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CHAPTER-1

Introduction

1. INTRODUCTION
Salmonella is one of the most important zoonotic pathogens and one of its major sources is poultry. Certain serovars of Salmonella can cause  infections in poultry, resulting in heavy economic loss through mortality and reduced production (Haider et al., 2004; Talha et al., 2001). Avian salmonellosis may be occured in acute or chronic form (Hofstad et al., 1992). There are two poultry specific non-motile serovars of Salmonella namely S. Gallinarum and S. Pullorum which mainly cause clinical diseases in poultry, but poultry can harbour many motile serovars of zoonotic significance. 
The genus Salmonella consists of two species: (1) Salmonella enterica, which is divided into six subspecies – S. enterica subsp. enterica (I), S. enterica subsp. salamae (II), S. enterica subsp. arizonae (IIIa), S. enterica subsp. diarizonae (IIIb), S. enterica subsp. houtenae (IV), S. enterica subsp. indica (VI); and (2) Salmonella bongori (formerly subsp. V). There are >2500 serovars/serotypes in the genus Salmonella (Lin-Hui and Cheng-Hsun, 2007) - some are host adapted, like S. Cholerasuis in pigs or S. Pullorum/Gallinarum in poultry while some others affect all species, for example, S. Typhimurium, the most common pathogen for humans. Although >2500 serotypes of Salmonella have been identified, only about 10% of them can be isolated from poultry (Gast, 2007). 
Salmonella-contaminated poultry products are among the most important sources for human food-borne Salmonella infections. Since the mid 80s, there has been a marked increase in the incidence of human salmonellosis in many countries. This is associated with Salmonella contamination of human food products particularly, poultry meat and eggs. Salmonella colonization in poultry can be affected by several factors, including the age and genetic susceptibility of the birds, bird stress due to overcrowding or underlying illness, level of pathogen exposure (infectious dose), competition with gut micro-flora for colonization sites, infecting Salmonella serovar, and whether the strains carry genetic factors helping towards attachment to the birds' gastrointestinal tracts or evade host defense (Bailey,1988). Although Salmonella has been isolated in poultry flocks of various species, its prevalence in commercial poultry and their environments varies considerably. A 1991 survey of poultry in the Netherlands reported that fecal samples from 94% of the meat-type broiler and 86% of 406 layer houses from several regional flocks and 47% of the egg-type layer flocks in Netherlands were found Salmonella positive (Edel,1994, Van de Giessen,et al., 1991) .Similarly, in 1994 the environments of 87% of turkey flocks in Canada were found to be Salmonella positive  and 53% of the flocks tested from either fecal or egg belt sampling in Canada were positive for Salmonella (Poppe et al., 1991). 

Salmonella enterica continues to be a significant cause of food borne gastrointestinal infection in humans. A wide variety of Salmonella serovars have been isolated from production birds and from retail poultry meat. Recently, S. enterica serotype Kentucky has emerged as one of the predominant serovar, isolated from broiler chickens. It is the most common Salmonella serotype found in poultry from America (Vitali Sintchenko, 2011), but its clinical importance in chickens has not been reported. Scientists believe that widespread use of fluoroquinilones in Nigeria and Morocco may have helped this strain of Salmonella to develop antibiotic resistance (http://www.doctortipster.com). Turkeys and chickens exported from this countries and also from America may be the carriers of this resistant strain.

Edwards reported S. Kentucky first (Edwards,1938). Poultry is a reservoir of this serovar, (Weill et al, 2006) which is becoming more common (CDC, 2008) in chickens. It has been found in layer farms (Bouzidi et al., 2011, Li et al., 2007,) and also in broiler chickens. It has been isolated from 25% poultry farms in 1997 in the USA, and nearly from 50% farms in 2006 (USDA, 2008). Recently, a particular clone of S. Kentucky acquiring a virulence plasmid from avian pathogenic Escherichia coli (APEC) has been reported. (Johnson et al., 2010).
The prevalence of motile Salmonella in commercial layer poultry farms in Bangladesh is 18% (Barua et al., 2012). In that survey, 30 isolates were investigated for serotyping belonged to the serovar S. Kentucky, and the finger print pattern of the other 30 non serotyped isolates in PFGE analysis unraveled a similar identity, illustrating a high dissemination of S. Kentucky in layer farms in Bangladesh. Befote that study S. Kentucky has probably never been reported in layer poultry from any other South and South-East Asian countries, although a report on prevalence of Salmonella belonging to serogroups B and D in poultry in a selected area in Bangladesh (Mahmud et al., 2011) is available. This serovar has also been isolated from human non-typhoidal cases of gastroenteritis in Bangladesh and some of the strains of human case origins were genetically closely related or identical to poultry isolates based on PFGE analysis (Barua et al., unpublished data). However, pathogenic potentials of these zoonotic strains in chickens as well as their persistency as results from infection/colonization were not clearly documented yet. Information relating to their persistency and particularly shedding through faeces from colonized/infected chickens and consequently to the environment is important to suggest measures for eggs and poultry meat from being contaminated with this zoonotic serovar.
Objectives

· To determine the duration of shedding of S. Kentucky of human non-typhoidal clinical case origin in faeces of experimentally infected backyard  chickens 
· To observe the pathogenic potentials of the said zoonotic pathogen in backyard chickens
· To estimate the survivability, one of the measures of pathogenic potentials of the S. Kentucky strain, in the experimentally infected backyard chickens 
·  To explore the colonizing potential of the S. Kentucky strain in various internal organs 
CHAPTER-2
Review of Literature

