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1. INTRODUCTION

In Bangladesh poultry farming is recognized as a profitable business and getting popularity as employment opportunities are being created among rural people, traders,  support serviceman and other business people.  As developing country poverty, unemployment and nutrition are the major problems. Over 80% of the country’s people live in the rural sector and highly dependent on agricultural system that is finely attuned to a tropical monsoon climate. A major portion (44%) of the population of Bangladesh lives below absolute poverty line and the number of landless poor has been increasing by 3.4% per annum (BBS, 2000). About 47.5% people receive less than 1900 calorie per person per day as against the standard 2300 calories (HDI, UNDP 1996).   The current production of all types of meat provides only 10.44% of total meat requirement of the country while eggs meet 24.04% of the requirement (Rahman, 2003). Consumption of animal protein is only 17.3 grams (BBS, 1998) per capita per day as against the standard requirement of 36.0 grams as recommended by UNO. Poultry products are one of the most important protein sources for human beings throughout the World. According to the Bangladesh Bureau of Statistics (BBS), about 89% of the rural households rear poultry. Thus, poultry industries play an important role in poverty alleviation and economic development of Bangladesh. This reflection has got in the recent years due to the raising of commercial poultry farms to meet the demand of poultry meat and egg resulted from the establishment poultry belt in Dhaka, Gazipur, Narshingdi and Chittagong district. The poultry farming has dramatically increased in recent years in Bangladesh but disease is one of the main constrains for its development. Avian Colibacillosis (E. coli infection) and Salmonellosis has been found to be major infectious diseases of all ages of birds. These diseases have got an important economic impact on poultry production worldwide. These diseases occur sporadically or enzootically in most of the countries of the world including Bangladesh. The majority of economic loss results from mortality and decrease in productivity of the affected birds (Otaki, 1995). Infectious Bursal Disease, Mycoplasmosis, Coccidiosis, Newcastle disease or infectious bronchitis, as well as nutritional deficiencies all predispose the birds to this disease (Wray and Davies, 2001). 
Antimicrobial resistance, the ability of microorganisms (notably bacteria) to withstand antimicrobial agents (antibiotics), is an important and growing public health issue. However, over the years bacteria that were once controlled by these drugs have developed resistance so that common infections in humans can cause significant harm and even death. Escherichia coli is the primary causative agent of cellulitis, septicemia, and air sacculitis in poultry and Salmonella is the causative agent of Pullorum Disease, Fowl Typhoid and Fowl Paratyphoid (Cheville and Arp, 1978; Gomis et. al., 1997). Therefore, these are the most significant poultry bacterial pathogen. There are several antimicrobials that have been approved for treatment of E. coli and Salmonella infections in broiler chickens, including tetracycline and streptomycin (United States Department of Health and Human Services. 2001, 2003). However, some of these antimicrobials are not cost-effective, while others are ineffective due to acquired resistance (Bass et. al., 1999). The long-term use of antimicrobials for therapy and growth promotion in animals selects for drug resistance in gram-negative pathogens (Levy, et. al., 1976). In farm environments, commensal, and environmental bacteria may be a reservoir for the transfer of antimicrobial resistance genes to pathogenic bacteria (Lee et. al., 2002; Lu et. al., 2003). Some previous studies described the high gene load of resistance determinants in the bacterial community in chicken litter (Lu, J., S. et. al., 2003; Nandi et. al., 2004). Since bacteria acquire most resistance genes through horizontal transfer, conjugative genetic elements such as plasmids and transposons are common vectors for the dissemination of antimicrobial resistance genes to the diverse microorganisms. The use of antimicrobials in food production is controversial because of data that suggest that usage may lead to an increase in drug resistance in human pathogens. From the public health aspect E. coli and Salmonella have got significance due to its capability to produce neonatal meningitis and food borne intestinal dieases.

The aims of the present study include:

1. To provide information on the causes of poultry mortality among the farms of Savar
Poultry Belt area during the period of study.
2. To detect the prevalence of the Colibacillosis and Salmonellosis during the study period.

3. To detect the antibiotic resistance patterns of E. coli and Salmonella from the Colibacillosis and Salmonellosis cases.

4. To focus on the zoonotic significance and public health significance of avian pathogenic and resistance of E. coli and Salmonella respectively. 
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2. REVIEW OF LITERATURE


 2.1. Colibacillosis: 
2.1.1. History: Among the first reports of infections in poultry caused by coliform organisms were those of Gross (1994) and Huq (2002). Later Wray (2001) reported the isolation of E. coli from ‘air sac disease’. Pathogenic sero – groups of E. coli are common in the environments in which poultry are raised and may cause air sacculitis, pericarditis, peritonitis, salpingitis, synovitis, osteomyelitis, cellulitis or yolk sac infection. Collectively, these diseases constitute a major economic loss. Colibacillosis refers to any localized or systemic infection caused entirely or partly by E. coli, including septicemia, granuloma (Hjarre’s disease), air sac disease, chronic respiratory disease, (CRD), avian cellulitis, swollen head syndrome, peritonitis, salpingitis, osteomyelitis/synovitis, panophthalmitis, and omphalitis/yolk sac infection. Colibacillosis in mammals is most often a primary enteric disease, whereas Colibacillosis in poultry is typically a secondary localized or systemic disease occurring when host defense has been impaired or overwhelmed (Barnes and Gross, 1997). Collectively, infections caused by E. coli are responsible for significant economic losses to the poultry industry. For example, 43% of broiler carcasses condemned for disease at processing had lesions consistent with E. coli septicemia (Yogaratnam, 1995).
2.1.2. Epidemiology: 
2.1.2. a. Etiology: E. coli is a gram-negative, non-acid-fast, uniform staining, non-spore-forming bacillus, usually 2 – 3 * 0.6 μm. The organism may be variable in size and shape. Many strains are motile and have peritrichous flagella. In one study (Siccardi, 1966; Barnes and Gross, 1997), 57% of 607 isolates were motile.
2.1.2. b. Environmental distribution: The most important reservoir of E. coli is the intestinal tract of animals, including poultry. In chickens, there are about 109 colony-forming units (CFU) of bacteria per gram of feces. Of these, 106 CFU are E. coli, 10-15% of which are pathogenic serogroups (Gross, 1994) and probably infect most mammals and birds thus having a cosmopolitan distribution. At times, coliforms may be transmitted between poultry and humans (Ojeniyi, 1989). Egg transmission of pathogenic E. coli is common and can be responsible for high chicken mortality. Pathogenic coliforms are more frequent in the gut of the newly hatched chicks than in eggs from which they hatched (Harry and Hemsly, 1965; Barnes and Gross, 1997), suggesting rapid spread after hatching. The most important source of egg infection seems to be fecal contamination of the surface with subsequent penetration of the shell and membranes. Coliform bacteria can be found in litter and fecal matter. Dust in poultry houses may contain 105-106 E. coli /g. These bacteria persist for long periods, particularly when dry (Harry and Chubb, 1964; Barnes and Gross, 1997). Feed is often contaminated with pathogenic coliforms, but these can be destroyed by hot pelleting process. Rodent droppings often contain pathogenic coliforms. Pathogenic serotypes can also be introduced into poultry flocks through contaminated well water (Nagi and Raggi, 1972).
2.1.2. c. Incidence of Colibacillosis in Bangladesh: According to a retrospective analysis of chicken diseases diagnosed at Central Disease Investigation Laboratory (CDIL), Dhaka, among the bacterial diseases the incidence of avian Colibacillosis was the highest (Bhattacharjee et. al., 1996).
2.1.3. Disease syndromes: 
2.1.3. a. Yolk sac infection: The incidence of yolk sac infection is the highest when eggshell contamination occurs late in incubation and many affected embryos will die. As few as bacteria of virulent O1: K1 organisms may result in death of all embryos, following inoculation into the yolk sac (Siccardi.1966; Gross, 1994).
2.1.3. b. Respiratory tract infection (Air Sac Disease): Respiratory disease complex, involving a secondary infection with E. coli (Huq, 2002; Gross, 1994), usually occurs between 2 and 12 weeks of age, with most losses occurring between 4 and 9 weeks. This is one of the most common poultry diseases with losses at times exceeding 20%. Economic loss results from reduced growth and feed efficiency, increased mortality and increased condemnation at processing. Poultry frequently inhale pathogenic E. coli in dust derived from feces, but the normal host defense prevents respiratory tract infection. However, following infection with respiratory tract agents such as New Castle Disease virus (NDV), Infectious Bronchitis Virus (IBV) and Mycoplasma gallisepticum alone or in combination, certain E. coli are able to establish in the respiratory tract (Gross, 1994). Vaccine viruses (NDV and IBV) are as important as the more virulent field strains (Gross, 1994). High level of environmental stress also increases the severity of the respiratory infection (Gross and Siegel, 1965; Gross, 1994). Several host and environmental factors influence susceptibility of chicks to E. coli. Resistance to E. coli was the greatest in a strain termed LA chickens (Gross, 1984a). Resistance to E. coli increased as the level of environmental stress increased until protection was close to complete. Further increases in the severity of environmental stress resulted in increased susceptibility (Gross, 1984a). Under very low level of stress, birds became extremely susceptible. Socialization also resulted in increased resistance (Gross and Siegel, 1982). Exposure to ammonia and dust resulted in declination of the epithelium of the respiratory tract, which allowed coliforms to invade (Oyetunde et. al., 1978; Nagaraja et. al., 1984). Control of the disease by preventing the predisposing respiratory infections has been much more successful than treatment of the secondary E. coli infection. Mycoplasma gallisepticum has been eradicated from all commercial breeding stocks and is seldom seen under good management conditions. Most respiratory viruses now resemble the vaccine strains (Alexander at. el., 1987) and the severity of these viral infections can be reduced by raising birds under a relatively low level of environmental stress and / or by socializing the birds to their handlers. In some birds, respiratory tract infection is not controlled and the E. coli infection becomes bacteraemic. In most bacteraemic birds, infection spreads to the myocardium and later to the pericardial sac. Myocardial infection results in changes in the electrical conductivity of the myocardium resulting in major changes in the electrocardiogram (Gross, 1966, 1994). Bacterimia by most pathogenic strains of E. coli results in a fibrinous pericarditis, which is also a feature of chlamydophillosis.

