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Abstract 
Pasteurella multocida is a Gram negative pleomorphic bacterium which is a member of family Pasteurellaceae. It causes a number of diseases in domestic and wild animals. It is major threat to livestock economics. It is normally present in respiratory tract of animals and causes disease when animal is under stress. Capsule and lipopolysaccharide are key virulence factors which play important role in providing protection from host innate immune response by avoiding phagocytosis, complement mediated lysis. Other virulence factors include outer membrane proteins, toxins, fimbrae, adhesions, hyaluronidase.  Outer membrane proteins are recognized as immunogens.


Introduction
Pasteurella multocida is a Gram negative bacterium which belongs to family Pasteurellaceae. P.multocida was first time explained by Louis Pasteur as causative agent of fowl cholera (Harper, Boyce and Adler 2006). P.multocida is a major threat to domesticated animals as it causes a number of diseases in cattle, buffalo, sheep, goat, pig, poultry and rabbit (Ahmad et al. 2014). It is commensal bacteria of upper respiratory tract of ruminants and poultry. It causes disease when host is under stress and becomes immunocompromised. It causes hemorrhagic septicemia in cattle and Buffalo, atropic rhinitis in pigs and fowl cholera in poultry. 
On the basis of capsular antigen P.multocida classified into five serogroups A, B, D, E, F and it is further classified into 16 serotypes based on somatic antigen (Carter 1955). Hemorrhagic septicemia in cattle and buffalo is caused by P. multocida strains B or E (Boyce, Chung and Adler 2000b). It is characterized by edematous swelling of head and neck and causes high mortality and is major threat to livestock economics (Harper et al. 2006). Animals less than 2 year age are most susceptible. The nature of Immune response to P.multocida is poorly understood. Its pathogenesis involves transmission of bacteria from respiratory tract to blood but Site of multiplication during early clinical phase is unknown (Harper et al. 2006).
Fowl cholera in birds is caused by P. multocida strains A (Boyce et al. 2000b). It is highly contagious disease affecting both domestic and wild birds, usually presented as acute septicemia and is characterized by mucus discharge from mouth, fever, anorexia, depression and ruffled feathers (Harper et al. 2006). Snuffles in rabbits is a purulent rhinitis characterized by purulent nasal discharge, sneezing, coughing, conjunctivitis, otitis media, and subcutaneous abscess formation (Al-Haddawi et al. 2001). Atropic rhinitis in pigs caused by toxigenic strains of P. multocida belonging to serogroup D (Boyce, Chung and Adler 2000a). Pigs between 3 to 8 weeks of age are more susceptible. Toxigenic strains of P. multocida type D can colonize respiratory tract and tonsils of gnotobiotic pigs and lead to tonsillitis and other clinical signs (Ackermann, Cheville and Gallagher 1991). Clinical signs include excessive lacrimation, epstaxis, sneezing, snout becomes shorter, growth rate reduces and it is rarely fatal (Harper et al. 2006).
Factors responsible for pathogenecity:
Surface components
The capsule and lipopolysaccharide are important components of bacterial cell surface and are the basis for classification of P. multocida. Both are essential for virulence as they play important role in protection from host innate immune response such as phagocytosis, complement mediated lysis, antimicrobial activity of peptides (Harper, Boyce and Adler 2012). 
Capsule
Capsule is the important virulence factor and form the basis of classification into five serogroups A,B,D,E, and F (Carter 1955). Capsule expression in P. multocida is dependent on expression of Fis protein (Steen et al. 2010). Nucleotide sequence of capsule locus of P. multocida is divided into 3 functional regions (1-3). Region 1 and 3 comprises of 6 genes which are responsible for transport of capsule to the exterior, region 2 comprises of 9 genes which are involved in synthesis of capsule, products of three of these 9 genes (bcbA, bcbB, bcbC) show similarity to proteins involved in synthesis of capsule while products of other six genes show no significant similarity (Boyce et al. 2000a). Capsule locus of P. multocid is divided into three regions. Region 1 comprises of four ORF’s which are involved in transport of capsule to the exterior, region 2 comprises of five ORF’s which are involved in synthesis of capsule, region 3  comprises of two ORF’s which are involved in phospholipids substitution of the capsule (Chung, Zhang and Adler 1998).
