially 
in young animals (>3 months of age). The clinical 
course was acute and short leading to the sudden death 
of lambs. Following respiratory disturbances, the 
infected animal appeared dull, depressed, anorectic 
and with respiratory grunts in advanced stages of the 
diseases. The survived animals became chronically 
infected with reduced productivity.
Post-mortem findings

An autopsy of the dead animals revealed gross 
pathological lesions close to the fibrinous broncho-
pneumonia with clear fibrinous pleurisy. The affected 
portions of the lungs revealed consolidation, dark 
red coloration and deposition of fibrinous strands. 
Irregular shaped areas of coagulative necrosis were 
frequently observed within the pneumonic portions 
of lung parenchyma. The mediastinal and bronchial 
lymph nodes were found to be congested and filled 
with often congested and edematous. Sometimes, 
respiratory tract including the trachea and major bron-
chi were congested and often filled with frothy fluid.
Biochemical characteristics of the pathogen

Bacteria isolated from lung tissues of 12 sheep 
that died of pneumonia were identified as M. haemolyt-
ica. All the M. haemolytica were Gram-negative, coc-
cobacilli, few unusually long rods and pleomorphic, 

growth on MacConkey agar, catalase positive, oxi-
dase positive, nitrate positive, urease-negative, and 
H2S positive [14]. Some of the other bacterial iso-
lates from the lung tissues were Escherichia coli and 
Staphylococcus spp. PCR was used for the detection 
of M. haemolytica directly from the lung tissue sam-
ples that had been tested for this organism by culture.
Polymerase chain reaction

All the 12 lung tissue samples tested for the 
presence of PHSSA and Rpt2 genes of M. haemolyt-
ica by mPCR were found to be positive (Figure-1). 
Amplification of 12S rRNA gene fragment as IAC 
was obtained with each mPCR reaction performed 
from DNA extracted directly from lung tissue samples 
(Figure-1). All the M. haemolytica were also positive 
for mPCR (Figure-2). No amplification was observed 
for negative control and known negative (E. coli) and 
desired amplicons were observed for known positives 
(Figures-1 and -2). All the three nucleotide sequences 
were deposited in NCBI GenBank (accession no. 
KJ534629, KJ534630 and KJ534631). Sequencing of 
the amplified products revealed the identity of 99%-
100%, with published sequence of PHSSA and Rpt2 

Figure-1: Multiplex polymerase chain reaction amplification 
profile of Mannheimia haemolytica from DNA isolated 
directly from lung tissue. Lane 1 - FastRuler low range 
DNA ladder (Fermentas # SM1103), Lane 2 to 5 - 1022 bp, 
325 bp and 270 bp product of Rpt2, Pasteurella haemolytica 
serotype-1 specific antigens (PHSSA) and 12S ribosomal 
RNA (rRNA) gene respectively, Lane 6 - M. haemolytica 
isolate positive for Rpt2 and PHSSA gene, Lane 7- Sheep 
specific 12S rRNA gene as internal amplification control in 
lung tissue and Land 8 - negative control.

Figure-2: Multiplex polymerase chain reaction amplification 
profile Lane 1 - FastRuler low range DNA ladder (Ferments 
#SM1103), Lane 2 to 6 - 1022 bp product of Rpt2 and 
325 pb product of Pasteurella haemolytica serotype-1 
specific antigens gene for identification of Mannheimia 
haemolytica, Lane 7 - negative control and Lane 8 - Known 
negative (Escherichia coli).
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genes of M. haemolytica available in the NCBI data-
base. Sheep specific mitochondrial 12S rRNA gene 
sequence also revealed the identity of 98% with pub-
lished sequences in the NCBI database.
Discussion

The complex interplay of predisposing factors 
like production stress in prevailing climatic condi-
tions of the region (hot weather, diurnal variations 
etc.) and changing weather patterns might have led to 
the stress build up in the form of natural incidences 
of pneumonic Mannheimiosis in sheep. In a recent 
survey response by 126 member countries of World 
Organization for Animal Health (OIE), pasteurello-
sis emerged as one of the major disease of animals 
adversely impacted by climate change [16]. These 
clinical and gross pathological findings were consis-
tent with published findings associated with M. hae-
molytica [4,6]. The identification of M. haemolytica 
with bacteriological methods is often difficult in some 
situations (antibiotic treatment, frozen material, auto-
lytic material, co-isolated Pasteurella species and 
others). In an investigation, it was underlined that the 
serotyping does not represent a reliable method for 
identification of M. haemolytica as common capsular 
epitopes might exist in many bacterial species within 
the family Pasteurellaceae [9]. Because of limited 
reliability [17], unserotypable nature of approximately 
10% of ruminant isolates [18] and non-availability of 
typing sera in most diagnostic laboratories in India, 
serotyping was not performed in the present study.