2.1.3. c. Acute septicaemia of chickens: Acute E. coli septicemia is an infection of mature chickens characterized by a firm dark or greenish liver and congested pectoral muscles. Sometimes small necrotic foci can be seen on the liver. The crops are usually full and the birds are in good flesh. In some cases pericarditis and peritonitis are also present.

2.1.3. d. Salpingitis: When E. coli infects the left abdominal air sac, females may develop chronic salpingitis characterized by a large caseous mass in a dilated, thin/walled oviduct. The caseous mass contains necrotic heterophils and bacteria that persist for months. Size of the caseous mass may increase with time. Affected birds frequently die during the first 6 months post infection; those surviving rarely lay eggs. Salpingitis may also occur following entry of coliform bacteria from the cloaca in laying hens, ducks and geese (Bisgaard, 1995).
2.1.3. e. Peritonitis: Coliform infection of the peritoneal cavity occurs in laying hens and ischaracterized by acute mortality, fibrin, and free yolk. Infection occurs when bacteria through the oviduct grow rapidly in yolk material that has been deposited in the peritoneal cavity (Gross and Siegel, 1982; Gross, 1994).

2.1.3. f. Swollen head syndrome: Swollen Head Syndrome (SHS) is characterized by an oedematous swelling, containing a diffuse cellulitis, over the eye of broilers, broiler breeders and in commercial layers. E. coli can be isolated from the lesions (O’Berien, 1985). Disease appears to require previous infection with a previously unknown coronavirus, and infection could be reproduced following a combined E. coli-coronavirus infection.
 2.1.3. g. Cellulitis: Cellulitis (sometimes known as necrotic dermatitis) of the lower abdominal wall below the vent and thighs of broilers does not result in mortality of clinical signs, but the presence of fibrinious plaques under the skin results in substantial losses through condemnation or downgrading of carcasses (Randal et. al.,1984; Vaillancourt et. al., 1992).
2.1.3. h. Enteritis : A few reports have suggested that E. coli may be a cause of enteritis in poultry. The most universal presence of pathogenic serogroups of E. coli in the intestinal tracts of poultry is not associated with any disease. Poultry with severe septicaemic infections often have watery, yellowish droppings. These seem to be associated with rapid reductions in bodyweight. Outbreaks of diarrhoeal disease associated with enterotoxigenic E. coli occur rarely and have been reported from the Philippines (Joya et. al., 1990). A heat-labile enterotoxin (LT) similar to LT from human enterotoxigenic E. coli has been recovered from poultry strains (Tsuji et. al., 1994). A severe haemorrhagic typhlitis results from the oral inoculation of E. coli into Eimeria brunette infected chickens (Nagi and Mathey, 1972). Nakamura et. al. (1990) have reported dual infection with E. coli and Eimeria tenella. 
2.1.4. Isolation of E. coli:

Isolation of E. coli from heart, liver and spleen was first reported by Lignieres in 1894 (Palmer, 1923)

Between 1938 and 1965, coligranuloma and the role of E. coli in a variety of infections, including air sac disease, arthritis, planter abscesses (bumble foot), omphalitis, panopthalmitis, peritonitis and salpingitis were identified and described (Sojka, 1965).

2.1.5. Identification:

2.1.5. a. Staining properties of Escherichie coli:

This organisms are gram negative, uniform staining, non spore forming bacillus, may be variable in size and shape (Calnek, 1997).

2.1.5. b. Colony morphology of Escherichie coli:

After incubation for 24 hours at 37°C, On MacConkey agar: large pink coloured colonies. On Eosine Methylene Blue (EMB) agar: the colonies have a metallic sheen (Rahman, 1995 and Altwegg & Bockemiihi, 1998).
2.1.5. c. Biochemical character of E. coli:

In vitro biochemical characterization of E. coli isolates revealed variable rates of charbohydrate fermentation and amino acid decarboxylation (Cloud et al., 1995)

Goswami et al,. (2002) serotyped E. coli isolates by biochemical and sugar fermentation test. Perimal Roy et al., (2004) performed biochemical characterization of E. coli isolates by lactose fermentation tests and IMVIC methods.

2.1.6. Lesions:

2.1.6. a. Gross lesions:
Gross (1994) and Samad (2005) categorized the various pathological manifestations as yolk sac infection, air sac disease, bacteraemia, salpingitis, peritonitis, swollen head syndrome, cellulitis, enteritis, synovitis and osteomyelitis. Except for collulitis and yolk sac infection, these conditions represent different manifestations of infection with the same E. coli implicated in avian septicemic colibacillosis.
2.1.6. b. Histopathological Lesions:
Heart: Gross (1957) and Sing et al,. (1993) observed that experimentally inoculated chicks revealed thickening and separation of elastic fibers due to oedema with loss of stirations, increased granularity of sarcoplasm with focal accumulation of lymphoid cells and heterophils as well as bacterial clumps between muscle fibers.