2. REVIEW OF LITERATURE
2.1. Poultry Farming in Bangladesh

The poultry industry in Bangladesh plays a vital role in economic growth and simultaneously creates numerous employment opportunities (Akter and Uddin, 2009). The poultry industry, as a fundamental part of animal production, is committed to supply the nation as a cheap source of good quality nutritious animal protein in terms of meat and eggs. Poultry production has become one of the rapidly growing sub-sectors within the livestock sector in Bangladesh. In Bangladesh, poultry production system is divided into two types, the traditional and commercial production system (Haque et al., 1991). The indigenous hens of the traditional system have small body size of around 1,140 g and produce 45 eggs per hen per year. The commercial poultry production system is practiced mainly in urban areas (Haque et al., 1992). The traditional chickens are reared by more than 80% of the rural people (Hossain et al., 1992; Howlider and Ahmed, 1982). The government poultry farms offer a pioneer model to the beneficiary for improving the poultry rearing by delivering day old chicks produced from cross breed, which is somewhat adapted to local climatic condition (Hossain et al., 1992 )
2.2. Rearing Backyard Chickens in Bangladesh
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 reported that about 96% of eggs and 98% of poultry meat are produced from backyard production (Saadullah et al. 1992; Ahmed and Haque, 1994). This system has not only become an old practice, but also has an economic importance to the small scale farms, who rear them to supplement their income and also rear these animals as saving to be utilized in emergency cases (Nielsen,1996).
It is very common to keep poultry in Bangladesh and surveys show that about 80 – 90% of rural households keep poultry and the very poor tend to keep no other animal than poultry (Dolberg, 2003). Alam (1997) has estimated that in comparison to land and cattle, there is much less inequality in the distribution of poultry and that the Gini coefficient – a measure of equality and inequality – is 0.66 for land, 0.37 for cattle, but only 0.17 for poultry. This was on the basis of agricultural census figures from 1996, but although the figures may be different in 2008, the trends will be the same. The flocks in the villages are small with 3-10 birds and the annual egg production per hen may be between 40 – 60 eggs although the yield can go up to 120 eggs through selection, according to Huque, 1999. There are an estimated 140 million birds kept in this system, mainly looked after by women. The production is partly for the household and partly for the market. Rahman (not dated) showed that in the case of eggs, proportionally more eggs were sold by the poorest households than used for consumption, presumably for the cash to be used to buy other needed items such as food (Alam, 1997). Poultry products from this system are traded at a premium price in comparison to the commercial broilers and eggs.

Salek and Mustafa, 1997 stated that about 89% of rural households in Bangladesh keep 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 kept 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. The chicks are hatched naturally. 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 breeds 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. Some time eggs are collected from model raisers are used for hatching under indigenous broody hens.

2.3. A Brief History About 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. 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 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 cholerae suis (FDA).
Salmonella species are members of the family Enterobacteriaceae that are facultative anaerobic, non-spore forming, Gram-negative rods (Group five of Bergey’s Manual of Determinative Bacteriology) (Holt et al., 1994). Generally they are 2-5 µm long and 0.8-1.5 µm wide, straight rods, being motile by peritrichous flagella. As they are facultative anaerobic, they have both respiratory and fermentative metabolism. Optimal growth temperature is 37˚C. D-Glucose and other carbohydrates are catabolised with the production of acid and usually gas. They are oxidase negative, catalase positive, indole and Voges-Proskauer negative, and methyl red and Simmons citrate positive. H2S is produced; urea is not hydrolysed (Holt et al., 1994; Lightfoot, 2004; Percival et al., 2004).
2.4. Salmonella Species, Sub Species and Host Specificity

Salmonella nomenclature is not completely standardized. Several synonyms may be used for the same species or subspecies. Under the classification scheme used by the U.S. Centers for Disease Control and Prevention (CDC), World Heath Organization (WHO) and some journals, there are now only two species in the genus Salmonella: S. enterica and S. bongori.

S. enterica has 6 subspecies: S. enterica subsp. enterica, S. enterica subsp. salamae, S. enterica subsp. arizonae, S. enterica subsp. diarizonae, S. enterica subsp. houtenae and S. enterica subsp. indica. These subspecies are also referred to by a number. S. enterica subsp. enterica = subspecies I. S. enterica subsp. salamae = subspecies II. S. enterica subsp. arizonae = subspecies IIIa. S. enterica subsp. diarizonae = subspecies IIIb. S. enterica subsp. houtenae = subspecies IV. S. enterica subsp. indica = subspecies VI.

Serovars in S. enterica subsp. enterica are referred to by name. The names of these serovars can be shortened from the full name to the genus and serovar. For example, S. enterica subsp. enterica ser. Enteritidis can be called Salmonella ser. Enteritidis or Salmonella  Enteritidis.

Most of the serovars in the other 5 subspecies of S. enterica, as well as in S. bongori, are referred to by their antigenic formulas. These formulas include:

1. The subspecies/species designation (I, II, IIIa, IIIb, IV or VI for S. enterica subtypes; V for S. bongori);

2. O (somatic) antigens followed by a colon,

3. H (flagellar) antigens (phase 1) followed by a colon;

4. H antigens (phase 2, if present).

Using this convention, a S. enterica subsp. houtenae strain with an O antigen designated 45, H antigens designated g and z51, and no phase 2 H antigens would be written as Salmonella serotype IV 45:g,z51:.

The majority of outbreaks of Salmonellosis in humans and domestic animals are caused by relatively few serovars and these serovars are divided into those three groups on the basis of host prevalence.
· The first group consists of host-specific serovars that cause systemic diseases in a limited number of phylogenetically related species. Examples of these serovars are the serovar S. Gallinarum (which includes biovars S. gallinarum and S. pullorum) in poultry, S. Typhi and S. Paratyphi A in humans, S. Typhi-suis in pigs, S. abortus-ovis in sheep, and S. abortus-equi in horses. All these animal-adapted or human-adapted specific serovars cause disease in only certain animal species or humans but causes no gastroenteric disease in humans by cross-infection of Salmonella species adapted to an animal and therefore are not considered to be zoonotic serovars.

· The second group consists of two host-restricted serovars (S. Dublin in cattle species and S. cholerae-suis in porcine species), however, these serotypes are potentially capable of infecting other animal species and humans.

· The third group consists of widespread serovars of Salmonella enterica subsp. enterica, such as S. Enteritidis and S. Typhimurium that usually causes gastroenteritis in a wide range of unrelated host species. Originally these two serovars are specifically adapted to infect rodents but also have developed the ability to infect other animal species, including humans. Originally these two serovars were in fact rodent-adapted specific serovars that evolved capacity to infect other species, among them human beings.

Table 1: Salmonella serotypes isolated from poultry (http://www.safe-poultry.com/Salmonella poultry.asp)
	Group
	Serotypes

	D
	Enteritidis
Gallinarum
Pullorum

	B
	Typhimurium
Heidelberg
Agona
Saint-paul
Indiana
	Stanley
Paratyphi B java
Bredeney
Chester

	C
	Hadar
Virchow
Bovis morbificans
Muenchen
Newport
Montevideo
Kentucky
	Infantis
Blockley
Bareilly
Livingstone
Thompson
Mbandaka
Lille

	E
	Anatum
Senftenberg
Orion
Binza
Weltervreden     


2.5. Distribution of Salmonella Serovars in Poultry Worldwide:

Poultry is a major reservoir for food borne Salmonella serovars. Salmonella Typhimurium, Salmonella Enteritidis, Salmonella Heidelberg, Salmonella Kentucky, and Salmonella Senftenberg are the most prevalent serovars in U.S. poultry.