PCR-based methods yield high specificity and 
sensitivity for the detection of bacterial DNA [19]. 
The merits of mPCR, including internal controls, 
simultaneous amplification of two or more frag-
ments, indications of template quantity and quality, 
greater discerning ability and less expense of time and 
reagents, make the technique a useful disease diagnos-
tic tool and preferable to simultaneous uniplex PCR in 
numerous instances [20]. A number of uniplex PCR 
techniques have been adapted to multiplex amplifica-
tions for diagnosis of infectious diseases owing to its 
greater flexibility in experimental design. Virulence 
associated genes or loci represent ideal targets for accu-
rate and rapid identification of pathogens by molecu-
lar methods. The evolving field of bacterial genom-
ics and proteomics is expanding the choice of these 
gene targets to be employed for molecular diagnos-
tics. Virulence associated genomic fragments homol-
ogous to PHSSA have been detected in many strains 
of M. haemolytica [21]. Serotype-1 specific antigen 
(ssa1) gene could have a pathobiological significance 
owing to its putative association with phenomenon of 
stress-precipitated commensal-to-pathogen conver-
sion in the microbial population and suggested genetic 
correlation between ssa1 and leukotoxin (lkt), in gen-
esis of pneumonic pasteurellosis Thus, PHSSA rep-
resent species-specific and virulence-associated gene 
of M. haemolytica [22]. Species-specific Rpt2 locus 

in M. haemolytica has a possible role in modulation 
of type III restriction-modification system [23]. Thus, 
Rpt2 and PHSSA genes in M. haemolytica make them 
a suitable molecular diagnostic target.

Concurrent amplification of 325 bp and 1022 bp 
band specific to PHSSA and Rpt2 gene respectively, 
from all M. haemolytica (n=12) isolates indicated 
the high specificity of our mPCR assay but also sug-
gestive of virulence association the normally found 
commensal isolates of M. haemolytica. The 99-100% 
identity between the sequences of PCR amplicons 
and the NCBI GenBank sequence (CP004753.1, 
CP006619.1, M62363.1, U07788.1, CP006619.1, 
CP005972.1, CP006574.1, CP006573.1, etc.) for 
PHSSA and Rpt2 of M. haemolytica further affirmed 
high specificity. Sequence analysis of Rpt2 amplicons 
also showed characteristic CTGTG/CACAG pentanu-
cleotide repeats within the 5’-end [23]. Also, the target 
sequence amplified with Pfu polymerase assured high 
fidelity in the sequence obtained from amplicons [15].

In the present study, the results of the one step 
mPCR assay was in complete agreement with the 
bacterial culture in identifying all the 12 isolates as 
M. haemolytica as well as their direct detection in 
the culture positive lung tissue samples. In previous 
studies, gene targets such as Rpt2, PomA, ssa1, lkt, 
gcp and 16S rRNA have been employed for identifica-
tion of M. haemolytica showing similar results [1,12]. 
Previously, a PCR assay to detect M. haemolytica 
could not distinguish M. glucosida [24]. A recent 
study reported that the primers designed to amplify lkt 
detected not only lkt of M. haemolytica but also that of 
other Mannheimia species such as Mannheimia glu-
cosidal and Mannheimia ruminalis [25]. In a recent 
study, higher detection rate of M. haemolytica genome 
by PCR in culture-negative lung tissues of bighorn 
sheep (Ovis canadensis) may be attributed to its inher-
ent ability to detect dead or less number of organisms, 
which could not be detected by culture-based meth-
ods [25]. Thus, it is suggested that suspected cases of 
M. haemolytica cases must be confirmed by molec-
ular test for correct diagnosis and for arriving at real 
incidence. Specificity of primers used in the present 
study ruled out the possibility of amplification of gene 
fragments of closely related Mannheimia species such 
as M. glucosidal, and M. ruminalis [1,12]. Inclusion 
of a non-competitive 12S rRNA target as IAC in our 
mPCR allowed the control over inhibitory factors 
within the samples improving reliability of the assay, 
the importance of which has previously been empha-
sized [13,26].
Conclusion