Liver: Gross (1997) Sing et al,. (1993) reported thickening of liver capsule with infiltration of large number of heterophils and few lymphocytes. Hepatocytes showed pyknotic nuclei with increase granularity of cytoplasm.

Spleen: Gross (1997) Sing et al,. (1993) reported fibrous covering on the surface of spleen and Nakamura et al,. (1985) described multiple foci of necrosis in periarteriolar ellipsoids with fibrinous exudates.
2.2. Salmonellosis:
2.2.1. History: The genus salmonella (of the family Enterobacteriaceae) named for the eminent United States Department of Agriculture (USDA) veterinarian and bacteriologist Daniel E. Salmon, consist of more than 2300 serologically distinguishable variants (Gast, 1997). Towards the end of the 19th century, infectious enteritis causing havvy mortality in chicken was described in Europe and North America (Jordan and Pattison, 1996). Initially the causal agent was called Bacillus gallinarum and the name Fowl Typhoid was applied in 1902 (Shivaprashad, 1997). Salmonella pullorum was first isolated from chicks suffering from severe diarrhea and was described by Rettger and Stoneburn in 1909 (Marchant and Packer, 1983). The disease had been previously known as Bacillary White Diarrhoea (BWD), but as white diarrhea is not always a clinical feature, it becomes known Pullorum Disease (Jordan and Pattison, 1996).
2.2. 2. Epidemiology:

2.2. 2. a. Etiology: The disease is caused by gram negative bacteria known as Salmonella pullorum. This organism belongs to a family known as enterobacteriaceae. Organism is motile and looks like slender rod measuring 0.3-0.5×1-2.5 µm. It is non-liquefying, non-chromogenic, non-sporogenic facultative anaerobe (Snoeyenbos and Willims, 1994).
It grows on beef agar or broth very readily. MacConkey agar can be very used for growth. The organism is non-lactose fermentater. The organism is resistant to heat and many chemicals. In suitable environment the organism contains a thermostable toxin. S. gallinarum is a short bacillus 1-2 µm broad, which does not posses flagellae (Jordan and Pattison, 1996). Pullorum disease is caused by bacterium S. pullorum (Shivaprasad, 1997). In addition to S. gallinarum, S. pullorum, other Salmonallae such as S. enteritidis, S. panama and S. Dublin also belongs to the serogroup D1 (Le Minor, 1984). The various motile and non hosts adapted highly invasive serotypes such as Salmonella enteritidis and Salmonella tytyphimurium are commonly referred to as paratyphoid salmonellae (Gast, 1997).
2.2. 2. b. Environmental Distribution:
Salmonellosis is a serious systemic disease of domestic poultry which cause large scale economic losses through mortality, morbidity and reduction in egg production (Junior et al., 2000). The disease occur sporadically and enzotically in most countries of the world including Bangladesh. It causes severe economic losses of the poultry with morbidity and mortality varying in chicken from 10-50% or more (Pomeroy, 1984). Salmonellosis is distributed in many countries of the world, and has economic significance (Barrow et al,. 1992). They are mainly distributed in Latin America, the Middle East, the Indian Subcontinent, Africa and perhaps other part of the world (Shivaprasad, 1997; Bouzoubaa et al,. 1992). Salmonellosis has also  been reported in many countries of South-East Asia including Bangladesh (Bhattacharjee et al,. 1996 and Begum et al,. 1993), India (Ghosh, 1988; Kumar and Kaushik, 1988), Pakistan (Javed and Hameed, 1989; Muneer et al,. 1988) and Nepal (Jha et al,. 1994). Salmonellosis is common in both backyard chickens and in commercial poultry (Fricker, 1987).
2.2. 2. c. Incidence in Bangladesh:
Fowltyphoid and Pullorum disease are the most common disease in Bangladesh (Haque et al., 1997). According to a previous retrospective study the prevalence of Salmonellosis in Bangladesh is 9.28% (Bhattacharja et al., 1996).
2.2. 3. Mode of Transmission:

The infection spreads in two ways (a) Vertical Transmission and (b) Horizontal Transmission. The vertical transmission takes place through the infected eggs. Extensive dissemination of infection may occur during hatching from infected embryos to non-infected chicks. The horizontal transmission takes place through contaminated utensils, contaminated water, contaminate feed, diseased pullets, dead embryos, dead chicks, infected eggs, cannibalism of infected birds, egg eating, visitors rodents and Flies etc (Shivaprasad, 1997).
2.2. 4. Disease Syndromes:

2.2. 4. a. Pullorum Disease:

Synonyms: Bacillary White Diarrhoea (BWD).

This is an acute systemic infection disease of chicks which is chronic in form in adult birds. The baby chicks sustain a heavy mortality within initial few weeks of life. Adults may remain as carrier.

2.2. 4. b. Fowl Typhoid:

Synonyms: Salmonella gallinerum; Infectious leukaemia.

It is an infectious septicemic disease of domestic fows and Turkeys characterizes by acute manifestation having high mortality. Acute form is widely prevalent by chronic form is not uncommon in poultry farm.
2.2. 5.  Isolation of Salmonella:

Salmonella organisms were most frequently encountered in fowls (Simmons et al,. 1963). In India, 25 serotypes have been so far isolated from poultry (Khera, 1968). The caeca have long been considered the primary source of Salmonella in the chicken (Fanelli et al,. 1971).
2.2. 5.  Identification:

2.2. 5. a. Staining properties of Salmonella:

This organisms are gram negative, slender rods, mostly occur singly but occasionally two or more can be found in smear preparation (Calnek, 1997).

2.2. 5. b. Colony morphology of Salmonella:

On Nutrient Agar: The organisms produce smooth, glistering, opalescent colonies. On MacConkey Agar and Deoxychoclate Agar (DCA): appear colorless colonies (Jordan and Pattison, 1999 and Carlson, 1974). On S.S. Agar it produces smooth, blackish colonies (Samad, 2005).
2.2. 5. c. Biochemical Character of Salmonella:

In TSI agar it produces acidic (Yellow) butt and alkaline slant (Red) with blackening due to production of H₂S gas (Waltman et al,. 1998).
2.2.6. Lesions:

2.2.6. a. Gross lesions:

Grey nodules in one or more of the following sites: lungs, liver, gizzard wall, heart, intestinal wall, peritoneum etc. May there petechial haemorrhage or foci of necrosis in the liver (Barnes et al,. 1989) along with bronze discoloration (Samad, 2005).

On necropsy, muscle degeneration or necrosis, hepatomegaly, spleno-megaly, air-sacculitis, gastroenteritis and nephropathy. Numerous yellow necrotic foci are often present in organs (Altman et al,. 1997).
2.2.6. b. Histopathological Lesions:
Severe vascular congestion in various organ, especially liver, spleen, kidney, multiple necrosis in hepatocytes with accumulation of fibrin and infiltration of heterophils. Caecal extensive necrosis in the mucosa and submucosa of young chicks. In gizzard and heart initially necrosis of myofibrils with infiltration of heterophils mixed with lymphocytes and plasma cells.

Also serositis of various organs such as pericardium, pleuroperitoneum, synovium and serosa of intestine and masentary. In ovary, acute fibrino suppurative inflammation to severe pyogranulomatous inflammation. Other changes are catarrhal bronchitis, catarrhal enteritis and intestinal inflammation of lung and kidney (Calnek, 1997).