Avian Salmonellosis is worldwide in distribution. The disease has been considered as a concern in poultry since 1899. It was recorded the first confirmed case of paratyphoid from domestic poultry.
In India, S. lichfield has been reported in poultry. S. weltevreclen has been reported. An outbreak of salmonellosis due to S. stanely was also reported. Outbreaks of salmonellosis caused by S. concard, S. typhimurium and S. saintpaul have been reported by (Gupta and Rao 2009).An outbreak was  recorded due to S. typhimurium with heavy mortality in day old chicks.Blindness in birds due to S. typhimurium infection also found. 92.5% mortality in chicks by S. bareily infection was also recorded(Gupta and Rao 2009).
S. richmond infection causing 76.5% mortality has been reported. Outbreak in quails due to S. typhimurium has been recorded. S. typhimurium has recently been reported from Madhya Pradesh and the presence of salmonella sp. in egg shells has been reported from Namakkal (Tamil Nadu)(A Text Book of Preventive Veterinary Medicine) . Salmonella from egg surface and poultry droppings have been reported from Mathura (Shukla et al., 2000).

Fowl typhoid is one of the important hindrances in poultry industry caused by Salmonella gallinarum, causing severe economic losses. The disease has been reported for the first time in India. It has been reported from Uttar Pradesh, Punjab, West Bengal, Maharashtra and Karnataka. The disease has also been reported from various other parts of the country. Bacillary white diarrhoea, caused by Salmonella pullorum, has been reported from almost all the states of the country. The birds of eastern and southern regions suffer most. Birds of poultry producing countries incur substantial loss for this disease. The very name “bacillary white diarrhea” has been assigned to distinguish it from other such diseases.

The incidence of various salmonella’s serovars in the intestinal tract of chickens is well documented; serovars Infantis, Thompson, Agona and Enteritidis were frequently detected from the faces of chickens in Japan (Ahmed et al., 1994). A total of 550 faecal samples were collected from healthy (500) and diseased (50) chicken from different farms in Shanghai, China. The occurrence of salmonellae was (3.8%) from healthy chickens and (12%) from diseased ones Among the serovars that were identified from the faeces of healthy chickens; S. pullorum and S. typhimurium were prevalent, whereas S. paratyphi B and S. senftenberg were most commonly recovered from the faeces of diseased chickens. Salmonella spp. are not one of the normal common components of the intestinal flora of chickens (Guard-Petter, 2001). Accordingly, colonization of chicken by salmonellae is most likely due to contamination of broiler houses (Guard-Petter, 2001)
Table: 2 Isolation of Salmonella serovars from poultry farm environments in Saudi Arabia, 1998 – 1997.

	Production
	Box liners
	Litter
	Drag swab
	Fecal droppings
	Mice
	Feed

	Broilers
	Enteritidis
	Java

Chester

Virchow
	Java

Sofia

Livingstone

Concord

Mbandaka

Virchow

Albany

Enteritidis

PT4
	Java

Eppendoft

Sofia

Livingstone

Virchow

Stockholm
	
	Java

Livingstone

Concord

Mbandaka

Virchow



	Layers
	
	
	Enteritidis

PT4
	Livingstone
	
	

	Broilers breeders
	Enteritidis

PT4
	Enteritidis

PT4
	
	
	
	

	Layer breeders
	
	
	
	
	Enteritidis

PT4
	


2.6. Distribution of Salmonella Serovars in Poultry in Bangladesh

Salmonellosis is one of the major concerns in the poultry industry. Salmonellosis in poultry causes heavy economic loss through mortality and reduced production. Multiple drug resistance is common among the Salmonella isolates of poultry and some of these isolates may have zoonotic implications Seroprevalence of Salmonella in poultry and their drug-resistant patterns, variability in infectivity and mortality rate of birds, and predilection of some serovars to cause zoonoses. Mahmud et al., 2011, reported that the average seroprevalance of Salmonella in three different age groups was found to be 37.9%. The prevalence of Salmonella was recorded to be 21.1%. Salmonella was found high in dead birds (31.2%) than live birds (18.1%). Salmonella infection was higher (23.6%) in summer than in winter (12.9%) season. Among the 106 isolates, 46 belong to serogroup B (43%) and 60 isolates to serogroup D (57%). The highest Salmonella infection was recorded as 47.9% on the 30–35-week-old birds. A total of 106 Salmonella isolates were used for antimicrobial susceptibility test against 10 common antibiotics and 17 multiple drug resistance patterns were found. Among the isolates, 69 (65%) harbored plasmids 1–4 with size variation between >1.63 and >40µkb and rest 37 (35%) isolates were plasmid free but showed resistance against 5–10 antibiotics.
Among Salmonella species, With great expansion of poultry rearing and farming, pullorum disease and fowl typhoid have become wide spread problem in Bangladesh (Rahman et al., 1979). The prevalence of motile Salmonella in commercial layer poultry farms in Bangladesh is 18% (Barua et al., 2012). During recent years poultry industry has expanded rapidly in Bangladesh and salmonellosis is a common problem causing reduced production with high mortality (Rahman et al., 2011). 

2.7. Zoonosis Attributable to Motile Serovars of Salmonella of Poultry Origin:

For only motile serovars, in poultry, Salmonella 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, 12: i:- , although persistency and prevalence of different serovars vary from place to place (Barua et al., 2012)