Capsular strains have thick capsule and have more amount of 39 kDa proteins while non capsular strains have thin capsule and have low amount of 39 kDa proteins. Capsule thickness and amount of capsular protein 39 kDa are correlated with pathogenecity of avian Pasteurella multocida (Borrathybay et al. 2003b). P. multocida acapsular mutant X-73 was constructed by disrupting hexA gene involved in capsule synthesis. Upon injection into chicken Bacterial count of this mutant strain decreased rapidly while that of wild strain remains high over 4 hour which shows that capsule is the essential factor involved in pathogenesis of P. multocida serotype A (Chung et al. 2001). A mutant P. multocida strain with impaired capsule export was constructed and was injected intraperitonially into mice which was efficiently taken up and removed by peritoneal macrophages while wild type P. multocida multiplied rapidly and was resistant to phagocytosis upon intraperitoneal injection into mice. Thus capsule is the key virulence determinant of P.multocida M1404 B:2 (Boyce and Adler 2000). Capsular 39 kDa protein is an adherent factor and protective antigen of P. multocida type A (Ali et al. 2004). 

Lipopolysaccharides 
Pasteurella multocida lipopolysaccharide stimulates humural immunity and is considered to be a protective antigen (Harper et al. 2006). Lipopolysaccharide (LPS) is the essential virulence factor, P. multocida is classified into 16 serotypes on the basis of LPS antigen (Harper et al. 2011). LPS is the important component of bacterial cell surface and is responsible for stimulation of adaptive immune response to infection in host (Harper et al. 2012). Adler, B., et al. studied the role of LPS in immunization by using monoclonal antibodies and active immunization experiments. They found that active and passive immunization of LPS provide only partial protection (Adler et al. 1996). The aroA mutants of P. multocida provide protection against homologus challenge but not against heterologus challenge (Adler et al. 1996). 
Immunization with outer membrane fraction of P. multocida strain A:3 grown in iron restricted environment provide protection against homologus as well as heterologus challenge (Adler et al. 1996). Mice immunized with whole cells of heat killed P. multocida type A produces eight type of monoclonal antibodies (MAbs), one of these eight MAbs reacted with Lipopolysaccharide, was bactericidal and provide protection against homologous challenge with 10 LD50 of live bacteria (Wijewardana et al. 1990). Monoclonal Antibodies against LPS can opsonize P. multocida by mouse macrophages but are not bactericidal, so they provides only partial protection against infection (Ramdani and Adler 1991). A mutant of P. multocida having insertional inactivation of WaaQ(PM) gene coding for heptosyltransferase (required for addition of heptose to LPS) is unable to cause disease in poultry indicating the requirement of complete LPS by P. multocida to cause disease (Harper et al. 2004). Phosphocholine is an important component of LPS and is required for virulence; P.multocida mutants lacking phosphocholine (PCho) in LPS were less virulent than wild type P. multocida strains having PCho (Harper et al. 2007). 
Outer membrane Proteins 
Lipoproteins and trans membrane proteins are two components of outer membrane proteins of P. multocida which play important role in pathogen interaction with host and in the host immune response to infection (Hatfaludi et al. 2010). Phagocytosis of Pasteurella multocida by avian macrophages is inhibited by its toxic outer membrane proteins indicating that P. multocida is capable of intracellular survival in avian macrophages and OMP’s are  responsible for this survival (Truscott, Cheung and Hirsh 1990). Passive immunization of rabbits with monoclonal antibodies (MAb) raised against 37.5 kDa protein  provide protection against homologus and heterologus challenge bearing the antigenic determinant recognized by MAb 1608, but no protection provided against challenge with strains lacking the antigenic determinant recognized by MAb 1608 (Lu et al. 1991). 