2.3. Antibiotic Resistance in E. coli and Salmonella and Avian Zoonosis: 
The targeted selective toxicity of antimicrobial agents has ensured their widespread use to combat infection; however, it has paradoxically resulted in the emergence and dissemination of multi drug resistance zoonotic bacterial pathogens (Carattoli, 2001). Antibiotic resistance represents a significant challenge of global dimensions to human and veterinary medicines with prospect of therapeutic failure for life-saving treatments now a reality. Akinbowale et. al. (2006) reported that bacteria from the aquatic sources and environment were found resistant to different types of antibiotics to a great extent, even significant level of multi-drug resistance also observed. This indicating the highest possibility of transfer of resistance gene from aquaculture isolates to human pathogens, some assessment of risk of transfer of resistant organisms (or genes) to humans via the food chain and the threats imposed by environmental contamination with antibiotic resistant bacteria. 
Barton (2004) reported that E coli strains showed widespread resistance to tetracycline and moderately common resistance (30-60%) to ampicillin and sulphadiazine. Resistances to more than one antibiotic were common. Barton also reported in 2000 that the development of antibiotic resistance in bacteria has been linked to the use of antibiotics in agriculture in overseas studies, particularly for intensively housed species such as pigs, poultry and feedlot cattle. Swann (1969) reported the practice of feeding animals sub-therapeutic doses of antibiotics and the possible effect on human health because of the emergence of cross-resistant human pathogens. Biswas et. al.(2001) reported that 100% of his poultry E. coli isolates were resistant to tetracycline but 72% isolates were found to susceptible to Gentamycin but 20% were found resistant to Gentamycin. Alam et. al. (2006) reported about the E. coli from the aquatic sources in Bangladesh. He reported that Resistance was commonly observed against Penicillin-G (94%), Tetracycline (65%) Ampicillin (75%) and Trimethoprim-sulpfamethoxazole (49%). On the other hand, most of the strains were sensitive to Ciprofloxacin (76%), Chloramphenicol (70%), Ceftazidime (92%) and gentamicin 97%. Eighty-eight percent of the Tetracycline-resistant strains were also resistant to penicillin-G and Ampicillin. Sixty-nine percent of the strains were resistant to more than four drugs and 24% were resistant to more than seven drugs. 
Jesus et. al. (1997) indicated increasing incidences of antibiotic-resistant E. coli strains isolated from chickens with Colibacillosis. However, the high percentage of E. coli strains that were resistant to Trimethoprim-sulfamethoxazole (67%) and to the new fluoroquinolones (13 to 24%) in our study was surprising. Ellen K. Silbergeld in 2007 reported that occupational exposure to antimicrobial-resistant E. coli from live-animal contact in the broiler chicken industry might be an important route of entry for antimicrobial-resistant E. coli into the community. 
Germon et. al.,( 2005) reported that the ibeA gene, which encodes a virulence factor of E. coli strains that can cause neonatal meningitis in humans were recently detected in avian pathogenic E. coli (APEC). Caya et. al., (1999) reported that the Virulence determinants common to both APEC and human isolates ExPEC (extraintestinal pathogenic E. coli) were previously identified, leading to the conclusion that APEC are potential human pathogens. 
Ojeniyi A. A. (1989) reported that the possibility of direct transmission of Escherichia coli from poultry to humans. He also reported the transmission of antibiotic resistance organism from poultry to human that leads to the dissemination of antibiotic resistance bacteria in to the community as well as in the environment. 
Rahman et al., (2009) reported that 150 salmonella isolates were 100% sensitive to Gentamycin followed by Amoxicillin (90%), Colistin (70%), Co-trimoxazole (60%) and Furazolidone (40%) but the isolates were highly resistant to Norfloxacin, Flumequine, Ciprofloxacin and Enrofoxacin. The study demonstrated that the Salmonella gallinarum were more sensitive to Gentamycin than Amoxycillin or Colistin.
Molla et al., (2003) reported that fifty-one (63.7%) of the 80 Salmonella strains were resistant to one or more antimicrobials of which 42 (52.5%) displayed multiple-drug resistance. Among the strains, 51.2% were resistant to sulfisoxazole, 46.2% to spectinomycin, 45% to amoxicillin-clavulanic acid and ampicillin, 41.2% to tetracycline and 30% to chloramphenicol. Less than 27.5% of the strains showed resistance to florfenicol, streptomycin, cotrimoxazole and to trimethoprim. S. typhimurium var. Copenhagen (100%), S. anatum (62.5%), S. typhimurium (33.3%) and S. braenderup (34.3%) showed multiple antimicrobial resistance to up to eight antimicrobials. None of the strains were resistant to amikacin, apramycin, gentamicin, kanamycin, neomycin, tobramycin, quinolones, cephalosporins and nitrofurantoin. They also indicated the potential importance of chickens as source of multiple antimicrobial-resistant Salmonella for human infections. 
Brayan and Doyle (1995) and Humphrey (2000) mentioned that a wide range of foodborne illness attributable to Salmonella enterica. Foods of animal origin, especially poultry, poultry, poultry products, and raw eggs are often implicated in sporadic cases and outbreaks of human Salmonellosis. Poppe (2000) mentioned that Poultry is widely acknowledged to be a reservoir for Salmonella infections in humans due to the ability of Salmonella to proliferate in gastrointestinal tract of Chicken and subsequently survive on commercially processed Broiler carcasses and edible giblets. Mead et al., (1999) mentioned Human may consume Salmonella spp. From a variety of human foods and 95% of Salmonellosis cases have been estimated to originate from food. Izat et al., (1991) isolated Salmonella spp. From 17 to 50% of retail Broiler Chickens, with population estimates ranging from 5 to 34 organisms per 100 ml of rinse.

Over 2500 Salmonella serotypes, also referred to as serovers, are known to be cause illness in humans. As with all enteric pathogens, outcomes of exposure to Salmonella can range from no effects, to colonization of the gastrointestinal tract without any symptoms of illness, to colonization with the typical symptoms of illness, to colonization with the typical symptoms of acute gastro-enteritis, and less commonly to invasive disease characterized by bactaeramia, sequelae and rarely death. In cases of acute gastroenteritis and severe diarrhea the pathogen enters the blood stream i.e. septisemia or bacteraemia , symptoms include high fever, malaise, pain in the thorax and abdomen, chills and anorexia.. In some patients , long term effects or sequelae may occur and a variety have been identified, including arthritis, osteoarthritis, appendicitis, endocarditis, pericarditis, meningitis, peritonitis and urinary tract infections and typhoid or enteric fever cause by a small number of specific serotypes. Salmonella has been implicated as a triggering organism for reactive arthritis (ReA) and Reiter’s syndrome and ReA is characterized by the development of synovitis within a few weeks after the occurrence of gastroenteric symptoms.
                 CHAPTER ІІІ
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 3. METHODOLOGY OF THE STUDY
3.1 Selection of Experimental Area:
The experiment was performed at Savar Upazilla under Dhaka District which is one of the most concentrated poultry belt areas of Bangladesh. 
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                                             Figure 1: Location of the Experimental Area

3.2. Study Duration:

Total two months (From 27th June to 27th August 2010). 
3.3. Criteria for Diagnosis of Disease:

Diagnosis of disease was made on the basis of history, signs and symptoms prior to death of birds, post-mortem lesions of dead birds by post mortem examination, supported by microbiological examination when indicated, using standard methods for bacterial identification (OIE manual, 2000, Bains et al., 1979, Gordon and Jordon, 1985, Mack and Bell, 1990).
3.4. Selection of Experimental Birds and Study Population:
A total of 191 birds from different farms and different location of Savar Upazilla were subjected to postmortem examination during the study period at Savar Upazilla Veterinary Hospital under Dhaka District. Postmortems were performed to dead and sick birds. From them 36 isolates of E. coli and 21 isolates of Salmonella prepared from single Collibacilosis and Salmonellosis cases for CS test. The information was collected from the farmers by a questionnaire and cross-questions (Appendix-І).
3.5. Post-mortem Examination of Dead Birds:

