CHAPTER-I
INTRODUCTION
Salmonellae were first described at the end of the nineteenth century and are named after D.E. Salmon, who isolated Salmonella choleraesuis, from pigs (Salmon et al., 1886). Strains belonging to the genus Salmonella comply with the definition of the family Enterobacteriaceae: these are straight rods, facultative anaerobes, generally motile with peritrichous flagella, ferment glucose, often with the formation of gas and reduce nitrate into nitrite (Grimont et al., 2000). Some serotypes have peculiarities: the avian-specific serotype Gallinarum, for example, has no flagellae and is therefore non-motile.
Salmonella is a major food-borne pathogen worldwide and contaminate poultry products, especially undercooked meat and raw eggs (Barua et al., 2012).
Salmonella, a member of Enterobacteriaceae consists of two species – Salmonella enterica and Salmonella bongori. Salmonella enterica consists of six subspecies (ssp.) under which there are >2500 serovars that can produce diseases in mammals including animals and human, and a good number of them can be harboured by poultry without showing any clinical signs. S. enterica sp. enterica serovar Gallinarum-Pullorum is host specific and non-motile and produce clinical diseases with variable mortality only in chickens. Only motile serovars for which poultry are known to be reservoirs are zoonotic. Among them, most frequently reported serovars in the United States are S. Typhimurium, S. Enteritidis, S. Newport, S. Heidelberg and S. enterica ssp. enterica 4, [5], 12: i:-, although persistency and prevalence of different serovars vary from place to place (Barua et al., 2012).
In human, disease caused by the host-restricted serotype S. Typhi is called typhoidal salmonellosis, whereas disease caused by any other serotype is called non-typhoidal salmonellosis. Worldwide, two major changes in the epidemiology of non-typhoidal salmonellosis have occurred during the second half of the 20th century. First, Salmonella Typhimurium strains resistant to multiple antibiotics, such as S. Typhimurium DT104, have emerged and second, Salmonella Enteritidis has emerged as a major chicken and egg associated pathogen (Rabsch et al., 2001).
The typhoidal Salmonella serotypes S. Typhi and S. Paratyphi have human as their main reservoir, and enteric fever (typhoid and paratyphoid fever) as their most important clinical manifestation. Enteric fever continues to be an important cause of morbidity and mortality in developing countries.
The non-typhoid Salmonella serotypes, which include some 2500 different serotypes, are widely distributed in nature, including in the gastrointestinal tracts of mammals, reptiles, birds, and insects (KåreMølbak et al.). Poultry are considered as one of the most common vehicles of human salmonellosis (Braden, 2006). S. Enteritidis is the most common Salmonella serotype in humans globally, especially in Europe, where it accounts for 85% of Salmonella cases, Asia (38%), and Latin America and the Caribbean (31%). The S. Enteritidis pandemic was first noted in the late 1980s and has been attributed to contaminated eggs. The proportion of Salmonella infections associated with this serotype seems to have increased over time. In 1995, 36% of salmonellae worldwide were S. Enteritidis, compared to 65% in 2002. S. Typhimurium has been one of the two most frequently reported serotypes in human since 1990. S. Paratyphi B was the most common serotypes in Latin America and the Caribbean (http://www.medscape.com/viewarticle/525115_4).
Salmonella enterica Paratyphi B variant Java shares the same somatic and flagellar antigens as other S. Paratyphi B variants, but utilises d-tartrate as a carbon source. S. Java is thought to be less virulent than non d-tartrate utilizing S. Paratyphi B, with infections characterized by watery diarrhea, abdominal pain and fever. However, infection can also be invasive, producing typhoid-like clinical symptoms (Threlfall, 2005).
The zoonotic Salmonella caused non-typhoid salmonellosis in human is usually localized enterocolitis. The incubation period ranges from 5 hours to 7 days, but signs and symptoms usually begin 12 to 36 hours after ingestion of a contaminated food. The shorter incubation periods are usually associated with either higher doses of the pathogen or highly susceptible persons. Signs and symptoms include diarrhoea, nausea, abdominal pain, mild fever and chills. The diarrhea varies from a few thin vegetable-soup-like stools to massive evacuations with accompanying dehydration. Vomiting, prostration, anorexia, headache, and malaise may also occur. The syndrome usually lasts for 2 to 7 days. Systemic infections sometimes occur, and usually involve the very young, the elderly or the immunocompromised. A fatal outcome is rare. The excreta of infected persons contain a large numbers of the organism at the time of onset of illness. Those numbers decrease with the passing of time. Some patients become carriers. Non-typhoid salmonellosis can also result in sequelae, including reactive arthritis as well as neurological and neuromuscular illnesses (The EFSA Journal, 2004).
S. Java is a complex organism with a range of genetically distinct clonal lineages. Unlike ‘classical’ S. Paratyphi B, S. Java has an animal reservoir and has caused substantive outbreaks as a result of the contamination of food products. More recently, two distinct clonal lines characterized by resistance to antimicrobial drugs have been widely distributed. One of them was frequently found in poultry production, in the Netherlands, between 2000 and 2004 (Dorn et al., 2001; Van Pelt et al., 2003) and caused infections in human in several countries in Europe as a result of the importation of infected poultry from the Netherlands (Brown et al., 2003)
Poultry, meat products, and eggs are most commonly identified as food sources responsible for outbreaks of salmonellosis. Contact with animals and animal products are also a risk factor for Salmonella infections in human. Contact with sick livestock is not an uncommon method of exposure for farm workers (Susan et al., 2002). Most clinical infections of humans are transmitted from healthy carrier animals to humans through food. The main clinical manifestation of human infection with non-typhoid Salmonella is an acute gastrointestinal illness and, less frequently, septicemia. Non-typhoid Salmonella was among the earliest of the so-called emerging pathogens. In particular two Salmonella serotypes, S. Enteritidis and S. Typhimurium, became major causes of food borne illness in the 1980s and 1990s, with an important impact on public health and the economy in industrialized countries (KåreMølbak et al.). Recently, other serovars of zoonotic potentials are reported. One of them is S. Java which has recently been isolated from human patients in Bangladesh with non-typhoidal gastroenteritis. Because this serovar is poultry-associated and the village people are closely exposed to backyard chickens, information on the persistency of human S. Java isolate in backyard chickens is important to know on the view point of zoonotic transmission. Its pathogenic potential in backyard chickens is also unknown.
Objectives

The specific objectives of the study were
· To determine the persistency of S. Java of human clinical case origin in experimentally infected backyard chickens
· To assess the pathogenic potentials of the isolate in backyard chickens.