The motile Salmonella serovars associated with both animals and humans are commonly called paratyphoid Salmonella. These paratyphoid Salmonella are found in virtually all animals – both wild and domestic. In some animals, the infection is free of clinical sdisease and simply results in intestinal carriage, while in other animals clinical disease can occur (Forley et al., 2008).
In chickens less than seven days old, exposure to paratyphoid Salmonella with some serovars may result in intestinal colonization and persistent, prolonged (though intermittent) shedding in the faeces. Depending upon the health of the chickens and the virulence of the particular Salmonella, there may be some mortality associated with invasion of these Salmonella outside the gastro-intestinal tract (Irwin et al., 1994). 
Salmonellosis of humans caused by paratyphoid Salmonella is typically an acute gastro-enteritis following the consumption of contaminated food and is usually a self-limiting illness. A range of food products – including poultry – have been linked with human salmonellosis (Nayak et al., 2003).
Salmonella enterica serotype Kentucky represents one of the non-typhoidal types of Salmonella that microbiologists and public health professionals encounter from time to time. In Australia, more than 12,000 cases of Salmonella infection were reported in 2010 but only five of them were related to Salmonella Kentucky. What makes Salmonella Kentucky stand out and explains its rather hyperbolic label of “new superbug” is that this pathogen has managed to develop resistance to some antibiotics. So it’s more difficult to treat (Shivaprasad,, 2003).
A range of paratyphoid Salmonella have been found in Australian chickens. However, not all of these poultry-associated Salmonella are capable of causing human disease. The most common paratyphoid Salmonella in chickens is S. Sofia (36% of chicken isolates in one study and 90% in another study). However, S. Sofia is rarely isolated from ill humans. In addition, S. Enteritidis – the serovar that has caused major problems in the European and North American poultry industry – is rarely detected in Australian chickens (Van et al., 2011).
2.8. Pathogenic Potentials of S. Kentucky in Humans 

S. Kentucky was previously reported as a less successful pathogen in relation to human illness (Collard et al., 2007), however, evolving resistance in this serovar to multiple antibiotics, especially ciprofloxacin (Collard et al, 2007; Li et al., 2007; Majta et al., 2006; Turki et al., 2011; Weill et al.,2006) are posing a new threat to public health.

In Belgium, the vast majority of salmonellosis is caused by the serovars Enteritidis and Typhimurium, which represent together more than 80% of the isolates. Salmonella enterica serovar Kentucky is a very uncommon serovar that represented 0.02% to 0.5% of the total isolates during the last decade, but 0.8% in 2006. Indeed, this serovar showed a usual increase in Europe during the third quarter of 2006 with several of them acquired during travels to Northeast Africa and Turkey.  The first Belgian case of a travel-acquired multidrug-resistant Salmonella Kentucky resulting in a treatment failure because of a high resistance level to ciprofloxacin and secondarily acquired resistances to extended-spectrum cephalosporins (ESCs) and trimethoprim + sulfamethoxazole (co-trimoxazole) (Jean et al., 2011). 
In September 2005, a 77-year-old healthy man on a cruise along the North Africa coast developed febrile diarrhoea a few hours after a meal (chicken couscous and dates) in a small restaurant on the Libyan coast. Consequently, he was admitted for 48 h in a hospital in Cairo (Egypt) and treated with intravenous (iv) mezlocillin followed by co-trimoxazole given orally for a few more days whereby he slowly recovered) (Jean et al., 2011).
Two weeks after his return to Belgium, he presented again with febrile diarrhoea and arthritis of the wrist. After examination of his stool, the Clostridium difficile stool toxin test was positive and Salmonella Kentucky was isolated.(Jean et al., 2011).

2.9. Antimicrobial Resistance in Salmonella Kentucky

Antimicrobial resistance of bacterial pathogens has become a significant concern for public health. The emergence of antimicrobial resistance in pathogenic bacteria, particularly in enteric bacteria is a major public health issue. The over use of antibiotics in food-producing animals, mass treatment and long-term administration of antimicrobial growth promoters may lead to the emergence of multidrug-resistant strains of enteric bacteria, including Salmonella spp. These bacteria may become reservoirs of highly transferable drug-resistance genes, and as they spread widely in the environment, they may cause serious infections as they spread within the food chain. Consequently, therapeutic failure of these infections may occur and complications due to these infections may result in increase in morbidity and mortality (Angulo and Molbak, 2005).
Salmonella spp. can acquire resistance to antimicrobial drugs via different mechanisms such as (i) transferable resistance genes; (ii) excessive use of antibiotics in treatment “selective pressure”; and (iii) as a response to exposure to environmental drastic conditions. The resistance of aminoglycosides, β-lactams, chloramphenicol, macrolides, quaternary ammonium and trimethoprime in salmonellae serovars is attributed to the acquisition of foreign genes that encoded enzymes to destroy, chemically inactive, or “pump” the noxious drug out of the bacterial cell or provide an alternative pathway to the one targeted by the antibiotic (D’Aoust & Maurer, 2007). These antibiotic-resistance genes usually reside on mobile genetic elements such as plasmids; transposons and integrons that can potentially transfer resistance from commensal to pathogenic bacteria (Mølbak, 2005; D’Aoust & Maurer, 2007). Integron in particular, described as a genetic material that is capable of capturing, combining, or swapping a large assortment of antibiotic-resistance genes, then integrating the captured genes into a resident integration site. This genetic element (i.e. integron) can create tandem antibiotic-resistant genes. In salmonellae serovars, tetracycline resistance genes are the only resistance genes that have not identified among the integron gene cassettes, nonetheless they are carried on plasmids (D’Aoust & Maurer, 2007).
Multi-resistant Salmonella enterica serotype Kentucky (S. Kentucky), showing antibiotics phenotypic characteristics typical of DT104, this multi-resistant S. Kentucky isolate contains SGI1 that is found in numerous serotypes and is associated with hyper-virulence (Rasmussen et al., 2005). It is a potentially emerging multi-resistant strain of S. Kentucky capable of causing significant systemic disease in poultry through a hyper-virulence mechanism. the S. Kentucky aadA2 contains a deletion of a thymidine at nucleotide 198 that is concordant with streptomycin susceptibility via a truncated AadA2 protein lacking the ability to adenylate and inactivate streptomycin (Genbank accession number: JN119849). (Akinlabi and Carison, 2012).