Pasteurella multocida anti-idiotype vaccine prepared from outer membrane proteins provide better protection in mice as compared to OMPs supplemented bacterin (Arif et al. 2013). Five OMPs were recognized as immunogens by radioimmunoprecipitation procedure and immunoblot analysis from which 37.5 k and 64.4 k were considered as major immunogens (Lu, Afendis and Pakes 1988). A 39 kDa protein in the capsule is an important virulence factor and act as adhesive factor for P. multocida to chicken embryo fibroblast cells (Borrathybay et al. 2003a).
Soluble Virulence Factors
Hyaluronidase
The role of hyaluronidase in pathogenesis is not clearly explained (Harper et al. 2006). The capsule of P. multocida is rich in hyaluronic acid which makes it resistant to transformation, however hyaluronidase producing bacteria like Staphylococcus aureus could be used as alternative method of genetic transformation in P. multocida (Abdelhak 2009). Production of hyaluronidase was examined from seventy four cultures of P. multocida, it was found that out of four capsular types A,B,D,C only capsular type B produces hyaluronidase (Carter and Chengappa 1980). Hyaluronidase production is confined to serotype B:2 and hyaluronidase production test could be used for identification of B:2 serotype of P. multocida (Rimler and Rhoades 1994). 
Pasteurella multocida Toxins
Pasteurella multocida strain D is known to produce toxins known as Pasteurella multocida toxins (PMT) and are responsible for development of clinical signs in atropic rhinitis while other strains of P. multocida are not known to produce any toxin (Harper et al. 2006). PMT is a mitogenic toxin and is a member of dermonecrotic toxin family including toxins from Bordetella, Escherechia coli and Yersinia (Wilson and Ho 2011). There is no sequence similarity between C3 deamidase domain of PMT and deamidase domains of dermonecrotic toxins of E.coli, Bordetella and Yersina (Wilson and Ho 2010). The active site of PMT C3 comprises of Cys-His-Asp and structurally it belongs to transglutaminase like proteins (Wilson and Ho 2010). PMT induces multiple cellular effects which are dependent on heterotrimeric G-protein G(q)(Zywietz et al. 2001). PMT causes activation of G protein coupled phosphatidylinositol specific phospholipase C in intact cells (Wilson et al. 1997). PMT induced currents were inhibited by Specific antibodies against N terminus peptide of PMT indicating the importance of N terminus of PMT for toxin activity.(Wilson et al. 1997). 

Phospholipase C beta1 identified as primary mediator of PMT-induced Cl- currents by injecting specific antibodies against PLCbeta1, PLCbeta2, PLCbeta3.(Wilson et al. 1997) N- terminal 500 amino acids of PMT are responsible for intracellular activity while C terminal of PMT is responsible for entry into cells (Wilson et al. 1999). PMT belongs to A-B class of bacterial toxin, its pleiotropic effects in different cells leads cellular proliferation, inhibit cellular differentiation and are responsible for physiological changes during infection with toxinogenic strains of P. multocida (Wilson and Ho 2012). PMT causes bone resorption and raises serum level of acid phosphatase (Ackermann et al. 1993). PMT reduces physeal area and chondrocyte proliferation leading to inhibition of bone formation (Ackermann et al. 1996). Antiserum raised against PMT is protective (Ackermann et al. 1996).PMT is the important factor in pulmonary abscess formation by P. multocida in pigs (Ahn et al. 2008).

Concluding Remarks
Pasteurella multocida causes disease in wide range of animals. Capsule and Lipopolysachharides are its key virulence factors. Outer membrane proteins are important mmunogens. There is correlation between capsular type and disease, serotype B and E causes hemorrhagic septicemia in cattle, serotype A causes fowl cholera in birds, serotype D produces PMT and causes atropic rhinitis in pigs. There is little information about contribution of type and amount of proteins present on surface of bacteria to the disease. Pathogenesis of P. multocida is poorly understood, there is little information about bacterial invasion, entry into blood, spread into body and host immune response to the bacteria.
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