CHAPTER-II

REVIEWS OF LITERATURE
2.1 Systems of poultry production and raising village chickens in Bangladesh

In Bangladesh, like other developing countries, systems of poultry production vary widely in accordance with socio economic opportunities. The production systems are characterized by small number of birds with no or minimal inputs, low outputs and periodic destruction of birds by disease and mostly maintained under scavenging systems with little or no inputs for housing, feeding or health care. The backyard chicken and duck farming has of being less capital-intensive than larger enterprises and can often be financed by dormant rural savings. Feed resource base for chicken and ducks is mostly scavenging in the small farm and consists of household waste, fruits by-products, roots and tubers and small amount of grains, grain by-products and anything edible found in the immediate environment.

The backyard poultry raising in Bangladesh has been practiced for centuries and will continue to exist in the years ahead. In an estimate, it was found that about 96% of eggs and 98% of poultry meat are produced from backyard production (Saaadullah et al., 1992).
Nielsen (1996) and Salek and Mustafa (1997) stated that about 89% per cent of rural households in Bangladesh rear poultry and the average number per household is 6.8 ownership of backyard poultry is almost in the hands of women. The backyard poultry production system in Bangladesh can be divided in two production subsystems:

a. Traditional Backyard scavenging poultry Production: Where indigenous or crossbred between indigenous and purebred birds are raised under scavenging feeding systems. This system is a self-sustained system of production in the rural areas. This system relies primarily on local foodstuff as well as local replacement of breeding stock. There is no systematic breeding and male and female are grown together. The available males are used for breeding with all hens in a house. Mother hen naturally hatches the chicks. Eggs are set with ash, husk and small pieces of straw in a pot. The mother hens brood the chicks and spend a larger percentage of their time in rearing chicks after natural hatching.
b. Intensive Backyard (confinement) poultry production: where pure breeds like white leghorn, RIR, Fayomi or crosses between two pure-breed birds are raised under intensive system. In this production system, birds are reared with complete balanced ration prepared from locally available feed ingredients. Pure breed birds are available in the country at public sector farms. Management of intensive backyard poultry production is mostly based on confinement system with complete balanced ration with available feed ingredients. Small poultry houses are made with bamboo, CI sheet etc. Feeders and drinkers are also made locally. As the birds are collected from private hatcheries a systematized breeding programme is used for chick production. Sometime eggs are collected from model raisers are used for hatching under indigenous broody hens. There are various systems of duck production in Bangladesh. The one extreme is the extensive duck raising with 10-50 birds per family through free grazing in paddy field after harvesting, on pond, and lake. The traditional systems of duck rearing in small farm are the seasonal grazing system combining with the scavenging on fishpond, Lake River and coast. This system depends on rice harvesting and other naturally available feeds. More ducks are being raised during harvesting season and lesser during the long period of dry season. Ducks are scavenged for around seven hours a day in the pond or household areas and are supplemented with rice polish, fish waste, and snail and meat oyster.

Backyard poultry raising is common in the rural communities of low income countries (Mack et al., 2005; Guèye Ef, 2002). It is a valued resource for the livelihood of rural communities (Guèye Ef, 2005). It is not only important for food production, but also generates income for subsistence farmers, especially women (Mack et al., 2005; Guèye Ef, 2005). Bangladesh is a low-income country where 90% of rural households raise poultry (Sonaiya Eb et al., 2004; Chakma D, 2008).
Sultana R et al., (2008) conducted a study in two villages from two districts of Bangladesh. In both villages, 92% of households raised backyard poultry. The majority of the owners was female and used the money earned from poultry raising to purchase cooking ingredients, clothing, and agricultural seeds, and pay for children’s education expenses. The households consumed poultry meat and eggs. In the village in Netrokona, 80% (85/106) of households kept poultry inside the bedroom. In the village in Rajshahi, 87% (68/78) of households had separate cage/night sheds. During feeding the poultry and cleaning the poultry raising areas, villagers came into contact with poultry and poultry feces. Poultry scavenged for food on the floor, bed, in the food pot and around the place where food was cooked. Poultry drank from and bathed in the same body of water that villagers used for bathing and washing utensils and clothes. 
2.2 An overview on history of Salmonella 
The genus Salmonella was named after Daniel Elmer Salmon, an American veterinary pathologist. While Theobald Smith was the actual discoverer of the type bacterium (Salmonella enterica var. choleraesuis) in 1885, Dr. Salmon was the administrator of the USDA research program, and thus the organism was named after him by Smith (“Fda/Cfsan, 2008). Smith and Salmon had been searching for the cause of common hog cholera and proposed this organism as the causal agent. Later research, however, would show this organism (now known as Salmonella enterica) rarely causes enteric symptoms in pigs   (http://www.cgmh.org.tw/chldhos/intr/c4a00/academy/bugs/ salchole.html), and was thus not the agent they were seeking (which was eventually shown to be a virus). However, related bacteria in the genus Salmonella were eventually shown to cause other important infectious diseases. The genus Salmonella was finally formally adopted in 1900 by J. Lignières for the many species of Salmonella, after Smith's first type-strain Salmonella choleraesuis.
2.3 Salmonella nomenclature and classification

Initially, each Salmonella species was named according to clinical considerations (F. Kauffmann, 1941) e.g., Salmonella typhi-murium (mouse typhoid fever), S. cholerae-suis (hog cholera). After it was recognized that host specificity did not exist for many species, new strains (or serovar, short for serological variants) received species names according to the location at which the new strain was isolated. Later, molecular findings led to the hypothesis that Salmonella consisted of only one species (L. Le Minor et al., 1987) S. enterica.
Tindall et al. (2005) note that, "the nomenclature of the genus Salmonella has reached an unsatisfactory state of affairs, with two systems of nomenclature in circulation." One of these systems, proposed in the 1980s by Le Minor and Popoff are widely accepted, but does not conform to the Bacteriological Code, while the other conforms to the rules of the Code but is used by a minority and of decreasing popularity. The Judicial Commission of the International Committee for Systematics of Prokaryotes (2005), in Opinion 80, decided that the type species of the genus would be Salmonella enterica and that the type strain would be strain Lt2T. However, Tindall et al. (2005) note that, "like all Opinions, it is limited to matters of nomenclature and does not help to interpret the taxonomic consequences."

