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CHAPTER-II
REVIEW OF LITERATURE

Livestock is a crucial part in the economic and social fabric of Bangladesh has long been enjoying the contribution of livestock and poultry for meeting the demand of nutrition, livelihood, customs and culture. The livestock and poultry density is very high in Bangladesh and has tangible impact on the economy as well as public health. The population of livestock and poultry has been growing steadily over the decade. The growth of poultry is rapid compared to other livestock, because poultry requires less investment to start the farming. Person from low income group may also start the business on a small scale. Poultry farming offers opportunities for fulfillment or part-time employment particularly for village women, children or elderly person on the farm operation.

Table 1. Livestock and poultry population in Bangladesh (2004-2011)

	Species
	Year (In million)

	
	2004-05
	2005-06
	2006-07
	2007-08
	2008-09
	2009-10
	2010-11

	Chicken 
	183.45
	194.82
	206.89
	212.47
	221.39
	228.03
	234.64

	Duck
	37.28
	38.17
	39.08
	39.84
	41.23
	42.67
	44.12

	Cattle
	22.67
	22.80
	22.87
	22.90
	22.98
	23.05
	23.12

	
	
	
	
	
	
	
	


Source: Bangladesh Economic Review, 2011

From the above data (Table 1) it is seen that presently there are 234.64 million chickens and about 66,636 poultry farms, (Kalam et al., 2011) available in Bangladesh. However, from another census it was found that 12.89% poultry came from non farm source, 51.95% from small farms, 27.43% from medium farms and 7.73% from large farms (BBS, 2003). Poultry constitutes 30% of animal protein and will increase to 40% before 2015 (IFPRI, 2000). As an important sub sector of livestock production, the poultry industry in Bangladesh plays a vital role in economic growth and simultaneously creates numerous employment opportunities. The poultry industry, as a fundamental part of animal production, is committed to supply the nation which is a cheap source of good quality nutritious animal protein in terms of meat and eggs (Akter and Uddin, 2009).
Poultry meat and eggs contribute approximately 33% of total animal protein supplied in the country (Ahmed and Islam, 1990). Farm produced meat and eggs are gaining popularity throughout the country. Hossain (1999) stated that farm produced broilers, spent hens and cockerels constitute about 55% of the total chicken meat, while farm produced eggs are 82% of the total eggs marketed in Dhaka. 

The demand of the egg and meat is high in our country but the supply is not enough. Indigenous chickens are principal suppliers of poultry meat and eggs of Bangladesh and are contributing about 75.06% eggs of the country. The egg production of deshi hen is about 30-70 eggs per year, where as the exotic strains produce 300 eggs per year (Haque et al., 1993). These data clearly indicate that the availability of poultry meat and eggs is still very much lower in Bangladesh because of different constraints. The constraints of chicken production are feeds, husbandry practices and disease incidence.

2.1 Bacterial diseases encountered in Poultry in Bangladesh
The following Bacterial diseases are encountered as the constraints of poultry production (Samad, 2005) which cause great loss of production system in our country. As Gallibacterium is an opportunistic pathogen, these diseases create suitable environment for creation of Gallibacterium related pathogenesis in poultry. 

2.1.1 Colibacillosis 
This is the common name for a large variety of diseases, including yolk-sac infection of chicks, reproductive disorders and peritonitis in layers, and septicaemia (blood poisoning) in growers. They are all caused by the bacterium Escherichia coli, which is found in the intestines of all warm-blooded animals.

2.1.2 Salmonella infection (paratyphoid and pullorum)
(i)   Paratyphoid (Salmonellosis)
Salmonella infections may affect all domestic poultry, although adult birds often do not show any symptoms. Salmonella bacteria may also contaminate hatching eggs, which results in diarrhoea, depression and death in young chicks. Paratyphoid is highly infectious and can be transmitted by mice, rats, other birds and/or through contaminated feed. Symptomless adult birds constitute a human health risk if meat and egg hygiene are not adequate.
(ii)  Pullorum (Bacillary white diarrhoea)
Usually a symptomless disease in adults, pullorum is transmitted to young chicks through the egg. This results in fatal diarrhoea within the first four weeks of life. Adult birds may suffer from infection of the ovaries, or septicaemia. This disease can be eliminated with good hatchery hygiene. To avoid this disease, have to buy chicks only from a reputable hatchery.

2.1.3.  Staphylococcus infections
The bacterium Staphylococcus aureus is widespread in the environment and causes a variety of opportunistic infections in poultry, especially in the tropics. These include foot abscesses, infections of joint membranes and dermatitis of combs and wattles.