The observations of the present study empha-
sized the PCR as a preferred method to conventional 
bacteriological methods in clinical laboratories for 
faster analysis of infectious diseases. In addition 
to its use in culture diagnostics, this mPCR may be 
valuable for detection of M. haemolytica in clinical 
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samples from animals. The mPCR assay described 
here can, therefore, be extremely useful as a fast, reli-
able and sensitive complement to existing diagnostic 
tools. Moreover, it offers the opportunity to perform 
large-scale epidemiological studies regarding the role 
of M. haemolytica in clinical cases of pneumonia and 
other disease manifestations in sheep and other rumi-
nants, thereby providing the basis for effective pre-
ventive strategies.
Authors’ Contributions

All the authors designed the study. JK and RK 
conducted the study with assistance from SKD. SKD 
and RK revised the draft manuscript prepared by JK. 
All authors read and approved the final manuscript.
Acknowledgments

The authors thank the Director of the Institute 
for providing necessary facility and support. The 
work has been conducted in the Network Project on 
Veterinary Type Culture (ICAR, New Delhi).
Competing Interests

The authors declare that they have no competing 
interests.
References
 1. Hawari, A.D., Hassawi, D.S. and Sweiss, M. (2008) 

Isolation and identification of Mannheimia haemolytica and 
Pasteurella multocida in sheep and goats using biochemi-
cal tests and random amplified polymorphic DNA (RAPD) 
analysis. J. Biol. Sci., 8(7): 1251-1254.

2. Ozbey, G., Kilic, A., Ertas, H.B. and Muz, A. (2004) 
Random amplified polymorphic DNA (RAPD) analysis of 
Pasteurella multocida and Mannheimia haemolytica strains 
isolated from cattle, sheep and goats. Vet. Med. Czech., 
49(3): 65-69.

3. Falade, S. (2002) Further Pasteurella isolates from the 
republic of Zambia: A brief report. Trop. Vet., 20: 130-131.

4. Gilmour, N.J.L. and Gilmour, J.S. (1989) Pasteurellosis in 
sheep. In: Adlam, C., Rutter, J.M., editors. Pasteurella and 
Pasteurellosis. Academic Press, London. p223-254.

5. Chen, H.I., Hulten, K. and Clarridge, J.E. (2002) Taxonomic 
subgroups of Pasteurella multocida correlate with clinical 
presentation. J. Clin. Microbiol., 40: 3438-3441.

6. Mohamed, R.A. and Abdelsalam, E.B. (2008) A review 
on pneumonic Pasteurellosis (Respiratory Mannheimiosis) 
with emphasis on pathogenesis, virulence mechanisms and 
predisposing factors. Bulg. J. Vet. Med., 11(3): 139-160.

7. FAOSTAT. (2010) FAOSTAT Agriculture Data. Food and 
Agriculture Organization, Washington, DC.

8. Mishra, N., Mishra, S., Pawaiya, R.V.S. and Bhagwan, P.S.K. 
(2000) Isolation and characterization of Pasteurella haemo-
lytica from a field outbreak in sheep of Rajasthan. Indian J. 
Anim. Sci., 70(5): 443-445.

9. Angen, O., Quirie, M., Donachie, W. and Bisgaard, M. 
(1999) Investigation on the species specificity of 
Mannheimia (Pasteurella) haemolytica serotyping. Vet. 
Microbiol., 65: 283-290.

10. Rowe, H.A., Poxton, I.R. and Donachie, W. (2001) Survival 
of Mannheimia (Pasteurella) haemolytica in tracheobron-
chial washings of sheep and cattle. Vet. Microbiol., 81: 
305-314.

11. McPherson, M.J., Moller, S.G. (2000) Polymerase Chain 
Reaction. BIOS Scientific Publishers Ltd., Oxford, p1-18.

12. Deressa, A., Asfaw, Y., Lubke, B., Kyule, M.W., Terefa, G. 
and Zessin, K.H. (2010) Molecular detection of Pasteurella 
multocida and Mannheimia haemolytica in sheep respira-
tory infections in Ethiopia. Int. J. Appl. Res. Vet. Med., 8(2): 
101-108.