2.10. Persistency and Shedding Patterns of Zoonotic Salmonella Serovars from Poultry

The presence of S. enteritidis in laying house environments is epidemiologically relevant but occurs far more frequently than egg contamination, many protocols for identifying infected flocks test environmental samples as an initial screening step (Gast, 2008). One of the principal sources of environmental contamination with S. enteritidis is fecal shedding of the pathogen by infected hens (Gast and Beard, 1990). Immature poultry are especially susceptible to the establishment of Salmonella colonization in the intestinal tract, which can sometimes persist for many months (Gast and Holt, 1998 et al.). Fecal shedding of Salmonella was reported to peak just before commercial flocks commenced egg laying and then decline at later sampling intervals (Li et al., 2007). After introduction into poultry houses, S. enteritidis infection can rapidly spread horizontally throughout flocks (Gast and Holt, 1999). Airborne circulation of dust can disseminate both environmental contamination and infection (Gast et al., 1998). 
Stresses such as feed restriction and the onset of egg laying can increase the susceptibility of hens to S. enteritidis colonization (Holt, 1995) and their subsequent fecal shedding of the pathogen. The initial bacterial exposure dose affects the progression and outcome of many aspects of S. enteritidis infections, including internal organ invasion, antibody responses, intestinal colonization and fecal shedding (Gast and Beard, 1990a; Gast et al., 1997; 2011b). Even after the administration of very large oral doses of S. enteritidis to laying hens, the observed incidence of egg contamination is typically low and involves small initial numbers of bacterial cells (Gast and Holt, 2000). Both fecal shedding and antibody responses have been found to be more strongly dose-dependent than egg contamination. The oral dose of S. enteritidis administered to chicks of different ages was reported to affect the observed frequencies of fecal shedding at different post-infection intervals, but not the long-term persistence of cecal colonization (Van Immerseel et al., 2004). 

2.11. Pathogenesis and Pathogenesity of Salmonella Kentucky in Chicken

Little work has been done to understand the biology of S. Kentucky in the avian host. In a comprehensive study, S. Kentucky was compared to other serovars for the presence of known virulence genes, invasiveness toward chicken embryo hepatocytes, growth in laboratory media, biofilm formation, stress response, and pH response (Joerger et al, 2009). Of the traits examined, only the acid response phenotypes were found to differ between S. Kentucky and other serovars, such that S. Kentucky grew better than other serovars at pH 5.5 and worse than other serovars at pH 2.5. These results suggest that S. Kentucky might have a slight fitness advantage in locations where moderately acidic conditions exist, such as the chicken cecum (Joerger et al., 2009). Other advantages appear to be conferred to S. Kentucky through its recent acquisition of an E. coli ColV virulence plasmid (Johnson et al., 2006). Fricke et al., 2009, determined, through genome sequencing and gene prevalence studies, that most avian-source S. Kentucky isolates harbor this plasmid. Further analysis indicated that a single apparent clone of S. Kentucky exists among poultry isolates containing the ColV plasmid, which enhances the ability of these bacteria to colonize the chicken cecum and to persist in the avian extra-intestinal environment (Johnson et al, 2010)These studies provide clues to some of the mechanisms by which S. Kentucky colonizes and persists in the avian host, but more work is needed to elucidate the precise mechanisms by which these advantages are conferred.

In recent years, S. Heidelberg and S. Kentucky were the top serovars isolated from turkey and chicken samples, respectively (CDC, 2008). These two serovars have been frequently isolated from pre- and postharvest poultry sources (Frick et al., 2009, Liljebjelke et al., 2005). Salmonella can colonize the birds through fecal-oral transmission (Kabir, 2010); however, in newly hatched chicks, colonization can also take place via the nose or cloaca. Vertical transmission of Salmonella has been reported in infected ovaries, oviducts, or infected eggs; these infections may be asymptomatic in adult birds (Kabir, 2010). 
Salmonella can multiply in the gastrointestinal tract of birds and contaminate the environment due to excretion of the bacteria through feces. These bacteria can also invade the intestinal mucosa, cecal tonsils, and Payer’s patches, survive and multiply in macrophages, spread to the liver and spleen via the bloodstream or lymphatic system, and eventually infect other organ systems (ovary, oviduct, gizzard, yolk sac, or lungs) (Joerger et al, 2009).

CHAPTER-3
Materials and Methods

3. MATERIAL AND METHODS
3.1. Descriptions of the Experimental Chickens

Thirty four backyard chickens were purchased from a local market. They were different in plumage colour and their average body weight was 958 gms. Among the chickens 3 were male and 31 were female. The chickens were externally healthy. They were identified by their leg bands as G1 to G25 (for green-colored leg bands) and R26 to R34 (for red colored leg bands).
3.2. Management of the Chickens

A locally available commercial feed (C.P. Bangladesh Co., Ltd) for 19 - 50 weeks layer chickens was provided to the birds. The crude ingredients of the feed were corn, soybean, rice polish and lysine. The crude protein, calcium, fat, moisture and energy of the feed were 15%, 4%, 4%, 12% and 2750 Kcal/kg, respectively. The feed and bacteria-free water were supplied to the chickens ad-libitum. The given feed was free from any kinds of antimicrobials.
Vitamin B complex - B com-vit® at the dose of 1ml/ liter, A, D, E - Renasol AD3E® at the dose of 1ml/ 4 liters  of drinking water, Calcium, Phosphorus, Iron, Vit. B12, Xylanase, Phytase, Lipase - Avical® at the dose of 2ml/liter were added to the drinking water as and when needed having consulted with a registered veterinarian. The vaccination history of the purchased chickens was unknown and no vaccines were administered before the infection given or following the infection. The chickens were kept for 7 days on the above ration and nutritional supplementations for acclimatization. 
3.3. Screening Chickens for Presence of any Motile Salmonella
Fecal samples were collected from cloaca with sterile swab from each chicken before distributed the chickens into experimental and control groups. A swab collected from a chicken swab was transferred immediately to a test tube containing buffered peptone water for enrichment, and incubated at 37ºC for 18 hours. After enrichment, the culture was inoculated onto the surface of novobiocin added Modified Semisolid Rappapord Vassiliadis (MSRV) media, a selective medium for motile Salmonella which was prepared according to the manufacturer’s instructions. Having inoculated, a MSRV plate was incubated at 41.5ºC for 24 hours. In absence of a swarming turbid growth from the centre of inoculation was considered negative for presence of any motile Salmonella serovar. 

3.4. Experimental and Control Groups

The chickens which were negative for Salmonella were randomly divided into two groups - Experimental group and a control one comprising 22 and 7 chickens, respectively. The chickens belonging to the two groups were housed separately by a fence into two pens on the same farm and managed on the same ration mentioned in section 3.2. All the chickens were also free access to bacteria-free water. 

3.5. S. Kentucky Isolate Used for the Study

Some motile Salmonella strains of human non-typhoidal clinical cases were kindly provided from the ICDDR,B which were subsequently serotyped (Barua et al., 2012), characterized by PFGE and compared with those of poultry isolates from Bangladesh (Barua et al., 2012; Barua et al, unpublished data). An isolate of human non-typhoidal case origin showing close genetic relatedness to those of poultry origin was selected     for this study which was retrieved from the Salmonella repository kept at the department of microbiology, CVASU. The strain was re-cultured on blood agar and tested using anti-Salmonella polyvalent serum produced by the Statens Serum Institute (SSI), Copenhagen, Denmark. 