The post mortem examinations were performed and lesions were recorded as early as possible after death of the birds. The time should not exceed 12 hours after death (Samad, 1998). Most of the post mortem-examinations were performed before 12:00 P.M. So, there was little chance to exceed the time limit that is 12 hours (Fig.-1). 
3.6. Filling up Diagnostic Information Form:

A form was developed prior to starting the field work for the assignment by the help of various text books. The form was named as “Diagnostic Information Sheet” which contain all possible information about post mortem findings and laboratory tests results, that can help to diagnose the diseases tentatively and confirmatively (Appendix-ІІ).
3.7. Making Tentative/Presumptive Diagnosis:
Depending on the post-mortem lesions/gross lesions as per the procedure mentioned by Samad (1998) tentative diagnosis was performed. Among them 55 cases were single colibacillosis and 26 cases were single salmonellosis  and collibacilosis with other diseases like viral (New Castle Disease & Infectious Bursal Disease); bacterial diseases (Infectious Coryza & Salmonellosis) and Protozoan disease (Coccidiosis). In review of literature 2.1.6.a. and 2.2.6.b. more diagnostic information are mentioned for two selected diseases. The classical presentation of such lesions unveiled in the (Fig.: 2-8).
3.8. Sample Collection:

For every cases suspected for Collibacilosis and Salmonellosis after post mortem examination are subjected to microbial examination. The use of liver, heart and bone marrow for microbiological use or for isolation of bacteria use described in previous study by Collins and Lyne (1976). Therefore, for microbial examination the liver sample was considered. 1 gm of liver samples was taken from different locations of liver and kept in the selinite broth. Then tubes of selinite broth with liver were incubated for overnight at 37°C. In case of immediate use after few hours, sample was taken by sterilized cotton swab just after searing.
3.9. Laboratory Examination of Collected Samples:

There are many laboratory examinations and techniques for confirm diagnosis of Collibacilosis and Salmonellosis such as isolation and identification of the organisms, serological test, culturing on various selective media and observation of colony characteristics and also observation of the organisms under microscope after staining.
3.9.1. Culturing on Agar Media and Biochemical Tests:

For Suspected cases of Collibacilosis inoculation from both broth sample and swab sample culturing were done at MacConkey Agar and Blood Agar plate and were kept for overnight incubation. After overnight incubation the bacterial growth was observed. Both lactose fermenting and non lactose fermenting colonies were found. For confirmation of interest organism, E. coli, biochemical tests were performed. Previously flat, pink colonies were suspected as the colonies of E. coli. More confirmation was made by biochemical tests of pink colored colonies. Various bio-chemical tests were done for identification of the isolates as described by Edward and Ewing (1972) and Cruickshank et. al.,(1995). Notable performed bio-chemical tests were SIM (Sulfied Indole Motility Test), TSI (Triple Sugar Iron) Agar stab and Urea.

Salmonella pullorum and Salmonella gallinarum both the organisms will grow on differential plating media such as MacConkey and SS Agar. It has been shown that Salmonella pullorum occasionally fails to grow on certain selective media such as Briliant Green or Salmonella-Shigella (SS) Agar but grows satisfactorily on Bismuth Sulfite and MacConkey Agars (Carlson et al., 1974).
Among all confirmatory diagnostic methods culturing on selective media (MacConkey Agar and S.S Agar) and observation of colony characteristics as well as Bio-chemical Test at TSI agar stab are selected for Salmonellosis. These tests are enough to diagnose the Salmonella and relatively less expensive and less time consuming, than other expensive serological tests. So, these methods were selected for Salmonellosis.
3.9.2. Cultural Sensitivity (CS) Test at Muller Hinton Agar:

After confirmation the isolates as E. coli and Salmonella they were Subjected for Antibiotic susceptibility tests. Upon E. coli and Salmonella identification, antibiotic sensitivity test were performed on the isolates by standard technique of EUCAST (www. Eucast.org) and recommendation done by the guidelines of National Committee for Clinical Laboratory Standards (NCCLS, 1997). Antibiotics selected for susceptibility testing included a panel of antimicrobial agents of interest to the poultry industry and human (human) public health authorities. From the range of antimicrobial drugs, 6 were selected on the basis of their range of activity against enterobacteria and on their use in local poultry farming.

Veterinary antibiotics were chosen due to their use as therapeutic, prophylactic or growth promoting agents in poultry industry. Human antibiotics were selected on the basis of their use and /or importance in human medicine.

The following antibiotics and disc potencies were used: CN: Gentamicin(120µg), DO: Doxycycline(30µg), CIP: Ciprofloxacin(5µg), OT: Oxytetracycline(30µg), ENR: Enrofloxacin(5µg) and AML: Amoxycillin(10µg) from Oxoid Ltd (Basingstoke, Hampshire, England). The antibiotic susceptibility tests were performed in Muller-Hinton agar (Difco) by EUCAST (www. Eucast.org) micro-disc diffusion techniques. 
Measurement of the growth inhibition zone permitted the classification of each isolates as susceptible, intermediate and resistant according to data provided by Bacteriology Laboratory of CDIL (Central Disease Investigation Laboratory). The result of antibiotic sensitivity test was then recorded, analyzed and discussed. This data and the overall available data regarding the antibiotic resistance of E coli and Salmonella in respect of Bangladesh from different previous research works then compared. Also the interest organisms, E. coli and Salmonella those having of zoonotic significance then discussed about its potentiality of zoonosis and dissemination of antibiotic resistance to other pathogenic E. coli of human and other species. Here also make some discussion about the prevalence of Colibacillosis and Salmenellosis in poultry and bird mortality in Poultry belt area like Savar. 
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Fig.-1: Post-mortem examination of bird.                                   Fig.-2: Pericarditis in Collibacilosis.
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Fig.-3: Perihepatitis in Collibacilosis.                                          Fig.-4: E. coli colony in Collibacilosis.
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Fig.-5: Gelatinous mass in Collibacilosis.                                   Fig.-6: Misshapen ovum in Salmonellosis.
[image: image13.jpg]


[image: image14.jpg]



Fig.-7: Unabsorbed Yolk Sac in Chick in                                 Fig.-8: Fragile Liver in Salmonellosis.
            Salmonellosis.
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Fig.-9: Sub culture from pink color E. coli colony                   Fig.-10: Colourless colony of Salmonella at                      
            of MacConkey agar.                                                                        MacConkey agar. 
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Fig.-11: Gram Negative Bacteria under                                      Fig.-12: Preparation of different agar media 
               Microscope.                                                                                      at laminar air flow.
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Fig.-13:  Yellow slant and butt of E. coli at                               Fig.-14: Red slant and Yellow butt with 
                 TSI agar stab.                                                                               media of Blackening  media of

                                                                                                                         Salmonella at TSI stab.                                                 



Fig.-15:  Dilution of Bacterial colony at PBS before                     Fig.-16: Comparing the dilution with 
                CS test.                                                                                              McFarland nephalometer standard 

Fig.-17: Placing Antibiotic disc on Muller Hinton                           Fig.-18: CS test showing Gentamycin 
              agar.                                                                                                          sensitivity of E. coli isolate. 