According to the latest nomenclature, which reflects recent advances in taxonomy (Grimont et al., 2007), the genus Salmonella consists of only two major species: S. enterica and S. bongori. A third putative species, S. subterranea, has also been proposed following the isolation of a single unusual environmental strain (Shelobolina et al., 2004), but more recent unpublished data suggest that this organism does not actually belong in the genus Salmonella (Grimont et al., 2007). Salmonella enterica is divided into six subspecies, which are distinguishable by certain biochemical characteristics and susceptibility to lysis by bacteriophage Felix O1. These subspecies are:

Original subgenera  Current nomenclature

• Subspecies I = subspecies enterica

• Subspecies II = subspecies salamae

• Subspecies IIIa = subspecies arizonae

• Subspecies IIIb = subspecies diarizonae

• Subspecies IV = subspecies houtenae

• Subspecies VI = subspecies indica

The serovar (i.e. serotype) is a classification of Salmonella into subspecies based on antigens that the organism presents. It is based on the Kauffman-White classification scheme that differentiates serological varieties from each other (Porwollik, S., 2011; Achtman et al., 2012). 
For the serovars of S. bongori, the symbol V was retained to avoid confusion with the serovar names of S. enterica subsp. enterica. Strains of Salmonella are classified into serovars on the basis of extensive diversity of lipo-polysaccharide (LPS) antigens (O) and flagellar protein antigens (H) in accordance with the Kauffmann–White scheme; currently over 2500 serovars are recognized (Grimont & Weill, 2007). This number is constantly being increased. The most common serovars that cause infections in humans and food animals belong to subspecies enterica. The serovars of the other subspecies are more likely to be found in poikilothermic (cold-blooded) animals and in the environment, but are occasionally associated with human disease. Some serovars of subspecies arizonae and subspecies diarizonae have been associated with disease in turkeys and sheep and others may be carried by free-living or captive reptiles and amphibians.

Names are retained only for subspecies enterica serovars. These names must no longer be italicized. The first letter is a capital letter. In clinical practice the subspecies name does not need to be indicated as only serovars of subspecies enterica bear a name, e.g. Typhimurium, London or Montevideo are serovars of subspecies enterica. The genus Salmonella followed by the serotype name may be used for routine practice (e.g. Salmonella Typhimurium). Serovars of the other subspecies are designated by an antigenic formula, including subspecies designated by Roman numerical (e.g. Salmonella IV 48:g.z51).
Newer methods for Salmonella typing and sub typing include genome-based methods such as pulsed field gel electrophoresis (PFGE), Multiple Loci VNTR Analysis (MLVA), Multi locus sequence typing (MLST) and (multiplex-) PCR-based methods (Porwollik, S., 2011; Achtman et al., 2012). 
2.4 Host specificity:

Wray C. &Wray A., Eds (2000) stated that the organism can affect all species of domestic animals; young animals and pregnant animals are the most susceptible. Many animals, especially poultry and pigs, may also be infected but show no clinical illness. Wild animals such as badgers and some types of birds may carry specific strains of Salmonella.
CDC (2010) note that Salmonella are excreted in the faeces of animals (including birds) and humans that are infected with, or asymptomatically excreting the organism. A biovar (previously known as S. Java) of S. Paratyphi B, strains of S. enterica other than subspecies enterica, and S. bongori are associated with cold blooded animals such as amphibians, reptiles, although at least one serovar of S. enterica subsp. diarizonae has been found in sheep. Human infections have arisen from contact with both turtles and frogs kept in aquaria – the latter has included infection with S. Typhimurium. 
Snoeyenbos G.H. (1994) stated that the course of infection, the clinical signs, the post-mortem findings and epidemiological patterns vary according to the serovar and the animal species involved. Some serovars only affect certain hosts, e.g. S. Gallinarum in poultry or S. Abortusovis in sheep, although most serovars may cause disease in a wide range of animal species. Many serovars, including some that are host adapted such as S. Choleraesuis and S. Dublin, have been shown to cause serious disease in humans, and animal attendants, veterinarians and abattoir workers may be infected directly during the course of their work, as may laboratory personnel.

As a zoonotic food borne bacterium, Salmonella has reservoirs in various animals. The most common domesticated animal hosts are chickens, pigs, and cattle; but many other domestic animals as well as a wide range of wild animals can also harbor this organism. Because of the ability of Salmonella to contaminate meat during slaughter and to survive in fresh meats and meat products that are not thoroughly heated, animal products constitute a main vehicle of transmission. Another important vehicle of transmission is eggs that are contaminated on the surface or in the interior of the egg. Finally, produce and other vegetables that are contaminated with animal manure during growing or processing are increasingly recognized as an important source of human Salmonella infections.
Host Restricted and Host adapted serovars:

Uzzau et al., (2000); Cray et al., (2000) note that NTS have a wide range of hosts and reservoirs which mostly have been associated with agricultural product. Some of the NTS are host adapted or host restricted while others are nonspecific and cause infections in various hosts, leading to their division into two separate groups.

Uzzau et al., (2000); Chiu et al., (2004) stated that the host restricted serovars cause disease in a limited number of animal species such as Salmonella Abortusequi (horses), Salmonella Gallinarum (poultry), Salmonella Pullorum (poultry), Salmonella Typhisuis (swine), and Salmonella Abortusovis (sheep). The host adapted serovars are most prevalent in one animal species, but are also able to cause severe illness in a limited number of other hosts. These serovars include Salmonella Choleraesuis (predominantly in swine and human) and Salmonella Dublin (predominantly in cattle and human). 
There are limited data describing the reasons these serovars only affect a limited number of hosts compared to non-specific serovars which colonize a broad range of animals and humans (Uzzau et al., 2000).
2.5 Distributions of motile serovars of Salmonella in poultry worldwide

Anonymous (2009b) reported Salmonella Enteritidis is probably best known for its association with poultry (Gallus gallus) and egg. Today, Salmonella Enteritidis no longer ranks among the most common serovars in chickens in many countries and the prevalence is decreasing in both egg and chicken. In 2007, Salmonella Kentucky was listed as the most common serovar in broiler meat from Europe. However, this included only four (Austria, Czech Republic, Ireland, and Slovakia) out of 11 countries. All of the 11 countries in the European survey have ranked Salmonella Enteritidis second. In 2007, Salmonella Enteritidis is still ranked as the most common serovar isolated from flocks of Gallus gallus among 14 European countries with exception of Germany where Salmonella Livingstone is the most predominant serovar. Interestingly, a comparison of predominant serovars between chicken meat (Gallus gallus) and flocks of Gallus gallus among European countries reveal some differences in the ranking of serovars shared by both reservoirs. In addition, frequently isolated serovars present in chicken meat such as Salmonella Kentucky, Salmonella Agona, Salmonella Ohio, and Salmonella Indiana are not ranked among the 10 most common serovars in flocks of Gallus gallus whereas the opposite is the case with Salmonella Livingstone, Salmonella Mbandaka, Salmonella Seftenberg, and Salmonella Bredeney. 

Hitchner, (2004) stated that Fowl typhoid and Pullorum disease, caused by Salmonella enterica subspecies enterica serovars Gallinarum biovars Gallinarum and Pullorum, respectively, are widely distributed throughout the world but they have been eradicated from commercial poultry in many developed countries of Western Europe, the United States of America (USA), Canada, Australia and Japan. In the United States and the United Kingdom the serovar is referred to as Pullorum. 