3.6. Procedures of Giving Infection and Period of Observation

Each experimental chicken was infected orally with 1 ml of inoculum containing 106CFU of Salmonella Kentucky by a 1ml insulin syringe; the needle was removed during giving the infection. Each control chicken was administered orally with 1 ml of the same sterile medium used for culturing S. Kentucky for making infection inoculum. Following infections all the experimental and control chickens were observed for a period of 23 days for shedding of motile Salmonella in faeces.  
3.7. Screening Salmonella After Infection

After giving infection, the chickens were observed daily initially as their clinical signs, morbidity, mortality, fecal changes, feed and water intake etc. Cloacal swabs were collected daily first few days, then twice a week for the isolation of motile Salmonella. A  collected cloacal swab of a chicken was cultivated into buffered peptone water for 18 hours at 37ºC. Then the culture was inoculated onto MSRV supplemented with novobiocin, and incubated at 41.5ºC for 24 hours. Straw colored colonies at the site of inoculation surrounded by white or grey holo zone indicated a positive result. From such growth onto MSRV was streaked onto Brillian Green Agar (BGA) and incubated at 37 ºC. Growth of pink colored colony on BGA indicated the presence of motile Salmonella. Such colonies on BGA were tested for agglutination reaction with anti-Salmonella polyvalent serum produced by SSI. Positive result was encountered by clumping within 2 minutes. For preservation culture from BGA 2-3 colonies were inoculated into peptone water, incubated at 37ºC for 24 hours and for each time 300 µl of the broth-culture was preserved with 15% buffered glycerol and kept at -80 ºC. Some of these cultures were further identified by PCR using Salmonella specific primers. 

For extracting DNA from an isolate, the preserved isolate was inoculated onto 5% citrated bovine blood agar at first which was then incubated for 24 hours at 37ºC. Three to four colonies from the agar plate were transferred to a 1.5 ml Eppendorf tube containing 200 µl de-ionized water and mixed well. The tube was vortexed and heated at 99 ºC for 15 minutes and immediately transferred onto ice. The suspension was then centrifuged at 15000 rpm for 2 minutes. After centrifuge, 100 µl of the supernatant was transferred into a new Eppendorf tube which was used as DNA template. The sequences of the primer set used to detect Salmonella were (F) 5’-AGC CAA CCA TTG CTA AAT TG -3’ and (R) 5’-GGT AGA AAT TCC CAG CGG GTA CTG-3’, published elsewhere for the identification of Salmonella.  

A PCR was run in 25 µl volume containing 1µl of each primer (20 picomole concentrations), 12.5 µl PCR master mixture (Fermentas), 0.5 µl DNA template, and 11 µl MQ water. The thermal conditions included an initial denaturation at 94°C for 2 minutes, followed by 34 cycles at 90°C for 30 seconds, 54°C for 30 seconds, and 72°C for 1 minute, and a final extension for 2 minutes 30 seconds at 70˚C. 

The PCR product was electrophoresed in 1% Agarose gel (Seakem agar) stained with ethidium bromide. 1µl loading dye (Thermo Scientific, fermentas international Inc) was mixed with 5µl PCR product and were loaded to each gel hole. The first hole was loaded with 5 µl 1 kb ladder to compare the PCR product. After electrophoresis for 20 minutes, gel was washed in water and examined on a UV transilluminator.

3.8. Clinical Pictures, Gross and Histopathology

The clinical signs following infections were noted for each infected chicken. On day 2 post infection (DPI 2), 2 infected chickens (G2,G25) showing some clinical signs were sacrificed and  2 control chickens (G11, G15)  were also sacrificed. At DPI 15, 2 infected chickens (G23, R33) positive with motile Salmonella (G23, R33) were sacrificed. On DPI 23 all of the survived chickens were sacrificed. The dead and sacrificed chickens were thoroughly necropsied to observe gross lesions. Inoculums from liver, spleen, caecal tonsils and caecal contents of the dead or sacrificed chickens were examined bacteriologically for the colonization of motile Salmonella. Furthermore, tissue samples from liver, spleen, caeca and caecal tonsils were collected for histopathology.

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 thin sections and washed over night in running tape water to remove formalin. They were dehydrated in 50%, 70%, 80%, 95%, 100%, 100%, 100% ethanol one hour 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 haematoxylin 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 haematoxylin 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.

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. 

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. Kentucky in cloacal samples of each infected chicken.
CHAPTER-4
Results 

4. RESULTS
S. Kentucky infection study

A brief description of the number of backyard chickens infected with S. Kentucky and the numbers kept as controls are shown in Table 3. After given infections they were observed for a window of 23 days. Two chickens that were positive on DPI 2 were sacrificed. Two control birds at this time were sacrificed. Additional two - one diagnosed persistently and the other intermittently with S. Kentucky were also sacrificed on DPI 15. The typical colonies of S. Kentucky observed on MSRV and BGA are shown in Figure 1 and 2, respectively and PCR positive results from some representative samples are displayed in Figure 3. The size of PCR amplicon of each S. Kentucky isolate was 429bp.   
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Figure 1: Typical colonies of S. Kentucky on MSRV
Table 3. A demographic overview of the backyard chickens used for Salmonella Kentucky infection study
	Chicken  Leg band ID 
	Weight (in gram )
	Sex
	Plumage color

	G1
	1200
	F
	Brick red with black

	G2
	1150
	F
	Black brown

	G3
	850
	F
	Brick red with black

	G4
	900
	F
	Brownish black

	G5
	1250
	F
	Brownish-black

	G6
	750
	F
	Black

	G7
	1320
	F
	Canary yellow

	G8
	1170
	F
	Brick red

	G9*
	1300
	M
	Red white and red mix

	G10*
	1200
	F
	Brownish with black 

	G11*
	1000
	F
	Brownish grey

	G12*
	1250
	F
	Canary yellow

	G13*
	1000
	F
	Off white

	G14*
	1050
	F
	Canary yellow

	G15*
	920
	F
	Canary yellow 

	G16
	880
	M
	Blackish

	G17
	800
	F
	Brown -black

	G18
	900
	F
	Canary yellow

	G19
	2200
	M
	Brick red with black color

	G20
	700
	F
	Grey

	G21
	800
	F
	Brown

	G22
	850
	F
	Coffee

	G23
	700
	F
	Brown

	G24
	700
	F
	Grey

	G25
	920
	F
	Brownish black

	R26
	700
	F
	Black

	R27
	820
	F
	Brownish red

	R28
	700
	F
	Brownish 

	R29
	700
	F
	Canary yellow

	R30
	920
	F
	Ash color

	R31
	900
	F
	Black

	R32
	700
	F
	Brownish 

	R33
	900
	F
	Brownish with white spot

	R34
	500
	F
	Blackish 


ID= Leg band identification number;* = ID number of the control chickens; F = Female; M = Male 
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                                                                                         429 bp

Figure 2: Typical colonies of S. Kentucky  on BGA.
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Figure 3: Detection of Salmonella Kentucky using PCR primers ST 11 and ST 15. Lane a: 100 bp ladder. Lane b through k: PCR products from preserved samples of experimentally infected chickens.