CHAPTER-IV

4. RESULT AND DISCUSSION
Table-1: List of Diseases available in the study area (Post Mortem Basis).

	Total No. of 

Post Mortems

(In No.)
	Case Types
	Name of the Diseases
	No of Birds

Affected (In No.)
	Frequency

(%)

	191
	Single Infections
	Colibacillosis 
	55
	28.80% 

	
	
	Salmonellosis 
	26
	13.61% 

	
	
	Fowl Cholera 
	4
	2.10% 

	
	
	Necrotic Enteritis 
	3
	1.57% 

	
	
	Coccidiosis 
	10
	5.24% 

	
	
	Infectious Bursal Disease 
	21
	10.99%

	
	
	Aspergillosis 
	1
	0.52%

	
	
	Mycoplasmosis/CRD 
	15
	7.85%

	
	
	Infectious Coryza 
	8
	4.19%

	
	Mixed
Infections
	Colibacillosis + Infectious Coryza 
	1
	0.52%

	
	
	Colibacillosis+ New Castle Disease 
	1
	0.52%

	
	
	Colibacillosis + Coccidiosis 
	1
	0.52%

	
	
	Colibacillosis+ Infectious Bursal Disease
	1
	0.52%

	
	
	Colibacillosis+ Mycoplasmosis 
	1
	0.52% 

	
	
	Colibacillosis+Salmonellosis 
	4
	2.10%

	
	Others
	Mycotoxicosis 
	5
	2.62%

	
	
	Malnurtition 
	2
	1.05%

	
	
	Stress 
	3
	1.57%


The diagnosed diseases included Colibacillosis (28.80%), Salmonellosis (13.61%), Fowl Cholera (2.10%), Necrotic Enteritis (1.57%), Coccidiosis (5.24%), Infectious Bursal Disease (10.99%), New Castle Disease (15.18%), Aspergillosis (0.52%), Mycoplasmosis/CRD (7.85%), Infectious Coryza (4.19%) as single infections. Mixed infections were available as Colibacillosis + Infectious Coryza (0.52%), Colibacillosis+ New Castle Disease (0.52%), Colibacillosis + Coccidiosis (0.52%), Colibacillosis+ Infectious Bursal Disease (0.52%), Colibacillosis+ Mycoplasmosis(0.52%) and Colibacillosis+Salmonellosis (2.10%). Non-infectious cases were available with different frequencies; Mycotoxicosis (2.62%). Malnurtition (1.05%), and Stress (1.57%). In the present study it was also observed that among the diseases in commercial poultry farms, the incidence rate of death due to colibacillosis was the highest. Therefore the prevalence is 28.80% for single colibacillosis case but in case of mixed colibacillosis the prevalence is 4.71% and mixed Salmonellosis the prevalence is 2.10%. According to a retrospective analysis of chicken diseases diagnosed at Central Disease Investigation Laboratory (CDIL), Dhaka, among the bacterial diseases the incidence of avian colibacillosis was the highest (Bhattacharjee et. al., 1998). Therefore, this study has similarity with the previous study.
 Graph-1: Relation of Single Bacterial Diseases with the number of cases.
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Table-2: Prevalence of Collibacilosis and Salmonellosis in target population.
	Basis
	Target

Population
	No. of Single Cases
	Prevalence as Single Case
	No. of Mixed Cases
	Prevalence of Mixed Cases

	                                                                   Collibacillosis

	P.M.

Examination 
	191
	55
	28.80%
	9
	4.71%

	                                                                    Salmonellosis

	P.M.

Examination 
	191
	26
	13.61%
	4
	2.10%


Antimicrobial therapy is an important tool in reducing both the incidence and mortality associated with avian bacterial diseases like collibacilosis and salmonellosis (Goren, 1990; Freed et. al., 1993; Watts et. al., 1993). However, resistance to existing antimicrobials is widespread and of concern to poultry veterinarians (Peighambari, et. al., 1995; Hinton et. al., 1987; Goren, 1990). Antibiotic sensitivity tests were performed of these isolated E. coli. Here those antibiotics were selected, which are used both in veterinary and human medical practices. There are three reasons of antibiotic sensitivity test and the reasons behind the selection of antibiotics were; to observe the present resistance pattern of isolated E. coli and Salmonella and extent of resistance, to compare the resistance between the environmental isolated E. coli and Salmonella (Alam et. al., 2006) with our poultry originated E. coli and Salmonella, compare with the previous result of resistance pattern in poultry E. coli and Salmonella (Biswas et. al., 2001).
Table-3: Antibiotic Sensitivity Pattern of E. coli.

	Name of the 

Antibiotics
	No. of Isolates

Tested
	                            Sensitivity of Pattern 

	
	
	Resistant (%)
	Susceptible (%)
	Intermediate (%)

	Gentamycin
	36
	0
	100
	0

	Doxycycline
	36
	38.88
	61.12
	0

	Oxytetracycline
	36
	50.55
	19.45
	30

	Amoxicillin
	36
	60.88
	11.12
	28

	Enrofloxacin
	36
	50
	50
	0

	Ciprofloxacin
	36 
	30.55
	69.45
	0


Gentamycin, Doxycycline, Oxyetracycline, Amoxicillin, Enrofloxacin and Ciprofloxacin are the antibiotics were chosen in our study as these antibiotics are still using in both veterinary and human medical practices. Our E. coli isolates were tested for resistance towards 6 above-mentioned antibiotics. Resistances were commonly observed against Doxycycline (38.88%), Oxyetracycline (50.55%), Amoxicillin (60.88%), Enrofloxacin (50%) and Ciprofloxacin (30.55%). But high levels of sensitivity were found against Gentamycin (100%) and Ciprofloxacin (69.45%). Those above-mentioned isolates had considerable sensitivity to Doxycycline (61.12%). But in previous study all the poultry E. coli isolates were found resistant to tetracycline (Biswas et. al., 2001). In the study of environmental E. coli isolates resistance was commonly observed against Tetracycline (65%) (Alam et. al., 2006). So, poultry isolates showing a variable resistance to Tetracycline in comparison with Environmental E coli but in this study we have found that E. coli isolates is 50.55% resistant Oxytetracycline which is belongs to Tetracycline group. We suspected high level of resistance against Tetracycline because most of the farmers used commercially available tetracycline in the poultry feed regularly. The farmers used antibiotics largely for three purposes in poultry farms: therapeutic use to treat sick flock; prophylactic use to prevent infections in the flock; as growth promoters to improve feed utilization and production (Barton, 2000).

Most of the Environmental strains were sensitive to Ciprofloxacin (76%), and gentamicin (97%) (Alam et. al., 2006). Those isolates were also sensitive to Ciprofloxacin (80%) and Gentamycin (100%). In previous study of Poultry isolates 72% E. coli were found sensitive to Gentamycin (Biswas et. al., 2001). So, The results of Ciprofloxacin resistance and Gentamycin sensitivity in poultry isolates were mostly similar with Environmental E. coli. Gentamycin is still a choice of medication in both veterinary and human practice in Bangladesh though in many countries Gentamycin is prohibited in veterinary use. But to prevent the emergence of resistance in human pathogenic E. coli Gentamycin use should be restricted from the view of public health concern. Eighty-eight percent of the tetracyclineresistant strains were also resistant to penicillin-G and ampicillin. Sixty-nine percent of the strains were resistant to more than four drugs and 24% were resistant to more than seven drugs. (Alam et. al., 2006). But in this study 50.55% oxytetracycline resistant isolates were also resistant to Ciprofloxacin (30.55%) and another 60.88% oxytetracycline resistant isolates were resistant to Amoxycillin and 50% to Enrofloxacin. In another study, a high frequency of resistance to tetracycline, kanamycin, neomycin, cephalothin, streptomycin, and erythromycin was observed. Many strains were resistant to several antibiotics, but no pattern predominates (Brenda et. al., 2005).
Graph-2: Antibiotic Susceptibility of E. coli (n=36)
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Amoxicillin is a broad-spectrum antibiotic of Penicillin group. But we have found highest resistance against this antibiotic 60.88%. No data is still available about the high level of resistance against Amoxicillin of E. coli isolates in Bangladesh.
Enrofloxacin and Ciprofloxacin both are belong to 2nd generation Fluroquinolones group. But we have found variable resistance pattern of E. coli isolates against this group and it is highest in Enrofloxacin 50%. It is due to more use of Enrofloxacin than Ciprofloxacin in poultry.