Ivanics et al., 2008 note that S. Gallinarum has recently recurred in some European countries. Salmonella Pullorum remains as a constant reservoir in wild and game birds.

2.6 Salmonella serovars in commercial and backyard chickens in Bangladesh

Barua H et al. (2012) investigated the prevalence of Salmonella at layer farm level, and to identify the prevalent serovars we conducted a cross-sectional survey by randomly selecting 500 commercial layer poultry farms in Bangladesh. Faecal samples from the selected farms were collected following standard procedure, and examined for the presence of Salmonella using conventional bacteriological procedures. Thirty isolates were randomly selected, from the ninety obtained from the survey, for serotyping and characterized further by plasmid profiling and pulsed-field gel electrophoresis (PFGE). Results of the survey showed that the prevalence of motile Salmonella at layer farm level was 18% (95% confidence interval 15–21%), and Salmonella Kentucky was identified to be the only serovar circulating in the study population. Plasmid analysis of the S. Kentucky and non-serotyped isolates revealed two distinct profiles with a variation of two different sizes (2.7 and 4.8 kb). PFGE of the 30 S. Kentucky and 30 non-serotyped isolates showed that all of them were clonally related because only one genotype and three subtypes were determined based on the variation in two or three bands.
2.7 Poultry product borne Salmonella zoonoses

World Health Organization [WHO], (1994) state that Salmonella infections of food animals play an important role in public health and particularly in food safety, as food products of animal origin are considered to be the major source of human Salmonella infections. Special programmes have been implemented for surveillance of poultry, swine and cattle and include the surveillance of healthy animals that may be subclinical carriers of Salmonella organisms. Cross-contamination during food processing is also monitored as contamination by healthy food handlers can occur.
The WHO provides information on the development of appropriate measures for the prevention and control of food-borne diseases, including Salmonella infections, of humans. The most common vehicles of infection are eggs and egg products, poultry meat and meat from other food animals, and meat products. Contaminated salad crops, sprouted seeds, milk products and spices have also been involved in numerous outbreaks. 
Saeed et al., (1999); Wray & Wray, eds, (2000) note that Salmonella Enteritidis and S. Typhimurium are the most widespread serovars in many European countries (although Salmonella is rare in livestock in some EU countries because of their very strict control programmes). Salmonella Typhimurium is the dominant serovar in North America. 
2.8 Non-typhoidal salmonellosis in humans caused by S. Java
Rabsch et al., (2001) stated that in humans, disease caused by the host-restricted serotype S. Typhi is called typhoidal salmonellosis, whereas disease caused by any other serotype is called non-typhoidal salmonellosis. Worldwide, two major changes in the epidemiology of non-typhoidal salmonellosis have occurred during the second half of the 20th century. First, Salmonella Typhimurium strains resistant to multiple antibiotics, such as S. Typhimurium DT104, have emerged and second, Salmonella Enteritidis has emerged as a major chicken and egg associated pathogen.
Coleman and Marks, (1998) described the clinical outcomes of Salmonella as two separate groups:

Salmonella Typhi/Paratyphi – Strains of these cause enteric fever, a serious systemic illness. Incubation period ranges from 7 to 28 days. Symptoms include malaise, headache, fever, cough, nausea, vomiting, constipation, abdominal pain, chills, rose spots, bloody stools.

Non-typhoid Salmonella – Strains of these may cause gastroenteritis in humans. Incubation period ranges from 8 to 72 hours. Symptoms include abdominal pain, diarrhoea, chills, fever, nausea, vomiting and malaise. Systemic infection such as septicemia may occur especially in susceptible patients such as the very young, very old and immune-compromised. The available data measuring illness as the endpoint suggests that no response is observed until a dose of 106 is reached. Severe dehydration due to diarrhea can on occasion require medical intervention through the administration of intravenous fluids and antibiotic treatment. However, occasionally some serovars of this pathogen may cause sepsis after entering the blood stream from the intestine and require intense medical intervention. Death is rare if patient is promptly hydrated and provided antibiotic treatment.

2.9 Antimicrobials resistance in S. Java

Piddock, (1996) note that There are several pathways by which the presence of antimicrobial resistance in food derived from animals could have potential human health implications a) antimicrobial resistant zoonotic pathogens (e.g. Salmonella) in contaminated food cause a human infection that requires antibiotic treatment and therapy is compromised b) antimicrobial-resistant bacteria non-pathogenic to humans are selected in the animals and when contaminated food is ingested, the bacteria transfer resistance determinants to other commensal and potential pathogenic bacteria in the human gut and c) antibiotics remain as residues in food products, allowing the selection of antibiotic-resistant bacteria after the food is consumed. 

Aksakal et al., (2009); Coburn et al., (2007); Pan et al., (2010); Willford et al., (2007) observed that The ability of Salmonellas to resist multiple drugs will make it cumbersome to treat people with severe systemic Salmonellosis. An example is that S. typhymirium have been reported to show multiple drug resistant to ampicillin, chloramphenicol, streptomycin, sulfamethoxazole, florfenicol, ciprofloxacin and tetracycline, commonly used antibiotic for treating patients with Salmonellosis. Other serovars such as S. Enteritidis, S. Newport, S. Hader, S. Java, S. Heidelberg, S. Muenchen, S. Arizonae, S. Gallinarum and many have also been reported to show multiple drug resistant (Aksakal et al., 2009; Willford et al., 2007; Parry et al., 2002; Sahilah et al., 2003).
Threlfall EJ (2000) studied since 2000; Salmonella enterica serovar Paratyphi B variant Java (S. Java) with resistance to antimicrobial drugs has been isolated with increasing frequency from patients in Scotland, England, Wales, and the Channel Islands. For England, Wales, and the Channel Islands, drug-resistant S. Java was found in humans: 25 in 2000, 36 in 2001, 49 in 2002, and 4 in 2003 (January 1–March 31). These isolates made up 35% of 325 strains of S. Java in human infections over the study period (L.R. Ward, unpub. data). A range of drug-resistant spectrums (R-types) have been observed, e.g., ASSpSuTm, ASSpSuTmCp, ASSpSuTTm, ACSSpSuT (A, ampicillin; C, chloramphenicol; S, streptomycin; Sp, spectinomycin; Su, sulphonamides; T, tetracyclines; Tm, trimethoprim; Cp, ciprofloxacin).

Istvan Szabo (2008) notes that strains of S. Java clonal lines are multidrug-resistant and highly uniform with respect to molecular typing. Especially important is the development of resistance against critical important antimicrobials like fluoroquinolones and 3rd- 4th generation cephalosporins. The author also reported that S. Java is becoming more resistant to ciprofloxacin. In 2000 17% and in 2001 13% of all flocks were treated with Fqs, Resistance to flumequin increased from 3% to 39% in 2002 and 50% of the human isolates showed PFGE profiles identical to the poultry clone.