13. Kumar, J., Tripathi, B.N., Kumar, R., Sonawane, G.G. and 
Dixit, S.K. (2013) Rapid detection of Corynebacterium 
pseudotuberculosis in clinical samples from sheep. Trop. 
Anim. Health Product., 45(6): 1429-1435.

14. Quinn, P.J., Markey, B.K., Leonard, F.C., Hartigan, P., 
Fanning, S. and Fitz Patrick, E.S. (2011) Veterinary micro-
biology and Microbial Disease. 2nd ed. Wiley – Blackwell 
West Sussex, UK.

15. Sambrook, J. and Russell, D.W. (2001) Molecular Cloning: 
A Laboratory Manual. 3rd ed. Cold Spring Harbor Laboratory 
Press, New York.

16. Black, P. (2009) World Organization of Animal Health 
(OIE) perspectives on the impact of climate change on 
animal health. In: DTU Workshop on Climate Changes 
and Food Safety and Animal Health. 3rd September 2009, 
Copenhagen.

17. Angen, O., Ahrens, P. and Bisgaard, M. (2002) Phenotypic 
and genotypic characterization of Mannheimia (Pasteurella) 
haemolytica-like strains isolated from diseased animals in 
Denmark. Vet. Microbiol., 84: 103-114.

18. Ilhan, Z. and Keles, I. (2007) Biotyping and serotyping of 
Mannheimia (Pasteurella) haemolytica from lung samples 
of slaughtered sheep in Van Region. Turk. J. Vet. Anim. Sci., 
31(2): 137-141.

19. Safaee, S., Weiser, G.C., Cassirer, E.F., Ramney, R.R. and 
Kelley, S.T. (2006) Microbial diversity in Bighorn sheep by 
culture-independent methods. J. Wildlife Dis., 42: 545-555.

20. Edwards, M.C. and Gibbs, R.A. (1994) Multiplex PCR: 
Advantages, development and applications. Genome Res., 
3: S65-S75.

21. Gonzalez, C., Murtaugh, M.P. and Maheswaran, S.K. 
(1991) Genomic distribution of a serotype 1-specific anti-
gen coding DNA fragment of Pasteurella haemolytica. J. 
Vet. Med. Series B, 38: 599-609.

22. Gonzalez, C.T., Maheswaran, S.K. and Murtaugh, M.P. 
(1995) Pasteurella haemolytica serotype 2 contains the 
gene for a noncapsular serotype 1-specific antigen. Infect. 
Immun., 63(4): 1340-1348.

23. Ryan, K.A. and Lo, R.Y. (1999) Characterization of a 
CACAG pentanucleotide repeat in Pasteurella haemolyt-
ica and its possible role in modulation of a novel type III 
restriction-modification system. Nucleic Acids Res., 27: 
1505-1511.

24. Dassanayak, R.P., Call, D.R., Sawant, A.A., Casavant, N.C., 
Weiser, G.C., Knowles, D.P. and Srikumaran, S. (2010) 
Bibersteinia trehalosi inhibits the growth of Mannheimia 
haemolytica by a proximity-dependent mechanism. Appl. 
Environ. Microbiol., 76: 1008-1013.

25. Shanthalingam, S., Goldy, A., Bavananthasivam, J., 
Subramaniam, R., Batra, S.A., Kugadas, A., Raghavan, B., 
Dassanayake, R.P., Jennings-Gaines, J.E., Killion, H.J., 
Edwards, W.H., Ramsey, J.M., Anderson, N.J., Wolff, P.L., 
Mansfield, K., Bruning, D. and Srikumaran, S. (2014) PCR 
assay detects Mannheimia haemolytica in culture-negative 
pneumonic lung tissues of bighorn sheep (Ovis canadensis) 
from outbreaks in the western USA, 2009-2010. J. Wildlife 
Dis., 50(1): 1-10.

26. Hoorfar, J., Malorny, B., Abdulmawjood, A., Cook, N., 
Wagner, M. and Fach, P. (2004) Practical considerations in 
design of internal amplification controls for diagnostic PCR 
assays. J. Clin. Microbiol., 42: 1863-1868.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