2.1.4 Infectious coryza
Infectious coryza is caused by a small bacterium Haemophilus paragallinarum, which mainly infects growing and laying fowls under conditions of poor hygiene, ventilation and nutrition. Symptoms are discharge from the eyes and nostrils, a swollen face, a drop in egg production and sometimes diarrhoea. It is a chronic disease, which can result in mortalities when complicated with other infectious agents. Infected birds should be culled, as they may remain carriers for several months after infection. Preventive measures include rearing growers away from older birds, culling of carrier birds and improved management.
2.1.5 Chronic respiratory disease (CRD)
CRD is caused by Mycoplasma gallisepticum. Its symptoms are sniffling, sneezing and depressed egg production in chickens and sinusitis in turkeys. Its severity often depends on the concurrent presence of other diseases. Both turkeys and fowls of all ages can be infected. This disease is transmitted by inhaling infected air droplets, through eggs to the next generation, or by mechanical means, such as boots and equipment. The organism will die in a day or two when pens are empty, but recovered birds may remain carriers for some time.

Another bacterium of this group, Mycoplama synoviae, causes subclinical upper respiratory tract infection and may be involved in air saculitis associated with Newcastle disease and infectious bronchitis.

2.1.6 Tuberculosis (Mycobacterium avium)
Rarely found in young chicks, this infection is a “wasting” disease of all domestic poultry, canaries, parrots, pigeons and wild birds kept in captivity. Avian tuberculosis may be transmitted to humans, cattle and pigs.
Symptoms are not specific and may include gradual loss of weight, diarrhoea, lameness, general weakness and eventually, death.

2.1.7 Fowl Cholera
Fowl cholera, caused by infection with Pasteurella multocida (PM), is a disease of many avian species. Chickens, turkeys, ducks and quail are the most important domestic avian species involved and the disease is of economical significance. Although PM may induce lesions in multiple organ systems, respiratory pathology is the most important facet  of  the  disease.

Pasteurella multocida is a common organism found in the oral cavity of a variety of animals, including dogs, cats, and rodents. Various animals, particularly cats and rodents, are a common source for the introduction of the organism into commercial poultry. Pasteurella multocida is not a common organism found in feed, water, or litter. Therefore, proper rodent control and elimination of contact of poultry with other animals, such as cats, is an important measure for the prevention of the introduction of  PM  into  a  poultry flock. Pasteurella multocida is capable of multiplication in the bloodstream of a bird. As a result of this bacteremia, the organism may quickly colonize many organs, contributing to the typical purulent exudative lesions of fowl cholera seen in the joints, wattles, ovaries, brain, liver, spleen, and lungs.

2.2  The genus  Gallibacterium 
The genus Gallibacterium was recently established within the family of Pasteurellaceae Pohl 1981 (Christensen et al., 2003). The genus contains avian bacteria formerly known as Pasteurella haemolytica, Actinobacillus salpingitidis or Pasteurella anatis and currently includes the species Gallibacterium anatis and Gallibacterium genomospecies 1 and 2. Two biovars are described within G. anatis, biovar haemolytica (haemolytic) and biovar anatis (Nonhaemolytic). Gallibacterium spp. can be isolated from a great variety of birds, such as chickens, turkeys, ducks, geese, psittacine birds, partridges and guinea fowl (Bisgaard, 1977).

Species under the genus Gallibacterium are Gram-negative, non-motile, rod-shaped or pleomorphic cells, appears singly and in pairs, endospore are not formed, growth is mesophilic, facultatively anaerobic or microaerophilic. (Bisgaard 1982; Bojesen et al., 2003;  Christensen  et al., 2003)
2.2.1 Host

Chicken has been suggested to be the main host for Gallibacterium, but these bacteria seem to be found in a wide host spectrum. Isolations have been made from several domestic and non-domestic birds including turkeys, geese, ducks, pheasants, partridges, cattle, egrets and others (Mushin et al., 1980; Bisgaard, 1993).

2.2.2 Habitat

Members of the genus Gallibacterium have been isolated from birds with various clinical conditions. In fact, Gallibacterium spp. can be isolated from healthy birds and it has been suggested that these bacteria may be part of the normal microbiota in the upper respiratory and the lower genital tracts (Bisgaard, 1977). Contrary to this, Gallibacterium spp. have been obtained from layers with lesions affecting the reproductive organs including salpingitis and severe drops in egg production (Bisgaard & Dam, 1981; Mirle et al., 1991). However, earlier study by Bisgaard (1977) indicating that Gallibacterium are very common inhabitants of the respiratory tract of chickens.