2.10 Carriage and shedding patterns of motile Salmonella serovars from poultry

Duchet-Suchaux et al., (1997); Asakura et al., (2001) stated that Chickens are very susceptible to Salmonella infection the first days of life. When chicks are infected at the early stages of life they can carry Salmonella and shed the bacteria intermittently, being a threat for spreading of the disease.
Nakamura et al., (1993); Wigley et al., (2001); Aabo et al., (2002) proposed numerous preventive and curative measures for the control of horizontal spread of the infection in the poultry population at the level of the production flocks. Salmonella can however reside intra-cellularly in epithelial cells and macrophages and can induce carrier animals, shedding intermittently.
Filip Van Immerseel showed that infection of day old chicks with 10² cfu Salmonella Enteritidis results in 100 % of the animals shedding the bacteria, the percentage decreasing to about 20 % after 10 weeks. After that, 20 % of the animals keep shedding the bacteria, but at each monitoring time point, different animals are shedding Salmonella. When only reduction of shedding is achieved, there is little doubt that Salmonella will never disappear from the food chain. Indeed, the carrier animals that do not shed bacteria but are colonized in intestinal tract or internal organs can still restart shedding and thus contaminate their environment, when subjected to stress. Moreover, these carrier animals can contaminate the slaughter line. Salmonella contaminated broilers thus continue to constitute an important threat to public health.
Li et al., (2007) stated that Fecal shedding of Salmonella was reported to peak just before commercial flocks commenced egg laying and then decline at later sampling intervals.

2.11 Pathogenicity of S. Java in chickens

Cox et al., (1991); Heyndrickx et al., (2002) described that the usual route of infection in chickens is the oral uptake of Salmonella bacteria from the bird’s environment. Contaminated feed and water for instance are important sources of Salmonella infections in chickens. 
Barrow, (1999); Poppe C (2000) narrated that the vertical transmission of Salmonella can also be an important issue in poultry: neonate chicks can get infected by infected breeder hens and their eggs. 
Erbeck et al., (1993); Wong et al., (1996); Shivaprasad, (2003) stated that Salmonella infections in chickens often cause only very limited symptoms or even no symptoms at all. Two exceptions are Salmonella Gallinarum and Salmonella Pullorum, serovars causing severe illness in chickens, with high morbidity and mortality in the flock. 
Marthedal, (1977); McIlroy et al., (1989) observed that Young chicks can show symptoms of disease after infection with S. Enteritidis or S. Typhimurium. The chicks may exhibit symptoms including anorexia, adipsia, and general depression, huddling together in small groups, immobility, ruffled feathers, white diarrhoea and stained or pasted vents. 
Barker et al. ((1988), Selander et al. ((1990b) wrote that Strains of S. Paratyphi B have generally been reported as causing extra-intestinal infections involving enteric fever, whilst strains of S. java cause gastroenteritis in the absence of pyrexia.

2.12 Survivability of S. Java in poultry faeces

According to http://www.news.cornell.edu/releases/jan98/DT104facts.html, Salmonella bacteria love wet environments shielded from the sun. They have the remarkable ability to survive under adverse conditions. They survive between the pH's of 4 to 8+, and can grow between 8 and 45 C. Salmonella are facultative anaerobic bacteria that can survive under low oxygen tension such as in manure slurry pits. Salmonella are known to survive for long periods in soil and in water. Salmonellae spread onto fields in the form of manure may survive for long periods; it is best to spread the manure onto flat land (to prevent runoff problems) where it is exposed to the drying effects of wind, and to the bactericidal effect of UV irradiation from the sun; manure should be spread onto cropland rather than onto pastures for grazing. There has been much recent investigation into the advantages of different manure disposal methods; composting has many advantages from the standpoint of controlling disease. Salmonellae are no more or less sensitive to the effects of commonly used disinfectants than are other fecal bacteria. Chlorine solutions, iodines, quaternary ammoniums, phenolics, etc., are very good at killing salmonellae on surfaces; however, efficient scraping/dry cleaning is important to get rid of organic matter and bedding, followed by wet cleaning with high pressure hot water/steam and then disinfection. The interval between wet cleaning and disinfection must not be too long or salmonellae can "bloom" in the wet environment. Many strains are relatively resistant to the effects of drying, salting, and smoking of foods. However, salmonellae are very sensitive to beta and gamma irradiation.
CHAPTER-III

MATERIALS AND METHODS
3.1 S.  Paratyphi B var. Java isolate 

An S. Paratyphi B var Java (S. Java) isolate from a human non-typhoidal clinical case was collected from the ICDDR, B. The isolate had close genetic relationship (Barua et al., unpublished data) with isolates of poultry origin. This isolate was used for the present study to demonstrate its persistency in backyard chickens. In total, 40 backyard chickens were purchased from the local live bird markets.
3.2 Descriptions of the experimental chickens

All the 40 purchased chickens were screened for their freedom from Salmonella, housed for acclimatization for a period of 10 days before randomly distributed into two groups – experiment and control, and kept apart one group from another by fencing.

Of them 12 were male and 28 female. Their average body weights were 1101.6 g and were of various attractive plumage colours. Most of the birds were at the end of growing stage and the female birds were at laying.
3.3 Management of the chickens

Local branded (CP Bangladesh Co. Ltd.) layer feed marketed for 19-25 weeks aged birds was purchased and supplied to the birds ad-libitum. The feed was made mainly from corn, soybean, rice polish and lysine.
The crude protein, calcium and fat of the feed were about 15%, 4% and 4% respectively; maximum moisture was 12% and the energy value was 2750 kcal/kg. The birds had also free access to standard water added with the following vitamins and minerals:
vitamin B complex- B com-vit® at the dose rate of 1ml/ liter of drinking water
vitamin A, D, E- Renasol AD3E® at the dose rate of 1ml/ 4 liters of drinking water and
Calcium, Phosphorus, Iron, Vit. B12, Xylanase, Phytase, Lipase- Avical® at the dose rate of 2ml/liter of drinking water. 
The vaccination status of the chickens was unknown and no vaccine was administered to them after purchasing. To acclimatize in the new environment, a period of 10 days was given maintaining the chickens on the same ration. 
3.4 Screening chickens for presence of any Salmonella
Before placing the chickens in the experiment shed cloacal swab was collected from each of them to test their Salmonella-free status. The swabs collected were immediately immersed into test tubes containing peptone water and then incubated for 24 hours at 37ºC. Following incubation, the primary culture was inoculated onto novobiocin-added “Modified Semisolid Rappaport Vassiliadis” (MSRV) media incubated for 24 hours at 42ºC. Novobiocin-added MSRV is a selective medium for motile Salmonella.
3.5 Description of experimental and control groups and their managements