Table 4. Duration and nature of S. Kentucky persistency in feces and internal organs of the infected backyard chickens

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

	G1
	2
	Con
	D(5)
	-

	G2
	2
	Con
	S(2)
	CT, SP

	G3
	1
	-
	D(4)
	LI

	G4
	-
	-
	D(11)
	-

	G5
	2
	Con
	D(6)
	-

	G6
	2
	Con
	D(2)
	CT, SP

	G7
	-
	-
	D(11)
	CT

	G8
	-
	-
	D(2)
	-

	G16
	12
	Con
	D(19)
	-

	G18
	12
	Con
	A
	-

	G19
	21
	Int
	A
	-

	G20
	2
	Con
	D(2)
	LI, SP

	G21
	2
	Con
	D(6)
	LI, CT

	G22
	-
	-
	D(3)
	-

	G23
	15
	Int
	S(15)
	CT, In

	G25
	2
	Con
	S(2)
	CT

	R28
	17
	Con
	D(17)
	SP,LI

	R29
	-
	-
	D(18)
	CT

	R30
	21
	Int
	A
	-

	R31
	-
	-
	D(18)
	Li

	R33
	15
	Con
	S(15)
	CT, Int

	R34
	4
	Con
	D(4)
	CT, Li,SP


A=Alive; Con=Continuously; CT=Cecal tonsil; D=Dead; DPI=Day post infection; I=Intermittently; In=Intestine; Li=Liver; Lu=Lungs; S=Sacrificed; SP=Spleen

Of the 22 infected chickens S. Kentucky was recovered from fecal samples of 15. Twelve chickens shed the organism persistently while the fecal samples from the three others were intermittently Salmonella positive. The durations of S. Kentucky shedding in feces from the infected chickens and their ultimate fates are in Table 4. Regardless of shedding nature – persistent or intermittent, the last day at which fecal sample from a chicken diagnosed positive with S. Kentucky was considered its total shedding time. Overall, in this experiment 138 chicken-days at risk were observed and the probability of S. Kentucky shedding was 77% (95% CI 54-90%) on DPI 2, 41% (95% CI 21-60%) on DPI 12 and 13% (95% CI 3-31%) on DPI 21 (Figure 4). Until the end of the observation only three chickens remained alive, four were sacrificed and 15 died. 

The survival probability of the infected chickens was 50% (95% CI 28-68%) on DPI 6, 32% (95% CI 14-51%) on DPI 15 and 14% (95% CI 3-31%) on DPI 23 (Figure 5).
[image: image4.png]


 

[image: image5.png]'% ‘ Ay,
s (Sl

v "\ ‘k

‘ :'zu lzm O
ey &a«%ﬁ&-:



   

[image: image6.png]



 Figure 4. Shedding probability of S. Kentucky in feces of the infected backyard chickens
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Figure 5. Survival probability of backyard chickens infected with S. Kentucky 

Table 5. Clinico-pathological findings in the backyard chickens infected with S. Kentucky

	Feature
	Occurrence frequency
	Comments

	Clinical signs (n=22)
	
	

	Watery or pasty feces
	12/22
	Seen early in the infection

	Green-colored diarrheic feces
	1/22
	Seen persistently

	Off-feeding
	4/22
	In the first 2 days

	Reduced feeding
	15/22
	Seen early in the infection

	Closed eyes
	1/22
	Seen before death

	Watery oral discharge
	1/22
	

	Death 
	15/22
	Occurred between 2-19 days

	Gross changes (n=22)
	
	

	Catarrhal enteritis
	8/22
	-

	Typhlitis
	7/22
	-

	Congested spleen or splenomegaly
	4/22
	-

	Congested or bronze-colored liver
	4/22
	-

	Thickened intestinal wall
	3/22
	-

	Hemorrhagic enteritis
	2/22
	-

	Empty crop
	2/22
	-

	Glandular hemorrhages in proventriculus
	2/22
	-

	Others: each with 1 frequency 
	-
	Included necrotic enteritis, thickened proventriculous wall, pododermatitis,  petechial haemorrhages in gizzard, unilateral granulomatous thoracic airsacculitis, intestinal lumen packed with Ascaridia galli   

	Histopathological changes (n=4)
	
	

	None in liver, spleen, cecal tonsil
	2/4
	At DPI 2

	Marked increase in lymphocytic follicles in spleen
	1/4
	At DPI 15

	Infiltration of mononuclear macrophages and plasma cells in primary  lymphocytic follicles of spleen
	1/4
	At DPI 15

	Caseous nodules in the submucosa of cecal tonsil
	1/4
	At DPI 15

	Multinucleated foreign body type ginat cells in caseous nodule
	1/4
	At DPI 15

	Lymphocytic depletion in cecal tonsill
	1/4
	At DPI 15

	Reactive cell infiltration on the tip of the duodenal villi 
	1/4
	At DPI 15

	Focal accumulation of mononuclear cells in liver sinusoids
	1/4
	At DPI 15

	Hemorrhages in the submucosa of cecal tonsil
	1/4
	At DPI 15

	Fatty change in liver
	1/4
	At DPI 15
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Figure 6. Some internal organs seen exposed from a necropsized backyard chicken infected with S. Kentucky showing splenomegaly

Clinico-pathological findings of the S. Kentucky infected backyard chickens are summarized in table 5. Reduced-feeding was observed in the 68% infected chickens and 4 chicks stopped feeding – of them 3 died on DPI 2. In the first week of infection, particularly in the first two days, watery or pasty fecal droppings were seen in the 55% infected chickens. Splenomegaly was observed in four chickens (Figure 6), but the predominant gross change was catarrhal enteritis (36%) (Figure 7) followed by typhlitis (32%).  