 The findings of this study indicating that there has been a significant increase in antimicrobial resistance in the E. coli affecting the chickens. In herds and flocks treated with tetracycline, aminoglycosides and sulfonamide, widespread resistance is seen (Franklin, 1984; Nijsten et. al.,1993). It’s really a matter of concern about emergence of multi-drug resistance in avian isolates. Antibiotic resistant in human and animal pathogens is now an issue of global concern. While it is clear that most resistance problems in human pathogens originate from over-use and misuse of antibiotics in hospitals and community medical practices, in recent years there has been increasing recognition of the contribution of resistance bacteria in animals to the medical problem. None the less, evidence is mounting that antibiotic resistance enteric bacteria (for example, E. coli, Salmonella, campylobacter and enterococci) can transfer from animals to man via the food chain or by direct contact, leading to the establishment of a community reservoir of resistance genes (Van den Bogaard and Stobberingh, 1999). There are many reasons behind the emergence of antibiotic resistance in poultry E. coil. But this is a severe threat to human health because of emergence of antibiotic resistance in human pathogenic and normal flora E. coli may be caused by animal and poultry originated E. coli. In Bangladesh poultry litter are used in land for crop production and as well in pond for profitable fish production. Sometimes the dead poultry are dropped into pond where catfish are reared. In this way the E. coli from poultry that are resistant to antibiotics can be viable in the water sources. These waters are most of the times used for drinking and cooking purposes. In this way the avian E. coli can be transmitted in human. Another way of transmission of avian E. coli to human is by direct contact. Hence, resistant E. coli from poultry can infect humans both directly and via food. Some publishes information available regarding this. These resistant bacteria may colonize the human intestinal tract and may also contribute resistance genes to human endogenous flora. Also these resistance bacteria may contribute resistance genes to the E. coli of the aquatic sources. However, the mechanism of spread of antibiotic resistance from food animals to humans remains controversial. Colonization of the intestinal tract with resistant E. coli from chicken has been shown in human volunteers. Colonization of the intestinal tract with resistant E. coli from chicken has been shown in human volunteers (Linton et. al., 1977). Spread of an antibiotic resistance plasmid, pSL222-6, in E. coli from chickens to human handlers was described by Levy et. al., (1976). Others have also presented evidence of spread of antibiotic-resistant microorganisms from poultry to humans in various countries. Ojeniyi, in 1985 and 1989, described direct transmission of E. coli resistant to streptomycin, sulfonamides and tetracycline from poultry to poultry attendants in Nigeria.

Chickens have also been described as a source of antibiotic resistance in humans in northern India (Singh et. al., 1992), Morocco (Amara et. al., 1995) and Saudi Arabia. Isolates from birds in a modern university poultry unit (3744) exhibited the same resistance patterns as those isolated from workers who were in direct contact with the birds (Ojeniyi, 1989). Poultry workers had 32 times the odds of carrying gentamicin-resistant E. coli compared with community referents. The poultry workers were also at significantly increased risk of carrying multidrug-resistant E. coli. Occupational exposure to antimicrobial-resistant E. coli from liveanimal contact in the broiler chicken industry may be an important route of entry for antimicrobial-resistant E. coli into the community (Lance et. al., 2007). From the above studies it is concluded that plasmid mediated antibiotic resistance gene transfer occurs in the nature and also in the intestinal tract, that are the leading cause of emergence of antibiotic resistance in E. coli. Therefore poultry workers may be spreading antibiotic-resistant bacteria to those who do not work in the sector and also in the environment. So, avian resistance E. coli is a severe threat to human community. Avian E. coli come in focusing due to having of very recent information regarding avian zoonosis caused by avian pathogenic E. coli. Extraintestinal pathogenic Escherichia coli (ExPEC) strains of human and avian origin show similarities that suggest that the avian strains potentially have zoonotic properties. Avian E. coli carry the ibeA gene. The ibeA gene, which encodes a virulence factor of Escherichia coli strains that can cause neonatal meningitis in humans, was recently detected in avian pathogenic E. coli (APEC) (Germon et al., 2005).. In addition, ibeA was shown to be involved at some stage in the pathogenesis of colibacillosis. This gene is present in cerebrospinal fluid isolates of E. coli K1, whereas laboratory strains of E. coli K12 and noninvasive E. coliK1 lack it. It seems that IbeA protein increases the ability of E. coli K1 to invade brain microvascular endothelial cells via a legend receptor interaction (Huang and Jong, 2001). Virulence determinants common to both APEC and human isolates ExPEC (extraintestinal pathogenic E. coli) were previously identified, leading to the conclusion that APEC are potential human pathogens (Caya et al., 1999). Two-hundred E. coli strains isolated from either the tracheal secretion or the liver of 200 chickens with clinical signs of colibacillosis, and coming from several poultry farms, were revealed the presence of ibeA gene (Delicato et. al., 2003). Therefore from the view of public health APEC could be a serious threat to human health. Bangladeshi poultry workers and associated people are in the threat of APEC zoonosis.
Table-4: Antibiotic Sensitivity Pattern of Salmonella. 

	Name of the 

Antibiotics
	No. of Isolates

Tested
	                            Sensitivity of Pattern 

	
	
	Resistant (%)
	Susceptible (%)
	Intermediate (%)

	Gentamycin
	21
	0
	100
	0

	Doxycycline
	21
	33.33
	66.67
	0

	Oxytetracycline
	21
	63.33
	16.67
	20

	Amoxicillin
	21
	63.33
	16.67
	20

	Enrofloxacin
	21
	52.38
	47.62
	0

	Ciprofloxacin
	21 
	52.38
	47.62
	0


Resistances of Salmonella isolates were commonly observed against Doxycycline (33.33%), Oxyetracycline (63.33%), Amoxicillin (63.33%), Enrofloxacin (52.38%) and Ciprofloxacin (52.38%). But high levels of sensitivity were found against Gentamycin (100%) and Doxycycline (66.67%). These findings are mostly supported by Molla et al., (2003).