All birds were divided into two groups- the experimental and the control. Leg bands were used for the identification of the chickens numbered as G1, G 2, G, 3, R25, R26, and so on. G was meant for green leg band and R for red. Two birds in the experimental group were without any leg band. The two groups were kept apart in two pens into the same farm but separated by a fence.
The pens were well ventilated and there was no ammoniacal odour in the air. Rice husk was used as litter for both groups of birds. Feed and water supply were the same for both groups.
3.6 Preparation of inoculum for experimental infection

The selected strain of S. Java was grown aerobically at 37°C overnight on blood agar plates containing 5% citrated bovine blood (Blood agar base; Oxoid Ltd., England). One colony of the strain was subsequently transferred to buffered peptone water (BPW) and incubated aerobically at 37°C in a shaking incubator. The infection inoculum was prepared from the overnight broth culture with a concentration of 4 x 108 CFU/ml. 
3.7 Giving infection and screening the persistency of S. Java

Each bird in the experimental group was orally infected with 1 ml of S. Java culture in BPW containing a bacterial concentration of 4 x 108 CFU/ml. The control birds each received the same amount of sterile BPW. They were observed for a period of 30 days after the date of infection given. Cloacal samples from them were collected on day 1, 2 and 3 post infections, followed by twice a week until the end of the observation, on day 30, and checked for the shedding of Salmonella, having them cultured through BPLS and novobiocin-supplemented MSRV, already described above. 
3.8 Clinico-pathological examinations of the infected chickens

The clinical pictures shown in the infected chickens were examined twice a day post infection. At day 2 and 11 post infection 3 and 1 Salmonella-positive chickens were humanely sacrificed for bacteriological and histopathological examinations of some selected internal organs. H&E and Periodic Acid-Schiff (PAS) were applied for staining histopathological sections of the collected organs. The duration of S. Java persistency in an infected chicken was calculated based on the day at which its cloacal sample was Salmonella-positive for the last time, in the observation window of 30 days. The dead birds of at different intervals were necropsied.  Bacteriological samples were collected from internal organs of them for screening Salmonella, and noted gross changes. All the birds remained alive at DPI (day post infection) 30 were humanly sacrificed, collected samples from internal organs for Salmonella screening and carefully recorded all the gross changes found.
3.9 Process of histopathology

Liver, lungs, spleen, intestine were collected in 10% neutral buffered formalin and kept for 3-5 days.

The tissues were trimmed into a thin section and washed over night in running tap water to remove formalin. They were dehydrated in 50%, 70%, 80%, 95%, 100%, 100%, 100% ethanol one hour in each to prevent shrinkage of cells.
The tissues were cleaned in chloroform for 3 hours to remove ethanol (two changes; one and half hr in each) followed by impregnation in melted paraffin (56- 60°c) for 3 hours.
Then the tissues were sectioned with a microtome at 5-µm thickness. A small amount of gelatin was added to the water bath for better adhesion of the section to the slide. The sections were allowed to spread on warm water bath at 40-42°C. Then the sections were taken on grease free clear slides. The slides containing section were air dried and kept in cool place until staining.

Sections from all the collected organs were stained following routine hematoxylin and eosin staining procedure, as follows:
1. The sectioned tissues were deparaffinized in three changes of xylene (three minutes in each)

2. Then the sectioned tissues were rehydrated through descending grades of alcohol (three changes in absolute alcohol, three minutes in each, 95% alcohol for two minutes, 80% alcohol for two minutes and 70% alcohol for two minutes) and finally in distilled water for five minutes.

3. The tissues were stained with Harris hematoxylin for fifteen minutes.

4. Then they were washed in running tap water for 10-15 minutes.

5. The tissues were differentiated in acid alcohol by 2 to 4 dips (1 part HCL and 99 parts 70% alcohol).

6. They were washed in tap water for five minutes followed by 2-4 dips in ammonia water until sections were bright blue.

The sections were stained with eosin for one minute, differentiated and dehydrated in alcohol (95% alcohol: three changes, 2-4 dips each; absolute alcohol: three changes 2-3 minutes for each), cleaned in xylene: three changes (five minutes each), mounted with cover slip by using DPX, dried at room temperature and examined under a low (10X) and high (40X, 100X) power objectives.
 Some selected sections from lung tissues were also stained with Periodic Acid-Schiff (PAS).

3.9.1 Histopathological image documentation 

The prepared slides were carefully examined with the help of an experienced pathologist and microphotographs were taken using an adopter mounted G11 digital camera (Japan). Micrometer bars indicating different magnifications were given using stage superimposing stage micrometer using Canvas 9 software. Snipping tool (Microsoft Windows 7) was used to capture the image sections. 
3.10 Statistical analysis

All data were entered into a spreadsheet programme (Excel, 2003, Microsoft Corporation) and transferred to STATA (Intercooled STATA 9.2) (STATA Corporation) statistical software for data management and summary. Kaplan-Meier curves were constructed by plotting the duration of shedding of S. Java in cloacal samples of each infected chicken.

CHAPTER-IV

RESULTS
The isolate of S. Paratyphi B var Java of a human non-typhoidal case origin was previously characterized by plasmid profiles and pulsed-field gel electrophoresis (Barua et al., unpublished data). It was isolated initially onto novobiocin-added Modified Semisolid Rappaport Vassiliadis (MSRV) medium.  Only motile Salmonella can be isolated by using this medium. Because S. Paratyphi B var Java is a motile serovar, isolates belonging to it produce a swarming halo around the point of inoculation (Figure 1). Taking inoculums from the periphery area of such growth, pure culture of it can be achieved on suitable selective media, such as Brilliant Green Agar (BGA). Growths of pure colonies of S. Paratyphi B var Java onto BGA are shown in Figure 2.

The brief demographic statistics of the backyard chickens used for the S. Java infection study is given in Table 1. Of the 27 chickens belonging to the experimental group 17 were female.  
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Figure 1. Typical growth of S. Paratyphi B var Java on novobiocin-added Modified Semisolid Rappaport Vassiliadis (MSRV) medium: swarming turbid growth around the points of inoculation  
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Figure 2. Pure growth of S. Paratyphi B var Java onto Brilliant Green Agar (BGA): homogenous red-colored colonies across the BGA agar plate 
Table 1. A brief overview of the backyard chickens used in the S. Java infection study