2.3 Epidemiology

2.3.1 Distribution
Gallibacterium have been reported from many countries around the world including the European (Bisgaard, 1977; Mirle et al., 1991), African (Addo and Mohan, 1984), Asian (Suzuki et al., 1996) and American (Shaw et al., 1990) continents.  

2.3.2 Mode of transmission
 Horizontal dissemination is the most likely method of transmission (Bisgaard, 1977).  However, Matthes and Hanschke (1977) suggested that trans-ovarian transmission of Gallibacterium was possible at a low level in experimentally infected hens, indicating that vertical transmission could be a possible route.
The significance of this transmission route under natural conditions is  however, unknown and controlled studies are necessary to provide information on the importance of the various modes of transmission. It is not clear whether infected birds are able to clear themselves from an infection or if introduction of Gallibacterium results in a life long infection.
2.3.3 Prevalence
Very limited information is available on detailed epidemiological issues, as most reports are based on sporadic isolations of a few isolates, which have not permitted general conclusions. Generally, prevalence proportions are likely to depend on a variety of factors where some of the more commonly recognized includes the age of the hosts, the conditions under which the hosts are kept in terms of biosecurity, and how and where the samples are taken from the chickens. However, these factors have not been studied in detail for Gallibacterium.
2.4 Virulence Factors

Virulence factors have not yet been described for Gallibacterium and the suggestion of the existence of such mechanisms is therefore entirely a matter of speculation. However, the following outline focuses on a number of putative virulence factors described in related species, which may be a subject for future studies. 

2.4.1 Haemolysin
Most Gallibacterium isolates recovered from diseased chickens have had a haemolytic phenotype. The haemolysin produced by Gallibacterium is a RTX toxin contributing to virulence remains to be clarified. It seems evident that independently of possession of a RTX toxin or not, pathogenic G. anatis are not exclusively relying on a haemolytic phenotype, as nonhaemolytic strains have also been isolated in association with lesions, indicating that virulence as in most other bacteria is mediated by an array of factors acting in concert through different mechanisms This also seems to be the case with A. equuli, where both haemolytic and non-haemolytic isolates have been associated with diseases in horses (Christensen et al., 2003).

2.4.2 Capsule
Some strains of Gallibacterium have been demonstrated with a capsule (A.M. Bojesen, unpublished results). The function and significance of the capsule is not known. 

2.4.3 Immunoglobulin proteases

Additional putative virulence factors have been suggested to be of importance in other related members of the family Pasteurellacae (Pohl, 1981). 

2.4.4 Neuraminidase

The enzyme neuraminidase has the capacity of cleaving sialic acid, also called NAcetylneuraminate, from various sialoglycoproteins and lipids. Proteins like immunoglobulins and peptide hormones contain sialic acid residues which is why neuraminidase has been speculated to be able to play a role in the deactivation of especially immunoglobulins targeting the bacteria. 

As already emphasized, no virulence factors have hitherto been identified and characterized for Gallibacterium and the existence of any of such therefore remain a subject of speculation and will have to be addressed in future studies.

2.5 Bacteria-host interactions and pathogenesis

Infection studies have, been performed in order to show if Gallibacterium possesses a role as a pathogen. Bisgaard (1977) made intramuscular inoculation of Gallibacterium in day-old chickens, but did not record subsequent disease. Another study, based on intratracheal and intramuscular inoculation of 8 weeks old chickens did not indicate signs of virulence either (Mushin et al., 1980). For the same reason it was suggested that Gallibacterium should be considered as a commensal of the chicken upper respiratory tract only promoting disease in cases of severely debilitated hosts.
Infection studies Performed   by Gerlach (1977) intraperitoneally on day-old chickens and reported mortality rates of 85-90% within 48 hours post inoculation, using a strain obtained from diseased poultry. Another study based on inoculation of Gallibacterium into the crop of day-old and 5-6 weeks old chickens did only result in weak or no signs of disease when performed in normal chickens, whereas chickens infected by the same procedure, but also “cold stressed” during the infection, experienced a mortality rate at 36% .Evidently, there seems to be significant differences as to virulence of different strains of Gallibacterium, but also characteristics related to the host seem to have a major impact on the course of infection. These characteristics suggest Gallibacterium as an opportunistic pathogen, which normally needs the influence of other adverse effects in order to promote disease in its host, a feature which is commonly encountered with members of the family Pasteurellaceae (Mannheim, 1984).