Gentamycin is exceptional Aminoglycosidic antibiotic which is bacteriocidal for both Gram positive and negative bacteria. Salmonella isolates are most sensitive to Gentamycin among all antibiotics. It is mostly supported by Rahman et al., (2009).
Highest resistance of Salmonella isolates is found 63.33% in case of both Oxytetracycline and Amoxicillin. For being found highest resistance against Amoxicillin in case of both E. coli and Salmonella isolates, is great threat to poultry industry.
Intermediate level of resistance found 52.38% in both Enrofloxacin and Ciprofloxacin of 2nd generation Fluroquinolones group.
Graph-3: Antibiotic Susceptibility of Salmonella (n=21)
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The high level of antimicrobial resistance of Salmonella isolates multiple antimicrobial resistance of Salmonella serotypes  in this study probably due to indiscriminate and widespread uses of the commonly available antimicrobials both in the veterinary and public health practices since, in Bangladesh, people have easy access to various antimicrobials and can purchase them without prescription. This finding agrees with the report of drug resistance among Salmonella species isolated from poultry (Verma et al., 1993 and Bokanyi et al., 1990). Higher reisitance of Salmonella isolates was due to rapid development of chromosomal mutation and irrational use of these drugs.
 In the present study all Salmonella and E. coli isolates were susceptible to Gentamycin. This may be explained by the limited use and high cost of this antimicrobial that would reduce their frequent utilization both in the veterinary and public health practices in Savar area. Poultry farmers avoid Gentamycin for being fear of production loss.
/                                                                   
                                                                                                                                         CHAPTER-V 
5. CONCLUSION 
Results of the present study indicated the potential importance of chickens as a source of single and multiple antimicrobial-resistant E. coli and Salmonella strains to commonly used antimicrobials including Doxycycline, Oxyetracycline, Amoxicillin, Enrofloxacin and Ciprofloxacin for the treatment of E. coli and Salmonella infections and other bacterial pathogens in humans. Further detailed epidemiological and molecular studies are essential on the frequency, sources of acquisition of resistant genes and distribution of antimicrobial-resistant E. coli and Salmonella among food animals, food products and humans in Bangladesh and  some further molecular study is necessary to detect the presence of ibeA gene in Avian Pathogenic E. coli of Bangladeshi isolates. Recently many diseases are caused by avian species both from wild species and domestic species of Birds. Measures should be taken as fur as possible to prevent contamination of aquatic sources as well as human environments especially surroundings near the human residence by APEC and Salmonella. But unfortunately most of the poultry farms are present with adjacent to the residence. Therefore infants are in severe threat of neonatal meningitis and food borne Salmonellosis in humans due to the farm establishment near household areas. Antibiotic use should be controlled by the authority to prevent the minimum chance of establishment of antibiotic resistance of poultry E. coli and Salmonella. And also poultry farm droppings, dead poultry offal’s and carcass should be prohibited to thrown in the aquatic sources and fish rearing ponds. Antibiotic resistance monitoring program should be establish in near future to prevent antibiotic resistance both in veterinary and human pathogens to prevent the global antibiotic resistance problem. 
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Appendix-І
 Questionnaire for Farm Information
A. Basic Information                                                                                  Date:…………….
1. Name of the farm:……………………………………………….

2. Name of the owner:……………………………………………...

3. Address of the farm:…………………………………………….

4. Farm size and composition:

	          Age
	Total number
	       Strain
	   Morbidity
	  Mortality

	
	
	
	
	


B. Housing Pattern and Management:

1. Housing System: Intensive/Semi-Intensive

2. Floor Type: Litter/Concrete/Slat/Cage

3. Ventilation status of house: poor/moderate/good/nothing

4. Drainage status: poor/moderate/good/nothing 

5. Frequency of cleaning of the house: Once a week/twice per week/daily/other schedule

6. Bio-security: Visitor access/Restricted/Not restricted
7. Foot Bath: Present/Absent

8. Tress around the farm: Present/Absent
C. Feeding Management:

1. Feeding System: Scavenging/Supplement/Both

2. If supplement then: Homemade/ Commercial balanced feed

3. If homemade; kinds of feed:

a) CHO (Rice, Rice polish, Wheat Bran, Rice gruel and other)

b) Protein (Fish, Snail Weed, Cake and other)

c) Minerals and others

4. Frequency of feeding: Once a day/Twice a day/Thrice a day

D. Preventive measures:

1. Regular practice of vaccination: yes/no

2. Types of vaccine use
Appendix-ІІ

Diagnostic Information Sheet
Date:…………….                                                                   Case No.:…….

1. Name of the farm:………………………………………………………………………….
2. Name of the Owner:………………………………………………………………………

3.  Address of the farm:…………………………………………………………………….

4. Post Mortem Examination of birds:
Nares/Nose: (inflammation/serous exudation/mucoid & catarrhal exudation)
Trachea: (congestion/thickening/caseous exudates/serous exudate/oedema/granular appearance (nodular growth)

Lungs:  (Pneumonic change/Yellow gray nodule/Gray hepatization/Congestion/Granulomatous lesion/Whitish spot in the lung/Nodule in the lung in case of BT/Aspergillosis)
Proventiculous: (Pin point hemorrhage on the apex of the gland/Thickening & firm/Petechial haemorrhage at the junction of the proventiculous & gizzard)

Gizzard: (Pin point nodules/haemorrhage under horney layer)

Small Intestine: (Viscid mucous/ Petechial haemorrhage/Necrotic foci with deposition of cheesy mass in the lumen/Reddish black area around the intestine/White spot in intestinal wall/Wall thickened, distended & flabby/Purulent or diptheretic inflammation/ Haemorrhage & ulceration or bran like deposition/Necrotic mucosa with cracked surface/Congestion in the wall of small intestine/Intestine full with fluid & gasses)
Large Intestine: (Necrotic foci/Normal)

Caeca: (Necrotic foci/Filled with yellow casts/Wound or ulcer in caecal tonsil/filled with caseo-necrotic casts/Presence of caecal plug/Dilated caeca containing clotted or unclotted blood/ petechy on the wall/detouched caecal core/haemorrhage/necrosis)
Liver: (Swollen on enlarge or hepato-megali/dark/transparent to cloudy deposition on the surface looking like itching of cake/focal area of coagulative necrosis/petechiation/cooked appearance & friable/pin head size white or grayish necrotic foci/congestion/pin point nodules/impression of pale color (ischemic)/various color/bronge color/coarse granular appearance/fragile/whitish spot on the surface/fatty change)

Spleen: (enlargement or splenomegali/necrotic foci/various color impression/haemorrhage/fragile)

Pericardium: (Sac filled with light yellow fibrinous exudates/thickened/fibropurulent exudates/sero-fibrinous gelatinous materials on the pericardium/pericardial adhesion/hydropericardium/sac filled with turbid yellow fluid/fibrin attached to the surface of the heart/inflammatory change/serous exudates on pericardium)
Heart: (mishappened/necrotic foci & gray nodules/necrotic changes/pale heart/single or multiple number tumour in myocardium)

Bursa of Febricious: (Atopic/swollen/edematous/yellowish/haemmoragic)

Ovary & follicle: (appear as flaccid mass/congestion/yolk material in abdominal cavity/egg peritonitis due to ruptured in peritoneum/shunken ova/irregular (misshaped ova/ova attached to the ovary by a stalk/Cystic ova/Degeneration of ovarian follicle/ovary cauliform like appearance)
Muscles: (Haemorrahage in various muscles/Congestion in pectoral muscles/Skeletal muscles are dark in color/tinny whitish streaks to nodular tumours in muscles/congestion, haemorrhage in pectoral, thigh & leg muscles)
4. Tentative Diagnosis:

6. Microbiological Examination:

Staining property

Colony Morphology:

On MacConkey agar:

On Muller Hinton Agar

Biochemical Test:

7. Confirmative Diagnosis:

8. Antibiotic Sensitivity Test:

Appendix-ІІІ

Composition of MacConkey Agar:
 Ingredients                                                       g/dl                        

Peptone                                                              17
Prteose                                                                 3

Bile Salts no. 3                                                   1.5

Lactose                                                                10

NaCl                                                                      5

Glucose                                                               13.5

Neutral Red                                                      0.03

Cristal Violate                                                    0.01

Composition of Muller Hinton Agar:

 Ingredients                                                       g/dl                        

Beef Infusion form                                            300                 

Casein acid hydrolysate                                    17.5
Starch                                                                   1.5
Agar                                                                     17
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