	Chicken ID
	Weight
(in gram )
	Sex
	Plumage color

	G1*
	1100
	F
	Off white-brown

	G2
	900
	F
	Reddish-black

	G3
	900
	M
	Reddish-black

	G4
	1000
	F
	Black

	G5
	950
	F
	Reddish-black

	G6
	900
	M
	Blackish-red

	G7*
	1300
	M
	Chocolate

	G8
	925
	M
	Brick red

	G9
	910
	M
	Brick red

	G10
	1250
	M
	Reddish black with white

	G11
	1000
	M
	Brick red

	G12
	1300
	F
	Ash

	G13
	910
	F
	Black, Naked neck

	G14
	1150
	F
	Brick red

	G15
	940
	M
	Brick red

	G16
	1320
	F
	Blackish

	G17
	1100
	M
	Brick red-blackish

	G18
	1450
	F
	Black

	G19
	1100
	F
	Black

	G20
	1150
	F
	Brownish

	G21
	1000
	F
	Black ash

	G22*
	1450
	F
	Coffee

	G23
	1110
	F
	Black, Naked neck

	G24*
	1050
	F
	Brick red

	G25
	1350
	F
	Brownish

	R26
	1800
	F
	Coffee, Naked neck

	R27
	1000
	F
	Black

	R28
	1000
	F
	Brick-red with white spots

	R29
	1350
	F
	Blackish-reddish

	R30*
	1200
	F
	Brown-whitish

	R31
	1100
	F
	Black

	R32
	1400
	F
	Coffee

	R33
	1100
	M
	Brick-red-blackish

	R34
	900
	M
	Blackish –brick-red

	R35*
	1050
	M
	Brick-red

	R36
	900
	F
	Brownish-black

	R37
	1050
	F
	Black

	R38
	550
	F
	Ash

	Without leg band 1
	1050
	F
	Gray

	Without leg band 2
	1100
	F
	Brick-red-blackish


ID = Identification number; F = Female; M = Male; * = Leg band ID of a control chickens

Table 2. Duration and nature of S. Java persistency in feces and colonization in the internal organs of the infected chickens

	Chicken leg band ID
	Last day of Salmonella isolation
	Nature of isolation
	Fate (on DPI)
	Salmonella culture positive from

	G1
	-
	-
	A
	-

	G2
	4
	Con
	A
	-

	G3
	30
	Int
	A
	LU

	G4
	2
	Con
	S(2)
	-

	G5
	9
	Int
	D(9)
	-

	G6
	11
	Con
	S(11)
	AS,CT,LI,LU

	G8
	2
	Con
	S(2)
	-

	G10
	4
	Con
	A
	

	G11
	-
	-
	A
	-

	G12
	-
	-
	D(6)
	-

	G13
	2
	Con
	D(2)
	LU

	G14
	3
	Con
	A
	-

	G16
	-
	-
	D(14)
	-

	G17
	2
	Con
	D(2)
	CE, CT,SP

	G18
	-
	-
	A
	

	G20
	4
	Con
	A
	

	G21
	-
	-
	D(5)
	

	G25
	16
	Int
	A
	LI

	R26
	2
	Con
	S(2)
	-

	R27
	11
	Con
	D(11)
	

	R29
	4
	Con
	D(4)
	CT,OD,LU

	R32
	8
	Con
	D(8)
	CE, LI, LU,SP

	R33
	5
	Con
	D(5)
	SP

	R34
	7
	Con
	A
	

	R36
	20
	Int
	A
	

	R37
	29
	Con
	A
	

	No-leg band
	26
	Int
	A
	CT


A=Alive; Con=Continuously; CT=Caecal tonsil; D=Dead; DPI=Day post infection; I=Intermittently; AS=Air sac; CE=Caecum; CT=Cecal tonsil; OD=Oviduct; Li=Liver; Lu=Lungs; S=Sacrificed; SP=Spleen

In the observation period of 30 days 4 chickens were sacrificed, 10 died at different days post infections (DPIs) and the others survived until the end of the experiment (Table 2). S. Java was continuously isolated from faeces of 16 infected chickens and intermittently from 5 until their deaths or the end of the observation.  Irrespective of shedding nature – continuous or intermittent, the last day at which fecal sample from a bird was diagnosed positive with S. Java, was considered its total period of shedding. Overall, in the S. Java experiment, of the 27 observations three ended on or before day 1, 204 chickens-days at risk were observed. S. Java shedding probability from the infected chickens was 67% (95%CI 44-82%) on DPI 2, 38% (95% CI 19-56%) on DPI 7, 17% (95% CI 5-34%) on DPI 16 and 4% (95% CI is 0.3-18%) on DPI 30 (Figure 3). The survival probability of chickens was 82% (95% CI 61-92%) on DPI2; 63% (95% CI 42-78%) on DPI 8, 52% (95% CI 32-69%) on DPI 11 and 48% (95% CI 29-65%) on DPI 30 (Figure 4).
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                                                               Follow up (Days) after infection
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Figure 3. Shedding probability of S. Java in faeces of the infected backyard chickens
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                        Figure 4. Survivability of the backyard chickens infected with S. Java

Table 3. Clinico-pathological findings in the backyard chickens infected with S. Java

	Feature
	Occurrence frequency
	Comments

	Clinical signs (n=27)
	
	

	Watery or pasty feces
	6/27
	Seen ≤ 2 days of infection 

	Whitish feces
	3/27
	Seen ≤ 7 days of infection

	Gasping
	3/27
	Died on day 3, 4,14; 2 were culture positive

	Off-feeding
	2/27
	

	Swollen and closed eyes
	2/27
	

	Lameness
	1/27
	

	Death
	10/27
	Occurred between 2 and 14 days

	Gross changes (n=27)
	
	

	Diffused small granulomatous nodules 
in lungs 
	6/27
	5 died and 1 was sacrificed; 5 were Salmonella culture positive

	Typhlitis
	3/27
	

	Cloudy air sacs
	3/27
	

	Dehydrated carcass
	2/27
	

	Others with 1 frequency each
	-
	Included egg peritonitis, pleuritis, diffused granulomatous nodules in the abdominal cavity, Oophoritis, mis-shapened ovarian follicles, hydro-pericardium, proventricular hemorrhages

	Histopathological changes (n=4)
	
	

	No abnormal changes in liver, spleen and caecal tonsil
	4/4
	3 on DPI 2 and 1 on DPI 11

	Presence of micro-granulomas in lungs
	1/4
	On DPI 11

	Migration of foreign body type of giant cells in micro-granulomas
	1/4
	On DPI 11