2.6 Isolation and identification of Gallibacterium  

2.6.1 Culture
On bovine blood agar supplemented with 5% citrate Gallibacterium forms smooth and shiny, greyish, semitransparent, circular raised colonies with an entire margin and a size of 1-2 mm in diameter, butyrous in consistency, after 24 h incubation at 37°C. In addition, haemolytic strains produce a wide β-haemolytic zone (1-2 mm), (Bisgaard, 1982; Christensen et al., 2003). 

2.6.2 Biochemical properties
· Catalase, Oxidase and Phosphatase positive.

· Nitrate is reduced.

· In Hugh-Leifson medium (+) D-glucose is fermentative.

· Porphyrin and alanine aminopeptidase tests positive.
· Acid is formed without gas from glycerol, (-) D-ribose, (+) D-Xylose, (-) D-mannitol, (-) D-fructose, (+) D-galactose, (+) D-glucose, (+) D-mannose, sucrose, and raffinose. (Bisgaard, 1982; Bojesen et al., 2003;  Christensen  et al., 2003)

2.7. Molecular Investigation 
The following molecular methods are usually followed to identify Gallibacterium
2.7.1 Polymerase chain reaction (PCR)
Recently, Bojesen et al. (2007) developed a PCR assay specific for Gallibacterium allowing rapid and unambiguous identification. Gallibacterium has a relatively short internal transcribed 16S to 23S rRNA gene sequence compared to other members of Pasteurellaceae and they used this feature for the PCR assay. They used the primer 114r located on the 23S rRNA gene and 1133fgal located on the 16S rRNA gene to demonstrate specific amplification of one or two fragments corresponding to one or two ribosomal operon size in Gallibacterium. The result from the PCR were compared with results from hybridization with the Gallibacterium specific probe (Bojesen et al., 2003a) and found 100% agreement between the two identification methods.
2.7.2 Fluorescent in situ hybridization technique (FISH)
Rapid and specific identification of individual bacterial cells can be achieved by the fluorescent in situ hybridization technique (FISH) (DeLong et al., 1989 )  which is based on fluorescent material-labeled oligonucleotides complementary to bacterial 16S rRNA. This possesses advantages compared with traditional culture-based methods, as it is not restricted to live or intact cells, making it suitable for the detection of viable nonculturable cells and other fastidious organisms difficult to culture outside their natural habitat. FISH has been applied to the sensitive detection of microorganisms in situ and has been used to reveal bacterium-host interactions at the cellular level (Amann et al., 1995)

2.7.3 Amplified fragment length polymorphism (AFLP)
More recently, Amplified Fragment Length Polymorphism (AFLP) is an example of “fingerprinting” method that has been widely used on several occasions for  determining the source of disease outbreaks.  Bojesen et al. (2003b) did  AFLP  from the  Gallibacterium isolates of  two flocks of  poultry in Denmark to investigate the genetic diversity and identification of potentially pathogenic strains. The  results indicated a very high genetic similarity among isolates from the same flock, suggesting a clonal population structure with indications of niche adapted clonal lineages in the trachea and cloaca, respectively, of the same chicken. A clone G.  anatis  12656-12, associated with septicaemia in two different chickens within the same flock, was also identified in this AFLP. As this was the first remote evidence of a virulent strain, this strain was chosen for the further infection studies.
2.7.4 The phylogenetic analysis
The most recent taxonomic study has indicated that avian 16S rRNA cluster 18 of Olsen et al. (2004) consists of at least 11 species or species-like taxa (Christensen et al., 2003). Within avian 16S rRNA cluster 18, the new genus Gallibacterium, which incorporates organisms once known as avian [Pasteurella haemolytica], ‘Actinobacillus salpingitidis’ and Pasteurella anatis, has recently been proposed (Christensen et al., 2003). Similarly, Bisgaard taxon 33 has been reclassified as Volucribacter psittacicida and V. amazonae (Christensen et al., 2003).
2.8 Differential diagnosis

By the following phenotypic characters Gallibacterium can be differentiated from other members of Pasteurellaceae and can separate taxa of Gallibacterium gen.nov. from Table 2 & Table 3 respectively.
Table 2. Key characters for differentiation of genera within the family Pasteurellaceae
Genera: 1, Avibacterium gen. nov.; 2, Pasteurella; 3, Actinobacillus; 4, Haemophilus; 5, Lonepinella; 6, Mannheimia; 7, Phocoenobactor; 8, Gallibacterium; 9, Histophillus; 10, Volucribacter. Data based on Christensen & Bisgaard (2003, 2004) and Christensen et al., (2003, 2003a, 2004a, 2004b). Characters are scored as: +, 90% or more of strains positive within 1-2 days; (+), 90% or more of strains positive within 3-14 days;  ̶ , less than 10% of strains positive within 14 days; d, 11-89% of strains positive; w, weakly positive.