 No abnormal histopathological changes were observed in liver, spleen and cecal tonsil from two chickens sacrificed on DPI 2 (Figure 8). However, one of the two chickens sacrificed on DPI 15 revealed a reactive spleen with a marked increase in lymphatic follicles. Infiltration of mononuclear macrophages and plasma cells in primary lymphatic follicles in the spleen and caseous nodules in the caecal tonsil sections were also seen (Figure 9). The other bird sacrificed on DPI 15 showed hemorrhages in the submucosa of caecal tonsil and fatty changes in liver. 
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Figure 7. Duodenum of a S. Kentucky infected chicken showing catarrhal enteritis
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Figure 8. Histopathological changes observed in spleen (A-D) and caecal tonsil (E-F) of an S. Kentucky infected backyard chicken 




Figure 9. Histopathological changes observed in duodenum (A) and liver (B-C) of an S. Kentucky infected chickens (stained with H&E)

CHAPTER-5
Discussion 

5. DISCUSSION
In this study, 22 backyard chickens infected with an S. Kentucky strain of human non-typhoidal clinical case origin were observed for a period of 23 days for estimating the shedding duration of the organism in faeces. The pathogenic potentials of the strain in the backyard chickens, in terms of survivability, clinical and gross and histopathological changes were also assessed. The results indicate that S. Kentucky of human non-typhoidal clinical case origin in Bangladesh might produce clinical signs, such as off-feeding, watery and pasty faeces, green coloured faeces (Table 6) in backyard chickens. The zoonotic isolate of S. Kentucky might also colonize in liver, spleen, caecal tonsil and intestine of the infected chickens with variable intensities. The survivability of the infected chickens at 23 DPI was 14% (Figure 5), suggesting that ~10% S. Kentucky infected backyard chickens might be chronically colonized /infected to shed the organism through faeces, thus contaminating eggs and the environment.    
The most widely reported zoonotic serovar of Salmonella Enteritidis infections in poultry are characterized by vascular damage, eruptions at specific locations on the mucosal surface of the gastrointestinal tract, lesions in the lymphoid organs, and degenerative sequelae involving the parenchymatous organs (Deng et al., 2008; Dhillon et al., 2001; Edwards et al., 2000,  Kogut et al., 2003, Takata et al., 2003,). In a susceptible host, S. Enteritidis replicates primarily in the mucosa of the digestive tract after oral challenge and then spreads to the spleen, liver, and various other organs and tissues (Dibb-Fuller et al., 1999). S.  Kentucky is an emerging serovar, and unlike S. Enteritis, a little is known on the lesions attributable to natural or artificial infections with this serovar in any kinds of poultry including backyard chickens. 
In the present study, S. Kentucky was isolated from some but not all infected backyard chickens, indicating that some birds might clean the infections and some are persistently infected. Osman et al. (2010) reported a variable re-isolation rate of S. Kentucky from infected chickens - 60%, 20%, 60% and 20% on DPI 1, 2, 3 and 7, respectively. In the present study the isolation rate gradually decrease with the progression of the infection, again suggesting that most infected backyard chickens could clean the infection and only 

13% might harbour the infection until DPI 21. What proportion of the chickens remain infected throughout their lives could not be predicted from this study because of short duration.

Poultry non-specific zoontic Salmonella serovars are generally colonized in the intestinal tracts of the infected chickens and thus seldom cause mortality, unlike the two poultry specific serovars – S. Gallinarum and S. Pullorum. Backyard chickens roam freely on the homesteads of the owners and collect their most feeds from the outside environment. Having kept in a house under intensive system of rearing, their normal homeostasis thus might have been interfered and stressed, allowing other organisms to infect them. Thus a high mortality observed during the experimental window of 23 days might not be attributed to S. Kentucky alone rather with other concomitant infections and rearing factors which could not be controlled. 

Because only 4 chickens were sampled for histopathological examinations; from this study, it is hard to conclude the probable changes S. Kentucky can elicit in different internal organs. However, with the limited evidence it is assumed that, probably, at the beginning of infection this serovar might not produce any significant change in the internal oranges. But in chronically infected chickens the following changes can be observed: infiltration of mononuclear macrophages and plasma cells in primary lymphocytic follicles of spleen, caseous nodules in the submucosa of cecal tonsil, multinucleated foreign body type giant cells in caseous nodule of spleen, lymphocytic depletion in cecal tonsil, reactive cell infiltration on the tip of the duodenal villi, focal accumulation of mononuclear cells in liver sinusoids, haemorrhages in the submucosa of cecal tonsil and fatty change in liver.
S. Kentucky might be continuously or intermittently shed from the infected backyard chickens to contaminate the environment and the shedding probability of S. Kentucky of human non-typhoidal clinical case origin from infected backyard chickens might be 77%,  41% and 13% on DPI 2, 12 and 21.  

CHAPTER-6
Conclusion 

6. CONCLUSION
Zoonotic S. Kentucky strain of human non-typhoidal clinical cases of gastroenteritis has potentials to produce clinical signs such as reduced feed uptake, watery or pasty fecal droppings and lesions, such as catarrhal enteritis and typhlitis. The shedding probability of this strain from infected chickens might be 77%, 41% 13% at DPI 2, 12 and 21, respectively. The survival probability of the infected chickens with the strain might be 50% on DPI 6, 32% on DPI 15 and 14% on DPI 23. The roles of other factors contributing to the observed survivability might not be ruled out. No noticeable histopathological changes are probably seen in any internal organs after DPI 2, but changes evidenced of reactive spleen might be seen in prolonged case of infection.
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APPENDIX
(C) A liver section demonstrating fatty changes





(A) Reactive cell infiltration in tip of the duodenal villi





(B) A liver section showing focal accumulation of mononuclear cells in sinusoids





(E) Caecal tonsil of an S. Kentucky infected chicken showing caseous nodules (arrow-marked) in the sub mucosa and depletion of lymphocytes





(F) A closer view of the caseous nodule shown in (E) illustrating multinucleated foreign body type giant cells (arrow





(C) Infiltration of mononuclear macrophages and plasma cells in primary lymphatic follicles, large foamy lymphoblasts and numerous plasma cells in germinal centers of spleen 








(D) A closure view of (C)





(A) A section of spleen of an S. Kentucky infected chicken showing reactive spleen with a marked increase in lymphatic follicles





(B) A closer view of (A)
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