	Thickened alveolar septa
	1/4
	On DPI 11


Feed-intake was almost normal after the infection, except for 3 chickens that stopped feeding. Watery or pasty feces were recorded in 6 chickens and more 3 had whitish faeces. Surprisingly, gasping was observed in 3 chickens and all of them died by DPI 14. Of these dead chickens 2 were Salmonella-culture positive (Table 3). 
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Figure 5. An S. Java infected chicken’s  lungs showing small diffused granulomatous nodules 
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Figure 6. A thoracic air sac of an S. Java infected chicken showing diffused small granulomatous nodules
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Figure7. Histopathological changes in: (A) Liver, (B) Spleen, (C) Lung - stained with Haematoxylin and Eosing (H&E), (D) lung and the same lung section (E) with a closer view – stained with Periodic Acid-Schiff (PAS)
The predominant gross change observed in the S. Java infected chickens is small diffused granulomatous nodules in the lungs (Figure 5), seen in 6 (22.2%) cases. Five having such lesions died and one was sacrificed on DPI 11. S. Java was isolated from lung samples of 4 of them. Cloudy thoracic air sacs with or without small diffused granulomatous indurations were observed in 3 chickens (Figure 6) and 3 others had typhlitis. Only 4 chickens were sacrificed – 3 on DPI 2 and 1 with diffused small granulomatous lesions on DPI 11, for histopathological examinations of some selected internal organs. There were no obvious histopathological changes observed in the sections from liver, spleen and caecal tonsil of the sacrificed chickens. However, sections from the lungs revealed micro-granulomas with migration of foreign body type of giant cells and thickened alveolar septa. No fugal septa were seen in such lung sections, having stained with Periodic Acid Schiff (PAS) (Figure 7).      

CHAPTER-V

DISCUSSION
Forty backyard chickens were used in this study of which 27 were infected with a S. Paratyphi B var Java strain isolated at icddr,b from a human non-typhoidal clinical case of gastroenteritis. The clinical signs, gross and microscopic lesions, persistency of the organism in some selected organs, particularly liver, spleen and caecal tonsil were investigated, and its post-infection shedding duration in faeces was screened. As far our knowledge, this is the first study for observing persistency and shedding of a zoonotic Salmonella strain from artificially infected backyard chickens. 

For the screening of S. Java persistency in faces of the infected backyard chickens only MSRV and BGA media were used. Any growth of Salmonella on these media from cloacal swab of an infected chicken could be considered as S. Java because the bird was found Salmonella-negative while examined for Salmonella-freedom, before the infection given. Therefore, no isolate was serotyped applying S. Java antiserum, but some were tested for agglutination reaction with Salmonella polyvalent antiserum.    

An experimental study with S. Java showed that the strain was capable of rapidly spreading between chickens and persisting until slaughter (Van Immerseel et al., 2004).
Persistent but intermittent fecal shedding was previously observed following the experimental inoculation of both chicks and hens with various Salmonella serotypes (Brownell et al., 1969).
Bacterial shedding in voided feces is a direct consequence of intestinal colonization and is often the manifestation of S. Enteritidis infections in poultry which can be detected at the highest frequency (Gast et al., 1990a, 1990b). However, it has been reported that considerable variation occurred in the observed prevalence of fecal shedding within commercial flocks (Wales et al., 2007).
It is known that S. Enteritidis can persist in chicken internal organs and intestine and predominantly colonizes to the caeca of the animal. In the chickens, the caeca are the predominant sites of Salmonella colonization (Desmidt et al., 1997).
In this study, S. Java was isolated from cloacal swabs and various visceral organs including caecal tonsil, spleen, lung and liver. Clinical signs shown in the infected chickens included watery or pasty feces, whitish diarrheic feces, gasping, off-feeding, swollen and closed eyes, lameness and finally death.

In young chickens, infection with Salmonella leads to diarrhea and intestinal lesions and to an influx of heterophils into the gut accompanied by inflammation and damage to villi (Barrow et al., 1987).

Small diffused granulomatous nodules in the lungs (Figure 5) was a surprising gross change observed in the S. Java infected chickens which was seen in 6 (22.2%) cases. Five birds having such lesions died and one were sacrificed on DPI 11. S. Java was isolated from lung samples of five of them. The development of granulomatous lesion in lungs of Salmonella infected chickens was never reported in the past. Whether such lesion was resulted from any fungal infection, we examined selected sections with PAS, results of which disclosed the absence of any fungal hyphae, denoting that the lesion was not from fungal induced. Because Salmonella was isolated from lung sections of five of the six chickens having such lesion (Table 3), it can be concluded that the strain of S. Java used probably had potential to induce granulomatous lesion in lungs of backyard chickens. 

Not all S. Java infected chickens shed the organism continuously in faeces, but some were intermittently Salmonella-positive. This finding discloses that S. Java from infected chickens can be shed to the environment continuously or intermittently. But the proportion of the shedders is inversely correlated with the progression of the infection.  
S. Java serovar of Salmonella enterica has recently been identified from both humans and poultry in Bangladesh, particularly S. Java ST clone 43 (Barua et al, unpublished data). This non-typhoidal serovar is zoonotic and poultry can be colonized with it and such poultry can shed them persistently in faeces, posing a threat to the public health. Its potentials in the production of clinical diseases in poultry have not been well documented. The infection study to see the persistency, an S. Java strain of human origin in backyard chickens was carried out placing the chickens in intensive system of rearing. Prevented from being freely roamed in natural environment the experimental chickens’ homeostasis might have been compromised and stressed, making them more vulnerable to other disease conditions or endogenously mobilized infectious agents. The clinical signs, such as diarrheic faeces and deaths could have been attributable to the infection given alone or in combination with other agents or factors, remain unknown from this study. However, the persistency of shedding of S. Java from the infected backyard chickens can be predicted from the study. 

If backyard chickens are exposed to S. Java, the organism might persist in 4% of the infected chickens on DPI 30. The results summarize that most of the S Java infected chickens can clear the organism by three weeks of infection and about 5% remain colonized in them by then, shedding this zoonotic serovar to the environment.        

CHAPTER-VI
CONCLUSION
Salmonella Paratyphi variant Java (S. Java) of human non-typhoidal clinical case origin in Bangladesh can cause clinical disease in backyard chickens. Having infected, most backyard chickens shed the organism in faces during the early course of the infection, but later on only ~5% are colonized with it to shed the organism continuously or intermittently to the environment. This strain probably has potential to induce granulomatous infection in lungs of backyard chickens causing mortality.
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(B) A section from a spleen of an infected chicken (stained with H&E) displaying no abnormal changes








(A) A liver section from an infected chicken (stained with H&E) showing no abnormal changes








(C) A section of a lung of an infected chicken showing granulomatous nodule with active macrophages at center and thickened alveolar septa (stained with H&E)








(D) A lung-section demonstrating different-sized micro-granulomas with migration of foreign body giant cells (PAS; No fungal hyphae are seen)





(E) A closer view of a micro-nodule showing foreign body type of giant cells





Figure 8. A & B ; Giving oral infection to Chickens 





Figure 9. A & B; Giving passage to MSRV agar








Figure 10. Collection of cloacal swab from the experimentally infected chickens





Figure 11. Birds were identified by using leg bands





Figure 12. An infected bird showing sign of closed eyes
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Figure 13. Sequential steps of isolation procedure of Salmonella Java
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