	Characteristic
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Catalase
	d
	+
	+
	+
	̶
	+
	̶
	+
	+
	+

	Symbiotic growth
	+ a*
	̶  b
	̶  c
	+
	̶
	̶
	̶
	̶
	̶
	̶

	Voges-Proskauer, 37 oC
	̶
	̶
	̶
	ND
	d
	̶
	+
	̶
	̶
	̶

	Urease
	̶
	̶  d
	+
	+
	̶
	̶
	̶
	̶
	̶
	̶

	Ornithine decarboxylase
	̶  e
	d
	̶
	d
	̶
	d
	̶
	̶
	̶
	̶

	Indole
	̶
	+
	̶
	d
	̶
	̶
	̶
	̶
	+
	̶

	Phosphatase
	+ f
	+
	+
	+
	̶
	+
	+
	+
	+
	+/w

	Growth on MacConkey agar
	̶
	̶
	̶
	ND
	̶
	d
	̶
	d
	ND
	̶

	Acid from:
	
	
	
	
	
	
	
	
	
	

	D-Arabinose
	d
	d
	̶
	ND
	(+)
	d
	ND
	(+)
	ND
	̶

	Dulcitol
	̶
	d
	̶
	̶
	+
	̶
	̶
	̶
	ND
	̶

	Meso-Inositol
	̶  g
	̶
	̶
	̶
	̶
	d
	̶
	d
	ND
	d

	D-Mannitol
	d
	d
	+ h
	̶
	̶
	+
	̶
	+
	ND
	d

	D-Fructose
	+
	+
	+
	̶
	+
	+
	ND
	+
	-
	+

	D-Mannose
	+
	+
	d
	̶
	+
	̶
	̶
	+
	ND
	+

	Maltose
	d
	̶  i
	+
	+
	+
	d
	̶
	d
	̶
	d

	Sucrose
	+
	+
	+
	̶
	d
	+
	̶
	+
	̶
	+

	Dextrin
	d
	̶  i
	+
	ND
	(+)
	d
	ND
	d
	ND
	d

	Glycosides
	̶
	̶
	d
	̶
	+
	d
	d
	̶
	ND
	̶

	-Fucosidase
	̶
	̶
	̶
	̶
	̶
	d
	ND
	̶
	ND
	̶

	-Glucosidase
	d
	+
	̶
	̶
	̶
	̶
	ND
	+
	ND
	̶

	-Glucuronidase
	̶
	̶
	̶
	̶
	+
	̶
	ND
	̶
	ND
	̶

	*Discrepant results are indicated by: a, Avibacterium gallinarum negative, some isolates of Avibacterium paragallinarum also negative (biovar 2); b, Pasteurella multocida might be positive; c, Actinobacillus pleuropneumoniae biovar 1 positive; d, Pasteurella dagmatis positive; e, Avibacterium volantium can be positive; f, Avibacterium paragallinarum biovar 1 might be negative; g, Avibacterium gallinarum might be positive; h, Actinobacillus suis negative; i, Pasteurella dagmatis and Pasteurella sp. B Positive. 


Table 3. Phenotypic characters that separate taxa of Gallibacterium gen. nov.
	Properties
	Gallibacterium anatis biovar

anatis
	Gallibacterium anatis biovar

haemolytica
	Gallibacterium

genomospecies 1
	Gallibacterium

genomospecies 2

	Haemolysis
	̶
	+
	+
	+

	Production of acid from:

	(-)D-Arabinose
	̶
	(+)
	(+)
	d

	(+)L-Arabinose
	̶
	̶
	d
	d

	m-Inositol
	d
	d
	̶
	d

	(-)D-Sorbitol
	d
	d
	̶
	̶

	(-)L-Fucose
	̶
	(+)
	+/(+)
	d

	Maltose
	̶
	d
	+
	+

	Trehalose
	+
	d
	+
	d

	Dextrin
	̶
	d
	+/(+)
	+


Characters are scored as : +, ≥90% of strains positive within 1-2 days; (+) ≥ 90% of strain positive within 3-14 days;  ̶ , < 10% of strains positive within 14 days; d, 11-89% of strains positive (Christensen et al., 2003).
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